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Abstract
Children with persisting speech difficulties: Exploring speech production and intelligibility

across different contexts
Background and purpose
Children with persisting speech difficulties (PSD) may present with severe and ongoing
impairments in segmental and prosodic output which can result in poor intelligibility. The
purpose of this study was to examine the speech processing skills and intelligibility of four
children with PSD, carrying out detailed phonetic and phonological analysis, and
investigation of their speech output and intelligibility in single words (SW) and multi-word
utterances (MWU).
Method
Participants were aged 6;5 to 7;3 at the start of the study. Their speech processing was
examined through:

e Psycholinguistic assessment of input and output processing skills (Joy Stackhouse &
Wells, 1997) '

e Perceptual transcription and analysis of the production of SW, imitated sentences
and conversational speech (CS) at two points in time (T1 and T2). Speech output
data were considered in the context of phonological prdcess analysis (PPA) and
then through further analysis of segmental and prosodic aspects of MWU.

Intelligibility was measured through 66 unfamiliar adult listeners orthographically
transcribing edited samples from each child of 10 SW, 5 imitated sentences and 5 samples
of CS from T1 and T2.

Results

Psycholinguistic tasks revealed that the children had pervasive and complex speech
processing difficulties. PPA based on traditional SW sampling failed to capture important
aspects of children’s speech; analysis of MWU revealed phonetic and prosodic features
essential to describing and understanding children’s development of “real talk”(Howard,
2007, p. 20). Intelligibility outcomes revealed listeners’ recognition was better for MWU in
three of the children; intelligibility was better for all children at T2.

Implications

Children with PSD benefit from thorough investigation of input and output speech
processing skills; assessment of MWU is essential in capturing segmental and prosodic

aspects of speech output to explain poor intelligibility and plan intervention.

XVi



Chapter One: Introduction & literature review

Chapter One

Introduction and literature review

1.1 Introduction

Speech sound difficulties occur in around 15% of three-year-olds (Bowen, 2009) and the
majority of these children will have fully intelligible speech, with or without intervention,
by the time they go to school. However, there is a small group of children who present
with severe and persisting difficulties which are slow to respond to intervention (Pascoe,
Stackhouse, & Wells, 2006); these impact to such a degree that their speech is frequently
unintelligible. The purpose of this study is to investigate the severe and persisting speech
difficulties of four individual children and the effect of their atypical speech output on their
intelligibility, as judged by a group of adult listeners. The investigation of each child was
carried out at two points in time so that changes in speech processing skills and
intelligibility could be measured. The study explored the children’s speech production and
intelligibility in different types of speech output; single words, imitated sentences and

conversational speech.

The thesis is organised into eight chapters. In Chapters One and Two there is a review of
the literature related to PSD and intelligibility, and the research questions to be
investigated in the study. Chapter Three describes the methods used for the investigation.
Chapters Four, Five, Six and Seven are individual case studies; each chapter describes the
findings and also has a discussion related to that individual child. Chapter Eight presents a
discussion of the overall themes which emerged from the case studies and then the

limitations, and theoretical and clinical implications of the study.

A review was carried out to explore the literature relevant to the study of persisting speech
difficulties and intelligibility in children, and to derive the research questions which would
be examined in the course of the study. The areas of review described in this chapter are
the definition and description of speech difficulties (also referred to as speech sound
disorders, SSD), with a particular focus on those that are severe and persisting (persisting
speech difficulties or PSD) and theoretical and clinical approaches to speech difficulties. In

Chapter Two the review continues with a focus on speech production in the different
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contexts of single words and multi-word utterances, variability in speech production and

intelligibility.

1.2 Speech difficulties: definition and description

Speech difficulties can be defined as:

“any combination of difficulties with perception, articulation/motor production, and/or
phonological representation of speech segments (consonants and vowels), phonotactics
(syllable and word shapes), and prosody (lexical and grammatical tones, rhythm, stress and
intonation) which may impact on speech intelligibility and acceptability” (Mcleod et al,
2012, p. 1)

There are many descriptive terms for speech difficulties, for example, “speech sound
disorder” (Bowen, 2009; Williams, Mcleod, & McCauley, 2010); “developmental
phonological disorders” (Rvachew & Brosseau-Lapre, 2012); “speech difficulties”
(Stackhouse & Wells, 1997). These descriptions may reflect the theoretical perspectives of
the writers, but also something of the cultural perspectives of the researchers and
clinicians at a given time, so, for example, the terms “dyslalia” and “defective articulation”
(Morley, 1972) have fallen out of use. Of the terms in current use, speech sound disorder
(SSD) appears to be in the ascendancy in international literature. SSD may be transient or
persisting and may vary in severity, sometimes needing intervention but sometimes
resolving in early childhood. One group who may have ongoing and significant difficulties

have been described as having “persisting speech difficulties” (PSD) (Pascoe et al., 2006).

1.3 Persisting speech difficulties (PSD): definition and description

Speech difficulties will resolve in the majority of children through developmental progress
or intervention but there is a group who do not respond readily to intervention, defined by
Wood and Scobbie (2003) as having “intractable speech disorders” (p. 1), by Shriberg,
(1997a) as having “residual errors” (p. 106) and, as already mentioned, by Pascoe,
Stackhouse and Wells (2006) as having “persisting speech difficulties” (PSD) (p. 2). The
term persisting speech disorder is used in some of the literature; in this thesis the term
persisting speech difficulties (PSD) will be used. Pascoe et al. (2006) make the case for the
term PSD applying to children aged five and over, which is when children in the UK are
required to manage the educational and social demands of formal schooling, in line with
the critical age hypothesis espoused by Bishop and Adams (1990). This hypothesis
proposes that children over the age of 5;6 years who have poor intelligibility are at much

greater risk of poor educational outcomes. This issue about intelligibility is an important

2
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one because although speech sound production varies considerably in what may be
considered the typical population of children and adults, after the age of 4;0 years speech
is generally intelligible (Coplan & Gleason, 1988). Variability in the articulation of segments
such as /s/ and /r/ (so called common clinical distortions, CCD, Shriberg, 1993) occur so
frequently (7.9% of eight-year-olds, Wren, Roulstone, & Miller, 2012) that it is questionable
whether “distortions” is the right term. They will usually not affect listeners’ understanding
of what is said, although observations from clinical practice suggest that such variability
may impact on whether or not speech is judged to be acceptable. For children with PSD
the concerns are about persisting difficulties in intelligibility and acceptability; intelligibility
is defined as the listener’s ability to recognise what the speaker has said and acceptability
as the listener’s subjective opinion of the quality of the speaker’s speech production skills

(Dagenais, Brown, & Moore, 2006).

1.3.1 The prevalence of speech difficulties in children

The estimates of the overall prevalence rates for speech difficulties described in the
literature vary considerably (Law, Boyle, Harris, Harkness, & Nye, 2000). For example, Law
et al. (2000) give a median figure of 5.95% for children aged up to sixteen. Broomfield and
Dodd (2004) reported speech problems in 6.4% of children referred for assessment in a
community health setting, although this population may be a different group to those
identified through a broader screening process, since for these children a concern had been
raised feading to referral. Bowen (2009) quotes that the Waisman phonology project
estimates that 15% of three-year-olds have speech sound difficulties. Jessup, Ward, Cahill
and Keating (2008), in a Tasmanian screening study, estimated 8.7% of children aged 5;4 to
6,10 had an isolated speech delay but Shriberg et al. (1998) estimated just 3.8% of six-year
olds had speech-only difficulties.

1.3.2 The prevalence of persisting speech difficulties

Historically there have been a small number of large scale population studies that have
explored the occurrence of speech difficulties at different ages, and in particular discuss
prevalence in school-age children who may be considered to have PSD. In 1973 Peckham
reported on the speech skills of children who were part of The Naﬂonal Child Development
Study which was a longitudinal study of all children born in Great Britain during one week
in March 1958. Based on teacher and GP estimates of intelligibility, and a brief speech

assessment, in the group of over 1500 seven-year olds, 10-13% of children had some
3
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degree of speech difficulty. By the age of eleven this was reported to have dropped to
around 4%. The study lacks detail and, as the author says, the children were not a
homogenous group; the attempt to capture data on this scale was, however, brave and
ambitious. Morley (1972), reported on a study of 944 children carried out in Newcastle in
the 1950s suggesting that 11% of three-year olds were unintelligible but this had dropped
to 1% by the age of six (p. 514). Shriberg et al., (1998), as previously mentioned, reported
the prevalence of speech delay in six-year olds to be 3.8%, again based on a population of
nearly 1500 children. The variability in the percentages reported in these studies

undoubtedly reflects differences in how the data were collected, analysed and interpreted.

A more recent large scale study is the ALSPAC (Avon Longitudinal Study of Parents and
Children, Wren et al., 2012) following the development of over 14,000 children born in
1991 and 1992 in an area of south-west England; 7,390 children attended for speech
assessment at the age of eight with the express purpose of examining the occurrence of
PSD. This study considered PSD to apply to children aged eight years or over, where
children who have typical speech might be expected to be using the full range of speech
sounds. The findings were that 991 children (13.41%) had speech errors, 582 (7.87%) of
the total had difficulties with /s/ and/or /r/ (Common Clinical Distortions or CCD). The
remaining 404 children were classified either as having PSD or non-PSD on the basis of PCC
for the late-8' (Shriberg, Austin, Lewis, McSweeny, & Wilson, 1997) and PCC-A, which does
not count CCD as errors, with a cut off of 1.2 standard deviations above or below the mean;
i.e. to meet the criteria for diagnosis of PSD children scored below -1.2 SD. Children who
had speech errors but who scored above -1.2 S.D. were classified as non-PSD. These
criteria resulted in 263 (3.55%) children being in the PSD group and 141 (1.9%) in the non-
PSD group.

1.3.3 Risk factors for persisting speech difficulties

For the majority of children who have speech difficulties there is no known cause (Bowen,
2009), although clearly there are groups who have difficulty associated with physical,
sensory or neurological conditions such as cleft palate, hearing impairment or cerebral

palsy. Shriberg and colleagues (2010) have worked for several years to refine a

! Late-8 consonants are: /f, 8, s, z, & 1, r, 3/; in typical speech they are established
later than other sounds, (Shriberg et al., 1997)
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classification of speech difficulties, to describe categories of SSD, to link them to causal
genetic and environmental factors, and to the processing systems affected. For example,
speech delay-genetic, presenting in 56% of the speech delayed population, is caused by
polygenic/environmental factors which affect the development of cognitive-linguistic
processes. Shriberg et al. (2010) also identified a group who had SSD associated with otitis
media with effusion, suggesting a link between a history of ear infections and ongoing
speech difficulties. The clinical usefulness of the approach of Shriberg and colleagues has
been questioned by Bowen (2009); also by Fox, Dodd and Howard (2002), not least because
in their study of German children who had speech difficulties, they were not able to classify

the children according to the categories suggested.

In this study, Fox et al. (2002) explored risk factors in a group of 65 children who had had
speech difficulties compared with a control group who had typical speech. They cautiously
concluded that a history of pre- or perinatal problems (such as prematurity), a positive
family history of speech delay and prolonged use of a bottle might be linked with speech
difficulties but, unlike Shriberg’s group, they found no clear association with early hearing
problems. They did not find that gender was a risk factor but this was unlike the majority
of other studies (for example, Morley, 1972; Peckham, 1973; Wren et al.,, 2012) which
report significantly higher rates of SSD in boys than girls (approximately twice as many)
although the Wren et al. (2012} study found that this gender difference applied to the PSD
and non-PSD groups but not to children with articulatory differences. The Wren et al.
(2012) study also suggested that there was a significant difference in 1Q between the
children with PSD and non-PSD (mean 97.6 and 97.0 respectively) and the children with
typical speech and CCD (mean 104.3 and 105.9 respectively), however, the large standard

deviation scores for these groups suggested considerable overlap between them.

If it is the case that the evidence for causal factors is unclear, it is interesting to consider
whether hypotheses concerning children’s speech processing skills might indicate risk
factors for PSD. The ALSPAC study (Wren et al., 2012) as already described suggested a
combination of cognitive-linguistic and oro-motor deficits might underlie PSD. This
suggestion of multiple deficits underlying PSD is supported by Pascoe et al. (2006) who took
a psycholinguistic approach and described a speech processing model which has levels of
input, stored representations and output. On the basis of their findings in detailed case

studies which examined children’s speech processing skills, these authors suggest that
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children with PSD “are thought to have multiple, and often severe, levels of breakdown
throughout the system” (p. 10). The speech they produce is the obvious manifestation of
impairments in input and representational skills, as well as in aspects of output planning
and motor execution. Bowen (2009) lists “red flags for speech impairment” (p. 57) which
include atypical or delayed canonical babbling; replacement of adult targets with glottal
stops; initial consonant deletion; a limited number of consonants and/or vowels; backing;
vowel errors; persistent final consonant deletion. It may be that these features in speech
output together with risks identified such as family history of speech and language
difficulties or early disruptions in hearing can alert clinicians to the possibility of PSD,

especially in children who have poor intelligibility.

The ALSPAC study (Wren et al., 2012) made comparisons between PSD and non-PSD groups
to examine whether there were features which distinguished between them. They
concluded that the two groups were very similar on all measures (maternal education; 1Q;
number of boys vs. girls; non-word repetition) apart from diadochokinesis (DDK) tasks,
where the non-PSD group scores were more similar to typical controls and the PSD and CCD
groups were similar. On non-word repetition and IQ, the PSD and non-PSD groups were
similar and the CCD group was like the typical group. This led the‘ authors to hypothesise
that the PSD and non-PSD groups might have some cognitive-linguistic deficits with weak
phonological memory or processing capacity limitations and that the PSD and CCD groups
had oro-motor difficulties. The PSD group, who had more severe speech difficulties, as
measured by PPC-A and PCC-late 8, might have both cognitive-linguistic and oro-motor
deficits meaning that they had more complex and persisting speech problems. (It is also
possible, even likely, that the PSD and non-PSD groups represent the same type of children
differing only in severity, related to oro-motor skills). The authors caution that the scale of
the study means that some of the detail available with more finely graded identification of
speech difficulties was lost, and that small scale studies would be important to complement

their findings.

Preston and Edwards (2009) carried out a study with a group of 13 adolescents (aged 10-14
years) who had residual speech sound errors (RE) comparing them to age-matched
controls, on rapid naming tests and diadochokinetic (DDK) rates. The speech delayed
children (the RE group) were chosen because they had ongoing difficulties in production of

rhotics but were also reported to have other segmental difficulties; these included
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difficulties in the production of alveolar and post-alveolar fricatives and affricates, and final
consonant devoicing. The children were all referred by clinicians and, with the exception of
one child, had been receiving speech therapy for between three and eleven years and had
Percentage Consonant Correct scores (PCC) between 76% and 96%. The authors make the
point that the group was likely to be skewed towards the more severe end of difficulty.
(They also report that all the RE group had family members who had speech, language or
literacy difficulties, suggesting strong genetic factors in this group). They found that the RE
group were less accurate but not slower than controls on the DDK task, but were both less
accurate and slower in the rapid naming task with multisyllable words but not single
syllable letter names. The findings are explained in terms of multiple processing
difficulties; DDK accuracy tapping into motor planning skills, and rapid naming of
multisyllable words tapping into stored phonological representations and motor planning
skills. They conclude that “it is unlikely that either a pure linguistic or pure motoric
description will adequately characterize this population” (p. 315). This same group had
been involved in a previously reported study (Preston & Edwards, 2007) which showed that
the RE group had significantly weaker phonological processing skills than the control group
(in spite of variability in test scores), supporting the supposition that they had difficulties

throughout their speech processing systems.

One particular group of children at risk of PSD are those who have childhood apraxia of
speech (CAS), referred to variously in the literature as CAS, developmental verbal dyspraxia
(DVD) or developmental apraxia of speech (DAS) (Bernthal & Bankson, 2004). {See Ozanne,
2005 for a review of issues surrounding CAS). In this thesis the term CAS will be used
unless reporting the work of other authors in which case their preferred term will be the
descriptor. The diagnosis of CAS is not in itself a risk factor, but the processing difficulties
underlying its clinical presentation mean that speech difficulties are likely to be persistent
and resistant to intervention (Maassen, 2008). The American Speech-Language-Hearing
Association (ASHA) position statement on CAS (ASHA, 2007), states that “The core
impairment in planning and/or programming spatiotemporal parameters of movement
sequences results in errors in speech sound production and prosody.” (p. 1). Although
some authors have suggested that children who have CAS dd not have phonological
awareness difficulties (for example, Broomfield & Dodd, 2004), the findings of individual
case studies do not support this view (for example, Stackhouse & Snowling, 1992).

Moriarty and Gillon (2006) in a study of three children aged 6-7 years, who met stringent
7
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CAS diagnostic criteria, demonstrated that they had severe difficulties in a range of
phonological awareness tasks and at the level of phonological representations. Other
studies have reported a broad range of speech and language processing difficulties in
children diagnosed with CAS. One such study, which also employed stringent CAS
diagnostic criteria, was by Lewis, Freebairn, Hansen, lyengar and Taylor (2004). They
compared a group of ten children who had CAS with a group of fifteen children who had
speech sound difficulties (S) and a group of fourteen who had speech and language (SL)
difficulties, assessed at the ages of four and eight. At eight years of age the CAS group
showed more deficits than either the S or SL groups in speech, receptive and expressive
language skills, reading and spelling and performance IQ, The authors report that the
group differences emerged over time and suggest that a diagnosis of CAS may be made
most appropriately after the age of six years when these differences are more clearly
defined. Although there were individual variations, there was evidence of broad-based
cognitive, linguistic and motoric limitations in the CAS group. The children’s speech had
improved, particularly in single words, and they were “mostly intelligible” (p. 131) but
showed difficulties in multisyllabic words and non-word repetition. They also comment
that the speech of children in the CAS group showed qualitative differences to that of the

other two groups, with “more unusual error patterns in conversational speech” (p. 131).

1.3.4 Summary: PSD

A small number of children (probably somewhere between 1% and 4%) show persisting
difficulties with speech which are not confined to common articulatory differences with
/s/ and /r/ but are qualitatively different, affecting segmental, structural ahd prosodic
aspects of word production, and which may impact on intelligibility. Different authors have
differed in specifying the age at which PSD may be used to characterise children’s speech,
but given the associated risk for poor literacy outcomes, Bishop and Adams's (1990) critical
age of 5;6 years may not be too early. This may particularly apply to children who have
received at least two years of intervention by this stage, when clinical observation suggests
that most children’s difficulties have been successfully treated. Children who have CAS
may be a particular subgroup of PSD, although that is not specified in the literature,
possibly because widespread use of the term PSD is relatively recent. The homogeneity of
the two groups is not clear but studies suggest that children have difficulties in cognitive,

linguistic and motoric processing skills whichever group is described. All studies describe
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different presentation and variability in individual children (for example, Lewis et al., 2004)
suggesting that the description and explanation of PSD must include detailed single case

studies in order to capture essential information about this particular group of children.

For the purposes of both research and clinical practice it is important to consider how
children’s speech difficulties have been described and what theoretical approaches

underpin the conceptual frameworks used to analyse and explain those descriptions.

1.4 Theoretical and clinical approaches to the description of speech difficulties

There is currently an abundance of theoretical approaches to the description of speech
difficulties, for example, nonlinear phonology (Bernhardt & Stoel-Gammon, 1994);
articulatory phonology (Browman & Goldstein, 1987); the psycholinguistic framework
(Stackhouse & Wells, 1997); cognitive phonology (Ball, 2003; Bybee, 2001). However, the
influence of these approaches on clinical practice is variable and, observation suggests,
dependent on the interest or expertise of individual practitioners. The approach that
continues to dominate current practice is phonological process analysis,' somewhat
divorced from underlying theory (Grunwell, 1997) but used descriptively and analytically in
varying degrees to conceptualise children’s speech difficulties and to plan intervention.
The next sections provide first an overview of phonological process analysis and then brief
descriptions of other current approaches: nonlinear phonology; gestural (articulatory)

phonology; the psycholinguistic approach; usage-based (cognitive) phonology.

1.4.1 Phonological process analysis

The 1980s brought a change to the assessment and description of children’s speech in
clinical practice with the application of phonological approaches to what had previously
been conceptualised as difficulties with articulation (Fey, 1985); Edwards (1997) suggests
that it was the publication of Phonological Disability in Children (Ingram, 1976) that brought
linguistics to the attention of speech and language therapists in terms of the
conceptualisation of speech difficulties. As Baker (2006) writes “phonology opened the
door to a new way of thinking about children with unintelligible speech” (p. 157). Although
there were a variety of theoretical models dating back to the 1960s and earlier, for
example, generative phonology, Chomsky & Halle (1968) and distinctive feature analysis
(McReynolds & Huston, 1971; Menyuk, 1968), it has been natural phonology which has had

most clinical influence. This approach is rooted in the work of Stampe (1979) and
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expressed through the phonological processes approach to analysis, impacting on how
clinicians assess and describe children’s speech (Skahan, Watson, & Lof, 2007), certainly in
English speaking countries of the world and often elsewhere (MclLeod & Goldstein, 2012).
This continues to be the case in spite of what Baker {2006) calls “an upsurge of theoretical
applications to unintelligible speech” (p. 158) in recent years and phonological process

analysis is the descriptive framework most commonly used in clinical practice.

Natural phonology is based on the principle that children are born with innate phonological
processing skills which are universal and related to the articulatory and perceptual
phonetic features of speech sounds (Grunwell, 1987; Hewlett, 1990; Miccio & Scarpino,
2008). Some sounds, it is argued, are easier to say than others (more natural) and so the
child applies phonological processes (which are cognitive-linguistic rules) to difficult sounds
or groups of sounds that make them easier to produce. Typically a process will affect a
particular distinctive feature of voice, place, or manner, so, for example, in English
fricatives are “more difficult” to say than plosives, so the child applies a stopping process to
/s/, /f/ and /f/ so that SuN is realised as [tan] and FfisH as [pit]. Over time, as
children’s cognitive skills mature, they suppress these phonological processes and new
sound classes emerge, with increasing ability to use a wider ranée of sounds and more
complex word structures, thus increasing intelligibility (or more accurately,
contrastiveness). (See Grunwell, 1987; Edwards, 1997; Baker, 2006 for further discussion).
Children who have speech difficulties do not suppress phonological processes in the way
that typically developing children do, and so continue to produce immature or “frozen”

(Hewlett, 1985, p. 163) speech patterns.

The phonological/linguistic approach created a shift away from seeing speech difficulties as
rooted in the child’s inability to articulate speech sounds that mirror the adult model, and
intervention focusing on each speech sound in turn (Grunwell, 1990), to analysing speech
in terms of presenting patterns (phonological processes, see for example, Edwards, 1997)
and targeting sound classes in treatment (Elbert, 1997; Williams, 2005). It also introduced
the concept of systematic analysis of speech patterns (Stoel-Gammon, Stone-Goldman, &
Glaspey, 2002). This crucially brought into focus the impact of the child’s speech difficulties
on successful or unsuccessful attempts to communicate meaning effectively, because when
speech patterns mean that contrast is lost (for example, a child may say [do] for DOOR, CORE,

FOUR, SURE, TORE, CHORE and JAwW) the intended word may also be unclear (Grunwell, 1990).
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Grunwell (1997), in a chapter dedicated to natural phonology, describing its use by
clinicians, suggests that the application of the phonological process approach is somewhat
removed from the underlying theory, and that it is used “primarily as a descriptive device”
(p. 47). The reason for this may lie in immediacy and accessibility for clinicians because the

processes are:

“more transparent and are thus more easily understood (than other approaches).
Additionally they involve less formalism and require less academic preparation” (Edwards,
1997, p. 6)

The appeal for practitioners is easy to understand; the time available for assessment,
description and treatment planning is limited (Bleile, 2002) and demand is high (Khan,
2002). Process analysis offers the means by which patterns can be identified and
intervention targets set. It also offers a familiar developmental perspective; speech
processes, by natural definition, result in simpler patterns like those seen in younger
children (Grunwell, 1990; 1997), and an easy way to describe speech to colleagues (giving
rise to such comments as “we are running a fronting group”). Almost any clinical
perspective in common use can be slotted into a phonological process framework so
whether the clinician adopts a developmentally incremental approach or targets based on
maximum intelligibility (Hodson & Paden, 1991) or stimulability (Powell & Miccio, 1996),

the starting point can be a list of processes identified in the child's speech.

Phonological processes can be sorted into two categories; those that affect word structure,
for example, syllable deletion; cluster reduction; final consonant deletion; and those that
affect segmental realisation, for example, velar fronting; stopping; gliding of quuids (Stoel-
Gammon et al., 2002). There is also the occasional use of the terms such as “idiosyncratic
patterns”, by Hodson and Paden (1981) for example and “unusual/idiosyncratic processes”
by Grunwell (1982). Stoel-Gammon et al. (2002) also describe a third category, that of
consonant assimilation, where an anticipatory process means that a syllable-initial within-
word (SIWI) consonant is harmonised with the syllable-final word-final (SFWF) consonant in
the same word so, for example, buck is realised as [gak]. Grunwell (1987) describes
consonant harmony (or assimilation) as a structural process where the place, voice or
manner of one segment affects the realisation of another in close proximity. Certain types
of contexts, and/or phonetic relationship (for example, the articulatory proximity of velar
and alveolar places of articulation), seem more vulnerable to the effects of harmonisation.

Ingram (1989) also uses the term assimilation to describe these processes, avoiding the
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term ‘consonant harmony’ and giving examples of vowel-to-vowel assimilation. Grunwell
argues that assimilation is a structural process on the grounds that it is a simplification
process which is predictable by structure i.e. the position of a particular segment in a word.
However, there is another view, taken in this thesis, which suggests that instances of
consonant harmony can be categorised as word level assimilatory errors (Bates & Watson,
2012), neither necessarily predictable nor affecting word structure in the way that
consonant reduction, for example, does. These viewpoints illustrate that there are
different perspectives on how to categorise phonological processes and that views on the
nature and definition of processes have developed and changed over time. It is also the
case that various proponents of the approach do not agree on how many processes there
are that might fit into these broader categories, for example, Grunwell (1997) writes that
Shriberg and Kwiatkowski (1980) describe 8 processes whereas Ingram (1981) describes 27,
and there is therefore inevitably some variation in terminology. This leads to a suggestion
that “in some accounts at least, the processes described push at the boundaries of
naturalness” (Howard, 2012, personal communication). This variation in terminology may
not be important within a given community of professionals, so for example, UK speech
and language therapists may use Grunwell’s terms and US speech-language pathologists
may refer to Hodson. However, there is at least the potential for confusion in data sharing,
although, as Edwards (1997) remarks all the approaches “share the goal of discovering the
phonological processes underlying children’s sound errors” (p. 6). There is also a view that
approaches generally only list processes which are based on the patterns seen in typical
speech development and so may not accommodate processes seen in disordered speech
(Grunwell, 1995). Indeed, theories of natural phonology were founded upon observations
of the emergence of typical speech, not those of clinical populations (Miccio & Scarpino,
2008), and so might limit the way that clinicians describe and conceptualise speech

difficulties.

This concern was highlighted By Grunwell (1990), who cautioned that the approach may be
somewhat reductionist (see also Lof, 2002) because it sets out in a predetermined way the
patterns that might occur, does not easily accommodate “unusual and disordered data” (p.
11) and does not assess the impact of the speech difficulties on the child’s overall
communication skills. Grunwell (1995) makes this point more generally by commenting
that the approach does not describe the consequences of processes, only that they are

present. This is not least because, as already noted, processes are based on patterns
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observed in typical speech development (Miccio & Powell, 2010). Harris and Cottam (1985)
remark that clinicians draw on “practical experience to extrapolate phonological
generalisations...without having to couch them in formal notation” (p. 62). This may
certainly relate to clinical expediency but perhaps also increases the danger of
reductionism. The most popular assessment in the UK (Joffe & Pring, 2008) is the South
Tyneside Assessment of Phonology (Armstrong & Ainley, 1988) a single word naming test.
it is quick and easy to administer, and may be useful for pattern recognition in children who
present with speech delay, but its ease of use may feed into this reductionist approach.
Butcher (1989) suggested that the adoption of a phonological process approach in
assessing children’s speech has led to its indiscriminate use and an assumption that all
children who have speech difficulties have a language disorder, because difficulties are
ascribed to a cognitive-linguistic level. Furthermore, as he describes, phonology
assessment (and therefore description) generaily focuses on production of consonants,
ignoring vowels and suprasegmental features. He suggests that this is because this better
suits phonological process analysis, and also that vowels and prosodic information are
more difficult for clinicians to transcribe or describe. This point about the difficulties in the
perceptual analysis of vowels is explored in detail by Howard and Heselwood (2013) who
nevertheless advocate the importance of this perceptual analysis because it “engages us
more fully with the data” (p. 72) which means that the significance of details and patterns
can be assessed. Butcher (1989) also makes the point that focusing only on consonant data
means that information essential to explaining problems in intelligibility will not be
captured. This is because children may present with developmentally delayed or
disordered vowel patterns (Reynolds, 2013) or that there may be interactions between
consonants and vowels, “context-conditioned error patterns” (Bates, Watson, & Scobbie,

2013, p. 288) which are not evident through consonant analysis alone.

The reductionism of the apprpach is further seen in goal setting for intervention, not only
because of a potentially narrow data set from assessment but because the processes are at
a cognitive-linguistic level and therefore the intervention will also be focused at that level,
which in its truest form means confronting children with their errors through minimal pairs,
creating “cognitive dissonance” (Howell & Dean, 1983). in his origihal work, Stampe (1979)
suggested that children’s representations of words were the same as those of adults and
that their production patterns reflected articulatory rather than perceptual constraints.

This view was supported by Hewlett (1990) who reported that research indicates that
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perception in typically developing two-year olds is established for the majority of targets in
the adult system. However, he also reported that research suggests that this may not be
true for all children with speech difficulties. This was supported through findings of later
studies; Rvachew, Rafaat and Martin (1999) and Lof (1996) examined phoneme perception
and stimulability in children who had speech difficulties, and showed dissociation between
input and output. Furthermore, there seemed to be both child-specific and phoneme-
specific differences with some children able to perceive sounds they could not say, and say
sounds they could not perceive in discrimination tasks. For example, Lof (1996) described
how in his study five children who had used [f] for / 6 / were able to copy / 6 / but none
were able to perceive it. Findings such as these disprove the suggestion that children’s
perception skills are necessarily the same as those of mature speakers. This view is
supported by Munson, Edwards and Beckman (2005) who reviewed the literature
concerning differences in adults and children in skills related to phonological knowledge,
including speech perception. They report that typically developing children do not have
the same proficiency as adults, and that children with atypical speech sound development
are less proficient than their typically developing peers. Rvachew and Brosseau-Lapre”
(2012) also describe how speech perception skills develop during childhood, and

furthermore suggest that there is an association between these skills and vocabulary size.

McGregor and Schwartz (1992), presenting a single case study of a four-year old who had
speech difficulties, suggested that models of speech production need to accommodate for
individual children having different input and output representations for different
phonemes. For this reason, intervention typically includes aspects of both percéption and
production (Stoel-Gammon et al., 2002) which reflects both the dissociation between the
original theory (proposing intact perceptual skills) and current practice, but also the
successful sharing of later findings indicting that children’s input skills may need
consideration. However, interestingly, Edwards (2012) states that intervention:

‘generally focuses almost exclusively on the production of correct sounds (although ear
training may be involved) without considering other levels of phonological processing’ (p. 4)

This would seem to contradict the views of authors such as Stoel-Gammon et al (2002) and
Rvachew and colleagues (Rvachew & Grawburg, 2006; Rvachew, Nowak, & Cloutier, 2004)
but the matter of different processing levels is another source of discussion in the
literature, as is the application of the concept of phonological processes to all children who
have speech difficulties.
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Stoel-Gammon et al. (2002) mention that phonological processes may not be suitable for
describing the speech of every child, in particular: “children with errors on single phonemes
or for those who produce distortions” (p. 5). This would suggest that analysis and
description of a different kind would apply to children who have articulatory difficulties
(CCD) or motor speech disorders such as dysarthria. This leads to another important issue
which applies to other phonological approaches, not only natural phonology. Stampe
(1979) rooted phonological process theory in “mental operations” which although resulting
from and in articulatory constraints, were nevertheless cognitive-linguistic (i.e. language
based) and inherently divorced from the phonetic/articulatory output level. This would
imply, as already discussed, that speech difficulties are by nature linguistic. Grunwell
(1987) stresses the need to distinguish between (linguistic) phonological disorders (“an
abnormal or inadequate or disorganised system of sound patterns evidenced by deviations
in spoken language” p. 272) and phonetic disorders (“usually associated with some organic
deficiency”, p. 272, such as cleft palate). She states that these may co-occur (in children
who have a cleft palate, for example) but emphasises the importance of differential
diagnosis. However, phonetic and phonological levels of processing may not be as clearly
distinct as Grunwell (and others) suggest, and may in fact develop.in an interdependent
way (Bernhardt & Stemberger, 1998; Bernhardt, Stemberger, & Charest, 2010; Hewlett,
1990). Grunwell herself later says that there are interactions between levels of
phonological organisation and knowledge, phonetic organisation and planning and
articulatory execution (Grunwell, 1990), although she also wrote that most children with
speech difficulties do not have any problems with the production of individual speech
sounds (Grunwell, 1985a). This is supported by evidence that some children use speech
sounds in one context but not another apparently similar one; an example given by Dodd,
Holm, Crosbie and Hua (2005) is a child saying [kweak] for cRACK but [wek] for Quack (p. 42).
However, Hewlett (1985) expresses the view that both in typical and atypical speech
development, phonological processes are a product of children’s immature motor skills. He
proposes that an intact phonological processing system (as described by Stampe, 1979)
responds to articulatory limitations by establishing patterns that children can produce. This
view of interactions between phonological and articulatory levels is shared by Fey (1992)
who says that children who are not able to produce speech sounds in a typical way
“necessarily develop a phonology that differs in important ways from the adult phonology”

(p. 228). Williams (2002) reflects that some phonological processes appear to be causally
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related to phonetic factors, citing assimilation as one such process. In children who have
severe or persisting speech difficulties it can be hypothesised that interactions between
phonetic or articulatory constraints might interact with the representational or
phonological level and this might also impact on the development of acoustic-perceptual
skills (Bernhardt et al., 2010). Scobbie (1998), using data collected during a study using
electropalatography (EPG) showing evidence of covert speech contrasts describes the
phonetic and phonological systems as working in “tandem” (p. 12) for speech

development.

Discussions about the interaction between phonological and phonetic levels of processing
are enhanced by evidence from studies of children’s speech development in languages
other than English. Much of the published material available explores data from
monolingual, English speaking children, however, there is a growing body of work based on
examination of typical and atypical speech in other languages (McLeod & Goldstein, 2012).
Ingram (1997) described a study carried out by Bortolini, Ingram and Dykstra (1993)
comparing a group of typical and phonologically impaired Italian speaking children. They
found that /v/, a segment that emerges relatively late in English but early in Italian, was
also acquired early by the speech impaired group. Ingram (2008-) reported that other
studies in Greek, Swedish and Turkish show similar patterns, with the phonetic inventories
of children with speech difficulties reflecting those of their linguistic peers who had typical
speech development. This was also the conclusion of Bortolini and Leonard (1991), who in
a study also of Italian children reported that although the children shared some patterns
found “universally” (p. 8) in disordered speech, the children’s phonetic inventories and
processes reflected that they were Italian speakers and influenced by their language
environment. Thése observations are compatible with the usage-based approach to
phonology, where the frequency of the speech input directly shapes the child’s storage and
the output patterns of utterances (Bybee, 2001; Tomasello, 2001). So and Dodd (1994)
drew similar conclusions in a study of Cantonese-speaking children with speech difficulties;
this was also seen in a study of Spanish-speaking children carried out by Yavas and
Lamprecht (1988). These studies suggest that children’s speech difficulties are

“influenced by both the phonetic characteristics of the phonemes being acquired as well as
the types of sounds in the ambient language that might serve as plausible substitutes”
(Bortolini & Leonard, 1991, p. 1)
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and therefore that “difficulties in speech acquisition have a phonological component”
(Ingram, 2008, p. 638). This highlighting of the interaction of phonetic frequency with the
phonological system draws into question the notion of “difficult sounds”; perhaps in
intervention an approach which includes focused listening and familiarisation (Rees, 2001)
with targets in different word contexts might be a useful strategy, drawing on the
importance of the frequency of input in speech development. ingram (1997) does not take
the view that speech difficulties involve only a cognitive-linguistic level (for example,
discussing the impact of late maturation of laryngeal control on children’s realisation of
voicing distinctions) but that the child’s processing system responds as best it can to
accommodate both phonological and phonetic demands and constraints. There is a
theoretically stronger view that the child’s phonological system develops as a system of
abstractions based on the phonetic and motor behaviours of infancy (Vihman & Velleman,
2000). The individual perceptual and motoric skills of the child shape the phonology;
phonological processes are thus an outward manifestation of children’s underlying

processing strengths or difficulties.

1.4.2 Nonlinear phonology

Discussions about the relationship between phonology and phonetics, and speech
perception skills stem from the recognition that the production of speech is the result of
interactions of different levels of processing. Nonlinear phonology, developed in the 1990s
(Bernhardt, 1992a & 1992b; Bernhardt & Stoel-Gammon, 1994) presents a hierarchical
framework for assessment and intervention which allows the analysis of children’s speech
patterns in terms of whole words, prosodic and syllabic levels and segmental feafure-based
descriptions. Target setting may be based on, for example, ensuring that the child uses all
basic word and syllable shapes or expanding the segmental inventory by introducing a new
distinctive feature, for example, [+consonantal]/[+sonorant] (liquids). The approach has
been used to present elegant descriptions of children’s speech difficulties (see, for
example, Bernhardt, Stemburger & Major, 2006) but it has not had any major impact on
clinical practice in the UK, possibly because its perceived or actual presentation is complex

(unlike familiar phonological process analysis).

1.4.3 Gestural phonology

Gestural phonology (Kent, 1992a) (also called articulatory phonology (Browman &

Goldstein, 1992) has been used as a descriptive framework for SSD in research studies but
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appears to have had even less impact on clinical practice than nonlinear phonology.
Hodson and Jardine (2009) wrote an accessible paper describing how gestural phonology
could be used for analysis and treatment planning. The study was based on Jarrod, a child
with unintelligible speech who was the focus of a special issue of Advances in Speech-
Language Pathology (Holm & Crosbie, 2006). Hodson and Jardine describe how the
principles of gestural phonology explain speech difficulties in terms of problems in the
shaping of the vocal tract (degrees of constriction and tongue shape for example) and in
movement types (the degree of force needed and the timing of movements). In analysing
Jarrod’s data the authors suggest that his intelligibility difficulties can be explained through
difficulties in managing the degree of force needed for fricative production, and in timing of
movements between gestures resulting in “undershooting” (p. 131) of target sounds.
Although the arguments are compelling, their treatment recommendations lack specificity
in relation to gestural phonology. Bahr {2005), in a study examining articulatory gestures in
children with CAS, phonological disorder and typical speech, recommends that speech
assessment includes a consideration of the complexity of required articulatory gestures for
syllable and word production. She found that her gesture-based assessment did not
definitively aid differential diagnosis but that children with CAS seemed to have more
difficulty than children with phonological disorder in gestural coordination. Consequently
she suggests that, for example, clinicians might not target nasal segments in the early
stages of treatment because such gestural combinations (i.e. raising the velum plus
constriction of the oral cavity) are more difficult. This seems to conflict with clinical
experience and published case studies where even children who have the maost severe
levels of impairment are usually successful in the production of nasal segments (see for
example, case studies by Pascoe, Stackhouse & Wells, 2006; Grunwell, 1985b). Therefore,
while it may be useful for clinicians to have an appreciation of the concept of gestural
phonology in relation to speech development, and for this to be considered in the
explanation of children’s speech difficulties, the application of this approach to
intervention in clinical practice is currently not sufficiently defined for it to be widely
adopted. This view is compatible with that of Lieshout and Goldstein (2008) who state that

“Gestural accounts of speech production ... will need to demonstrate that their models
provide an economical and efficient way to explain known phenomena in normal and
disordered speech....” (p. 475)

A core concept from the perspective of gestural phonology is that speech output emerges

from pre-linguistic babble which is shaped (and constrained) by the movements of the
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infant’s immature motor system, “deriving speech from nonspeech” (MacNeilage & Davis,
2000, p. 285). Speech development and the maturation and refinement of motor skills are
inextricably linked. In adults, speech is realised through “synchronised articulatory
gestures, or functional groupings of gestures” (Bates, Watson, & Scobbie, 2013, p. 290); in
multi-word utterances the resulting overlapping of movements leads to coarticulation
(Browman & Goldstein, 1986). Coarticulation is therefore “a natural consequence of the
interactions between gestures in speech” (Hodson & Jardine, 2009, p. 123). In the phases
of the development of an adult system, children present with immature output as a
consequence of immature motor systems. As motor sequences become more
sophisticated, phonetic variability in output may reflect immature control of the timing of
gestures (Kent, 1992). The gestural phonology account does not seek to disregard other
dimensions involved in speech output, for example, acoustic and linguistic factors.
However, if the development of mature speech is dependent on the “refinement,
differentiation and coordination of gestures” (Kent, 1992, p. 262), difficulties in subsystems
supporting these processes could underlie the speech presentation of children who have

PSD.

1.4.4 Psycholinguistic approach

The psycholinguistic approach (Baker, Croot, McLeod, & Paul, 2001; Pascoe, Stackhouse, &
Wells, 2005; Stackhouse, Pascoe, & Gardner, 2006; Stackhouse & Wells, 1993) sets out a
framework for exploring, describing and explaining children’s speech difficulties; it also
allows for an assessment of skills integral to the links between speech sound production
and literacy development (Stackhouse & Wells, 1997). Although the approa;ch might
appear to have its origins in “box-and-arrow” models (see Baker et al, 2001), its application
in clinical use with children has been largely through the work of Stackhouse and Wells
(1997) which is demonstrably rooted in focused observation and practice. As Howard

(2010) describes:

“the focus of assessment shifts radically from the traditional focus on speech production, to
investigate the child’s strengths and weaknesses across the whole range of processes which
contribute to speech perception, storage and production” (p. 349)

This approach is underpinned by the concept of levels of processing, and that children may
have difficulties in, for example, discrimination of speech sounds or imitation of non words,
but essentially, it also encourages clinicians to think of a whole speech processing system

and the relationships between different aspects of it. This “whole system” approach allows
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comparison between children in terms of profiles of processing strengths and difficulties
but moreover recognises the heterogeneity of children and the value of individual profiles
in intervention. This enables the clinician to move beyond broad diagnostic categorisation
(which may have a place and a purpose) to understanding the processing difficulties that a
particular child may have which lead to problems in speech production. Importantly, it also
encourages consideration of the child’s speech perception and discrimination skills, i.e.
input processing as well as the presenting, and more immediately obvious, difficulties in
speech output. It is compatible with phonological, phonetic or perceptual explanations and

supports principled decision-making about intervention.

The model proposed by Stackhouse and Wells (1997) (see appendix 1.1) addresses the
levels of processing for the perception and recognition of speech, the storage of lexical
items and the processes involved in speech output. This will be summarised in detail since
it forms the basis of part of this current study (for full description see Stackhouse and
Wells, 1997). The peripheral levels of input involve hearing the speech signal and then
recognising it as speech (as opposed to other types of sound). The next process is that of
phonological recognition, which is assumed to be attuned to the child’s own language or
languages; if the speech is recognised it can then be matched to stored lexical
representations. If the input is novel material in the form of new words or non-words, and
therefore not recognised, the child accesses phonetic discrimination skills. This is described
as an off-line process i.e. it does not employ the automatic processing available for familiar
material. Phonetic discrimination involves parsing or segmenting the input and then
identifying the constituent segments or syllables. This involves recognition of language
specific elements at a sub-lexical level. At this stage the child (or adult, who might employ
this route if dealing with novel material) has possibly accessed sufficient information to be
able to repeat what has been heard, as in a non-word repetition task for example.
Phonetic discrimination may a[so be employed in the processing of familiar words spoken
in an unfamiliar accent where the child’s phonological representation of the heard words is

not sufficient for recognition.

At a representational level, lexical items are established and stored; the essential
components of lexical storage are described as a phonological representation, a semantic
representation and a motor programme; other constituent parts will include grammatical

representations and later, orthographic representations. The phonological representation
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contains “enough information to identify the word uniquely” (Stackhouse & Wells, 1997, p.
158) but is likely to be underspecified to allow the flexibility needed for identification of
variable forms of individual words. For example, the same word may vary according to
speaker, accent and phonetic context but must still be identified as that one word. The
semantic representation consists of multiple features and associations concerning the
meaning of the word. The motor programme (or program) contains “a series of gestural
targets for the articulators” (Stackhouse & Wells, 1997, p. 162), a blueprint for how to
produce the word, descriptions compatible with those used in gestural phonology (Kent,
1992; Browman & Goldstein, 1992) as previously outlined in section 1.4.3. It is suggested
that in naming activities or conversational speech the semantic representation drives
access to the motor programme and that the phonological representation, essential for

word recognition, is not activated.

Speech output is derived from the motor programme for known words; the production of
novel words requires activation of the motor programming level, another off-line
component of the system, most commonly assessed through non-word repetition tasks
(Stackhouse & Wells, 1997, p. 163). The construction of new motor programmes is
described as the process of selection of component segments and syllébles {possibly onsets
and rimes) which are then assembled and mapped as a new motor programme.
Established and novel motor programmes are realised through motor planning processes.
The motor planning level, sometimes referred to as phonological assembly (Dodd, 1995), is
where the retrieved gestures required for the output of the intended utterance are
assembled in sequential order. The overall prosodic shape is put in place and the phonetic
contexts of units (words or high frequency utterances) are accommodated. It is at this level
that the phenomenon of “slip of the tongue” has its source, where segments are
exchanged or replaced, for example, the target CAR PARK realised as PAR CARK. The
peripheral level of speech output is motor execution which involves the movements of the

physical structures of the vocal tract.

Assessment of the peripheral aspects of speech output may be through activities such as
non-speech oro-motor tasks. The motor execution level is assessed through
diadochokinesis (DDK) tasks. These tasks involve the production of repeated sequences of
segments (Stackhouse & Wells, 1997) e.g. [p] or syllables e.g. [pe pe pe), [pe te ko]

which are assessed for consistency, speed and accuracy. Deficits in performance are
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attributed to motor execution difficulties although if children are able to articulate target

segments it is feasible that there are also impairments at the level of motor planning.

The psycholinguistic approach offers the potential to explain the SSD of children within a
framework which provides both breadth and depth, compiementing the rich descriptive
linguistic data which may be collected in the course of investigating children’s speech. The
breadth of the approach is in the encompassing of both input and output processing; the
depth is in the different levels from peripheral acoustic and phonetic processing to
underlying cognitive-linguistic representations. Interactions between different levels of
processing can be accommodated. The focus is shifted away from constrained diagnostic
categories (which may have some value and purpose, but may equally direct intervention
towards approaches unhelpful for some children) towards individual profiles of processing
strengths and difficulties. Together with a detailed description of the child's error patterns
at a linguistic level, these may prove more sensitive to describing and meeting the

treatment needs of children who have PSD.

1.4.5 Usage-based approach

The usage-based approach to speech development (Bybee, 2001, 2010), sometimes
referred to as the cognitive approach (Ball, 2003; Sosa & Bybee, 2008) conceptualises the
language system as the product of interactions between the child and the environment.
Language use shapes both the form and content of speech sound systems; form follows
function. The child establishes lexical representations which are strengthened through
repeated use. This strengthening takes the form of increasingly detailed acoustic
information based on multiple exemplars of individual words and phrases which enables
children to extrapolate categorical phonetic information (Rvachew & Brosseau-Lapre,
2012). Frequency of input plays an essential part in language learning (Ellis, 2002), allowing
the child to recognise patterns and make associations between items. It is also proposed
that every exemplar is stored, and the number of exemplars and how recently they were

heard plays a role in their strength (Pierrehumbert, 2003).

Exemplars may be at the level of single words but high-frequency multi-word utterances
may also be stored as units (Bybee, 2002). These “lexical chunks” (Ellis, 2002, p. 155) may
be subject to phonetic reduction with the drive towards more neutral or understated

articulatory gestures (Bybee 2006). This also facilitates the smooth and fluent realisation of
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multi-word utterances with coarticulation and between-word speech processes (Bybee,
2001). Thus, the usage-based approach is compatible with that of gestural phonology
(Newton, 2012). In adults it may be the case that much of their language output “consists
of piecing together the ready-made units appropriate for a particular situation” (Nattinger,
1980, p. 341). Furthermore, this process of exemplar development continues into adult
life, supporting lexical expansion beyond the traditionally described developmental

timeframe (Ferguson & Farwell, 1975; Rvachew & Brosseau-Lapre, 2012).

The application of a usage-based approach to phonology for children who have speech
difficulties was outlined by Ball (2003). He suggested that deficits could be described in
terms of poorly defined lexical networks or limited lexical storage. He also suggested that
there may be “incorrect storage due to perceptual breakdown or due to articulatory
difficulty (or a combination of the two)” (p. 66). Whilst this may be the case, this
description might apply to many theoretical approaches, so does not perhaps provide any
advantages over other explanatory frameworks. However, in the context of what
Pierrehumbert (2003) describes as “the terrible complexity of phonetic patterns” (p. 117),
going on to say that “the problem of phonological acquisition is far worse than generally
supposed” (ibid), the impact of having difficulties as described by Ball.(2003) begins to have
more weight. If indeed the process of speech development depends on children’s ability to
establish exemplars, and from those create pattern-based networks, any disturbances to
the speech processing system will create vulnerabilities. The more severe the limitations,
whether in input or output skills, the more severe their impact is likely to be. Sosa and
Bybee (2008) suggest that the clinical application of the approach makes analysis of the
individual patterns shown by children an essential element of assessment and intervention.
The focus is on the links between the child’s phonology and lexical development, and the

role of frequency, and by implication, meaning.

Chapter One has focused on the review of the definition and description of speech
difficulties (also referred to as speech sound disorders, SSD), with a particular focus on
those that are severe and persisting (persisting speech disorders or PSD) and theoretical
and clinical approaches to speech difficulties. The literature review continues in Chapter

Two.
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Chapter Two

Literature review

2.1 Introduction
Chapter Two continues the literature review with a focus on speech production in the

different contexts of single words and multi-word utterances, variability in speech
production and intelligibility. At the end of this chapter are the research questions for the

study which emerged from the literature review.

First, a note on terminology: “connected speech” is used inconsistently in the literature. In
this thesis the term “multi-word utterance” (MWU) or “multi-word speech” is used to refer
to any speech output which is longer than one word, unless a particular author uses the
term “connected speech”. However, in reference to between-word speech processes, the
term “connected speech processes” (CSP) is used. The term “conversational speech” (CS)
refers to speech samples collected in conversations between the author and study children,

unless, again, when referring to the term when used by a particular author.

2.2 Speech production in different contexts

In this section consideration will be given to some of the factors that influence speech
production in different types of output (i.e. single words and multi-word utterances). The
focus will be on the role of frequency and reduction in typical speech; the production of
typical and atypical multi-word utterances and how different types of speech output are

assessed.

2.2.1 The role of frequency and reduction In speech production

It is evident that mature adult speakers, and children as learners of speech, produce words
in combination with other words from a very early stage of development. This process of
speaking in “words and phrases” is described in this extract:

“In learning to talk, children must gain knowledge of the phonological forms of words and
phrases of their native language and must learn the articulatory and phonatory movements
needed to produce words and phrases in an adult-like manner” (Stoel-Gammon & Sosa,
2007, p. 238)

This process of language learning in order to produce “words and phrases in an adult-like
manner” involves children paying attention to the features of the language that they hear,

for example, phonological, prosodic, syntactic and pragmatic information, which enables
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them to establish stored linguistic representations for both understanding and production
(Ellis, 2002). These representations are established at word and phrase level (Bybee, 2002)
and are incrementally strengthened by the effects of frequency (Bybee, 2001) allowing the
abstraction of knowledge and patterns, and the construction of a network of associations.
These are built on individual experience (Bybee, 2002), driven by lexical development
(Stoel-Gammon & Sosa, 2007) and shaped by shared cultural and social expectations within
a linguistic community (Wray & Perkins, 2000). Frequency effects on the production of
speech gradually support the establishment of formulaic “chunks” of language which can
be understood and produced more fluently than novel utterances (Bybee, 2001). Indeed,
young children may learn some chunks as a whole and only later disentangle the individual
words (Stemberger, 1988).

“Smooth talkers use many formulas in their speech, such as recurrent sequences of verbal
behaviour, whether conventional or idiosyncratic, which are sequentially and hierarchically
organized” (Ellis, 2002, p. 156)

(For a broader description of the development and purposes of formulaic language see, for

example, Wray and Perkins, 2000).

These high frequency formulaic utterances are greatly susceptible tov”reduction" (Shockey,
2003, p. 2), or “massive reduction” (Johnson, 2004, p. 1) where the word is realised in a
way that involves significant differences in segments (and syllables) in comparison to the
citation form (that is, the production of the single word in formal speech). These
reductions, resulting from cutbacks (“undershoots” Shockey, 2003, P. 12) in vocal tract
movement (Lindblom, 1990), are established and stored as “single neuromotor units”
(Bybee, 2002, p. 17) which facilitates the automatic production of frequently used
utterances. Johnson (2004) suggests that word form storage is based on exemplars which
have “both auditory and articulatory representations” (p. 50), accommodating the range of
possible variants of each individual token with sufficient phonetic information both for
recognition and production. . This approach is compatible both with single word and

utterance level language.

Descriptions of reduction might seem to suggest that children first learn words in their
citation forms and then as word combinations develop, over time learn how to combine
words together into integrated chunks. However, this is not what the authors of these
descriptions are implying. Young children produce high frequency multi-word utterances
that are formulaic or stereotypical in nature (Howard, Wells, & Local, 2008) which appear
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to be recognised and produced as single units. It may be that these are only analysed at
word level much later, possibly as children acquire the skill of segmenting phonemes within
words. [ndeed, there is some debate about what constitutes a word since some high-

frequency combinations, for example, “don’t know”; “going to”, might be construed as

single entities (Bybee, 2001).

One further but important point is that reduction is not random but bound by (at least) two
factors related to intelligibility. The first is interactional (Lindblom, 1990; 1996) where the
speaker “makes a running estimate of the listener’s needs...on a moment to moment basis”
(1996, p. 1687); Lindblom suggests that speakers adjust the amount of articulatory effort
needed in a given situation along a hyper-/hypo-speech continuum (the H & H theory). The
second factor is phonetic in that there appear to be key elements in the segmental and/or
syllabic structure of a word which must be retained for recognition, what Heselwood, Bray
and Crookston (1995) describe as “an acceptable limit” (p. 127). Johnson (2004), in
analysing reduction in adult speech, gives the example of variants of the word “until” from
the citation form /ant1l/ to the massively reduced /ta/ and makes the point that all
productions retain the segment /t/; this suggests that the “t-ness” of “until” is non-
negotiable. Both interactional and phonetic factors have implicatidns for young children
who are learning to talk, who will acquire these skills over time, and learn which variants
can or must occur in which contexts but at a recognisable rate (i.e. being intelligible by the
age of four, Coplan and Gleason, 1988) and for children who have speech difficulties, who -
may not. The interaction between speech sound difficulties and speech reduction may lead
to children not realising essential segments which allow for listener recognition of speech

output thus reducing intelligibility (Speake, Howard, & Vance, 2011).

2.2.2 The production of multi-word utterances

In order to produce “words and phrases in an adult-like manner” (Stoel-Gammon & Sosa,
2007), children must learn how individual words are produced in different linguistic
contexts; multi-word utterances are more than sequences of single words. The
phonological and phonetic demands are qualitatively different (Howard et al., 2008). This

is described by Cruttenden (2001):

“If the word is admitted as an abstract linguistic unit, it is important to note the differences
which may exist between its concrete realisation when said (often artificially) in isolation,
and those when, in connected speech, it is subject to the pressures of its sound
environment” (p. 278)
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Utterances are bound together within a prosodic framework of lexical and supra-lexical
features (Stackhouse, Vance, Pascoe, & Wells, 2007); at a single word level (lexical) this is
mainly through stress patterns and in multi-word utterances (supra-lexical) it is particularly
through intonation, which both delineates groups of words and is used to signal 'meaning
within linguistic and pragmatic frameworks. Within and between utterances, changes at
word boundaries ensure smoothness and cohesion, meaning that production of the same
target may be different in single words and multi-word utterances, accommodating to the
phonetic requirements of nearby speech sounds. Farnetani and Recasens (2010) describe
the production of connected speech in terms of coarticulation where “the movements of
different articulators...overlap in time and interact with each other” (p. 316).
Coarticulation at word boundaries results in changes which are referred to as connected
speech or between-word processes (Newton & Wells, 2002; Newton, 2012) or word

juncture (Howard et al., 2008; Pascoe et al., 2006).

Word juncture is described as open or close (after Sprigg, 1957) and broadly serves two
purposes; firstly, to keep words apart and distinct (open juncture) or for emphasis, marked,
for example, by pauses or glottal stops (Wells, 1994). Open juncture may also result when
typically occurring close juncture processes such as elision or assimilation (see below) are
not used (Newton, 2012). Secondly, word juncture functions to “glue the utterance
together into a cohesive entity” (close juncture), (Stackhouse & Wells, 1997, p. 226), close
juncture involves different types of phonetic (and phonological) adjustments. These may
result in the occurrence of connected speech processes which are essentially
simplifications which accommodate to the articulatory features of particular segments

which are in close proximity to each other. In English these are:
1) Elision: segments are omitted as in FIRST PART realised as /f3s 'pat/

2) Assimilation: word-final segments anticipate the same place of articulation as the

initial consonant of the following word (typically bilabial or velar), for example, BAT

AND BALL realised as [ 'be? m, 'bol]

3) Liaison: word-final vowels are linked to the following word-initial vowels by a glide
or liquid, for example: FAR OUT (non-rhotic) realised as [fa! 'aut J; BLow ouT

realised as [blouw 'aut]; segour realised [sil 'aut]
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4) Coalescence: a word-final segment combines with initial segment of the following
word to form a segment which has features of both, for example, miss You realised

as [ 'mrJul; NEED YOU realised as [ ' nidu]

A particular form of elision is recognised in a process labelled “schwa absorption” (Shockey,
2003, p. 22), the schwa vowel may be elided with a neighbouring consonant taking on the
property of the syllable, operating both within and across word boundaries. Shockey
(2003) gives the example of “and they” being realised in a highly reduced form as [n, ei]
(p. 23) and also describes how schwa may be subject to assimilation with another vowel,
for example, ‘to have’ realised as [th ®=v]. Some segments are more liable to change than
others so, for example, again, Shockey (2003) describes a continuum of vulnerability with
/t/, /8/, and /a/ as “incredibly vulnerable” and /£/, /m/, /f/, /§/ and /&/ being
“practically invulnerable” (p. 15). This must be important when considering the
intelligibility of children who have speech difficulties, since, with exception of /m/, those

segments deemed “practically invulnerable” are frequently problematic for those children.

There is very little literature exploring word juncture in either typical or clinical child
populations (Newton & Wells, 2002); it seems likely that there is a developmental
progression towards adult-like multi-word utterances and that this may be protracted or
possibly different in children with speech difficulties, as in the development of single
words, but this has not been unequivocally established. Newton and Wells (1999) in a
study of typical children aged 3.6 to 7 years-old found that their participants used similar
types and proportions of between-word processes as adults do with 75 to 80% of possible
instances of assimilation, elision and liaison being realised in this way. This raised
questions about whether close juncture occurred from the beginning of phrase
development (i.e. it simply happened) or if it became established during the first two years

of connected utterance use (and under the age of 3;6).

Stemberger (1988) reported a longitudinal study of his daughter’s early speech (up to the
age of 3) focusing on emerging multi-word utterances; he described resyllabification of
word-final consonants occurring before a vowel, for example, “get up” realised as [da .
tap] (p. 42), vowel deletion, assimilation or deletion of vulnerable segments and
consonant harmony or reduplication. Significantly, he commented that these processes

were not found in adult English (although do occur in other languages) and implied their
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transitory and changing nature. Given the variability and amount of change documented in
other aspects of speech development in very young children (Sosa & Stoel-Gammon, 2006)

these findings are perhaps unsurprising.

Developmental changes were explored by Thompson and Howard (2007) who reported on
the speech of three 2-year-olds and three 3-year-olds. They found that open juncture was
more common in the younger children, although elision was already present by 2;0 and
that other forms of juncture emerged over time. There was a significant change from a
preference for open juncture in 2-year-olds (although there were individual differences in
the balance between the open and close types) to close juncture in the older group where
three-quarters of possible occurrences were realised with adult-type processes. The 2-year
olds also used assimilation but this was subject to variation, with bilabial articulatory
patterns most likely to be realised in that way. They concluded that word juncture
behaviour emerges over time but that there were differences between individual children.
They also describe how the 2-year-old child with the greatest percentage of open juncture
made frequent use of glottal stops at word boundaries. Interestingly, they also comment
on the occurrence of non-adult assimilation and resyllabification in the 2-year-olds as

described by Stemberger (1988) but this was not found in the data for 3-year-olds.

Newton and Wells, (2002), carried out a study of a typical child, CW, between the ages of
2;4 and 3;4 to examine whether CSP were evident at an earlier stage. CW had a different
word boundary pattern to that reported by Thompson and Howard in that he showed a
preference for close juncture, including assimilation, elision and liaison from the age of 2;4.
However, they also found that at the beginning of the study CW produced non-adu.i!t forms
such as glottal stops at word boundaries and for a time between 2;7 and 2;9 he used more
open juncture than previously, although close juncture was more common. After the age
of 2;10 his patterns were like those of older children and adults. The authors make the
point that open juncture may be phonetically demanding; in word boundary positions
where, for example, elision may be used to achieve close juncture, the segmental sequence
involved in an open juncture realisation will require (at least) three consecutively realised
consonants. Both studies report early use of /j/ and /w/ liaison (from the two-word stage)
but /r/ was later. Newton and Wells (2002) suggest that /j/ and /w/ liaison result from
phonetic factors (i.e. the articulatory output of moving from one vowel shape to another)

and /r/ liaison reflects phonological learning. These possibly different causal relationships
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lead the authors to caution against the use of the term connected speech processes
because this implies a phonological rather than phonetic basis for word juncture
behaviours. A useful distinction can be made between phonetics, the production or
articulation of speech sounds (Stackhouse & Wells 1997), and phonology, the Ifnguistic
organisation and use of speech sounds to “convey meaning” (ibid, p.5) which has helped to
shape the conceptualisation and understanding of the nature of different types of speech
difficulties. However, the research literature also suggests that making this distinction is
not without its difficulties (Hewlett, 1985; Grunwell, 1987), and acknowledging the
phonetic underpinning of emergent phonological organisation provides a valuable

perspective on speech development (Sosa & Bybee, 2008; Vihman and Velleman, 2000).

The discussion about whether word juncture behaviours are phonetically or phonologically
driven is a topic of debate. All languages have word boundary accommodations in multi-
word utterances although the nature of these changes is different in different languages
(Howard et al., 2008). For example, assimilation processes may be regressive as in English,
where word onset affects the production of the coda of the previous word, or the opposite
where the final segment of the first word changes the onset of the next. This might suggest
that the phonetic drive for simplification is moderated and manifested through language-
specific phonologically specified processes. Farnetani and Recasens (2010) carried out a
review of the current evidence concerning the roles of phonetics and phonology in
coarticulation with a particular focus on connected speech processes. They acknowledge
the complexities of the mechanisms of speech output, and the theoretical and empirical
explanations for these processes. They express the view that a gestural approach to
speech output may be best placed to provide an account of what is seen in connected
speech, although also state that no model to date can explain all aspects of speech output,

particularly when comparing features in different languages.

Thus far, the focus has been on speech in typically developing children which leads to

exploration of studies of word juncture in children who have difficulties with speech

production.

2.2.3 Multi-word speech production in children who have speech dlfflcultles

Studies of word juncture behaviours, limited in number in children with typically

developing speech, are even fewer in relation to children with speech difficulties; the few
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that are published show some interesting results. Wells (1994) presented a single case
study of a child called Zoe (aged 5;11). Zoe’s speech was characterised by slow and
disjointed utterances with word boundaries (and sometimes within-word syllable
boundaries in turn-end words) produced with open juncture. This pattern is very different
to that reported in children with typical speech. Although the reasons for this are not
certain, the author suggests that it could be a reflection of motor difficulties, with Zoe using
a slower speech rate as a strategy to aid intelligibility or could even be the result of the
application of speech therapy intervention techniques. Howard (2007) explored connected
speech production in six young people (aged 9;5 to 16;3); four had speech difficulties
associated with cleft palate, one had dysarthria related to Worster-Drought Syndrome and
the last had no identified organic condition. The study used both instrumental
(electropalatographic, EPG) and perceptual speech analysis to examine multi-word outputs.
Although the participants all demonstrated some typical close juncture at word boundaries,
there was significant variability within and between speakers and atypical features were
noted in both segmental and prosodic aspects of speech. The author describes both
hyperelision and hyperarticulation effects, and in this study and that of Wells, the data
suggest that the children are struggling to manage the demands of the multi-word

utterance level of output. As Wells (1994) describes:

“There is a developmental tension between the demands of paradigmatic accuracy, i.e. the
need to signal lexical meaning in an intelligible way, and the demands of syntagmatic
fluency, i.e. the need to realize phrases and sentences as cohesive wholes” (p. 2)

Klein and Lui-Shea (2009) investigated what they referred to as “between word
simplification patterns” (p. 17) in four boys (age 4;0 to 5;5) who had speech sound
disorders, focusing on assimilation and elision occurring at word boundaries. They found
that, although subject to individual variation, the most frequently occurring pattern was
that of final consonant deletion, either in single segments between vowels or as part of
adjacent consonant sequences. They comment that although this is seen in the speech of
adults and more so in typical speech development, these children deleted a much wider
range of speech sounds with greater frequency (and, it is suggested, persisting beyond the

usual time span expected for the development of adult-like speech patterns).

Newton (2012) explored the between-word processes of three 11 to 12-year-old children
who had speech difficulties, taking an approach theoretically underpinned by usage-based

phonology. Newton used both perceptual and electropalatographic (EPG) assessment and
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reported that although all three children produced some adult-like word boundary
behaviours, their output also showed evidence of atypical patterns. These included glottal
stop replacement of SFWF consonant clusters (also reported by Newton and Wells, 2002,
as occurring in the speech of a typically developing 2-year-old), described by Newton as the
result of extreme lenition. It is explained in the context of “effort minimisation” (p. 724);
the children’s response to the complex phonetic environments of word boundaries was to
reduce the gestural/articulatory demands and replace the adult targets with “the most
minimal type of closure available to the speaker” (p. 723). Newton suggests that this
simplification of output is the same as happens in the connected speech of typical speakers
but in an atypically extreme form, or “hyperlenition” (p. 724). In another recent study
exploring connected speech output, Howard (2013) reports her findings on the speech of
two children (JO and SB) who had PSD in association with a history of cleft palate. Both
children had difficulties with word juncture but presented with very different patterns; 1O
showed a preference for adult-like close juncture and SB for less typical open juncture. The
perceptual impact of these different behaviours was that JO who used more adult juncture
was less intelligible; his close juncture was associated with greater segmental and
structural omission (hyperelision). By contrast, SB was more intelligible but his speech was
perceptually unusual. Importantly, both of these studies highlight the differences in multi-
word speech behaviours shown by individual children, suggesting that children respond
differently to the challenges which may be inherent in multi-word speech production. This
is also the case at a single word level, but the complexities of multi-word utterances may

lead to an even greater range of possible individual solutions.

Although the evidence base about word juncture in children who have speech difficulties is
not extensive, these studies indicate that they find the management of the demands of
word boundaries challenging; given problems in managing other complex phonetic and
phonological sequences, this is not particularly surprising. However, given the evidence
from adult speech, and the erﬁerging picture of word juncture in typical development, what
is perhaps surprising is that assessments for children who have speech difficulties continue
to focus largely (and sometimes only) on single word production (Howard, 2007) which
may be “misleading and ultimately unhelpful” (Howard, 2004b, p. 416). It is interesting to
consider the different types of utterances are used in assessment, and how this is reported

in the literature.
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2.2.4 Speech sampling types used in assessment

As already noted, the stimuli used most often in assessment of children who have speech
difficulties are single words (Howard, 2007; Morrison & Shriberg, 1992; Pascoe et al., 2006;
Skahan et al., 2007) involving picture naming (often of high frequency, easily-pictured
nouns) and yet the production of speech sounds, and intelligibility may be different in
different types of utterance (Barnes, Roberts, Long, Martin et al., 2009; Howard et al,,
2008). This may mean that difficulties in intelligibility are unrecognised or underestimated
(Faircloth & Faircloth, 1970; Morrison & Shriberg, 1992). Multi-word utterances also
enable assessment of prosodic aspects of speech and observations of interaction between
different levels of the child's linguistic functioning (Bernhardt & Holdgrafer, 2001; Rvachew

& Brosseau-Lapre, 2012).

It is widely accepted that “conversational speech is the most ecologically valid context (i.e.
it is what speakers most often do)” (Flipsen, Hammer, & Yost, 2005, p. 308). However, the
analysis of conversational speech is not necessarily quick or easy, and because the
segmental {(and lexical) content is not controlled as in a single word assessment, some
aspects of the child’s speech patterns may be ‘missed (particularly relevant when
completing a phonological process analysis, less so when analysing “real talk” Howard
(2007, p. 20). In terms of repeated measures, a SW test allows a straightforward
comparison of speech production over time (Bernhardt & Holdgrafer, 2001). Where
children have intelligibility difficulties, the assessor may find description and analysis of
speech problematic, because the targets are not known (Kwiatkowski & Shriberg, 1992).
There are ways of possibly reducing the impact of this by using more defined tasks such as
picture description, or sentence repetition and these are reported in the literature,
although, where multi-word utterances are assessed, conversational speech is the most

common method of sampling (Morrison & Shriberg, 1992).

From the child’s perspective, conversational speech may not present such overt difficulties
as a naming test in that he or she has “control over topic and content” (Morrison &
Shriberg, 1992, p. 262) and, to a degree, the articulatory demands through choice of lexical
items, thus avoiding particular segmental difficulties (Masterson, Bernhardt, & Hofheinz,
2005; Wolk & Meisler, 1998). The sound patterns of single word tests are designed (with
greater or lesser success) to sample, for example, consonant clusters and multisyllabic

words which may occur in much lower numbers in the child’s own speech. Morrison and
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Shriberg {1992) compared PCC in words elicited in a single word articulation test with
words used in the conversational speech of 61 children (age range 3-6 years) who had
speech delays. They found that the test words included a much greater number of two and
three-syllable words with “considerably more difficult structural contexts” (p. 263). In
terms of segmental content, the vowels /ei/, /®/ and /a/ occurred with significantly
more frequency in testing whereas /a1/ (because of the frequency of the lexical item ‘I’)
was more frequent in conversational speech. They also found that there was a higher rate
of occurrence of simplification processes in conversational speech. Somewhat different
findings were described in the study by Masterson et al. (2005) who compared the
production patterns of 20 children with phonological impairments in SW and
conversational speech. Importantly they used single words which were partially tailored to
individual children, depending on their responses to an initial screening set; this was
designed to increase the sensitivity of the SW assessment. The study found that SW
sampling resulted in the production of more CVCVC words, and more velars, affricates and
liquids than conversational speech. Interestingly they do not allude to connected speech
processes but describe difficulties in transcribing word-final stops particularly in CVC words
in conversation; this was dealt with by not counting word-final deletions, glottal stops or
voicing differences as errors. Although not described as such, this may have resulted in an
accommodation to any word juncture processes shown by the children because SFWF
alveolar and velar plosives are commonly affected by between-word assimilation or elision.
Once this was done, SW and conversational speech PCC “accuracy”, initially significantly
better in SW, was then more similar in both types of sample across the group as a whole.
However, the data suggested that there were some (relatively small) differences in
sampling for individual children (some favouring SW and some conversational speech).
This finding is different to that of Wolk and Meisler (1998) who report that in their study of
13 boys aged 4;2 to 5;11 years, the PCC in single word naming was significantly poorer than
that in conversational speech (although they too report some individual differences). They
suggest that this is because the single words used were more complex both structurally and

segmentally than words produced by the children in conversational speech.

The issues of how speech production in SW might be different to that in multi-word
utterances, although occasionally mentioned in the assessment sampling literature (for
example; “traditional articulation tests have not adequately taken into account the

influence of phonetic context” Wolk & Meisler, 1998, p. 292) seem to be almost entirely
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ignored. It seems surprising that in even quite recently developed assessments the authors
do not at least mention these differences to aid assessors in their evaluation and to add
potentially useful information to the analysis. For example, in a study of the speech of 684
English speaking, typically developing children, Dodd et al. (2005) examined the production
of a set of 14 lexical items, comparing the realisation of each word in SW and MWU (using a
humorous picture description task). Production errors were identified and classified into
age-appropriate, delayed and unusual patterns; these were found to be different with
more errors in MWU. They examined the speech of children from the ages of 36 to 83
months and found that these differences resolved over time and by 77 months all the
children’s words were 97-100% the same. This task was taken from the DEAP assessment
(Dodd, Hua, Crosbie, Holm, & Ozanne, 2002) where one of the calculations is the
percentage of SW vs. connected speech agreement; this can then be converted into a
standard score. All the items were high-frequency nouns (for example, frog; snake;
toothbrush); no mention is made of any connected speech processes that might
legitimately occur and how these might be scored. This raises an issue relating to wider
interpretation of these noun data at least, with an inherent implication that words should
be produced in exactly the same way regardless of phonetic context.. This is clearly not the
case. Bernhardt and Holdgrafer (2001) make this point in a paper outlining the issues of
sampling techniques for the analysis of children’s speech saying that:

“The mere context of the phrase (with its coarticulation, rate and stress timing) may
increase the likelihood of segment deletion, substitution, or assimilation in any word” (p.
23)

They suggest that SW, conversational speech and sentence imitation may all be used in
order to sample enough reliable data, and the use of selective supplementary data is
necessary to explore particular patterns and for children who show variability in

production.

Sentence imitation as a sampling method has been examined in the literature. For
example, Johnson, Weston and Bain (2004) explored the PCC scores in sentence imitation
and single words in a group of 21 children with speech difficulties aged 4;0 to 6;11. In a
rigorously designed study they controlled sentences for age-appropriate vocabulary, syntax
and speech sound distribution (this latter aspect is reminiscent of the sentence imitation
used in the speech assessment of children who have cleft palate described by Sell, Harding,

& Grunwell (1994)). They reported that in the group as a whole there were no significant
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differences between the sampling types. However, 12 of the individual participants had
scores that were better on one or other of the sampling types and a small number of
children showed quite different responses to the materials either in terms of their speech
more closely matching the adult model (which may be positive indicator) or in finding the
imitation task too difficult. One of their conclusions is that assessment should be sensitive
to the needs of individual children and, as suggested by Bernhardt and Holdgrafer (2001), a
variety of sampling types will best present a complete profile of the child's speech.
Rvachew and Brosseau-Lapre (2012) review the literature concerning sampling methods
and also highlight the different responses of individual children in imitative tasks; they
suggest that children who have had intervention may particularly produce speech in
imitation that is better than spontaneous output; for this reason they recommend using

“spontaneous conversation to elicit the speech sample” (p. 140).

Masterson et al. (2005) make the important point that differences between sampling types
may be significant statistically but not necessarily clinically, in that the targets chosen for
intervention for the group in their study were the same for the majority of children
whether based on single words or conversational speech. This clinical versus statistical
significance may not present difficulties if it is the case that children’s speech difficulties
can be entirely described, explained and remediated through use, for example, of a
phonological process framework. However, as suggested for example by Howard (2004b,
2007), this may not be the case for children who have severe and persisting speech
difficulties where atypical segmental and prosodic patterns which are not evident in single
words may be identified in multi-word utterances. Intelligibility is not simply or only about
the severity of segmental differences as measured through PCC (although there is clearly a
relationship between them). Using a range of sampling types will enable an analysis that
identifies all the factors that are important in understanding and explaining the

intelligibility of an individual child.

A commonly occurring theme throughout the literature is the variable performance both
between individual children and also that within the speech production of individuals. This
may be related to sampling type but there are a multitude of other factors that may

influence how consistently children’s speech is produced.
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2.3 Variability in speech

Variability in speech production is a feature of typical development in young children which
lessens over time (Holm, Crosbie & Dodd, 2007, McLeod & Hewett, 2008); “a source of
noise that is reduced by maturational influences” (Forrest, Elbert & Dinnsen, 2000, p. 520).
However, phonetic variability is also a feature of adult speech, influenced by linguistic,
pragmatic and articulatory context and subject to the conventions of the language being
spoken (Shockey, 2003). Variability might be expected in typical speech when comparing
the same words produced in different linguistic and phonetic environments (Holm et al.,
2007) but Miller (1992), when discussing a clinical population of adults with dyspraxia,
suggests that variability is best considered in the context of token to token comparison in
the same context, for example, repeated productions of a single word. This view is shared
by Holm et al (2007), who differentiate between “normal variability” and “atypical
inconsistency” (p. 468), stating that repeatedly different realisations with different types of

error is symptomatic of SSD.

Variability may be positive; Bernhardt and Stemberger (1998) comment that “in times of
change...variability can arise” (p. 257); this variability typically results in productions that
more closely match adult targets. This could be therefore bé termed progressive
variability. Segmental analysis of what the child is producing is therefore clinically
important since variation between the adult target and one other segment may be an
indication of positive change (Grunwell, 1992) (a “behavioural indication of reorganization”
Tyler & Lewis, 2005, p. 246) but the variable use of two or more phones which do not

include the aduit target may not be positive (Grunwell, 1987).

Progressive variability may be manifested in different ways; for example, a target segment
may be lexically influenced so that /k/ may be realised as [k] in cAR but [t] cAT segments
may be affected by their position in a word so that /k/ is realised as a velar plosive word-
finally but an alveolar plosive in word-initial position. These kinds of variability may be
predictable, so from a listener perspective (once the realisation is known) are perhaps
unlikely to affect intelligibility. However, token to token variability, when children have
different productions of the same word, may present listeners with more difficulty in

understanding what has been said.
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As already described, the term “inconsistency” is also used, with the term “inconsistent
phonological disorder” (IPD) introduced as a diagnostic category (Dodd & Bradford, 2000;
Dodd, 1995). Variability has also been examined in relation to childhood apraxia of speech
(CAS), also called developmental verbal dyspraxia (DVD), with changes to repeated
productions of the same word and increasing errors in longer utterances being possible

diagnostic markers (Davis, Jacks, & Marquardt, 2005; Davis, Jakielski & Marquardt, 1998).

There is some discussion in the literature about the sources of variability. Forrest et al.
(2000) suggest that it is associated with underspecification of phonological representations;
increases in linguistic loading may increase variability (Tyler, Williams, & Lewis, 2006), with
an effect of complexity in terms of word structure (and interactions with lexical, semantic
and syntactic processing). This raises some interesting issues about whether variability in
the speech of children who have speech difficulties is any different to that seen in children
who have typical speech development. In a usage-based approach to speech development
(Bybee, 2001), the ability to manage variability in perception and production in single
words and multi-word utterances must be hallmarks of the emergent system so that
children learn to manage complexity as necessary. Given that, over time, the speech
difficulties of the majority of children resolve through intervention and/or maturation it
may be that the variability seen in SSD mirrors the protracted development of the speech

processing system as a whole.

There are two main schools of thought about whether variability (inconsistency) is
diagnostically significant, with accompanying implications for intervention. One approach
is that espoused by Dodd and colleagues (Dodd & Bradford, 2000; Dodd, 1995; Dodd, Holm,
Croshie, & Mcintosh, 2006, Bradford & Dodd, 1996) also described by Forrest and
colleagues (Forrest et al., 2000). Their view is that this group of children with IPD, who
present with multiple speech inconsistencies, do not respond to intervention in the same
way as children who have consistent errors. For example, Forrest et al report on a study of
10 children aged 3;4 to 4,6, half of whom had inconsistent speech, matched with the other
half who did not. They reported a much better rate of progress for the consistent group;
however, as they acknowledge, the percentile scores of the inconsistent group was
significantly lower than the other group at the start of the study. Dodd and colleagues
describe the inconsistent group as having difficulties with phonological assembly (for a

description of this see, for example, Stackhouse & Wells, 1997) and assess for this using a
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criterion of 40% variability on a set of 25 words; this can be assessed using the DEAP (Dodd
et al., 2002). The focus of treatment is on establishing consistent (not necessarily accurate)
production of 50 high frequency words for each child which then provides a more stable

platform for further intervention.

A different approach is that taken by Tyler and colleagues (Tyler & Lewis, 2005; Tyler et al,,
2006; Tyler, Lewis, & Welch, 2003) in their study of 40 children with speech difficulties,
they separated the 10 most and 10 least consistent of the group and carried out the same
kind of intervention with both groups. They found that both sets of children responded
equally well to intervention with a steady pace of change in terms of PCC. However, the
children who showed most variability also had significantly lower PCC at the start of the
study (38.6%, S.D. 6.8 vs. 73.9%, S.D. 11.13). Not only did all the children’s PCC improve,
the number of variable productions showed a corresponding decrease throughout and
after treatment. Furthermore, the authors quote a study by Iserman (2001) which suggests
that individual phonemes differ in terms of their vulnerability to variable production.
Those segments which have the highest and lowest individual PCC scores {(and are most
stable) are least subject to variability; later developing sounds more likely to be
inconsistently realised. They also report that /t, k, g, f, v, s,' z, j/ are subject to
high levels of inconsistency in children who have speech disorders. Given the
developmentally early use of /t/ and / j/ it does seem possible that variable realisations of
these segments may be the result of different factors (perhaps to do with vulnerability to

typical reduction in multi-word utterances).

The reconciliation of these approaches may lie in the views of Rvachew and Brosseau-
Lapre” (2012) who suggest that the diagnosis of “Inconsistent Deviant Phonological
Disorder” may well have validity for individual children at a given point in time but that
there is no evidence as yet that this represents a stable diagnostic subgroup over time. It
may be that as Rvachew, Chiang and Evans (2007) report, severity and age are the
important factors, with a decrease in unusual and structural errors as children get older.
Variability may be a product of the relative maturity of the child’s speech processing

system.
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2.4 Intelligibility

Intelligibility has been defined as “that aspect of oral speech-language output that allows a
listener to understand what a speaker is saying” (Carney, 1986, p. 47) and “the product of a
series of interactive processes” (De Bodt, Hernandez-Diaz Huici, & Van De Heyning, 2002, p.
284). Thus by definition intelligibility is an outcome of a communicative interchange
between a speaker and listener or listeners although the term “comprehensibility” is
probably more accurately used to describe the understanding of speech in interaction
(Yorkston, Strand, & Kennedy, 1996). In learning to talk children must learn how to
manage the verbal and non-verbal processes needed to effect successful communication;
one aspect of this is how to produce speech with sufficient segmental and prosodic
accuracy to be intelligible. Most children will accomplish this by the age of four (Coplan &
Gleason, 1988; Chin, Tsai, & Gao, 2003) but children who have difficulty with the
production of speech sounds may not achieve this (Gordon-Brannan & Hodson, 2000;
Weston & Shriberg, 1992) and for some children who have persisting speech difficulties

(PSD), problems in being understood will also persist (Pascoe et al., 2006).

in spite of intelligibility being the “sine qua non of spoken language” (Kent, 1992b, p. 9),
there is no universally agreed way of measuring it, and reliability and validity are difficult to
establish (Pascoe et al., 2006). Furthermore, although measures may provide an indication
of the severity of the impact of speech difficulties, they do not provide any explanation of
why or how intelligibility is compromised in individual cases (Weismer, Kent, Hodge, &
Martin, 1988; Metz & Schiavetti, 1994). Clinically this is important because understanding
what makes the speech of an individual more or less intelligible should guide decision
making in intervention (Hodson & Paden, 1991; Dodd & Bradford, 2000). It is also essential

in research terms in developing models that can explain both typical and atypical speech.

Intelligibility in children who have developmental speech difficulties (and indeed in children
who have typical speech) has received relatively little attention in published literature
(Hustad, 2012); searches reveal that the majority of paediatric studies have been done with
the deaf population (for example, Monsen, 1983; Chin et al., 2003; Peng, Spencer &
Tomblin, 2004). There are also a number of studies of intelligibility in children who have
cleft palate (see Whitehill, 2002, for a review). This is perhaps unsurprising given that
these groups are both clearly identifiable through diagnosis of an organic condition and

have a long history of multidisciplinary and particularly medical involvement. With national
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programmes for cochlear implants and regionally organised, hospital-based services for
cleft palate, the drive for positive outcomes to support and justify investment has
understandably and rightly meant that intelligibility has been a focus for these groups. This
has not been the case for other developmental speech and language difficulties which are
typically identified later, do not fit a defined diagnostic category and do not usually involve
medical practitioners. However, even given the robust approach taken to intelligibility
measurement in deafness and cleft palate, evidence of work giving detailed phonetic
analysis that might explain why children are unintelligible, is still limited (Pascoe et al,,

2006; Whitehill, 2002).

2.4.1 The measurement of intelligibility

Intelligibility is measured in several ways (although as suggested by Gordon-Brannan and
Hodson (2000) most clinicians rely on “impressionistic estimates”, p. 142). Measurements

are made through the following techniques:

e Listener responses to speech (single words or multi-word utterances); typically
listeners are asked to write down what the speaker has said (open-set method)
(Gotzke, Hodge, & Daniels, 2003; Hustad, 2006a, 2008; Khwaileh & Flipsen, 2010)
or are given a choice of possible words, controlled for segmental content so that
target realisations and minimally paired choices based on “substitution errors” are
available (closed-set method) (for example, Chin, Finnegan, & Chung, 2001)

e Rating on a numeric scale (for example, Van Lierde, De Bodt, Van Borsel, Wuyts, &
Van Cauwenberge, 2002)

e Indirectly, through the correlation of intelligibility with severity (for example,
Percentage Consonants Correct (PCC) Shriberg, Austin, Lewis, McSweeny, & Wilson,

1997a)

Use of both open-set and closed-set stimuli is reported in the clinical literature; studies
with adults who have dysarthria have found that the scores in open-set testing are lower
than those using the closed set method (Yorkston & Beukelman, 1978, 1980) but that the
individual ranking for intelligibility is the same. Kent, Weismer, Kent and Rosenbek (1989)
suggest that these differences are not a concern and this may well be the case as long as
the same method is employed for retesting individuals. This was the recommendation of

Vigouroux and Miller {2006) who found in a study of people who had dysarthria related to
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Parkinson’s disease, that the relationship between ranking results of open-set and closed-
set task was not consistent. They suggested that closed-set tasks might provide a more
sensitive measure for speakers with severe impairments but that for mild to moderately
impaired speakers the open-set method might be more sensitive and more closely related

to rating of connected speech intelligibility.

There are published (but not norm-referenced) intelligibility assessments but they are not
commonly used in the UK. For example, the Children’s Speech Intelligibility Measure
(CSIM; Wilcox & Morris, 1999) and The Beginner’'s Intelligibility Test (BIT; Osberger,
Robbins, Todd, & Riley, 1994). Both involve recording children repeating either single
words (CSIM) or sentences (BIT) which are then played to two unfamiliar listeners who are
asked to write down what the child has said. The targets in these word identification tasks
are known so an intelligibility percentage score can be calculated and also repeated as a

measure of progress.

Hodge and Daniels (2007) developed this approach, with a software based intelligibility
measure (Test of Children’s Speech Plus, TOCS+) which involves listeners in trying to
understand children’s imitated single words (in both open and closed sets) and sentences,
using a computer to record the child’s speech and listeners’ responses. Initially the authors
compared children who had cleft palate with a typically developing group (Hodge & Gotzke,
2007) but later presented data on children with SSD compared with a typical group (Hodge
& Gotzke, 2008). These examples also included a 100 word sample of spontaneous speech.
The software produces an intelligibility measure derived from the percentage of matches
between the responses and targets. This assessment allows for phonetic analysis at a
single word level in the closed set task by presenting listeners with the option of choosing
between minimally paired words (for example, “cape/tape”) or orthographically recording
their own response; they can also record whether the response was “clear” or “distorted”.
The responses of up to three listeners can be compared to give a word-by-word analysis of
the child’s speech, and output patterns can be identified. However, caution in the use of
minimal pairs is advised by Weismer (2008), who suggests that there are biases inherent to
choices based on lexical frequency and the fact that “test items and their foils do not allow

equal opportunities for errors in either direction” (p. 572).

Gordon-Brannan and Hodson (2000) linked intelligibility measurement with phonological

process analysis in a study using 48 typical and speech delayed children aged 4;0 to 5;6.
42



Chapter Two: Literature review

The children were divided by the researchers into four groups of 12, based on the
intelligibility of their spontaneous speech. Samples of imitated single words and sentences,
and spontaneous speech were recorded; four adult listeners carried out four activities:
identifying single words in a closed set task; orthographic transcription of imitated
sentences; orthographic transcription of spontaneous speech; rating the intelligibility of the
spontaneous speech on a 7-point Likert scale ranging from 1 (in effect, unintelligible) to 7
(intelligible). Using the same samples, the authors transcribed “phonological deviations”
reported to be based on patterns identified in the Assessment of Phonological Processes
Revised (APP-R, Hodson, 1986) but not described in the paper. The study demonstrated
significant correlations between the measures and also suggests that the children’s
intelligibility was closely related to their phonological output skills. However, the authors
emphasise the wide range of individual variations and that intelligibility may be affected by

many factors including contextual and prosodic aspects of communication.

Rating scales are designed for listeners to judge children’s intelligibility and assign a
numerical score to this judgement. These scales may be direct magnitude estimation,
where the listener estimates the percentage of the utterance understood, or interval scales
where the listener assigns a number corresponding to intelligibility, for example, 1 for
completely intelligible and 7 for completely unintelligible. Van Lierde et al. {2002), for
example, used a rating scale for the speech of children who had cleft palate comparing the
effects of cleft type on intelligibility and resonance; the scale had 4 points (intelligibility
that was normal; slightly impaired; moderately impaired; severely impaired). Interval
rating scales would seem to have an advantage of being quick and easy to administer and
score (Ertmer, 2010; Pascoe et al., 2006) but their reliability and validity have been
criticised (Samar & Metz, 1991) because listeners tend to assign different values at either
end of the scale (Whitehill, 2002) and there is not necessarily good interrater reliability at
mid points (Samar & Metz, 1988). This is particularly important in measures over time for
the same child who might see different clinicians or in comparing the severity of different
children. With poor interrater reliability and validity, asking even two or three listeners to
judge a child’s intelligibility could not be guaranteed to result in robust outcomes. Given
that word identification measures reveal that the intelligibility of individual children varies
between listeners (Speake, Stackhouse, & Pascoe, 2012) it is essential that opinions are

sought from more than one source; if rating scales are the preferred option in particular
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circumstances (due to ease of administration) the literature raises questions about how

this might be done in a reliable and valid way.

This question has been addressed by MclLeod, Harrison, & McCormack, (2012) in the
development of the Intelligibility in Context Scale (ICS). The authors report a trial of the ICS
with parents of 120 children (aged 4-5 years), 109 with speech delay and 11 with typical
speech development. The ICS is a measure which requires parents to rate their child’s
intelligibility with a range of seven familiar and unfamiliar people using a 5 point Likert
scale (the child is understood: never; rarely; sometimes; usually; always). The ICS ratings
were compared with an assessment of severity for each child, based on PCC and PVC
calculated from the DEAP (Dodd et al., 2002) and found to be moderately correlated.
Ratings distinguished between the group who had speech delay and those who did not;
children who had speech delay were most likely to be intelligible to parents, immediate
family, friends and teachers and less likely to be intelligible to unfamiliar people. The
authors concluded that the ICS was a reliable, valid and sensitive measure of “functional
intelligibility” (p. 654) but suggested that further research with a larger population was
needed. The immediate advantage of the ICS is that it presents the experience of seven
different listeners through a single exercise, and thereby capturés the child’s intelligibility
potential across a range of communicative contexts. It would have been helpful to know
what instructions were given to parents in terms of how to complete the rating scales
because there may be a difference in parents’ estimates of intelligibility and, for example,
the teachers’ actual experience. An aim of any future development of the ICS might be to

find out if this is the case.

The judgement of intelligibility by different types of listeners has been explored in the
literature. Familiarity with the speaker is an advantage so, for example, mothers
understand more speech than fathers (Flipsen, 1995). Experience of speech difficulties also
seems to be an advantage; in a study of the intelligibility an adult who had severe hearing
impairment, James (1995) found that fourth year speech and language therapy students
understood more speech than their first year counterparts. She concluded that this was
because they had greater experience in listening to disordered speech. Bridges (1991)
found that speech and language therapists understood more than inexperienced listeners
when judging the intelligibility of ’an alaryngeal speaker. However, these assumptions

about experience (as opposed to familiarity} may not hold true. In another study of
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listeners understanding the speech of a deaf child, Klimacka, Patterson and Patterson
(2001) found that one of their inexperienced listeners understood more than three of the
experienced listeners. This variability in individual responses (underpinned, presumably, by
individual factors such as attention and perception) was highlighted by Ellis and Beltyukova
(2008) in a study designed to train listeners in judging the intelligibility of children with
hearing impairment; after an initial test, the listeners received (in different written and
auditory forms) familiarisation training and/or feedback on their judgements leading to a
final post-training test measuring their understanding of single words. All the listeners
improved in their judgements although overall intelligibility scores remained low and there
was considerable variability in the responses. This variability has been found in other
studies; for example, McHenry (2011), examined the conversational intelligibility of three
adults who had dysarthria as judged by 228 unfamiliar adults. The participants had mean
percentage scores of 64%, 60% and 62% respectively but the range of listener responses for
each speaker was very wide (13%-99%, 17%-100% and 4%-89%). The majority of studies
have used adult listeners but Speake et al. (2012) recruited a group of volunteer peers to
assess the intelligibility of two 10-year-old children with PSD using a write-down task for
single words, imitated sentences and conversational speech; outcomes for child listeners
showed similar ranges of intelligibility as studies using aduit listeners. Ertmer (2011) points
out that by the age of nine children are able to understand how to use a rating scale and

manage age appropriate write-down tasks.

Intelligibility may also be measured indirectly through its relationship with severity, so, for
example, if a child has a low score for PCC, intelligibility will also be compromised; it has
been suggested that where PCC is less than 60%, the speaker is assessed as essentially
unintelligible (Gordon-Brannan, 1994). There is also an issue when children’s speech is very
difficult to understand because calculation of PCC may not be possible when the target is
not known (Pascoe et al., 2006). However, although it is broadly the case that low
segmental accuracy will negatively impact on intelligibility, as seen with the comparison
between performance on the DEAP tasks and the ICS (McLeod et al., 2012) this correlation
may only be moderate. A study by Barnes et al. (2009) looked at intelligibility in boys who
had Fragile X syndrome (FXS) and Down syndrome (DS) to exblore speech accuracy and
intelligibility and reached conclusions demonstrating a disconnection between these two
measures. The boys with FXS had higher scores of segmental accuracy as measured by

Percentage Consonants Correct (PCC) and Proportion of Whole-Word Proximity than those
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with DS, and had fewer phonological processes but their intelligibility outcomes were
similar. The authors suggest that prosodic factors (such as disruptions to fluency, speech
rate and stress patterns) in connected utterances might explain this. Ertmer (2010)
examined this relationship between articulation and intelligibility in a study involving forty-
four children (age range 2;10-15;5) who had hearing impairment. The children’s
percentage scores on the Goldman-Fristoe Test of Articulation-Second Edition were
compared with percentage intelligibility scores obtained from imitated or read sentences
orthographically transcribed by three listeners. The results indicated that there was a
relationship between the intelligibility and word articulation scores which was “significant
but not especially strong” (p. 1081). Interestingly, even when scores for single word

accuracy were relatively high this did not result in correspondingly high levels of

intelligibility in connected speech.

These findings raise questions about what has been found when measuring intelligibility

using different types of speech, particularly single words and utterance level data.

2.4.2 Measurement of intelligibility using different sampling methods

There seems, at best, a moderate correlation between segmental accuracy in single words
and intelligibility in multi-word utterances. However, this does not immediately indicate
whether intelligibility in single words and multi-word speech shows any clinically significant
differences. If, for example, intelligibility in single words was very similar to that obtained
in multi-word speech, it might only be necessary to sample single words which would have
advantages in terms of speed of data collection and subsequent analysis. The studies to
date suggest that it is unlikely that this is the case (particularly for every child), but it is,

nevertheless, worth exploring.

There are studies that have used both single word and utterance level stimuli to measure
intelligibility but the findings have been contradictory. In a study of five children who had
PSD, Pascoe, Stackhouse and Wells (2006) found that two of the five children had single
word intelligibility scores that were significantly below those of their spontaneous speech
but three of the children showed no significant differences. It was not the case that these
measures simply related to overall severity since one child who had less intelligible single
words, and one whose scores on single words and spontaneous speech were similar, could

be both categorised as having very severely impaired speech, as measured by PCC based on
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a single word naming test. Both the single words and spontaneous speech intelligibility
measures were carried out using an open-set task; Vigouroux and Miller (2006) suggested
in their study of adults with Parkinson’s disease, that this approach may be more sensitive
to mild to moderate levels of impairment. Given the emerging picture of variability in
findings, it may the case that sensitivity is linked to individual speech patterns in a more

fine-grained way than just overall severity.

Faircloth and Faircloth (1970) reported a single case study of an eleven year old child who
had severe speech difficulties, comparing production in single words and connected
speech, and found a different pattern to that suggested by Pascoe et al. (2006). They
reported that the intelligibility of single words was judged to be better than connected
speech (although it is unclear how this judgement was made); they suggest this was
because the child’s realisation of syllable structure was better in single words and that
word shape was even more essential in intelligibility than segmental accuracy (a view
supported by Klein & Flint, 2006). In a study of intelligibility in two ten-year-old children
who had severe speech difficulties including vowel production, Speake et al. found that a
group of 19 peer group listeners understood both children’s spontaneous speech better
than their single words. After a programme targeting vowel broduction, this situation
reversed so that single words were slightly more intelligible than multi-word speech. The
authors do not comment directly on this but given that vowel production improved
significantly in both children, it seems probable that improved vowel accuracy had a
greater effect on the (largely) CVC single words than on the uncontrolled segmental (and

lexical and prosodic) components of spontaneous speech.

Chin et al. (2001) carried out a study of twenty children (aged 4;8-7;8) who had cochlear
implants. The children were recorded saying single words, which were presented to
listeners in a closed-set minimal pair task, and imitated sentences from The Beginner’s
Intelligibility Test (Osberger et al., 1994), presented in an open-set format. They found that
intelligibility in the two types of utterance was significantly correlated {or, put another way,
not significantly different as with three of Pascoe et al.'s children, 2006). They also make
the point that intelligibility at sentence level is helped by “syntactic, semantic and
pragmatic support” (p. 200) which might help to explain why some children’s intelligibility
at single word level is poorer than at sentence level. Gordon-Brannan and Hodson (2000)

also found a high degree of correlation between intelligibility in single words and
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spontaneous speech (as well as imitated sentences, listener ratings and severity) although
the variability in what listeners understood was much greater for children who had severe
difficulties than for those at the milder end. Interestingly, there was a mean difference in
intelligibility of about 10% between connected speech and single words (favouring
connected speech) across all levels of severity, although this was not reported as

significant.

These studies suggest that although multi-word speech may often be more intelligible than
single words, this is by no means a universal finding. Individual children will present with
different profiles of intelligibility across different types of speech samples and this presents
a compelling case for assessment of both single words and multi-word speech data for each
child. Furthermore, children’s profiles may change over time so that measuring
intelligibility at different points during intervention may be important for children who

have severe and persisting difficulties.

If it is the case that children present with individual profiles of intelligibility, it is also

relevant to explore studies to find out what it is that makes speech more or less intelligible.

2.4.3 Factors that make speech more or less intelligible

Intelligibility is not only a linguistic phenomenon; it is affected by factors such as the
environment where the speaker and listener are talking (for example, the level of
background noise) or by interpersonal factors such as the relationship between the people
or level of interest in or attention to the topic. It is also influenced by, for example,
whether the listener can see the speaker as well as hear him because visuél information
has been shown to boost intelligibility (Hunter, Pring, & Martin, 1991). At a linguistic level
the intelligibility of a child’s speech may be affected by a variety of “pragmatic, contextual
and linguistic variables” (Weston & Shriberg, 1992, p. 1316). The variability of these factors
is magnified in conversational speech where holding a conversation may be viewed as “a
series of events” (Flipsen, 2006, p. 303) with the potential for variation in the speaker’s
output throughout. This variation may take the form of differences in intensity or rate, the
content and complexity of the utterance or in segmental and prosodic patterns. These
factors affect all speakers but for children who have speech difficulties understanding the

interaction between what happens in typical variation, and what happens as a result of
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their speech differences is essential in order to explain their “moment to moment

unintelligibility” (Weston & Shriberg, 1992 p. 1316).

In adult studies, carried out with people who had dysarthria, articulatory factors seem to
be the biggest contributor to poor intelligibility (for example, De Bodt et al., 2002),
although prosodic factors also have impact. However, this is perhaps unsurprising given
the nature of the acquired speech difficulties associated with neurological conditions
(Weston & Shriberg, 1992) and intelligibility in children might be influenced by a wider
range of linguistic factors. However, Weston and Shriberg (1992) also make the point that
difficulties in speech output must be a major factor because children who have typical

speech production are usually intelligible.

Speech output patterns were examined by Hodson and Paden (1981) who considered the
phonological processes of sixty children (age range 3;0-8;0) who had unintelligible speech
in comparison to sixty typical four year olds. They found that the speech patterns of typical
children aged four were characterised by (in order of frequency): devoicing of word-final

obstruents; /f/-/ 8/, /v/-/8/ substitutions; liquid gliding; interdental/dental tongue

position i.e. lisps; depalatalisation of /f, 3, ff, &/; assimilations. By contrast, the
unintelligible group were characterised by (in order of frequency): cluster reduction;
stridency deletion; stopping of fricatives; gliding of liquids; assimilation; velar fronting or
omission; backing; final consonant deletion; syllable reduction; prevocalic voicing; glottal
stops. The authors also found that the majority of the group had a small number of
atypical or idiosyncratic patterns; they also commented on the individual variations within
and between the patterns that children had, and that children showed preferences for
particular patterns. They concluded that four of the most common processes (cluster
reduction; stridency deletion; stopping; assimilation) had a significantly negative impact on
intelligibility (gliding of liquids, the only one found in both groups, did not) and also that
uncommon processes such as backing were important in the intelligibility of individual

children.

The frequency of occurrence of particular speech patterns was explored by Yavas and
Lamprecht (1988) in a study examining the speech output and corresponding intelligibility
of four Brazilian children aged 7 to 9 years who had speech difficulties. They found that
cluster reduction, final liquid deletion (important in Portuguese) and obstruent devoicing

were the most common processes. They also found that the number of processes that the
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children had related to their intelligibility, in that the two most unintelligible children (as
judged by twenty listeners in a write-down task) had the greatest number of phonological
processes. However, once the four children were divided into the two most and two least
intelligible, the correlation with quantification was no longer straightforward. The child
judged most intelligible had more phonological processes than the second most intelligible;
the two least intelligible had very similar numbers of speech processes but 5 of 20 listeners
judged one to be more intelligible than the other. Further analysis explored possible
reasons for this. In the two least intelligible children processes affecting structure (syllable
and sound deletion) and assimilation had greater impact than substitution processes (see
also Barnes et al.,, 2009), and the least intelligible child showed more variability in
realisation of adult targets. In the two most intelligible children variability was again
highlighted, with the suggestion that it is more difficult for listeners to establish what
patterns a child is using (and thereby understand the speech) when there is low
consistency in the speech produced. In a later study, Weston and Shriberg (1992) also
reported that cluster reduction affected listeners’ understanding of children’s speech; in
addition they suggested that multisyilabic words presented difficulties (these two factors
were also identified by Monsen, 1983) and that nouns were generally more intelligible than
verbs, pronouns or modifiers (although Hustad (2006b), in a study with adults who had
dysarthria, found that function words were more accurately transcribed than content
words). However, Weston and Shriberg (1992) caution that “the data were noisy” (p. 1328)
and that the interactions of factors such as utterance fluency and length, and children’s
syntactic and lexical skills, together with their speech output difficulties may need to be

understood to better explain their intelligibility.

In an attempt to isolate the impact of different phonological processes, Klein and Flint
(2006) carried out a study where an adult with typical speech read sentences to listeners;
the content was manipulated to reproduce three common phonological processes (final
consonant deletion (FCD); stopping of fricatives and affricates (SFA); velar fronting (VF).
They concluded that in utterances where the frequency of occurrence was like that of
typical speech, FCD had the greatest impact on intelligibility followed by SFA and then VF.
If the stimuli were artificially manipulated to equalise the numbers of occurrences these
differences were no longer apparent suggesting that these processes affect intelligibility
incrementally, depending on the frequency of possible occurrences. Of course, a process

such as FCD may affect a much wider number of segments and by association, words, than
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for example, VF and, as the authors suggest, there may a difference in processes that affect
manner rather than place of articulation. They also make the point that beyond a certain
point of severity, it may not matter, or even be possible to describe, which processes have
more impact because the overall output is so degraded; they describe this as “a ceiling
effect for unintelligibility” (p. 195). Conversely, it may be that segmental accuracy per se is
not the issue but that segmental accuracy is an indicator of the child’s overall speech
production skills (Carney, 1986); it may be, for most children at least, that emergence of
segmental proficiency is accompanied by an emergence of suprasegmental and linguistic

proficiency and these things together impact positively on intelligibility.

In summary, intelligibility is affected by a variety of factors both non-linguistic and
linguistic. In terms of children’s speech output, the literature suggests that there is an
association between severity as measured through PCC and the occurrence/frequency of
simplifying processes, and that patterns affecting word structure (for example, reduction of
consonant clusters or final consonant deletion) have a particularly negative effect on
intelligibility. It seems to be the case that not all processes are of equal importance and
that variability in production impacts on the experience of listeners. (There are also
significant variables in listener perception, as yet poorly undersfood). However, there is
also a strong suggestion that although the accuracy of segments in relation to adult targets
is an essential element of being understood, this may not adequately explain the
intelligibility of individual children. Interactions between segmental patterns and other
linguistic elements must be important but, as yet, there is no cohesive framework to

explain these either clinically or empirically.

2.5 Research questions

Themes identified through the review of the literature were used to formulate six research
questions. These questions were designed to be explored through a study of the speech
processing skills, output patterns and intelligibility of four children who had severe and

persisting speech difficulties.

1 What will the detailed perceptual phonetic investigation of the speech of children with
PSD speech reveal in terms of a traditional phonological process analysis (PPA)? What

features are not captured through a traditional PPA?
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2 What does comparison of the patterns in the children’s speech data reveal across three
speech elicitation conditions (1: single word production; 2: connected speech in sentence

imitation; 3: connected speech in spontaneous conversation)

3 Does the children’s speech output show phonetic variability within individual speech

elicitation conditions?

4 Does the psycholinguistic speech processing profile provide explanations of the children’s

speech output patterns?

5 Does the intelligibility of the children’s speech vary across different speech elicitation

conditions?

6 Are any changes in the children’s speech output evident between two points in time and

do any changes impact on the inteiligibility of his or her speech?

These research questions were explored in the investigation of four individual case studies

described in Chapters Four, Five, Six and Seven. The methods used for these case studies

are described in the next chapter, Chapter Three.
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Chapter Three

Methods

3.1 Introduction
The purpose of this chapter is to describe the participants in the study, the materials used
and procedures for analysis of the children’s speech processing skills, speech output and

intelligibility.

3.2 Design outline

The study was designed to carry out a detailed analysis of the speech processing skills and
speech output of four children who had persisting speech difficulties (PSD) at two points in
time, T1 and T2. The analysis included detailed impressionistic transcription and
examination of phonetic, phonological and prosodic patterns in single words, imitated
sentences and conversational speech. Edited samples of different types of utterances from
T1 and T2 were played to groups of adult listeners (66 individuals) who were asked to write
down what they thought the children had said. The intelligibility outcomes were examined

and compared, and results considered in the context of the speech analysis.

A single case design was selected as there are few detailed descriptions of the
characteristics of children with PSD and those that are published reveal that these children
are not a homogenous group (see Pascoe, Stackhouse & Wells, 2006, for examples of
detailed individual intervention studies of a small number of children with PSD). This
homogeneity can be illustrated through an examination of published research studies
based on the intelligibility measurement of groups of children with speech difficulties.
These reports typically reveal a wide range of outcomes (see, for example, Peng et al, 2004;
Gordon-Brannan & Hodson, 2000; Ertmer, 2010) but offer little exploration of this
variability. Single case studies were essential in order to carry out the analysis of speech
processing and intelligibility in the detail needed to investigate the research questions;
“their unique undividual characteristics” (Perkins & Howard, 1995, p. 22). Although it
would not be possible to generalise findings from this type of study (Pring, 2004) to the
wider population of children with PSD, utilising a single case design “offers the practitioner

a detailed and in-depth analysis...at the level of the individual” (Vance & Clegg, 2012).
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The resources available (in terms of time available for data collection and analysis) allowed
for the inclusion of four children in the study, and for detailed measurements at two points
in time. The purpose of having two points of measurement was to allow the investigation
of any change in the children’s speech, speech processing skills and intelligibility between
time one (T1) and time two (T2), allowing for an exploration of the relationships between

these factors in each child.

3.3 Participant criteria

There were two sets of participants: four children who had PSD, and 66 adult listeners. The

inclusion and exclusion criteria for each group are described in the next 2 sections.

3.3.1 Children with PSD

In order to participate in the study, the children had a diagnosis of persisting speech
difficulties. The criteria used for participant inclusion were that their primary difficulty was
in speech development; that they were over the age of 5;6 (Bishop & Adams, 1990; Pascoe
et al., 2006); they had received speech and language therapy for at least two years, on the
basis of this showing that they were slow to respond to intervention (Wood & Scobbie,
2003), and that there were on-going concerns about their intélligibility as evidenced by
their referral to the study by their speech and language therapists. The children’s receptive
language skills should be within the range typical for their age to exclude more wide-
ranging linguistic or cognitive concerns. In order to reduce possible sources of prosodic
differences the children should be monolingual English speakers and not be diagnosed with

hearing impairment or autism spectrum disorder.

All four children met these criteria for the clinical presentation of PSD; they had age-
appropriate receptive language skills; their age range at T1 was between 6;5 (Tallulah) and
7;5 (Harry); all had been referred for speech and language therapy between the ages of 2;0
(Tallulah) to 3;1 (Harry and Lily) and had received a variety of intervention since that time.
In spite of this intervention they continued to have difficulties with speech sounds and

intelligibility, the range and extent of which was confirmed during the assessment at T1.
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3.3.2 Adult listeners
The adult listeners were recruited from groups of health professionals who worked in the
field of paediatric healthcare. There were no inclusion or exclusion criteria for the adult

listeners. There was no requirement to be a monolingual English speaker.

3.4 Research ethics

The study was submitted to the local NHS research committee and approved. It was also
approved by the local Primary Care Trust (later the NHS Community Services Trust)
Research and Development Committee, in accordance with the Department of Health
Research Governance Framework and in compliance with Standards for Better Health (see

appendices 3.1; 3.2).

3.5 Informed consent

All participants were recruited following appropriate and approved procedures. Consent
included permission for audio and video recording of children. Consent for children to
participate was given by parents in all cases. Although information and consent forms had
been designed for use with children, none of them were judged to be sufficiently mature at

T1 to give informed consent.

All adult participants were given information sheets and consent forms which were

completed and signed.

3.6 Confidentiality

All data (including audio and video material) were treated according to appropriate and
approved procedures to protect all aspects of confidentiality as agreed through the

research ethics process.

3.7 Participant recruitment and information

Participants were recruited though the process identified and agreed through the research

ethics process.

3.7.1 Children with PSD

The children who had PSD were recruited through the speech and language therapists who
worked for the NHS Community Services Trust. The inclusion criteria for the study were

discussed with speech and language therapy team who were given information sheets and
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consent forms. They were asked to approach families who had children who might be
suitable and ask if they would consider participating. Those families who expressed an
interest were offered an initial session with their own therapist and the author so that the
suitability of children could be assessed. Through a 12-month period nine children were
considered and four selected. Children who were not selected were those judged to be
progressing well and/or not presenting with major intelligibility problems or, in one case,
judged to have specific language impairment which significantly affected receptive
language. Information gained at these sessions was discussed with the local therapist and
parents, and advice given regarding intervention targets in the format of a standard second
opinion visit. The four children who were judged suitable for the study were transferred to

the author once the process of informed consent was completed.

The four children who participated were assigned pseudonyms to preserve confidentiality

(see table 3.1).

Table 3.1: Participant information, children

Name Age at T1 (years; Age at T2 (years; Time between T1
(pseudonym) months) months) and T2

Hamish 6;7 7;7 12 months

Harry 7;5 8;5 12 months

Lily 7;2 8;11 19 months
Tallulah 6;4 7;3 11 months

3.7.2 Adult listeners

The adult listeners were recruited from health professionals; speech énd language
therapists, physiotherapists, occupational therapists and community paediatricians who
might have contact with children who have speech disorders in the course of their working
day. Recruitment was initiated by discussion with local service managers; the process of
informed consent was completed as described. Sixty-six adult participants were recruited

to the study.

The 66 adult listeners, referred to as L1, L2 (listener 1, listener 2) etc. were made up of

health professionals as follows:

e 12 occupational therapists

o 9 physiotherapists and 1 physiotherapy assistant

56



Chapter Three: Methods

e 29 speech and language therapists and 7 speech and language therapy assistants

e 8 community paediatricians

3.8. Local accent

The children participating in the study were all born and live in East Anglia where the local
accent is a variant of Southern Standard English. However, accents in the area vary
between “the broadest local accent up to Near-RP and RP” (Wells, 1986, p. 336) and each
child had a slightly different variation. In line with the description by Wells (1986), they all
had a long [a] in words like BATH [ba 8 ] and were non-rhotic. Vocalisation of SFWF /1/ to
[u] as in BELL [beu] was typical. Lily’s accent was more like a London accent with for
example, / 0 / realised as [f] and SFWF /p/ as [n] in ING verb endings. Harry might also
realise /p/ as [n], reflecting a typical feature of many speakers in his local rural
community. Both Tallulah and Hamish were Near-RP but in line with their peer group all

the children were liable to realise within-word and SFWF /t/ as glottal stops.

3.9 Materials

Materials are described as used for the speech sampling and psycholinguistic assessment of

the children and for the intelligibility task.

3.9.1 Children with PSD

Details of all the assessments used throughout the study are given; the tasks used with
individual children varied slightly as did tasks completed at T1 and T2; these variations are
described in each case chapter. Materials included both standardised and non-
standardised published assessments; data from these assessments were used for speech

sampling.

The children’s speech processing systems were assessed using activities from the
Compendium of Auditory and Speech Tasks (Stackhouse et al., 2007). The authors provide
mean age scores for children aged 3-7 years across a range of psycholinguistic tasks which
can be norm-referenced through calculation of z-scores based on the child’s raw score and
mean and standard deviation for the relevant age group. Tasks are used to examine
speech perception and discrimination skills; indirectly, phonological representations and
motor programmes; speech output skills. Details of the individual tasks and stimuli are

given in appendices 3.3 to 3.20. The activities were based on the published stimuli in order
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to examine the children’s performance against the norms. However, it is acknowledged
that using stimuli based on children’s own output patterns might be more sensitive in the
investigation of individual psycholinguistic processing strengths and difficulties (see section

8.8 for further discussion).

Phonological awareness skills were assessed using the Test of Phonological Awareness
Hatcher (1994) which does not provide norms other than an expectation that children will
be able to manage the tasks by the age of approximately 7;0 years. This assessment was
chosen because it was used by the clinicians in the author’s speech and language therapy
service; other normed tests were not available. Tasks involve a mix of input and output
skills: syllable blending (e.g. “what word am | saying: ‘win-dow’?”); phoneme blending (e.g.
“what word am | saying: ‘s-t-e-p’?”; rhyme (e.g. “Which word does not rhyme: bun, hug,
mug?”; phoneme segmentation (e.g. “how many sounds in ‘pet’?”; phoneme deletion (e.g.
“what word do you have if you take ‘g’ away from ‘gone’?”); phoneme transposition (e.g.

“what word do you make if you reverse the sounds in ‘ten’?”.

The children’s speech output skills were also assessed using the Diagnostic Evaluation of
Articulation and Phonology (DEAP) (Dodd, Hua, Crosbie, Holm, & Ozanne, 2002). This test
allows for diagnostic testing of output: single words; stimulability at single sound and
CV/VC level and oro-motor skills, For this study the diagnostic screen was not used to
select which subtest was used because the aim was to collect a large number of single
words, and also to allow for repetition of items that occurred in more than one subtest for
example, PIG, SNAKE and ZEBRA. The subtests of the DEAP used were The Articulation
Assessment, The Phonology Assessment and The Inconsistency Assessment. The
Articulation Assessment involves naming 30 pictures, mainly with a consonant-vowel-
consonant (CVC) word shape. It targets the majority of English vowels and consonants in
onset and coda positions. It also includes a speech sound stimulability task which allows
the examiner to probe for segments not realised in the naming task through elicitation in
CV and VC syllables, or as single sounds. The Phonology Assessment involves naming 50
pictures targeting all English consonants in onset and coda positions, and the majority of
vowels. The task allows opportunities for mdltiple realisations of word shapes (e.g. word-
initial consonant clusters) and segments (e.g. velar plosives and affricates) which might be
subject to common error patterns such as cluster reduction, fronting of velar plosives or

deaffrication. It is suggested that 5 or more occurrences (or 2 examples of weak syllable
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deletion) allows for reliable identification of what is termed an error pattern. The
Inconsistency Assessment consists of 25 pictures which are named on three separate
occasions during the same session. The three realisations of each of the 25 items are
compared. If 40% or more of the individual words are produced differently the child may

be diagnosed with inconsistent phonological disorder.

Oro-motor skills were assessed using the DEAP tasks but not scored against the norms
given because there were concerns about reliability in this study. The test invoives isolated
movements (tongue protrusion to outside the upper lip, side to side movements, lip
pursing and spreading) and sequenced movements (blow and then elevate tongue tip; kiss

and then cough; yawn and then lick the side of mouth).

Diadochokinesis was assessed informally through repetition of the sequence /p/, /t/, /k/ up
to 10 times. This was not carried out following any published procedure. The original
intention was to use the procedure described in the DEAP but this proved too difficult for
these children and use of this procedure would result in them being unable to achieve any
accurate sequences. Use of a modified procedure allowed more detailed evaluation of the
children’s skills by noting the number of repetitions of the individual sounds and the
sequence that was required for each child to achieve production of the sequence. The
children were given a model, first of repeated productions of the single segments e.g. [p],
[p], [p] and then in a sequence. They were then given practise trials until at least one
approximation was produced (apart from Hamish who was unable to realise the velar
plosive; he was encouraged to make an attempt since previous intervention was reported
to have elicited the target). There was no request to repeat the sequence rapidly, although
the model was of rapid production. Given the repeated modelling and trials, and attempts
to facilitate production, scoring of the task against the norms given in the DEAP was
considered to be unreliable. The task was audio and video recorded, and administered

after the oro-motor activities.
Speech sampling data were taken from three contexts:

1. Single word production from the DEAP Phonology, Articulation and Inconsistency
subtests and The Picture Naming Test (Stackhouse et al., 2007): these gave 109
(Lily), 110 (Harry) and 112 (Tallulah and Hamish) single words varying between 1

and 4 syllables in length (see individual case chapters for details);
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2. Imitated sentences from the Connected Speech Processes (CSP) Repetition Task
(Stackhouse et al., 2007); this gave 42 sentences designed to assess children’s word

juncture behaviours (see individual case chapters for details);

3. Conversational speech: samples of spontaneous speech in conversation were used

for segmental and prosodic analysis (see individual case chapters for details).

3.9.2 Intelligibility task

1. Audio and video recording speech data
Audio data were recorded using an Edirol R-44 digital recorder with an SE Electronics SE2A
external microphone. Video data were recorded on a Sony digital video camera, DCR-
SR35E. The analysis of the audio data was supported through use of Acoustica 4.1 and
PRAAT (Boersma & Weenink, 2013) software.

2. Listener responses

A response sheet for the listeners was designed (see appendix 3.21). It provided a front
sheet asking for name, professional group, age band (under 21, 21-30, 31-40, 41-50, 51-60,
over 60), experience of working with children who have speech difficulties (the descriptive
terms used were “little”, “some” and “lots”) and first language spoken. The front sheet
also provided a place to record the practise items. This was followed by a page for each

word list, headed by a list number with 25 spaces for responses on each page.

Randomisation for the presentation of intelligibility data samples was carried out using a

website that was signposted by a Google search; www.psychicscience.org

The sound files were played though a standard Dell laptop using an Altec Lansing XT1 two-

piece USB powered portable audio system.
3.10 Procedures for data collection and analysis

3.10.1 Speech processing data collection

Children’s speech data were collected at T1 and T2 using the assessment materials

described.

The data for T1 were collected during the initial assessment sessions. The assessment

process took place during 3 sessions of approximately 1 hour each. Sessions took place one
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to one in a quiet room usually in the child’s school; Tallulah and Harry were both seen in
the clinic with their mothers for their first appointment, but thereafter at school. Data for

T2 were collected at school with the exception of Tallulah who was seen at home.

All the children were familiar with the process of assessment because they had all been

tested on previous occasions using a variety of speech, language and literacy tasks.

All the assessment sessions were simultaneously audio and video recorded. The recordings

were transferred to a computer for the purposes of analysis.

3.10.2 Speech processing data analysis

Data from the assessments were analysed in the context of the children’s input and output
speech processing skills and summarised on a Speech Processing Profile and »then mapped
to the suggested areas of difficulty on the Speech Processing Model (Stackhouse & Wells,
1997). Where age norms were available, the children’s performance on both input and

output tasks were compared with typical peers and z-scores calculated.

The data from the audio and video files were analysed by orthographic and phonetic
transcription of single words, imitated sentences and examples of conversational speech
(see individual case chapters for details) using symbols from the IPA (IPA, 1999), extIPA
(Duckworth, Allen, Hardcastle, & Ball, 1990) and VoQS (Ball, Esling & Dickson, 1995). Very
occasionally data from conversational speech not included in the appendices were used for
further illustration; this is indicated in the text in the case study chapters. Approximately
10% of the data were independently transcribed by the author’s PhD supervisor, and a final
transcription was agreed between the two transcribers, aided by the consensus approach
suggested by Shriberg, Kwiatkowski and Hoffman (1984) and by recourse to acoustic
analysis using PRAAT (Boersma & Weenink, 2013). Consideration of the methodological
and theoretical flaws of reliability measures using point-to-point symbol agreement
(Cucchiarini, 1996; Howard & Heselwood, 2011; Heselwood, in press) led to a decision not
to use this approach for these complex data. This was felt to be particularly important as
some of the detailed transcriptions contained many diacritics and although it is well-known
that the more detail in the transcription the less listener agreement there is likely to be
(Shriberg et al, 1984), it is also the case that different diacritics and symbols may

sometimes imply the same or very similar auditory percept (Cucchiarini, 1996; Howard,
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2013). The level of detail in the transcription varied and this was decided by the purpose of

each example, and patterns of interest that required further analysis.

Following transcription, further analyses were carried out:
(1) Compilation of a phonetic inventory from the single word (SW) and multi-word
speech (MW) samples
(2) A PCC (percentage consonants correct), PVC (percentage vowels correct) and PPC
(percentage phonemes correct) analysis of the single words
(3) A phonological process analysis of word production in SW and MWU
(4) An examination of word juncture and connected speech behaviours in the multi-

word data

The approach to calculation of PCC was different to that espoused by Shriberg and
Kwiatkowski (1982) who worked from conversational data. Pascoe, Stackhouse and Wells
(2006) present the view that PCC analysis of MWU samples where intelligibility is
compromised “may not be practical [because] target words are not known” (p. 94). This is

the rationale followed in the analysis of multi-word utterances in this study.

3.10.3 intelligibility task data collection

Ten single words, five imitated sentences and five samples of conversational speech from
each child were edited for use in the intelligibility task. Each child had their own set of
stimulus items; the same set of single words and imitated sentences were used at T1 and
T2. Conversational speech samples were obviously different at the two points in time {see
individual case chapters for details). The rationale for using both single words and muiti-
word utterances was that the literature review had indicated that intelligibility of individual
children cannot be assumed to be the same in all sample types. The two different types of
multi-word samples were used because imitated sentences could provide a direct
comparison using the same data between T1 and T2 but conversational speech has been
described as having more ecological validity (Kent et al., 1994; Local & Walker, 2005). Each
child had a different selection of words to reduce possible effects of learning by the

listeners (Pascoe et al., 2006).

The ten single words for each child were selected at random from 56 items in the DEAP
assessment (49 from the phonology test plus seven from the articulation test, numbered 1-

56); the imitated sentences were from the 42 items in the Connected Speech Processes
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(CSP) Repetition Task (Stackhouse et al., 2007). Randomisation was carried out in
alphabetical order (i.e. Hamish first and Tallulah last); if an item selected had already been

allocated, the next unallocated number was selected.

The conversational speech samples were collected in the same way at T1 and T2. They
were taken during the first assessment session for each time point; each session started
with informal conversation and the samples were edited from these interactions after
approximately five minutes of talking. This time allowed for the children to settle into the
situation, particularly where they were less familiar with the author during the sessions at
T1; then the next five intelligible utterances were used. In order for listener responses to
be scored using the same method as the single words and imitated sentences, the stimuli
had to be recognised by the author. Unlike the single words and imitated sentences, where
the targets were known, there was therefore an inherent bias in the conversational
samples, which had the unavoidable status of being intelligible at least to a listener who
was very familiar with the child’s speech since these were selected on the basis of a level of
intelligibility already being identified. This is a major weakness in the study design (see

section 8.7 for discussion about this issue).

The conversational samples were selected on the basis that each was a complete utterance
following the guidance of Shriberg and Kwiatkowski (1982) (citing Davis, 1937; Templin,
1957).

“An utterance is defined as “....the child ‘comes’ to a complete stop, either by letting the
voice fall, giving interrogatory or exclamatory inflection, or indicating clearly that he [does)
not intend to complete the sentence” (p. 267)

Samples were judged to be complete utterances which were intelligible to the author, but
were not controlled for content or length. Utterance length was between 3 words (Lily:
“we maked decorations”) and 13 words (Harry: “Well they basically had a spare one that
they brought from their boat”). The mean length of utterance across all samples was 6.62

words.

The single word, imitated sentences and conversational speech samples for the
intelligibility task consisted of 200 items (the individual stimuli are referenced in each

child’s case chapter and can be found in appendices 4.10, 5.10, 6.10 and 7.10):

o A set of ten single words for each child T1 and T2 (100 items)
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e As set of five imitated sentences for each child T1 and T2 (50 items)
o Five samples of conversational speech from each child T1 and T2 (50 items)

e An additional 40 items were included from a child (Alice) without a speech difficulty
to provide listeners with some examples of typical speech. Alice’s data for the
intelligibility task was collected in the same way as that of the other children. At
T1 she was 7;5 (PCC 97.32%) and at T2, 23 months later, she was 9;5 (PCC 99.66%).
From a perceptual perspective there were no developmental speech processes

identifiable in her speech output.

These 200 items were numbered and then randomly ordered into eight lists of 25 items. In
each session the order of play of the eight lists was further randomised by asking one of the
listeners to say the numbers 1-8 in random order which then determined the order of play.
This was to reduce the impact any fatigue effects which might occur if, for example, list 8

was always the last list to be heard.

The task was introduced with three practise items, one single word, an example of a child
rote counting up to 10 and one example of conversational speech. The playback was
paused after each item and the listeners given feedback on what had been said. This was

to familiarise the listeners with the task.

Each item was introduced by its allocated number and heard twice in close succession.
There was a 4 second gap after each single word and a 12 second gap after each multi-
word utterance. ltem repetition and time between different utterance types was finalised
after piloting the intelligibility task with another group of 10 speech and language
therapists. In the pilot task items were heard only once and the gaps between single words
and multi-word utterances were 3 seconds and 10 seconds respectively. Discussion with

this group resulted in changes as described; no other changes were introduced.

The intelligibility task was carried out with groups of listeners in quiet rooms in their
workplace, with the permission of their service manager as part of their regular team
meetings. There were five groups, one each for occupational therapists (order of play list:
7,3,1,2,8,6,5,4), physiotherapists (order of play list: 2,5,4,3,1,7,8,6) and paediatricians
(order of play list: 6,3,8,7,1,2,5,4), and two for speech and language therapists (order of
play list: group one 6,5,2,1,8,3,4,7 and group two 8,4,3,5,1,6,2,7).
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The task used an open-set method where listeners were required to identify single words
or multi-word utterances and record them orthographically (Hodge & Gotzke, 2007;

Hustad, 2012; Kent, Miolo, & Bloedel, 1994).
The listeners were given the following instructions:

e You will hear some children talking. Sometimes it’s single words and sometimes
longer utterances. You will hear each production twice and then have time to

write this down with more time after longer utterances than single words.

e | would like you to listen carefully and write down what you think the child said.
Write down what you think he or she meant, for example, if you hear ‘tat’ and
think the child meant ‘cat’ write ‘cat’; if you hear ‘l payed in the no’ and you think

the child meant ‘I played in the snow’, that’s what you write.

e Some utterances will be easily understandable but others are really not and
sometimes you might not understand what has been said at all. This is not a test of
you as an individual and different listeners will hear things slightly differently; this
is quite normal. Please write X if you don’t know the word, including in a longer
utterance where you can write the words you do understand but put an X if you
don’t. For example, you might write ‘the boy is eating X’. Please put a word or an

X for everything you hear.

e You might hear some grammatical errors, for example, ‘he eated the mouses,
please write what you hear. You may aiso hear some words or utterances more

than once; this is the way that the samples are designed.

¢ Finally please try not to copy other people: you might be correct in your perception
or he or she might be, but it's not a competition! You might also find it helpful to

treat each item individually and then move on!

The listeners were asked if they had any questions and then the task was carried out. All
groups were offered the opportunity for a break at mid-point but all chose to continue with
the task. There was always a very short break between lists as the next list was opened on
the computer. The task took approximately an hour to complete. The longest list was list 8
(8 minutes 3 seconds) and the shortest were list 1 and list 5 (each 6 minutes 3 seconds),

mean time taken 6 minutes 8 seconds.
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3.10.4 Intelligibility task analysis

The listener responses for the different types of speech samples were scored as follows:

e Single words: 1 for each whole word correctly recorded plus 1 for each plural
morpheme (for example, for Harry LEG would score 1 point but the target LEGS

would score 2).

e Imitated sentences: 1 for each whole word correctly recorded plus 1 for each plural
or tense morpheme (for example, for Lily, JOHN COLLECT STAMP would score 3 but the
target JOHN COLLECTS STAMPS would score 5). Determiners A and THE were excluded

from scoring because it was too difficult to reliably judge the intended target.
e Conversational speech: scored in the same way as imitated sentences.

The approach to scoring verb tenses and plurals is a variation on one taken in other studies.
For example, Khwaileh and Flipsen (2010}, in a study examining single word and sentence
intelligibility in 17 children who had cochlear implants, give the example of scoring the
target sentence SHE IS COOKING DINNER. The sentence orthographically transcribed an exact
match would score 4 but if the listener wrote “she is cook dinner” it would score only 3.
The rationale in the current study is that as the verb or, in the case of plurals the noun, was
essential in understanding the whole utterance; this should be credited even if the
response was not exact. Hustad (2006a) suggests that it may not matter what paradigm is
used as long as examiners are consistent in how samples are scored; consistency is
particularly important in test-retest studies to ensure that changes in- intelligibility

outcomes are not the result of changes to scoring methods.

Following the scoring of responses all items were entered on a spreadsheet and the data

analysed as follows:
e Single words, number and percentage correct T1 and T2

¢ Imitated sentences, number and percentage of words in each utterance correct as

per scoring criteria T1 and T2

e Conversational speech, percentage of words in each utterance correct as per

scoring criteria T1 and T2 (percentage only scores were used because T1 and T2
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utterances were different so that number correct did not provided a direct

comparison between the 2 points in time)

T1 and T2 results were analysed using the nonparametric Wilcoxon matched-pairs signed-

ranks test.

The methods were used to investigate the research questions and the next four chapters
describe the exploration and findings of the individual case studies. The case studies are
presented in order of highest to lowest Percentage Consonants Correct (PCC) for each child
at T1. The first case study in Chapter Four is Tallulah who was 6;5 at the time of the first

assessment.
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Chapter Four

Case Study: Tallulah

4.1 Background

At the beginning of the study Tallulah was 6;5; she was referred for speech and language
therapy assessment when she was 2;0 because although she understood simple
instructions she used fewer than 50 words. She was reported by her mother to “babble in
her own language”. Tallulah was the youngest of 3 children (a fourth child was
subsequently born) and her older brother had difficulties with speech, language and
literacy. She was late to walk (22 months) because, by parental report, she had “low
muscle tone”; otherwise her developmental history was unremarkable. At the initial
speech and language therapy assessment (2;2) she was reported to have age appropriate
attention, play and interaction skills and was attempting 2 word combinations. Her speech
was difficult to understand and a note in her file records there was “evidence of a lot of
nasality”. After a period of advice and review appointments, she started regular
intervention at 3;5, which continued until the start of this study. There were no concerns
about her hearing; subsequent assessment showed all scores in both receptive and
expressive language to be within the average range (see appendix 4.1). It is also relevant to
note that Tallulah was seen by the lead for the regional cleft team in her local area in the
year before the study to investigate her perceptually intrusive nasality; there was no

evidence of velopharyngeal dysfunction.

4.2 Initial observations T1 (CA 6;5)

The initial impression of Tallulah was that she was loquacious and keen to engage socially.
The most striking feature of her speech was the nasal turbulence that accompanied her
realisation of fricative targets, particularly /s/ and /z/, although it also became obvious
that her realisation of other consonants sounded immature. She had noticeable difficulties
in the production of multisyllable words with a reduction in the accurate production of
adult targets which was even more evident than in single syllable words. The intelligibility
of her speech was variable. Although there were long stretches of conversation that were
intelligible, in spite of atypical segmental realisations, there were instances of utterances,

usually a few words or short phrases that were not understandable. Tallulah had recently
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lost both upper and lower central incisors, and her secondary teeth were at various stages
of eruption; this occasionally resulted in interdental articulation of apical segments. She
often had noticeable tension in her lips and jaw posture, giving a perceptual impression

that her vowels also had a tense quality.

4.3 Initial assessment T1

Tallulah’s input processing skills and speech output skills in single words and multi-word
utterances were assessed following the approach described in Chapter Three, Methods
(see appendix 4.2 for her speech processing profile and 4.3 for the mapping of this profile

to the speech processing model).

4.4 Input processing skills T1

The investigation of Tallulah’s input processing skills included assessment tasks from

Stackhouse, Vance, Pascoe and Wells (2007) and other non-standardised activities.

e Discrimination between same/different SFWF single features and s-cluster
sequences, in real words and non-words, for example, lot/loss; vot/vos; lots/lost;
vots/vost, (Stackhouse et al., 2007). Tallulah’s overall number of responses correct

was 33/36 which was equal to the mean score for a child of her age.

e Discrimination of segmental differences between pairs of complex non-words, for
example, /spaub/ vs. /spaud/; /fasp/ vs. /ffaps/, (Stackhouse et al., 2007).
Tallulah’s performance when judging whether 2 non-words were the same was
typical for her age, 100%, (14/14) 2z=0.73, (mean 93.22%, S.D. '9.26%); her
performance when judging difference was 65% (17/26) z=-0.38, (mean 72.28%, S.D.
18.83%), again within the range expected for her age. Four errors were in pairs of
non-words where the place of articulation was different (/'bagli/ vs. /'badli/;
/sti/ vs. /ski/; /'triza/vs. /'trida/; /'kirivin/ vs. /'kirivim/), two in
voicing (/pert/ vs. /bert/; /'baskorts/ vs. /'peskorts/) and one each for
metathesis (/'raeliskeuts/ vs. /'leriskeuts/), cluster sequence (/fasp/ vs.

/faps/) and manner of articulation (/ 'kasl ./ vs./'kasn. /).

e Auditory lexical discrimination (ALD) without pictures (Stackhouse et al., 2007).
Tallulah was asked to judge whether the multisyllabic items that she heard were

real words or non-words, for example, “caterpillar”, and / 'hostipl /. She scored
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100% (10/10), z=0.95, for real word judgement, (mean 95%, S.D. 5.22%); 90%
(9/10), z=-0.2, (mean 91.67%, S.D. 8.35%) for type A non-words (perseveration
effects); 90% (9/10), z=-0.25, (92.5%, S.D. 9.65%) for type B non-words (metathesis

effects); all scores were as expected for her age.

Tallulah’s phonological awareness skills were assessed using the assessment from the
Sound Linkage Training Programme (Hatcher, 1994). Her overall score was 24/36; the test
does not give details of norms but is presented as suitable for children at the early stages of
literacy development. The activities all require verbal responses. Tallulah was able to
listen to words segmented into syllables, for example win-dow, and say the word (6/6).
She could also listen to segmented phonemes (for example, r-ai-n) and blend them into
words (5/6). Her scores on these tasks indicated that phonological representations for
these tested words were accurate. When given a choice of three words Tallulah could
identify which two rhymed from auditory presentation alone (6/6), although she remarked
“I'm not good at rhymes”. She was able to segment words into separate phonemes at CVC
level but not when words contained consonant clusters (3/6). She was not able to
complete a phoneme deletion task, (for example “take ‘s’ away from ‘stop’”) (2/6) or carry
out a phoneme transposition task (“net” is reversed to become “ten”) (2/6) with any
reliability. Subsequent comparison of the Hatcher tasks with the phonological ages and
stages used in the Sutherland Phonological Awareness Test-Revised (Neilson, 2003)
suggested that Tallulah’s phonological awareness skills were at an appropriate level for her

age.

A number of other informal phonological awareness activities were completed. Tallulah
was able to silently sort pictures of CVC words by onset and coda. This suggested that she
had some awareness of the internal structure of phonological representations and that
these were accurate enough to allow for speech sound identification and segmentation

without hearing an adult model.

Tallulah’s performance on these assessments indicated that her input processing skills
(speech discrimination and ALD) were appropriate for her age; this would suggest that the
source of her speech output difficulties was not a difficulty fn establishing or storing
phonological representations. However, taking a developmental perspective (Stackhouse
& Wells, 1997), it is possible that she had such difficulties at an earlier stage and that her

speech processing profile at T1 reflected that these difficulties had resolved.
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4.5 Speech output skills T1

Tallulah’s speech output skills were assessed using a range of single word tests; the Picture
Naming Task (Stackhouse et al., 2007), the Non-Word Repetition Task (Stackhouse et al.,
2007) and subtests of the DEAP (Dodd et al., 2002). The single word (SW) analysis was
based on 112 items collected during these tasks (appendix 4.4). The multi-word data are
from the analysis of T1 conversational speech (CS) samples 1-7 (appendices 4.5 to 4.10) and
selected imitated sentences from the Connected Speech Processes (CSP) Repetition Task
(Stackhouse et al.,, 2007) (appendix 4.11); there are occasional examples from other

conversational speech, which are indicated in the text.

The Picture Naming Task (Stackhouse et al., 2007) allowed comparison of Tallulah’s whole
word production with the expected score for a child of her age (see table 4.1); scoring is
based on the number of whole words that match the adult target. Her overall score across
all word lengths was 28/60 (46.66%), z=-5.53, compared with the mean score for a six-year-
old of 51.35/60 (85.58%), indicating a severe level of difficulty in comparison with a
typically developing peer group. Her scores for 1 syllable (9/20, z=-7.14), 2 syllable (8/20,
z=-5.80) and 3/4 syllable words (11/32, z=-3.29) showed difficulties across all word lengths.
Although z-scores suggest some differences in the production of words of different lengths
in terms of severity in comparison with the typical group, exploration of the errors does not
indicate any obvious reason for this; it rather appears to be a chance effect of the lexical
items used in the test. It does however indicate the need for further assessment and for
word length to be considered as part of the analysis, particularly because initial
observations had suggested that Tallulah had difficulties in the production of'multisyllabic

words.

Table 4.1 Tallulah: Scores for Picture Naming Task & Non-Word Repetition Task T1

Picture Naming Task (real words) Non-word Repetition Task
Word Norms age 6 Tallulah’s score | Norms age 6 Tallulah’s score
structure years (mean, S.D.) | (z-score) years (S.D.) (z-score)
1 syllable 18.35(1.31) 9(-7.13) 16.7 (1.22) 17 (0.24)
(N=20)
2 syllable 17.50 (1.50) 8 (-6.33) 16.05 (1.23) 12 (-3.29)
(N=20)
3 & 4 syllable | 15.50(3.07) 11(-1.46) 15.00 (2.7) 16 (0.37)
(N=20)
Total (N=60) 51.35 (4.22) 28 (-5.53) 47.75 (4.22) 45 (-0.65)
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The Non-Word Repetition Task (Stackhouse et al., 2007) was also completed two months
later when Tallulah was 6;7; (see table 4.1). Analysis of these results shows that Tallulah’s
overall number correct was in the range expected for her age, z=-0.65, as were her scores
for one syllable (z=0.24) and multisyllable non-words (z=0.37). However, the number of
words correct for two syllable words (z=-3.29) indicated a significant level of difficulty.
Unlike real word naming it was possible to relate this difficulty to a particular factor which
was the frequency of /s/ cluster targets in the two syllable non-words (in real words
segmental difficulties were more diffuse). This accounted for 5 errors in the sample; had

those not occurred her scores would have been in the normal range.

Comparison of Tallulah’s scores showed that her whole word production was significantly
better in non-word repetition than in single word naming. Stackhouse and Wells, (1997)
suggest that this profile occurs when children fail to update stored motor programmes as
their articulatory proficiency develops over time. They give the example of a child learning
the word cAR at a point in time when the velar plosive is fronted, [ta]l. The child
subsequently learns to say [k] and later learned words are produced accurately but caR
continues to be realised in its originally stored form. Tallulah’s imitation of non-words
which are, in effect, like novel lexical items, indicated that she did have the necessary
output skills to produce adult targets more accurately but that she had not yet employed
these skills in updating existing motor programmes. In this respect she is like the child DF
described Bryan and Howard (1992), although it was not at all certain that the description
of “frozen” as applied to DF’s speech patterns was appropriate for Tallulah, because unlike
DF, she was variable in the accuracy of her output. However, as non-word repétition is less
accurate than naming in the normative sample, Tallulah’s processing of non-words may not
be psycholinguistically stronger than her processing of real words; it may be that her non-
word skills are more in line with those of typically developing children and her real word

processing skills more different than those of typically developing children.

Non-standardised output-based phonological awareness tasks (Hatcher, 1994) showed that
Tallulah could accurately segment words into syllables by tapping or clapping, generate
rhymes based on common CVC words and segment CVC words into phonemes, indicating
that she was able to manipulate segments and simple words without adult help. She was

able to blend C-V-C elements to produce whole CVC words, and if the consonants within
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the word were typically realised in her own speech, she produced these words accurately

(otherwise they matched those predicted from her segmental patterns).

4.6 Oro-motor assessment and diadochokinesis (DDK) T1

Tallulah’s oro-motor skills were assessed using items from the DEAP (Dodd et al., 2002).

Tallulah’s non-speech movements in isolation (for example, tongue elevation) and in
sequences (for example, tongue elevation then blowing) were accurate and performed at
an appropriate rate according to the description in the test manual. There was no evidence

of oro-motor difficulties.

Tallulah’s DDK skills were assessed for rate and accuracy in a non-standardised way through
repetition of single segments [p], [t], [k]. She was asked to do this 10 times after

being given an adult model and three practise attempts (see Methods, Chapter Three).

Tallulah was able to produce the sequence of [p], [t], [k] maintaining articulatory
accuracy for 3 trials but not for more repeats. Beyond 3 trials her productions became
more hesitant, she had frequent pauses and made errors in the order of sounds produced;
her attempts at repair were often unsuccessful. Tallulah’s inaccurate and inconsistent
performance was suggestive of difficulties with motor planning (Stackhouse et al., 2007)
since she was able to produce the sequence but not maintain accurate output for repeated

and rapid attempts.

4.7 Phonetic inventory T1

Tallulah’s phonetic inventory, based on single word and utterance level analysis, is listed in

table 4 2.

Tallulah’s vowel inventory included all vowels expected for her accent of English (see
Chapter Three, Methods). In this analysis the realisation of /t/ as a glottal stop in SFWW
and SFWF positions and the vocalisation of SFWF /1/ to [u] (Grunwell, 1987) are judged as

typical for Tallulah’s accent of English.
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Table 4.2 Tallulah: Phonetic inventory (consonants) in SW and MWU T1

* | Bi- Labio- | Dental | Alveolar | Post- Palatal | Velar | Velo- Glottal
labial | dental alveolar pharyn
geal
P|pb td kg ?
E t' k’
Nimm® [ff 8* 8/n n” n D
b szt
Flo fv 0 0 S z J 3 ¢ X f h
A i
f
Alw v 1a J
p
*P = plosive; E = ejective; N = nasal; F = fricative; Af = affricate; Ap =- approximant

4.8 Stimulability T1
Stimulability was assessed using the DEAP items (Dodd et al., 2002). Tallulah’s phonetic

inventory included all English consonants and vowels. When asked to copy speech sounds
in isolation and in CV syllables (part of the DEAP (Dodd et al.,, 2002) articulation

assessment) she had difficulty in imitating the voiceless dental fricative /6 / in a CV

syllable.

49PCCT1

Tallulah’s PCC was 70.82% and her PVC was 95.41% giving a PPC of 83.11%. Scores were
derived from 112 single words. This PCC score puts her speech into the Shriberg and
Kwiatkowski (1982) category of mild to moderate difficulties for consonant production (65-

89%).

4.10 Phonological process analysis T1

A phonological process analysis was completed using data primarily from single words and
conversational speech, supplemented by data from imitated sentences. There was
evidence of both structural and systemic phonological processes in all contexts, as well as

word level assimilatory errors (see table 4.3).
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Table 4.3 Tallulah: Phonological processes (consonants) T1

Target Tallulah’s Target Tallulah’s realisation
(SW) realisation (conversational
speech, CS)
Structural processes
Cluster SPIDER ['p® arda] | 'MSCARED OF (CS3) [{, m, 'kh g_ad
reduction or o.v. ! ]
simplification
Weak syllable | COMPUTER | [pjut_a] gm;\s’\:ﬁimT:Nows [o~.m a'me_1Z" wiv
deletion EVERY SINGLE DINGSAUR :da1~n1d_n”~n,' )
(CS 6) hi 'neuZ evi
'$1pgu
'dat~na da~]
Initial PYJAMAS | [5lga~maz ] | OHSO-ISITRECORDING | [au_ ! §%u (.) ?1z
consonant MY VOICE? (CS 4) 1? o'kh odi~p mar
deletion (In I vo_l s"_!
weak
syilables)
Systemic processes
Final BIRD [ba:d.] I DON'T KNOW WHICH [a1 'deu™n? nou
obstruent g)NES THAT'SCALLEDICS | 1\ wa~ns 1 dedd
devoicing k™ ot' ]
Stopping N/A N/A 1. DINOSAUR(CS | {V 'dar~nt_h oV }
2. gc)a-so (cs 4) [dev. () 'sw0.]
Velar fronting | SCOOTER | [!fr) dute~] | !LIKE BRATZ(CS4) ['a_1 'la_1t
'bwe?f) ]
Gliding RABBIT ['webit’ ] |!WANTTOBEIN (a1 'wo™na 'bil
RECEPTIONAGAIN(CS2) |~
wo!fy ‘Sepf t™ o~.m
a'ge~_n]
Word level errors
Consonant SAUSAGE | [! fpf1df] THEY HAD A NICE ['der he~_n a
harmony APARTMENT (CS 4) Inars
i'ph a_2na~_n?]

Structural processes impacted on the realisation of consonant clusters and weak syllables.

Systemic processes included occasional examples of stopping and velar fronting, and
complete devoicing of word-final voiced obstruents was frequent as was gliding of /r/.
/ 6/ was realised as [f] and [3] as [v], not predicted by her family’s accent but
common in her peer group. Although Tallulah’s speech sound invéntory included all English
phones, the presence of atypical nasal realisation patterns was pervasive; this is examined

in section 4,11.1.
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4.10.1 Structural processes T1

There was evidence of structural processes in Tallulah’s speech both in SW and multi-word
utterances, these processes showed considerable variability between accurate realisation
of adult targets and her immature or atypical forms. This could be regarded as a positive

indicator for change (Tyler & Lewis, 2005).

4.10.1.1 SIW! and SIWW clusters in single words
There were 31 SIWI and SIWW consonant clusters in the SW sample and 25.8% (8/31)
matched the adult target. Fourteen of the clusters were /r/ clusters, 1 was a /w/ cluster,

5 were /1/ clusters, and 11 /s/ clusters (/sw/ and /s1/ were included in this group).

e /r/ and /w/ clusters: the single plosive plus /w/ cluster in QUEEN was accurately
realised. Of the 14 /r/ clusters 28.57% (4/14) matched the adult target and
42.85% (6/14) were realised as [w] which Grunwell (1987) regards as typical until
the age of 4;0-5;0 “and even later in some immature speakers” (p. 225). There was
one example, PRAM realised as [p owe™n] where the realisation might be
described as an affricate followed by [w]. MclLeod and Arciuli (2009) report that in
typical development /r/ clusters are between 70% (/6 .1/) and 100% (/t1/)
correct by age 5-6 years. Variability in Tallulah’s realisation can be illustrated, for
example, by the cluster /bi/. This was produced accurately in 50% (3/6) of
occurrences (BRIDGE [ba1ff,]; UMBRELLA [a~m'baelal) but with a glide 50% (3/6) of

the time (BReAD [bwed  ]).

¢ The remaining 21.42% (3/14) of these approximant clusters showed a pattern of

labial harmony; these were:

1) IRACTORrealised as ['p owe?t”™ al;

2) CROCODILE realise.d as [ ewokxaga1d];

3) HAIRDRESSER realised as [' 'heabag™n_ %].

e /1/ clusters: 60% (3/5) realisations matched the adult target; pLaTE [ple1t’ 1;

BUTTERELY ['ba_th afla1]; riower ['flavwa].  The cluster in GLOVE was
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realised with epenthesis [ga'1av_] and /kl/ in VACUUM CLEANER was realised as a

voiceless velar fricative [ ' ve?k jim xins].

None of the /s/ clusters were realised in the same way as adult targets and

Tallulah’s production was variable. Mcleod and Arciuli (2009) report that in

typically developing children two-element /s/ clusters are between 95% (/sk/;

/sl/) and 100% (/st/, /sm/, /sw/) correct by age 5-6 years. Three-element /s/

clusters are between 85% (/spi/) and 92% (/ski/) correct. There was no

predictable pattern in Tallulah's realisations but they could be loosely grouped:

1)

2)

3)

4)

5)

Cluster realised with 2 segments with nasalisation of /s/ plus the appropriate

second element, 18.18% (2/11); scHooL [S" kuv]; sPONGE [m pa~nd:];

Cluster realised with 1 segment, 18.18% (2/11); snake [n ‘e1k]; SPIDER

['p® aide];

Cluster realised with 2 segments affected by other phonological processes;
velopharyngeal fricative plus velar fronting 27.27% (3/11) as in SCOOTER
['f) duts~]; coalescence plus turbulence as in sWiNG [fWwi~p]; interdental

realisation of /s/ as in suppers [' 8 lipa~(C7)];

Three-element /s/ clusters realised with 2 or 3 segments, plus or minus
velopharyngeal fricative and labial harmony, 27.27% (3/11); spiasH [bla?ff];

STRAWBERRY [ 'f) vwovwil; square [p~ fweal;

A cluster in multisyllabic word affected by ICD on the weak syllable, 9.09%
(1/11); sPAGHETTI realised as [1~f) 'geti].  The realisation possibly retains
some features of the omitted alveolar fricative target through the presence of

the nasopharyngeal fricative.

4.10.1.2 SIWI and SIWW clusters in multi-word utterances

There were 36 occurrences of SIWI and SIWW clusters in the conversational speech
samples of which 16.66% (6/36) matched the adult model, for example, /pl/ in the
utterance IT WAS A PLAY-IS-JULIET AND ROMEO (CS 1) ['1? we™fy & 'pler 1™fp (.)

'qulije? am 'wou:m!isul; /k1/ in the utterance THERE'S A BOY IN MY CLASS (CS 6)
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['8e~Z o 'bo_~1 17n ma1 'k™ la_gJ]. Production of other clusters followed the same

patterns as those seen in single words (see table 4.4.

Comparison between atypical realisations of consonant clusters and their target forms in
SW and MWU showed that qualitatively they were the same in that the patterns identified
occurred across all contexts. There were no apparent influences of word shapes or
segmental contexts on cluster realisations. However, quantitatively clusters appeared to
be more likely to be accurate in SW (25.8%) than in conversational speech (16.55 %) with
those in sentence imitation more like those in SW with 30% (6/20) accuracy (four /1/ and
two /1/clusters). The error types in the imitated sentences were qualitatively similar to
those in SW, for example, THE TOY ELEPHANT WAS BROKEN realised as [0a 'th o1 'elafa~n?
wo"z." 'bwavke™n] with /r/ realised as [w].  Targets with SIWI /s/ clusters were
realised with velopharyngeal fricatives or alveolar fricatives accompanied by nasal
turbulence. There was also evidence of variability, for example, /kl/ was realised in 3

different ways: CLEAN [x11n] and [31n]; claiRe [kleo] and [x1ea].

Table 4.4 Tallulah: SIWI & SIWW cluster realisation in conversational speech T1

Target Matches | Examples of Error types Examples of
cluster to adult | typical atypical/immature
type (% | target production production
sample) '
/r/ 13.33% 1‘{‘;?&:;?&;‘*;‘)5 Gliding (46.66%, 7/15) ::E;::LI%IB»:KDV\(’?&)
(1451/3666)%' (2/15) ['wa_? fo do [ nd, 35 'bwatfn
'ti1_bla~_?fn] huv o 'wili
'kh a1~ _nd]
Labial IN MY DRAMA (CS 1)
harmony/assimilation | [ '1"n” ma1”
(26.66%, 4/15) 'bwa~_me_]
Reduction to single PRETENDING (CS 1)
segment (13.33%, ['be~nt 'e"n1~p]
2/15)
/w/ 100% ONE OF THE BRATZ N/A N/A
(2.77%, |(1/1) | QUTS(G4
1/36) ['wa™n ov do
'bwetfn
'kwi:?ts]
/1/ 100% AND CLAWS AND N/A N/A
(8.33%, | (3/3) THAT (cs 6) [&™n
3/36) 'klo~Z" a°n
| 5ee?]
/s/ 0% N/A Nasal realisation of 1 | THAT'S WHY I'M SCARED
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(47.22%, | (0/17) segment followed by (cs3) ['8e?¢” ar~m
17/36) target 2™ segment 'f) kead ., ]
(70.58%, 12/17)
Reduction to single I’M SCARED OF THEM-
segment (23.52%, UM %E'DER_S‘ (cs3)
4/17) [e~"m 'dge od o
'dA™m &™m
'ba1dafn) ]
Target realised with STEGOSAURUS
cluster reductionand | ['kh &ckoi]
velar harmony (5.88%,
1/17)

The labial harmony and/or coalescence of /r/ clusters evident in the SW sample also
occurred in MWU. Although it was not a high frequency pattern during this current
assessment, Tallulah’s previous records suggest that in the year before the study it had
been a common occurrence. Examples from conversational speech at T1 include; DRAWING
A PICTURE (CS 1) ['bowi™n & 'ph 12ffo]; TYRANNOSAURUS REX (CS 6) ['ph ar~n'frosast
'weksT. In these CS examples the cluster is reduced to a single bilabial plosive whereas in
single words the onsets comprise two segments, which may also be atypically realised as in
CROCODILE realised as [ ! owokxaga1d]. This again may be indicative of the impact of more

complex phonetic environment of multi-word utterances compared with single words.

4.10.1.3 SFWW and SFWF consonant clusters in SW and MWU

The most frequently occurring SFWW and SFWF consonant clusters were /nd/ in AND, /nt/
in DON'T_and /ts/ as a part of a verb form (THAT'S; QuITs) or plural (TRIPLETS). These final
clusters were variable in realisation but the range of variability was dependent on the
elements of the target cluster. Plosive clusters had fewer variations and those that
occurred appeared to be within a range acceptable in typical speech. For example, /nt/
was realised as [n?] and occasionally [n]; /nd/, most usually in the word AND, was realised
variously as [n], [nd.], [nd] and rarely [nt’ ]. Clusters with fricative elements were
subject to far greater variation which was related to the realisation of the alveolar fricatives
/s/ and /z/. For example, /ts/ in THAT'S IT [822f) '12]; ONE OF THE BRATZ QUITS ['wA™n av
do 'bwetf) 'kwii?ts]; THAT'S WHY I'M SCARED ['822¢~ a1*m 'fijkead.]. However, this
variability was not different to that seen in singleton fricative segments and unlike other
clusters did not appear linked to the more complex demands of producing consonant

sequences.
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4.10.1.4 Weak syllable deletion (WSD) and initial consonant deletion (ICD) in weak syllables

Weak syllables were vulnerable to deletion in word onset contexts, as in the SW cCOMPUTER
realised as ['pjut_a] and within-words as in conversational speech where DINOSAUR was
realised as ['dai~nsb]. In the SW sample only 1 of 7 SIWI weak syllables were
completely deleted but a further 3 were subject to initial consonant deletion which did not
occur in any other context. Weak syllables within words were not deleted in SW, and there
were examples of accurate realisations of weak syllables in the onset position as in TOMATO,

[th a'matteu_].

The WSD process was subject to variability so that DINOSAUR, for example, was realised in
MWU both with and without within-word syllable deletion. In SW pvJAMAS was realised
with initial consonant deletion [a'da™maz.] and on another occasion with complete
initial syllable deletion as ['ga™mez . ]. In conversational speech the SIWI /r/ in
RECORDING was deleted, Is IT STILL RECORDING MY VOICE [su_ ' 6%u () 21z 12 o'kh odi™p
mar 'vo_1s] whereas in the word RECEPTION in the utterance | WANT TO BE IN RECEPTION
AGAIN (a word with the same number of syllables and stress pattern and at a similar
position in the utterance) the SIWI /r/ was realised as a glide [a1 'wo™na 'bil 1°n
wo'!f* Sepfyt® o~.m a'ge~_r]. In the imitated sentences there are 6 different
multisyllabic words which might be subject to WSD: ELEPHANT (3 occurrences); YESTERDAY (1
occurrence); COMPETITION (1 occurrence); AEROPLANE (1 occurrence); TELEVISION (1
occurrence); BANANA (3 occurrences). Tallulah realised all syllables in the targets on all
occasions. There was no evident pattern which predicted whether or not a syllable would
be deleted, partially deleted or typically realised in any of the elicitation conditions,
although weak syllable deletion within words only occurred in conversational speech
suggesting that the phonetic complexity of the environment of multi-word utterances

might be a factor in some instances.

4.10.2 Systemic processes T1

Systemic processes affected Tallulah’s realisation of particular segments and her
phonological contrasts. However, there was a significant degree of variability and
comparison with information from her previous records suggested that typical realisations
were becoming more frequent. There was evidence of final obstruent devoicing, stopping

of fricatives and gliding.
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4.10.2.1 Final obstruent devoicing

Complete devoicing of final obstruents might be expected to resolve in typically developing
children around the age of 3;0 (Grunwell, 1987), however, this was evident for Tallulah in
both SW and MWU. (Partial devoicing ahead of a pause is typical in adult speech). There
were 14 instances of this in the SW sample with /d/, /v/, /z/ and /&/ being devoiced,
for example, BREAD [bwet]; Five [fa_1f]; pviamas [o'da~mez]; sripge [baiff,]. The
same segments were devoiced in MWU; these were usually at the end of an utterance as
might be predicted by occurrences in typical speech, for example, SFWF /v/ in AND DADDY
LONG LEGS 'M SCARED OF realised as ['?2~ind, (.) 'd.ed.i 'lop 'legiy () {, m,
'kh €_ad a_v.: » 1. The exception to this occurring in utterance final position, also
seen in this example, was devoicing of SFWF /d/ in AND which was a habitual production,

although this example was also before a pause.

4.10.2.2 Stopping

Stopping of fricatives was relatively infrequent in the data but occasionally Tallulah realised
/s/ as [t], as in the SW example DINOgAUR {V_'dar~nt.h oV } and the conversational
speech example of so0 ()so [dpu_ (.) 'shu_]. The DINOSAUR example was very breathy
as she spoke in a voice characterising a dinosaur; the so example was a part of a narrative
(CS 4) used for “and the next thing that happened” and she was very focused on her story.
Tallulah was a child who particularly enjoyed drama and sometimes, not unreasonably, her
attention was more directed towards her interest in being entertaining than towards her
speech output patterns. At T1, a point where her speech patterns were changing, these
examples of stopping might occur when motor programmes which were established early
in her speech development were activated as default patterns. To express this in
phonological process terms, suppression of stopping still required some level of attention.
In usage-based terms, the activation of more newly established, mature patterns was not

yet automatic.

In sentence imitation there were three examples of stopping, so again this represented a
low frequency occurrence in the data, two were in SFWF positions and were plural

morphemes; the third was SIWI (see table 4.5).

Table 4.5 Tallulah: Examples of stopping from imitated sentences T1

[11 ”)

| Target (NS3) | MARY's SHOES ARE CLEAN (plural “s
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Tallulah’s ['meaxi ( )'fud & 'x11n]

realisation

Target (NS 26) | SHE PICKED SOME FLOWERS (SIW!1)

Tallulah’s (i () 'phik () doa™m 'ple ()wefry]

realisation

Target (NS 30) | WE FOUND PRESENTS UNDER THE TREE (plural “s” )

Tallulah’s [wi 'foom™” 'pwg~(d)a™nt 'a™nd. s do 'tfril*

realisation *this example is assumed to be stopping rather than cluster reduction because in all other
examples of /ts/ Tallulah realised the cluster with two elements, the second one being a
fricative

At the age of 5;5 (12 months before T1) it had been noted in Tallulah’s record that she
frequently stopped fricatives, so it was likely that the stoppi_ng encountered in the current
data was a residual process. In data recorded in earlier assessments (when Tallulah was 3
to 4 years old) the most usual pattern appeared to be nasal release of all fricatives,
although the transcription does not make clear whether these are velopharyngeal fricatives

or oral fricatives accompanied by nasal turbulence.

4.10.2.3 Velar fronting

Fronting of velar plosives was another process that bccurred infrequently in the sample,
although from Tallulah’s case notes it appeared to have previously been a major process in
her speech; the examples encountered in this study were therefore likely to be residual
difficulties. In SW the only example of velar fronting was with the cluster /sk/ SIWI in
SCOOTER realised as ['fyduta~]. In MWU it occurred with SFWF /k/ in | LIKE BRATZ
realisedas ['a_ 1 'la_1t 'bwae?fr] 1. SFWF velar plosives weré vulnerable to variability
in production and in SW the realisations included matching the target, for example, SNAKE
[ne1k]; glottal stops, sHARK [fa?]; frication PiG [ph 1:x], and affrication BOOK

(bu_k"x].

4.10.2.4 Gliding

Tallulah’s realisation of the approximant /r/ was also variable, especially in SW. Although
gliding was common in SIWI positions, for example, RING [w1~p], ROOF [wuf:], she also
used labiodental and post-alveolar variants, as in RAIN [vei~!n] and ROUNDABOUT
[!reu~ndabau?]. This variation mirrors that found in clusters, as previously described in
section 4.10.1.1. In MWU she almost always used [w], for example, AND THE BRATZ WHO ARE

REALLY KIND [&™nd, 3s 'bwetf] huv a 'wili 'kkar~_nd]. In the imitated sentences
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she used [1] on several occasions, for example, THE RED CAR WENT AWAY realised as [do
l1eg” kh a 'wi'nt”™ o 'wer:] but it was equally likely to be realised in an immature

form.

4.10.3 Word level assimilatory errors
Tallulah’s speech showed occasional evidence of consonant harmony both in SW and multi-
word utterances. It was not a major feature of her speech patterns but its presence at all

was indicative of the persisting nature of her speech difficulties.

4.10.3.1 Consonant harmony

Consonant harmony has been described as a structural process which normally resolves by
3;0 (Ingram, 1979; Grunwell, 1987) but it has also been categorised as assimilation
(Grunwell, 1987). It occurs in both typical and atypical speech development and involves
two or more segments in a word or across an utterance being realised with the same place
of articulation (Dinnsen, Gierut, Morrisette, Green, & Farris-Trimble, 2011). The
harmonisation of place is a form of structural simplification and particular places of
articulation are more vulnerable to consonant harmony than others, notably alveolar to
velar placement (Stoel-Gammon & Dunn, 1985). However, it may therefore be more
appropriate to describe such occurrences in terms of word level errors (Bates & Watson,
2012) and this is the approach taken in this thesis (see also section 7.10). For Tallulah in
SW the example of SAUSAGE, realised as ['fof1&], was the only clear instance of the
process with the SIW! and SIWW target /s/ realised as [[]; this was interesting because it
suggested that the anticipation of articulatory gesture and airstream for the SFWF segment
/&/ was able to override the nasalisation pattern which might have been predicted for the
first two consonants. Another example was the realisation of STRAWBERRY [ 'f) vwovwi]
where the 3-element /s/ cluster began with a velopharyngeal fricative [f) ] followed by a

labial sequence [vw] which was repeated at the start of the second syllable as a realisation

of the target cluster /bi/.

in MWU there were several instances of anticipatory harmony as in the example given in

'nars®

table 4.3, THEY HAD A NICE APARTMENT realised as ['der he~.n o
i'ph a_?na~_n?], where the realisation of the SFWF target /d/ in HAD appears to have

been influenced by the SIW! /n/ in NICE. This harmony might also have influenced the
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production of SIWW target /m/ in APARTMENT, although this might be a second anticipatory
gesture for the final nasal cluster. An alternative explanation, rather than taking a
sequential approach, would be that long domain nasal harmony influenced production

across the whole utterance.

4.10.4 Summary of phonological process analysis

The most frequent and potentially most significant phonological process found in Tallulah’s
speech across all contexts, and one which might impact on intelliéibility, was cluster
reduction and simplification (Hodson & Paden, 1981; Weston & Shriberg, 1992; Yavas &
Lamprecht, 1988). Other processes occurred less frequently and although there was
evidence of variability, the variation was usually between simplifying processes and adult
forms. However, this analysis so far has not captured all the data which might be

important in providing a full description of Tallulah’s speech patterns.

4.11 Features not captured through phonological process analysis T1

The phonological process analysis revealed a wealth of information which contributed to
the description and explanation of Tallulah’s speech patterns and intelligibility. However,
in the course of the assessment it became apparent that there were other features which
could not be accounted for through a traditional phonological process analysis. These
features were examined through further analysis of Tallulah’s speech patterns. This
included exploration of her nasal realisations of fricatives and of word juncture behaviours
in multi-word utterances. In addition, production of multisyllabic words and variability
were considered with a view to understanding factors which might impact on the

intelligibility of her speech.

4.11.1 Nasal realisations

Atypical nasal realisations were the most striking perceptual feature of Tallulah’s speech;
these principally affected production of the alveolar fricatives /s/ and /z/ but occasionally
also /£/,/v/,/§/, /8/, /3/ andthe voiceless affricate /tf/ (see table 4.6). The form
of nasal release was variable with three different patterns identified. Firstly she used a
velopharyngeal fricative [f) ]; secondly, oral alveolar or dental fricatives accompanied by
nasal turbulence, for example, [s7; thirdly (but infrequently), alveolar or dental fricatives
accompanied by nasal emission, for example, [s]. In multi-word utterances there were

also occasional examples of long domain hypernasal resonance. These types of nasal
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realisations are the result of different articulatory gestures which are explored in the

discussion (4.26.1.2).

Table 4.6 Tallulah: realisation of fricatives and affricates T1

Target fricative | Target Tallulah’s Target Tallulah’s
or affricate (SW) realisation {conversational realisation
speech CS)
Alveolar /s/ & | SEESAW ['n %~ ALITTLE BIT ‘COS | [o 1170 'b1_?
2/ LEGS HAVE IT IN SCHOOL kh oar 'hev
ONQ .) -
1? 1°n ' kuo
[led fy:] 'wa~_n 6
('d ed_i 'lop
DADDY LONG LEGS |
legfy ]

Post-alveolar TELEVISION | [th gla'vidh™n]

/S &/3/

Labiodental /f/ | BIRTHDAY | [!pafide:]
& /v/; dental
0/ & /8/

Affricate /f/ & | WATCH (wo~?fny ]
/&/

Tallulah had had palatal investigations which confirmed that she did not have a cleft palate
or velopharyngeal dysfunction. Six months before this study started an assessment had
shown that that all of her fricatives and affricates were susceptible to being produced with
nasal turbulence (although alveolar and post-alveolar targets were also likely to be realised
as stops). By T1 nasal turbulence primarily affected only alveolar fricatives, and stopping
had reduced in frequency as discussed in section 4.10.2.2. Thes;e changes suggested that
her speech patterns were positively changing in that fewer targets were affected by nasal

turbulence (or stopping).

There is some weak evidence at T1 that context might have influenced how segments were
produced in terms of turbulence. In SFWF positions and sometimes SIWI positions Tallulah '
used the velopharyngeal fricative [f) ] as in LIGHTHOUSE realised as ['laithav™f)]; sock
as [fjo k' 1; scooter as ['fydute~]. A more strongly evidenced effect was her
production of the voiceless alveolar segment /s/ immediately before a bilabial nasal or
plosive where it was realised as a voiceless bilabial nasal with turbulence, for example,
SPONGE realised as [m pa~n&:]; HospiTALas ['ho™mp" 1tsul; ousteiN as ['dam b1~n].

There were similar examples for both of these patterns in multi-word utterances: SHE PICKED
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soMe FLowers, ['fi () 'phik' () d.a'm 'ple.wefy] (SFWF); | DON'T HAVE
SANDWICHES, ['?a1 jou™n? 'he™v 'sSemwige~fr) ] (SFWF); BECAUSE IT'S NICE AND SPicY, [o~_m
br'kh of, 128 “'dar #™m 'nf pairsil, (voiceless bilabial nasal with turbulence before

the SIWI voiceless bilabial plosive in sPICY).

As already mentioned, variability was frequent even within a single utterance. This is
illustrated by the following example, IS A TYRANNOSAURUS REX realised as
[12de~(.) 'ph ar“n'fyosas™ 'weksl. The voiceless SFWF target /s/ in IT’s was
realised (probably) as a glottal stop plus voiced alveolar plosive [d]; the SIWW /s/ in SAUR
/so/as a velopharyngeal fricative; the SFWF coda to RUS as a strongly articulated /s/ with a
longer than usual duration; the SFWF /s/ in Rex as voiceless alveolar fricative, i.e.
successfully matched in terms of place of articulation, voicing and manner of articulation
with oral friction created at the alveolar ridge, but that there was (due to lack of
appropriate velopharyngeal closure) simuitaneous audible escape of air through the nasal

cavity.

Although almost all alveolar fricatives were realised as velopharyngeal fricatives or with
nasal turbulence, both in SW and multi-word utterances there were examples of accurate
oral realisation of the adult targets and these appeared to be the result of the particular
phonetic or situational context in which they occurred, although again this was subject to

variability.

1) SIWI and SFWF /s/ in the utterance (CS1) | MEAN (.) SIX realised as [a_"m & 'min
(.) 's1ts]; this was said with extra articulatory force and was to correct the

previous statement that she made:

J: were there lots of children there?
Tallulah: about four

J: about four?

Tallulah: Um-I mean (.) six

The extra articulatory (muscular) force, created the acoustic and auditory
impression of emphasis, through an increase in amplitude (possibly aided by the

pause creating open juncture before the word); this meant that the targets were
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realised with an oral airstream and the final /s/ was made with a whistled

articulation.

2) Utterance final /s/ was realised with an oral airstream in NS 16 GOOD GIRLS ARE NICE
[gug”™ 'gevd a 'nars] andin NS 23 JoHN PLAYED TENNIS ['30™n () 'plerd (.)
th ¢~'n1?2:ts] (in this example Tallulah realised the target SFWF segment as an
affricate; these were generally produced with an oral airstream). Other than the
utterance final position, there is no immediate explanation for the first example
but the second utterance, as with example 1 given above, was produced at a slow
rate, with extra articulatory force and with open juncture between word
boundaries giving the impression of a deliberate style of delivery. This may have
given more planning time for Tallulah to produce the target with an oral airstream

and again, the phonetic context results in a SFWF affricate.

3) InCS 4 there was a short section within an utterance where fricatives were realised

with an oral airstream:

T | And they actually told (Bodeen) and it was so funny
because now they don’t work for them (laughing)

[e*n Ber '?esli 'toud™ ba'din &™n '1? wez. 'seu 'fani ba'kh o?
'nav di 'dev™n? 'ws? fo do~m]

This appeared to be influenced by the fact that Tallulah was laughing as she was talking,
again affecting airflow. The quality of her voice production was "not departing widely from
[her} usual speaking voice quality” (Esling, 2007, p. 19). Howevér, it may be the case that
"rapid fluctuations in the control of airflow through the larynx" (ibid, p. 15) impacted on
the air pressure in her vocal tract making an oral airstream more likely. This may have
resulted in a tension between Tallulah’s habitually used nasal realisation and her less
favoured but more accurate oral production of the fricative segments, resolved in favour of .

the adult target.

One final point about atypical nasal realisations is that there were occasions where
hypernasal resonance affected a whole utterance. For example (CS 2), ‘COS YOU HAVE TO
woRK realised as [{V~ 'kh ov ju 'hef* th u 'wa_:k’ V-}]. This did not happen
frequently, and her vowel resonance was not typically affected by hypernasality. However,

it was interesting in the context of Tallulah’s nasal realisations of consonant segments, in
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that it supported the view that motor planning difficulties impacted on the coordination of

velopharyngeal movements.

4.11.2 Multisyllabic words

Initial observations had suggested that Tallulah had some difficulties in the production of
multisyilabic words, although her scores on single word naming and non-word repetition
tests had not reflected this with z-scores of -1.46 and 0.37 respectively. Throughout the
assessment it became evident that she did indeed have difficulty with longer words,
occasionally in naming tasks, but more particularly in the context of multi-word speech.
Further analysis suggested that this was possibly a reflection of a wider difficulty in
managing the production of complex segmental sequences. The evidence for this comes
firstly from some examples of multisyllable words in SW and conversational contexts, and

then from an example of a breakdown at utterance level.

The first example was in the production of the SW CROCODILE in @ naming task; Tallulah said:
[o 'kwotogar o 'pwof & 'evk' (breath) o 'owok“xagarurl]. The repeated
attempts appeared to stem from her trying to repair the velar/alveolar placements of the
two SIWW plosives but in the process she “lost” thé relatively mature SIWI cluster /kw/
which was then realised with the pattern of labial harmony. Although the SIWW /k/ was
retrieved, the second alveolar plosive was not. Unusually, she produced nasal turbulence
in the SFWF position in a word that did not have a target fricative, although her missed

attempts at production did.

In multi-word speech there were frequent examples of difficulties in the production of

multisyllabic words:

1) RECEPTION in | WANT TO BE IN RECEPTION AGAIN (CS 2) realised as [a1 'wo™na 'bil
1"n we'f) ‘Sepfyt” a~.m a'ge~_nl. This example illustrates the cumulative
impact of several co-occurring processes: velopharyngeal replacement for SIWW
alveolar fricative in the second syllable; velopharyngeal replacement and possibly
stopping for SIWW post-alveolar fricative in the third syllable; possibly anticipatory
consonant harmony between SFWW bilabial plosive at the end of the third syllable

impacting on placement of the SFWF nasal.
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PRETEND (CS 1) (most probable target) with an attempted repair WE GOT SOME

(PRETENDING-PRETEND) CALENDARS REALISED AS [wi 'go? t%™m 'be™nt_'s™ni g ()

'We*n () 'th £~.n 'th ®lo~nda~:fp]. This example possibly relates to a
morphological error where Tallulah used the progressive verb tense ending ‘ing’,
then tried to repair this. The SIWI cluster on the first production was reduced to a
single voiced bilabial plosive replacing the target /pi1/, a pattern which did not
occur in the SW data. The same cluster in the second production was realised as a
voiced bilabial plosive with nasal turbulence. There was open juncture between
the first and second syllables, realised as an audible pause, and then assimilation of
place of articulation between the SFWF alveolar nasal in her realisation of PRETEND

and SIWI velar plosive target of CALENDARS.

ACTUALLY and ACCIDENTALLY (CS 4): from a listener perspective these two words
realised in close proximity to each other appeared to lose distinction due to the
atypical and insufficiently differentiated production. SHE (PACTUALLY/ACCIDENTALLY)
GONE AND SHE (PACTUALLY /ACCIDENTLY) (?TOOK) FORGOT HER HIGH HEELED SHOES [?2™n S
'edbdli 'go"n&™n ' 'edli (ge"n(n)i)- (th v?) f5'go? ha~ 'har 'hiud
'£a:2]. The semantic context suggested that the first token was probably
ACTUALLY and the second ACCIDENTALLY. She had used both words with greater clarity
and definition earlier in the same conversation: ACTUALLY in AND THEY ACTUALLY WORK

FOR A MAGAZINE realised as ['@~_nd der '?&?¢li_ ‘'wa__k fo_ ?s 'megazZin]

and ACCIDENTALLY in WHO ACCIDENTALLY WORK FOR THE TRIPLETS [hu_ '?®_?¢ads™~ _n2li
'wa.? fo do 'tir_ble~_?fM].  This would suggest that motor planning
difficulties underpinned her less intelligible productions with long domain

harmonisation impacting across the utterance.

STEGOSAURUS {CS 6) realised as ['kh eckoj]: Tallulah had just heard an adult -
label (“/ think it’s called a stegosaurus”) and then used the word in her reply. In
psycholinguistic terms, having heard the word once and assuming that STEGOSAURUS
was a word unfamiliar to her, Tallulah- was required to extract sufficient
information to establish a motor programme and repeat what she had heard.
Although her input processing skills were adequate, evidence throughout the

assessment suggested that her motor planning skills were not. She produced the
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word on an oral airstream but it was reduced from four to two syllables. The SIWI
consonant cluster was replaced by a voiceless velar plosive and the presence of
palatal fricatives in SFWW and SFWF positions was reflective of alveolar fricatives

in the adult target.

Further evidence for the difficulties in these examples being related to phonetic complexity
is shown in an example of the breakdown of an utterance that occurred in the sentence
imitation task where the target was SOME SMOKE BLEW OUT OF THE CHIMNEY (see table 4.7).
This example did not contain multisyllabic words but was nevertheless phonetically

complex in terms of the fricative and cluster content.

Tallulah started to repeat the target but quickly asked for repetition after an initial attempt.
Her request for repetition was in a form showing hyperelision. Her second attempt showed
three productions of SMOKE, the middle one of which sounded perceptually more like SNAKE.
She then produced a CV syllable that was interpreted as CAN'T and then a louder, fluent

utterance BLOWED OUT OF THE CHIMNEY.

This utterance was phonetically complex in terms of the segméntal content and it also had
an irregular past tense verb which, as seen by Tallulah’s eventual output, she realised as a
regular past tense. In this task where repetition did not allow Tallulah to select content on
the basis of preferred lexical, grammatical or phonetic patterns, she was forced into

attempting an utterance that exposed her linguistic vulnerability.

Table 4.7 Tallulah: Example of break down at utterance level (NS 28) T1

J SOME SMOKE BLEW OUT OF THE CHIMNEY
target

Tallulah | SOME. (?)SOME

[pa™ma, 1 (breath) @& a_"m:]

Tallulah | CAN YOU PLEASE SAY IT AGAIN?

[xe~"n"pli~ 'der a (87)'d_ge™n]

) SOME SMOKE BLEW OUT OF THE CHIMNEY
target

Tallulah | SOME SMOKE (?SNAKE)-SMOKE- ?CAN'T BLOWED OUT OF THE CHIMNEY

[fy da."m 'o*mau? ' ner?:k’ I'nevk’ () xa~ () 'blaud au?
o n"da 'ff1 mni]

This vulnerability was evident in her conversational speech, as seen in the four previous

data samples. It appeared that multisyllabic words were liable to present difficulties to
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Tallulah because they were segmentally complex, and it was this phonetic complexity
rather than the individual words themselves that made them vulnerable to atypical or
imprecise production. In spite of her non-word repetition being better than real word
imitation it may be that she did have some difficulties with motor programming which

interfered with the establishment of new motor programmes.

4.11.3 Variability

Variability has been mentioned as characteristic of Tallulah’s speech and examples have
been given. Tallulah did not meet criteria for Inconsistent Speech Disorder (Dodd, 1995) on
the DEAP assessment (Dodd et al., 2002). Indeed, her naming of those SW items showed
little variety in production. Bernhardt and Stemberger (1998) comment that “in times of
change...variability can arise” (p. 257); this variability typically results in productions that
more closely match adult targets. This could therefore be termed progressive variability.
This was often the case for Tallulah and with recent progress reported it appeared that her
speech patterns were maturing. However, there were examples of variability that
appeared to relate to motor planning difficulties, frequently involving the realisation of
multisyllabic words and consonant clusters, i.e. in saying words that had more complex
sound sequences. These attempts did not always result in more accurate realisations. It
appeared that her variability was both of progressive and non-progressive types and
required an analysis of individual instances and contexts to explain the patterns that

occurred.

4.12 Speech behaviours in multi-word utterances T1

Tallulah’s speech production in multi-word utterances was examined through carrying out
an assessment of the characteristics of her speech at word boundaries and how this
compared to the multi-word speech of other children of the same age. The purpose of this
was to investigate an aspect of speech output not captured through a traditional PPA. .
Tallulah’s use of assimilation, elision and liaison, and close versus open juncture was

examined both in sentence repetition and in conversational speech.

4.12.1 Word juncture in sentence imitation T1

The Connected Speech Processes (CSP) Repetition task (Stackhouse et al., 2007) was

completed to examine word juncture behaviours in imitated utterances (see table 4.8).
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In the assessment task Tallulah showed emerging assimilation and elision; her utterances
containing elision and assimilation sites for /d/ showed greater frequency of use than
average for a child of her age. However, she showed very little evidence of any type of
liaison across word boundaries, using open juncture in these contexts between vowels, as
can be seen in the examples given. The reduced use of liaison in these utterances may be
related to Tallulah’s speed of utterance in imitation. The perception was that she tended
to repeat the sentences quite deliberately with marked use of open juncture although the
production rate of individual words did not give the subjective auditory impression of being
particularly slower than her conversational speech. This perceptual effect was not
measured instrumentally but studies by Walker, Archibald, Cherniak and Fish (1992), and
Walker and Archibald (2006) suggest that the speech rate of typical children is slower in
imitation tasks than in spontaneous utterances so her output rate may be a reflection what
is seen in children without speech difficulties. There was no obvious reason why this had
particular impact on liaison rather than assimilation and elision. It could be that she found

consonant-to-consonant word boundaries in some way easier to articulate than vowel-to-

vowel boundaries.
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Table 4.8 Tallulah: Scores on Connected Speech Processes (CSP) Repetition task T1

Score Tallulah’s | Example (both typical CSP and atypical open
expected at score juncture are illustrated)
age 6
Assimilation
ti# 91.57% 50%, (2/4) | YOU EAT PUDDING WITHASPOON [jo '?ip~ pudi~p
wiv e 'mpin () fp () fp)
n# 77.48% 50% (2/4) | joHNPLAYEDTENNIS ['zp™n () 'pleid (.)
'th g~n12:ts]
d# 38.1% 100% (4/4) | Goop GIRLS ARE NICE [gug ' “geud’ a 'nars]
#f 74.16% 50% (1/2) | MARY'S SHOES ARE CLEAN [ 'measi (.) 'fud o
'x11n]
Elision
CtHC 84.54% 50% (2/4) | sHE WRAPPED THE PARCEL [ 'wep™ ba~
Iph adti]
Cd#C 59.83% 70% (7/10) | HE SNEEZED VERY Loupty [hi 'n hid fale™ 'vewi
lavd, () 1il
Liaison
j-liaison | 88.44% 25% (1/4) | THEY ARGUED ALL DAY [8i 'Pagjud o der]
w-liaison | 93.47% 0% (0/2) | THE YELLOW AEROPLANE CRASHED [je_: o i. (.)
a 'lelou (.) jelau () ?sve'pler™n
lkwedt™ * ]
r-liaison | 88.36% 0% (0/4) | 1woreAJUMPER [a1 'wo o '&a~mpa]
Articles
Indefinite | No norms 0% (0/2) | SAM ATE AN ORANGE VERY StowLy [! 8%™m 'e_? o
given o'wi_“ng. fewi 'lau:.'li]
Definite | No norms 0% (0/2) SHE GAVE THE ORANGE TOSAM [ 'gerv. Bs
given 'owond o ! 6% &~m]

4.12.2 Word juncture in spontaneous, conversational speech

The word juncture pattern in conversational speech was different to that in the imitation
task in that liaison was the most evident process, although there were very few word
boundary contexts where assimilation or elision could have occurred. Examples of liaison

include / j/-liafson in IT WAS ACTUALLY A BIG -SP-MONEY SPIDER [1? weZ", '®“?fjil o~
'b1~?M bs~ 'ma~ni 'm’pards] and /r/-liaison (realised as the glide [w]) in WE HAD TO
'kh alaw

COLOURIN [wi 'hek™ th &~ 17nJ.

In the few sites where elision and assimilation could potentially occur there were
occasional instances of both. For example, word final consonant elision at a word

boundary can be seen in the utterance i| SAW IT LAST NIGHT realised as [a1 'dow 1? ! la™fn
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~

nar?]. Nasal turbulence was the main feature of this word boundary, spreading from
the SFWF velopharyngeal segment to the SIWI alveolar nasal, with the word final /t/ in LAsT
elided. An example of assimilation was heard in conversation in A LION CALLED ALEX AND A
HIPPO CALLED GLORIA realised as [o 'lare™n 'kod '2liff #n o ‘'hipau 'kog™
tgloiijo]. The SFWF /d/ in cALLED was assimilated to a velar place of articulation before
the SIWI velar /g/ in GLORIA. This contrasts with realisation of the previous /d/ in CALLED
before the vowel in ALEX, and indeed the unassimilated SFWF alveolar nasal in LION next to

the SIWI velar plosive in CALLED.

Overall Tallulah’s speech at word boundaries showed more open than close juncture. This
was particularly so between vowels in sentence imitation and so may be reflective of task
effects, but was also evident to a lesser extent and with a different pattern in conversation.
There were occasional instances of hyperelision, as seen in table 4.7 CAN YOU PLEASE SAY IT
AGAIN realised as [xa~ n~ pli~ 'der s (a7)'d_e~nl, but this was not characteristic of

her conversational speech.

4,13 Prosodic characteristics

The prosodic organistion of Tallulah’s speech was considered across all types of sampling
conditions. The difficulties identified at the level of motor planning might be expected to
have impact on the prosodic aspects of her speech output. Disturbances in prosody have
been reported in children with CAS which is characterised by motor planning and
programming deficits (Velleman, 2011) and although Tallulah had not been diagnosed with
CAS, impaired motor planning might result in atypical prosody like that described in
children who do have CAS. These descriptions include flat or monotone intonation (Davis
et al, 1998) and inconsistent use of pauses and transitions between consonants and vowels
(Peter & Stoel-Gammon, 2008} but primarily focus on impaired realisation of stress at a
lexical and phase level (Gildersleeve-Neumann, Hammer & McCauley, 2008). In fact, -
observations of Tallulah’s speech output did not reveal any such disturbances. She
produced typical-sounding stress-timed speech with appropriate syllables made prominent
by a combination of phonetic devices (Kohler, 2009), at times alternating with individual
stretches of syllable-timed speech, similar to that of a child described by Howard (2004b).
In terms of intonation her use of tonic placement and tonicity was unremarkable. Although
not formally assessed, there were no observations of instances of unusual prosodic form or

function (Wells & Peppé, 2001).
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4.14 Summary of findings T1

Tallulah’s input processing skills and speech output skills at T1 were summarised as follows:

(see also her speech processing profile, appendix 4.2, and 4.3 for the mapping of this

profile to the speech processing model).

Input processing skills were in the typical range for her age

The single real word naming task indicated severe difficulties with the production

of words across all word lengths

The non-word repetition task showed accuracy of production that was in the
typical range for her age. Although the number of words correct for two syllable

words indicated a level of difficulty this was specifically related to her realisation of

/s/ clusters
There was no evidence of oro-motor difficulties

Tallulah’s performance on the DDK task suggested that she had difficulties with

motor planning

Her phonetic inventory included all English consonant phones, a nasopharyngeal

fricative and oral segments with nasal turbulence or audible nasal emission
Her vowel inventory included all appropriate English vowels

PCC was 70.82% and PVC was 95.41% (PPC of 83.11%) corfesponding with a mild to

moderate level of difficulty

The most frequently occurring phonological process was cluster reduction and

simplification

Comparison of the three types of sampling conditions shows that the main
difference between them in terms of segmental output was in the frequency of
mature consonant cluster realisation, with those in her single words being more

accurate than those in her conversational speech

Nasal realisations of consonant segments /s/ and /z/ were a pervasive feature of

Tallulah’s speech
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e Tallulah’s production of multisyllabic words was noticeably impaired

e Her speech output revealed two sources of variability. One source of variability
was related to positive change (i.e. variation between the adult target and
Tallulah's realisations); the other appeared to be the result of attempts to modify

output breakdown and did not necessarily result in more accurate speech

e Examination of word juncture suggested that the connected speech processes of
assimilation and elision were emerging in the sentence imitation task but Tallulah
used very little liaison; this was the opposite of data from conversational speech.
Open juncture was more common than close juncture. She produced stretches of

syllable-timed speech as well as more typical stress-timed utterances

e |t appeared that Tallulah had difficulties with updating motor programmes and
motor planning, and an awareness of possible interactions between phonological
and phonetic learning early in her speech development are essential considerations

in the explanation of the presentation of her speech’

The impact of these difficulties on Tallulah’s intelligibility as experienced by the listeners

who participated in the study was explored.

4.15 iIntelligibility T1

Tallulah’s intelligibility was measured through listener responses to an orthographic write-
down task for single words, imitated sentences and conversational speech (as described in
the Chapter Three, Methods); results are presented in table 4.9. Stimuli from Tallulah's
speech output that were presented for intelligibility rating and results for individual items

are given in full in appendix 4.12 and in tables 4.14, 4.15 and 4.16.
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Table 4.9 Tallulah: Intelligibility outcomes T1

Data type Mean % S$.D. % Minimum % Maximum %
(No.) (No.) {No.) score (No.) score

Single words (max no. = 54.82 12.95 27.27 (3) 81.82 (9)

11) (6.03) (1.42)

Imitated sentences (max | 80.30 10.34 50 (11) 100 (22)

no. = 22) (17.67) (2.27)

Conversational speech 66.71 13.30 33.33 91.67

(max = 100%)

Analysis of the results using the Wilcoxon Signed Ranks Test demonstrated that the
listeners’ identification of Tallulah’s single words was poorer than that of multi-word
utterances. There were significant differences between SW and imitated sentences (2=-
6.850, p<.0001) and SW and conversational speech (Z=-5.494, p<.0001). There was also a
significant difference between imitated sentences and conversational speech (Z=-5.756,

p<.0001), in favour of imitated sentences.

All types of utterance show a wide range of listener responses, as evidenced by the
minimum and maximum scores and the large standard.deviations (see Table 4.9). In terms
of the individual stimuli items, in SW FROG was least intelligible with only 2/66 listeners
identifying it correctly; GIRAFFE was most intelligible with 65/66 correct responses. The least
well identified imitated sentence was WE SAW (A) TENT BY (THE) RIVER with 50.30% of words
identified correctly. The best identified were MY UNCLE iS (A) FARMER, 98.86% of words
correctly identified, and | LIVE NEAR (A) BIG wWOOD where 98.79% of words were correctly
identified. In conversational speech WE USED SCISSORS LAST NIGHT was least intelligible, with
46.97% of words identified, compared to the longest utterance WELL ONE WAS IN MY DRAMA
AND HE’S CALLED TOM where 81.96% of words were recognised. These intelligibility results are

discussed in section 4.26.5.

4.16 Intervention T1 to T2

Between T1 and T2 (age 6;5 to 7;3 years) Tallulah received weekly speech and language
therapy intervention during school terms, initially in school, but subsequently at home
after school so that her mother could attend sessions and carry out follow-up activities.

The order and focus of intervention activities was as follows:
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e Awareness and discrimination of segments realised with oral and nasal airstream

(single sounds, CV and VC syllables, CVC words)
e Sorting CVC words by initial consonant (contrast oral/nasal; plosive/fricative)

e Production of plural /s/ and /z/; a preceding alveolar plosive facilitated an oral

airstream, for example, “hats”, “beds”
e Production of /s/ clusters in single words and multi-word utterances

e Production of high frequency syntactic structures requiring /s/ and /z/ such as

»

“it'sa...”, “there’s a...”; “because it’s...

e Production of multisyllabic words which Tallulah used frequently, for example,

yesterday, afternoon, reception
e A narrative approach to intervention to support the generalisation of skills

At the end of this period of intervention Tallulah’s speech was reassessed.

4.17 Assessment T2 (CA 7;3)

Twelve months after the first assessment at T1 Tallulah’s input processing skills and speech
output skills in single words and multi-word utterances were reassessed (see appendix 4.13
for her updated speech processing profile and 4.14 for the mapping of this profile to the
speech processing model). The aim of this reassessment was to collect sufficient data to
describe any significant changes in Tallulah’s skills and also to examine her intelligibility at

T2 as judged by the listeners (see Chapter Three, Methods).

4.18 Input processing skills T2

The investigation of Tallulah’s input processing skills included assessment tasks from
Stackhouse, Vance, Pascoe and Wells (2007) and other non-standardised activities. Only
one auditory discrimination task was repeated at T2, the same/different judgement of
complex non-words (Stackhouse et al., 2007). At T1 Tallulah’s score had been 77.5%
overall, compared with a mean of 82.5% for 5-6-year-olds, z=-0.37. At T2 her overall score

was 85%, compared with a typical score of 90.66%, again within the normal range, 2=-0.75.
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Tallulah’s phonological awareness skills were reassessed using the assessment from the
Sound Linkage Programme (Hatcher, 1994). At T1 her score was 66.66% (24/36); at T2 it
was 72.22% (26/36), indicating few changes over the year (although no norms are given in
the test). She was not consistently able to segment words into phonemes beyond CVC
level, delete phonemes to create new words when required to segment a consonant
cluster (for example, “take ‘s’ away from ‘stop’”) or carry out a phoneme transposition task
{“net” is reversed to become “ten”). Whereas at T1 she had responded quickly during
these tasks, at T2 she required more repetition of the stimuli and at one point in the

reassessment process remarked “I’'m not good with words”.

4.19 Speech output skills T2

Tallulah’s speech production was re-assessed using a range of single word tests as at T1;
the Picture Naming Task (Stackhouse et al., 2007) and subtests of the DEAP (Dodd et al.,
2002) giving 100 items collected from these tasks for single word (SW) analysis compared
with 112 at T1 (the DEAP Inconsistency Assessment was not repeated) (appendix 4.3). The
non-word repetition task was not repeated. The multi-word data are from the analysis of
T2 conversational speech (CS) (appendices 4.15 to 4.18) and selected imitated sentences
from the Connected Speech Processes (CSP) Repetition Task (Stackhouse et al., 2007)
(appendix 4.11); there are occasional examples from other conversational speech, which

are indicated in the text.

Tallulah’s performance on the Picture Naming Task (Stackhouse et al., 2007) was scored
and compared to that expected in the speech of typical 7-year-olds; scores were also
compared with T1 (see table 4.10). Tallulah’s overall score was 49/60 (81.66%), z=-1.32,
compared with 28/60 (46.66%), z =-5.53 at T1. This score is in the range expected for her

age.

Table 4.10 Tallulah: Scores Picture Naming Task T1 compared with T2

Word structure | Tallulah’s score T1 (z- | Tallulah’s score T2 (z- | Norms age 7 years
score) score) (mean, S.D.)

1 syllable (N=20) | 9(-7.13) 19 (0.833) 18.8 (1.20)

2 syllable (N=20) | 8 (-6.33) 14 (-3.47) 18.45 (1.28)

3 & 4 syllable 11 (-1.46) 16 (-0.40) 16.95 (2.33)

(N=20)

Total (N=60) 28 (-5.53) 49 (-1.32) 54.2 (3.93)
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Although Tallulah’s overall score at T2 was typical for her age, results indicated that
production of 2 syllable words (14/20, z=-3.47) was still showing a significant level of
difficulty in comparison to a peer group. Examination of the words produced showed that
5 of the 6 had minor immaturities or phonetic variations: SANDWICH realised as
['se~mba1df]; FEATHER ['feval; TRACTOR ['tfizkars]; parrOT ['ph muvat’ J]; seesaw
['s1f27]. The exception to this was the realisation of busTBIN where the coda cluster in
DUST was realised as a bilabial nasal with turbulence, preceding the bilabial plosive onset of
BIN; ['dam b1~n]. This appeared to be a residual error in that this pattern of nasal
turbulence immediately before a bilabial plosive had been a feature of Tallulah’s speech at

T1,

The overall percentage correct in the production of consonants and vowels in Tallulah's
speech had changed by T2. At T2 her PCC was 91.47% (70.82% at T1) and PVC was 99.43%
(95.41% at T1), giving a PPC of 95.55% (83.11% at T1). These scores indicated a mild
severity rating (Shriberg & Kwiatkowski, 1982). There was no evidence that any delayed or
unusual patterns were still consistently used, rather that her speech production showed

remnants of the difficulties previously identified.

4.20 Oro-motor assessment and diadochokinesis (DDK) T2

It had previously been established that Tallulah did not have oro-motor difficulties.
However, she continued to show difficulties in the production of a [p], [t], [k]
sequence. Variations included {[p] [k] [t}; [p] [t] [t] and spontaneously “pat-a-cake”. This

suggested that Tallulah continued to have underlying motor planning difficulties.

4.21 Phonological process analysis T2

A phonological process analysis was again completed using data primarily from single

words and conversational speech, supplemented by data from imitated sentences.

4.21.1 Structural processes T2

All structural processes had resolved apart from occasional examples of SIWI cluster
reduction. These occurred both in SW and multi-word utterances. For example:

1) CROCODILE (SW) realised as ['kh okh adau); T1 realisation: [ ' ewokxaga1d]

2) FROG (SW) realised as [fog] then on another occasion where the same stimulus

was used as [fw:og]; T1 realisation: [fwog™]
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These types of simplification where the cluster was reduced to a single element also
occurred in conversational speech, for example, FRUIT and STRAWBERRY in the utterance IT's A

FRUIT-UM- STRAWBERRY realised as ['?1tz & 'fut’ ... a™m 'stiobil.

Tallulah’s monitoring of these realisations appeared limited in that she rarely self corrected
(although see example 2 below for one of those occasions when she did). For example,
(CS4 T2) AND WE STAYED THERE FOR BURGER KING was realised as'['?2™n wi 'serd. 8s! fo

'ba_ga” x17n]. There was no attempt to repair the reduced onset cluster realisation in

STAYED.

Querying Tallulah’s production resulted in repair attempts but these were not always
immediately successful. In conversational speech there was some variability in cluster
production demonstrated by different versions of the same lexical target (Example 1) or
from what appeared to be difficulties in planning or phonological assembly of complex

targets across word boundaries (Example 2).

Example 1: Target: SPIDER: realised in three different forms

Tallulah | SPIDER
[!spaida]
J And what’s this?

Tallulah | SPIDER WEB WHAT SPIDERS MAKE OF (?SILK)
[

['farde 'web wom® m bardez 'metk’ ov 'sni]

J Can you say that again?
Tallulah | UH-WHAT SPIDERS MAKE OF (??SILK)

[(v) wo? 'spaidez 'me&ik ove ('nji_ge)]

Tallulah’s realisation of SPIDER as a SW matched the adult target; in her next production she
was producing a linguistically complex multi-word utterance and first produced [f] which
had not been common for /sp/ although there were other infrequent examples of
coalescence at T1. She realised the next target /s/ as a bilabial nasal with turbulence. This
segmental sequence when /s/ and /z/ were followed by a bilabial plosive was particularly
vulnerable to nasalisation (as has already been noted). Her final realisation of the target
was accurate; this was possibly aided by the request for repetition, although this request

was actually focused on the final word in the utterance rather than “spider”.

The next example was from the sentence imitation task and relates the SFWF clusters in

the targets COLLECTS and STAMPS.
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Example 2: JOHN COLLECTS STAMPS (NS 12)

Tallulah JOHN COLLECTS STAMPS
['go~p kh o'leps 'steps () 'stz"mps]
J Do that again

Tallulah JOHN COLLECTS STAMPS

['gop kh a'lep () da~ (.) I'ste™ ‘ps]

J Is that a tricky word-collects- John collects stamps
Tallulah JOHN COLLECTS STAMPS

['&o™p kh o'leks 'ste~mps]
J Well done

Tallulah’s realisations of COLLECTS and STAMPS appear to be affected by assimilatory and
simplification processes. Her first attempt showed apparent perseveration between the
two SFWF clusters, although she then self-corrected. Her second attempt resulted in two
separated segments being produced as the SFWF cluster in COLLECTS and omission of the
bilabial nasa! in sTaMPs (although nasalisation of the vowel was realised). Her final attempt,

after an adult model, resulted in an acceptable production.

4.21.2 Systemic processes T2

Systemic processes_had also largely resolved by T2; there were still occurrences of fully
devoiced final obstruents, for example, BIRD realised as [bat]; LEGs realised as [legs].
Gliding of /r/ was common but variable, for example, THREE realised as [fwi] but RABBIT

as [lizbit’ 1.

The phonological process analysis indicated that Tallulah’s speech difficulties were
resolving, as had also been indicated by the results of her Picture Naming Test and PCC
results. The next part of the analysis was designed to consider other aspects of Tallulah’s

speech output that had not been captured through the phonological process analysis.

4.22 Features not captured through phonological process analysis T2

As at T1, the phonological process analysis revealed a wealth of information which
contributed to the description and explanation of Tallulah’s speech patterns and
intelligibility. However, a wider analysis was necessary in order to examine the other
features such as the atypical nasal realisations which could not be accounted for through a
traditional phonological process analysis approach. In addition the production of
multisyllabic words, variability, and word juncture behaviours in multi-word utterances

were explored.
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4.22.1 Nasal realisations T2

By T2 the frequency of use of velopharyngeal fricatives and the occurrence of nasal
turbulence or audible nasal emission had reduced considerably. In'the SW data there were
only two examples; DUSTBIN realised as ['dam b1™n] and HosPITAL realised as
['"ho™m D" 1tou]. This pattern where the target “alveolar fricative followed by bilabial
plosive” was particularly vulnerable to nasal turbulence was mentioned at T1, and at T2
was still found in conversational speech (CS 4 T2) where Tallulah was talking about HOSPITAL
as ['hom D™ 1tu_]. This occurred also in connected speech across word boundaries, for

'wa™n wom” 'big hu

example, in THAT OTHER ONE WHAT’S BIG WHO SQUEEZE You [ '3&? av
Vskwiz 'jul, SFWF /s/ was realised as a voiceless bilabial nasal with turbulence before

the bilabial plosive [b] (see table 4.11).

Table 4.11 Tallulah: Examples of nasal turbulence in multi-word speech T2

NS 33 | THETOY ELEPHANT WAS BROKEN

[8a 'tor '?slafafi? wom *'bisuks™n]
CS2 THAT OTHER ONE WHAT'S BIG WHO SQUEEZE YOU.
['822 av~ 'wa™n wom” 'big hu 'skwiz
! jul

There were occasional other instances of nasal realisations; for example, in naming scHooL
(SW) she said BORING sCHOOL realised as [bowip p %k uu] but the most persistent examples

were in the phonetic context already described.

4.22.2 Multisyllabic words T2
Tallulah’s production of multisyllabic words was still, at times, atypical. This appeared to
be influenced by segmental complexity and possibly lexical familiarity. Some examples are

given below:

1) NS 19: target HE JUDGED THE COMPETITION [hi 'dad 3o 'ffoba'kife~n]. In this
imitated utterance, the SIWI voiceless velar plosive has been realised as a voiceless
post-alveolar affricate, suggesting the long domain harmony from the influence of
the SIWI voiced post-alveolar affricate in the word JUDGED. The bilabial SFWW nasal
and SIWW voiceless plosive have been replaced by a single bilabial voiced plosive

which assimilated features of both adult targets (i.e. voice plus plosive). The
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voiceless alveolar plosive has been backed to a velar placement and the final

syllable matched the aduit model.

2) SW target AvocADO: (NB: This item was produced as a résponse to a request to
name a picture of a strawberry). In this example the first consonant, a SIWW
voiced labiodental fricative, was realised as a voiced bilabial plosive; the second
consonant, a SIWW voiceless velar plosive, was fronted; the third consonant, a
SIWW voiced alveolar plosive, was realised as a voiceless alveolar plosive. Her
immediately following repair attempt resulted in an accurate realisation of velar

plosive but not the other consonants.

Tallulah | ORANGE

[ Pov1~nd]

J No

Tallulah | AVOCADO-AVOCADO IT’S A FRUIT

[Pebu'th atheu. () #ba'kh ath av () '21tz o 'fut’ ]
J Avocado- no- this is something else

Tallulah | UM-STRAWBERRY

[o~m 'stuobi]

3) Tallulah’s spontaneous production of BOA CONSTRICTOR (CS 1 T2) was imprecise with
reduction in the number of syllables and a corresponding loss of segmental

information which might present difficulty to a listener.

Tallulah | A BOA CONSTRICTOR-ONE CAME TO OUR SCHOOL ]

[o 'bu~st® 117kt™ o 'wa™n 'kh er™m th o a 'skuv_]
J Listen to that - boa constrictor

Tallulah | BOA CONSTRICTOR

['ba~un 'ko™n %" 11kdal

Her initial realisation suggested that the motor programme for this low frequency
item was not fully specified and the adult model improved this with her imitated

production showing more precision and phonetic detail.

As in the phonological processes, the examples of nasal realisations and difficulties with
multisyllabic words were greatly reduced at T2. However, her ongoing variability,
especially with lower frequency vocabulary, was suggestive of motor programming

problems interfering with the establishment of accurate motor programmes.
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4.22.3 Variability T2

Although at T2 there was still evidence of segmental variability (as seen in some of the
previous examples) this had decreased considerably and it was no longer a major feature of
Tallulah’s speech. However, in complex linguistic environments (again as seen in previous
examples) Tallulah's skills were still fragile and at times this negatively affected the

acceptability and intelligibility of her word production.

4.23 Word juncture in multi-word utterances T2

As at T1, Tallulah’s use of assimilation, elision and liaison, and close versus open juncture
was examined in sentence repetition and in conversational speech. This was first explored
using the Newton Sentences Connected Speech Processes (CSP) task (Stackhouse et al.,
2007), (see table 4.12). Results were compared to those of other 7-year-olds and to

Tallulah’s scores at T1.

Table 4.12 Tallulah: Scores on the Connected Speech Processes (CSP) Repetition Task T1 and T2

| Tallulah s score T1 | Tallulah ’s score T2 | Score expected at age 7
Assimilation
tH 75%, (3/4) 50% (2/4) 92.40%
n# 50% (2/4) 50% (2/4) | 80.43%
d# 100% (4/4) 100% (4/4) 43.18%
#/ 50% (1/2) 100%(2/2) 83.83%
Elision
Cti#C 50% (2/4) 25% (1/4) 86.94%
Cd#C 70% (7/10) 30% (3/10) 72.63%
Liaison
j-liaison | 25% (1/4) 50% (2/4) 91.49%
w-liaison | 0% (0/2) 50% (1/2) 95.35%
r-liaison 0% (0/4) 25% (1/4) 86.15%
Articles
Indefinite | 0% (0/2) 0% (0/2) No norms given
Definite | 0% (0/2) 0% (0/2) No norms given

Tallulah’s use of assimilation was essentially unchanged but it is difficult to draw

conclusions about her use of elision in these examples which appeared to be less well |
developed than at T1. More positively, different forms of liaison, of which there had been
little evidence at T1, were now being used in this sentence repetition task, thus more
closely matching patterns seen already in conversational speech. However, as at T1,
Tallulah’s word boundaries were still often realised with open juncture and this was
perhaps reflective of the perception that she took a sometimes careful approach to the

imitation task as described in section 4.12.1. There were a few instances where she
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repeated the stimulus items either in response to an adult request or to self-correct. Her
repeated realisation usually showed some differences at word boundaries. Two examples

are given below:

1) Target: elision THEY ROBBED THE BANK YESTERDAY. Tallulah's first production was:
[da 'wod(.) ds 'be~p? 'jen’th ader]l. When asked to repeat the sentence
to repair the nasal turbulence in YESTERDAY, her second production was: [der
'wob_d. (.) 3a 'bapk (.) ' jesth oder]. In the first example, there was a pause
between ROBBED and THE, and elision of the voiced bilabial plosive in ROBBED. In the
second example, close juncture was used between the pronoun and verb (THEY
ROBBED) and determiner and noun (THE BANK) but other word boundaries were
delineated by pauses (although this may have facilitated the realisation of the
SFWF velar plosive in BANK). This may have allowed more planning time for Tallulah
to plan the production of YESTERDAY (and indeed ROBBED) which were arguably more
complex segmental sequences.
2) Target: assimilation THE BROWN BEAR EATS FISH. Tallulah’s realisation:

['biav™m bigs () m* 'baavn () 85 'baav™n () 'bea () 'it" ()
lve_[]

In her first production Tallulah used appropriate assimilation at the word boundary
between BROWN and BEAR, but she also perseverated on the initial consonant
cluster of BROWN, producing it again for the onset of BEAR. She recognised the error
and attempted a repair (producing a short burst of nasal turbulence as she did so).
She used close juncture between the determiner and adjective (THE BROWN) but
open juncture through the rest of the utterance so that the assimilation was then

not produced.

In conversational speech there was some evidence of close juncture with assimilation and
liaison processes occurring. For example: ONE OF THOSE BIG ONES WHAT SQUEEZE YOU realised as
['wa™n o Bouz. 'big 'wa™nz. wo? 'skwiz jul, showed anticipatory post-alveolar
assimilation. In the utterance | HAVE (TO) DO IT BY NAILS Tallulah used both [j] and [w]
liaison appropriately in intervocalic contexts: ['?a1l a_z 'duw 1?2 ba_1 'nervz].
Unlike sentence imitation where the pattern of open juncture was pervasive, Tallulah’s

conversational speech was more typical in that close juncture forms predominated.

106



Chapter Four. Case study: Tallulah

However, opportunities for assimilation and elision at word boundaries were limited by

lexis and grammar, with for example, very few instances of regular past tense endings.

In Tallulah’s conversational speech there were examples of approbriate phonetic reduction
in multi-word utterances. For example (CS 1 T2) CAN | TELL YOU SOMETHING was realised as
['kh a1 'te jo 'sa™mfi~p] with cAN and I reduced to a single form. However, on
occasion, this hyperelision impacted on intelligibility. For example, (CS 4 T2) | WAS A TINY
LITTLE BABY IN MUMMY’S (?TUMMY BUTTON) realised as [ wo? o 'th amni lis 'beibi 1™n
'ma~miz. ('th aura~n?)]. The final words in the utterance were unclear but from

segmental and contextual cues were interpreted as TUMMY BUTTON.

4.24 Summary of findings T2

Assessment at T2 demonstrated evidence of changes in Tallulah’s speech production. This
was shown through PCC with a score of 91.47%, compared with 70.82% at T1, and in single
word naming where the overall score was in the range typical for her age. However, her
speech output was still affected by minor phonetic differences and infrequent but
persistent structural phonological processes, in particular cluster reduction. Atypical
patterns of nasal airflow and turbulence were much reduced in frequency but still

occurred, particularly in phonetically vuinerable contexts.

Tallulah continued to have difficulties with motor planning, as evidenced by the DDK task.
Complex sound sequences were still vulnerable to breakdown, as seen at times in
multisyllable words and instances of hyperelision in multi-word utterances. This was also
reflected in use of open juncture in the sentence imitation task. However, overall she
could be classified by this point as having a mild level of difficulty and she was producing

stretches of conversation which sounded entirely typical for a child of her age.

This leads to the exploration of the impact of these changes on Tallulah’s intelligibility as .

experienced by the listeners who participated in the study.

4.25 Intelligibility T2

Tallulah’s intelligibility at T2 was measured in the same way as at T1 (see Chapter Three,
Methods). The same 10 SW and 5 imitated sentences recorded at T1 were recorded again
at T2 and edited for the intelligibility task; the conversational speech samples from T2 were

obviously different. Results for T1 and T2 were compared (see table 4.13).
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Analysis of results using the Wilcoxon Signed Ranks Test (see table 4.13) demonstrated that
the listeners’ recognition of Tallulah’s single words had improved significantly (Z=-4.494,
p=<.0001). Results for conversational speech also showed significant improvement (Z=-
7.056, p=<0001). Conversely, intelligibility of imitated sentences had slightly worsened and
this difference was significant (Z=-3.350, p=<.001). The significant difference between SW
and imitated sentences demonstrated at T1 had reduced (Z=-2.343, p<.019). The
difference between conversational speech and imitated sentences had changed
significantly favour of conversational speech (Z=-6.993, p<.0001). The difference between
SW and conversational speech remained significant (Z=-6.979, p<.0001) with

conversational speech being the best identified type of utterances.

The range of listener responses remained very wide for all types of stimuli, for example,
one listener (L9) recognised only 2/11 SW and one (L55) understood all 11 words. Overall,
conversational speech was the most intelligible type of utterance and although one listener

(L63) only identified 54.55%, 12/66 listeners correctly identified all of the utterances.

Table 4.13 Tallulah: intelligibility outcomes T1 compared with T2

Data type 71 - T1S.D. | TI1Min | T1 Max | T2 T2S.D. | T2Min | T2 Max
Mean % | % score score Mean% | % score score
(No.) {No.) ] % (No.) [ % {No.) | (No.) (No.) | % (No.) | % (No.)

Single words | 54.82 1295 |27.27 |81.82 |66.25 1854 | 18.18 | 100

(max no. = (6.03) (1.42) | (3) (9) (7.29) (2.04) | (2) (11)

11)

Imitated 80.30 10.34 | 50.00 | 100 74.79 1435 | 36.36 | 95.45

sentences (17.67) | (2.27) | (11) (22) (16.45) | (3.30) | (8) (21)

(max no. =

22)

Conver- 66.71 13.30 |[33.33 9167 |92.70 8.12 54,55 {100

sation (max

= 100%)

Responses to individual items also varied. In SW (see table 4.14) THUMB was least well
recognised (7/66) and sock was most intelligible (57/66). These items were both different '

to those least and best recognised at T1.

Table 4.14 Tallulah: Analysis of individual single words from intelligibility task T1 and T2

Word Adult target | Tallulah’s Number | Tallulah'’s Number
realisation T1 of words | realisation T2 of words
identified identified
by by
individual individual
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fisteners listeners

T1 T2
BISCUTS | /Ibiskits/ | ['br 0%k™ 12 ] [ 98/132* | ['b b 1sk™ 1ts] | 110/132*
BREAD /baed/ [bwed ] 11/66 [bied ] 46/66
DUCK /dak/ [da k' ] 57/66 [dak’ ] 31/66
FROG /fi1og/ [fwog~] 2/66 [fog] 49/66
GIRAFFE | /ga!1af/ [&o ' vaf] 65/66 (o !1af] 51/66
MONKEY | /'ma~pki/ | ['ma~pki] 60/66 ['ma~pki] 42/66
QUEEN | /kwin/ [kwia™n] 19/66 (kwin] 39/66
SOcK /sok/ [fyok' ] 14/66 [sok] 57/66
THUMB | / 6 A~m/ [fA~m] 21/66 [fa~m] 7/66
ZEBRA /!zebia/ ['debwa] 51/66 ['zebia] 49/66

*Score for BiscuiTs calculated as 1 for the lexical item and 1 for the plural morpheme

In sentence imitation (see table 4.15) JOHN PLAYED TENNIS was least intelligible (42.05%), a

change from T1, and MY UNCLE IS (A) FARMER (100%) was most intelligible as it had been at T1.

To measure how well MWU were recognised the total number of words in each utterance

was multiplied by the number of listeners and the percentage of correctly identified words

was calculated (see table 4.15 and 4.16).

Table 4.15 Tallulah: Analysis of individual imitated sentences from intelligibility task T1 and T2

Target Tallulah’s Percentage of | Tallulah’s Percentage of
sentence realisation T1 words realisation T2 words
recognised by recognised by
individual individual
listeners T1 listeners T2
| LIVE NEAR (A) [a1 'l1v ne 98.79% la1” 'l1v_ nea | 76.06%
BIG WOOD (.) |n8: 5 'blg" ()
'b1g 'wod ] wod | ]
JOHN PLAYED ['zo™n (.) 95.45% ['&o~nn 42.05%
TENNIS 'plerd (.) 'plerd
'th g~ n1?:ts] 'th g~nis]
MY UNCLE IS (A) [mat~ 98.86% [mar~ 100%
FARMER ~1?2a~pk "oz, o ~12a7pkl, 12,
' fa~mo] er 'fa~me]
THISSHAPEIS(A) | [31f 'feip 18 | 60.98% [61f 'feip1z, | 87.88%
SQUARE o~ ! §%ea] o 'skwea]
WESAW (A)TENT | [wi Ith w o 50.30% [wi 'so. ?e1 | 65.45%
BY (THE) RIVER th e nt" a 'th & n? bar
bar 8s {; da” 'arve’]
lwiva: 4]

109




Chapter Four. Case study: Tallulah

In conversational speech (see table 4.16) at T2 the least well-recognised utterance was ONE

OF THOSE CAME TO OUR SCHOOL (84.85%) with A VERY NICE FISH being the best (100%).

Table 4.16 Tallulah: Analysis of conversational speech samples from inteiligibility task T1 and T2

Target sentence T1 | Tallulah’s realisation Percentage of words
or identified by
T2 individual listeners
BUT IT DIDN'T FALL OVER T1 | [ba?1? 'di~eg 'fol auva] 61.87%
| (EH) WAS DRAWING (A) T1 | ['?2e”1: wo™m™ 'bowi™n o 72.54%
:loclTJt;iEzem (UM) BOBBY'S Iph 12 '1~ine”. () _e°m
(.) 'bobify 'haufy]
MAYBE IT'S JUST (A) PAPER Tt | ['mebi? 2 ‘'d_fos® o |53.33%
Iph er'ph e_:]
WE USED SCISSORSLASTNIGHT | T1 | ['wi ju 'S 177 ot fa~ < 46.97%
2 nar?:h ]

WELLONEWASINMYDRAMA | T1 | ['weu_ 'wa~nwaZ''1™m™ ma1 | 81.96%
AND HE’S CALLED TOM bwa”_me. & n 'hify

'kh o1t 'th p~_im]

(A) VERY NICE FISH T2 | [ 'vevi 'nars 'f1_J:] - | 100%

ON MY BODY IHAVEFIVE LEGS (T2 | ['?p™n ma1 'bodi 'Pa1 hev | 97.92%
(...) 'faiv 'legz ]

ONE OF THOSECAMETOOUR | T2 | ['wa™n o 'Gouz 'kh er™m 84.85%
SCHOOL : th a% @ 'sku~0:|
THAT’S ONE OF THOSE BIG T2 | [6ets () 'wa™n s 3ovuz. |94.39%
ONES WHAT SQUEEZE YOU 'bIg 'WA~nZ wo? 'skwis

jul
THAT'S SIGN LANGUAGE T2 | ['dets 'sar~1” le~pwid] 88.26%

Following the detailed study of Tallulah’s speech output and intelligibility, the research
questions were considered in relationship to the findings. The discussion is focused mainly

on findings from T1 unless otherwise indicated, apart from section 4.26.6.

4.26 Discussion
The aim of this chapter has been to give a detailed description and analysis of Tallulah’s
speech, and to consider the impact of her speech production difficulties on her intelligibility
as judged by a group of adult listeners. At T1 at the age of 6;5 years Tallulah’s PCC was
70.82% and on the Picture Naming Task (Stackhouse et al., 2007) she produced only 28/60
whole words (46.66%) with no errors (z-score of -5.53), so on both of these quantitative
measures her speech was less accurate than that expected of a typical six-year-old. These

findings corresponded with a significant level of difficulty. Tallulah could therefore
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legitimately be included in that group of children described as having “persisting speech

difficulties” (Pascoe et al., 2006).

4.26.1 What will the detailed perceptual phonetic analysis of Tallulah’s speech at word
level reveal in terms of a traditional phonological process analysis (PPA)? What features

are not captured through a traditional PPA?

4.26.1.1 Phonological process analysis

The examination of Tallulah’s speech first focused on a phonological process analysis in line
with the most common approach taken in clinical settings (Skahan et al., 2007), although
this current analysis included information from both SW and MWU, thus drawing on wider
samples of data than those derived from the naming tests routinely used in clinical

practice.

4.26.1.1.1 Structural analysis

Cluster reduction was the most pervasive process in terms of freduency of occurrence and
potential for impact on intelligibility because of changes to word structure (Weston &
Shriberg, 1992; Yavas & Lamprecht, 1988). Tallulah’s realisation of consonant clusters was
poor with only 25.8% of word-initial and within-word productions in single words matching
the adult target. SIWI and SIWW clusters in conversational speech were realised with a
much lower rate of accuracy (15.38%) suggesting that she had difficulty in using mature

patterns in the complex phonetic and phonological environment of multi-word utterances.

Tallulah had atypical realisation of oral fricatives in /s/ clustérs (nasal realisations are
discussed in section 4.26.1.2), but another slightly unusual feature of her consonant
clusters was her production of some /r/ clusters. This involved a labial realisation of the
adult targets and was a pattern which affected 4/14 targets in the SW sample and also
occurred in MWU. These instances did not typically involve a simple reduction to one -
element, although they could as in the realisation of [ti] in TYRANNOSAURUS REX (CS 6) as
['ph ar“n'fposest 'weksT]. More usually targets were produced in a variety of ways
with bilabial realisation of alveolar and velar targets, and production of non-English bilabial
fricatives. For example, CROCODILE realised as ['owokxaga1d]; PRAM as [p owe™n]. This
second example is interesting because /pr/ might have been an achievable target for her,

given that she used both [ba] in [biaf:] and [pl] in [plein], instead of which the
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transition from the first element [p] to the immature [w] included the production of a
bilabial fricative. This output pattern may have been perceived as a segmental immaturity
but an alternative view would be that it was a phonetic by-product of an imprecise
articulatory gesture. If this interpretation is accepted, it is supportive of the argument that
her atypical output was related to motor planning difficulties. It may be the case more
generally that labial realisation potentially simplifies the motor planning demands of the
complex segmental sequences in consonant clusters. Lip rounding for /r/ is a visually and
perceptually salient feature and bilabial sounds appear early in development and require
less differentiated motor patterns than other sounds (Moore, 2004). Tallulah had
immature motor skills (as her DDK performance indicated) so by reducing the degree of
lingual involvement (as required for velar plosive segments in CROCODILE for example) labial

realisation of /r/ clusters would be an optimal solution to manage articulatory constraints.

4.26.1.1.2 Systemic analysls

Systemic phonological processes such as velar fronting arguably had less impact than
structural ones because they occurred less frequently (Klein & Flint, 2006) or because the
difference was phonologically less salient, such as gliding of /r/ to [w]. Evidence from
Tallulah’s clinical notes showed that her speech patterns were maturing. However, at T1
she was 6;5 and had been accessing intervention for three years; Shriberg (1997) states
that 75% of children with speech delay have achieved normal output by the age of six.
Although Tallulah’s systemic processes were not unusual in the population of children with
speech difficulties (Bowen, 2009), they nevertheless represented a significant difference in

comparison with a group of typical peers.

4.26.1.2 Features not captured through phonological process analysis

Other than identifying the persisting nature of the difficulties, based on the available
literature (Bowen, 2009; Grunwell, 1987; Williams et al., 2010) phonological process
analysis did not reveal any patterns in Tallulah’s speech that were particularly remarkable
or unexpected in that the structural and systemic processes shown by Tallulah and
described in the previous section are commonly reported in children who have speech
difficulties. However, Tall}ulah's nasal realisation of alveolar fricatives was both an unusual
and pervasive feature. A traditional phonological process analysis would lead to this
pattern being categorised as atypical, however, it does not conform to the core concept of

naturalness in the approach. It could therefore be argued that the phonological process
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approach could not adequately accommodate this major element of Tallulah’s speech

output.

4.26.1.2.1 Nasal realisations

From the first observation session with Tallulah a striking feature of her speech was the
nasal realisation of alveolar fricatives. Later analysis showed that the most common
segmental pattern was the velopharyngeal fricative. However, other realisations were
observed, namely oral alveolar or dental fricatives accompanied by nasal turbulence and
occasionally alveolar or dental fricatives accompanied by nasal emission. There were

occasional examples of long domain hypernasal resonance in multi-word utterances.

These types of nasal realisations are the result of different articulatory gestures. The
velopharyngeal fricative replaces alveolar or post-alveolar targets and results from stricture
between the velum and the pharyngeal wall, with air being forced into or through the nasal
cavity creating turbulence. Nasal turbulence has been described as a “snorting” sound,
(Henningsson, Kuehn, Sell, Sweeney, Trost-Cardemone & Whitehill, 2008, p. 7), although
this terminology is becoming obsolete (Howard & Lohmander, 2011). Nasal turbulence
may also accompany a target realised with appropriate oral placement and manner,
typically high-pressure consonants (plosives, fricatives and affricates). Nasal emission is
defined as “an audible escape of air through the nasal passage” (Henningsson et al., 2008,
p. 7) which also accompanies a target produced with appropriate oral placement.
Hypernasal resonance is the result of incomplete velopharyngeal closure (Wyatt, Sell,

Russell, Harding, Harland & Albery, 1996) which is perceived primarily on vowel segments.

In children who have typical speech development, the oral-nasal contrast emerges early
and without difficulty (Speake & Howard, 2012). Atypical nasal airflow and resonance are
particularly associated with cleft palate and velopharyngeal dysfunction (Henningsson et
al., 2008; Howard, 1993; Sell, Harding, & Grunwell, 1994). These atypical patterns have
also been reported in speech associated with other difficulties with an organic origin, for
example, hearing impairment/deafness (Stevens, Nickerson, Boothroyd, & Rollins, 1976),
post-adenoidectomy (Andreasson, Leeper, & MacCrae, 1991) and dysarthria (Dagenais et
al., 2006). There was no evidence to suggest that there was any organic cause for Tallulah’s

nasal realisations.
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There are also accounts in the literature of children who have atypical nasality patterns
which do not have an organic basis but are associated with CAS, although these accounts
are quite few in number. Stackhouse and Snowling (1992) describe “Caroline”, aged 11;9
who had “fluctuating nasal quality indicating vocal tract incoordination” (p. 38). Davis,
Jakielski and Marquardt (1998) report on “S1” aged 5;9 who had “difficulty in controlling
velopharyngeal closure in connected speech, as evidenced by mild hypernasality” (p. 41).
Given the pervasive effects of motor planning difficulties that may occur in CAS, difficulty in

coordination of velopharyngeal movement is not unexpected.

Atypical nasal patterns may also occur in children who have phonological disorders, where
nasal realisation of segments is associated with velopharyngeal mislearning (Trost-
Cardamone, 1989). Ball, Manuel and Muller (2004) describe “Thomas” aged 3;10 who had
significant hypernasal resonance on most but not all words. They report that he produced
the majority of segments with velar placement, (with atypical contact between the tongue
back and velum) and a lowered velum. However, he realised a small number of high
frequency words in a typical way and the authors characterise his speech system as

demonstrating phonological mislearning at an early stage of speech development.

This concept of phonological mislearning (and the use of an active nasal fricative to signal
distinctions between segments) was explored by Harding and Grunwell (1998) who, in

describing children with cleft palate, report that some:

“apparently respond to a subconscious awareness of their limited phonetic and
phonological repertoire by actively employing non-native sounds from their phonetic
repertoire in order to maximise their range of meaningful contrasts” (p. 330)

They report that this pattern may occur in children who do not have cleft palate and that
Trost-Cardamone (1990) refers to it as “phoneme specific nasality” (p. 334). However, this
does not seem to be a mainstream issue as three recently published books focussing on
intervention for speech sound disorders (Bowen, 2009; Rvachew & Brosseau-Lapre, 2012;
Williams et al., 2010) make almost no reference to any type of abnormal nasal resonance

or airflow patterns.

Notes in Tallulah’s case history indicated that this feature of atypical nasality had emerged
early in her speech development, having been noted at her initial assessment at age 2;2.
Emergence at this time could feasibly be attributed to difficulties with motor planning if at

the stage where Tallulah needed to use frication contrastively, she was not able to produce
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oral fricatives. Her solution was to use nasal turbulence “in order to maximise (her) range
of meaningful contrasts” (Harding & Grunwell, 1998, p. 330). This mislearned phonetic and
phonological pattern suggests an active search for solutions to output limitations similar to

that described in relation to Tallulah’s realisation of consonant clusters.

The perceptual impact of Tallulah’s nasal turbulence was striking, and besides any effect on
intelligibility, the turbulence impacted on the acceptability of her speech. Whitehill,
Gotzke, and Hodge (2011) describe acceptability in terms of an outcome parameter
“closely associated but not synonymous with intelligibility” (p. 294). They give a definition
from Witzel (1995) stating that acceptability is “the subjective impression of the
pleasingness of speech” (p. 147). Acceptability has relevance to social interaction and self-
esteem and is an essential consideration in intervention. In the literature relevant to
children’s speech acceptability has been particularly explored in relation to cleft palate
(Henningsson et al., 2008), but is not mentioned in recent text books on speech sound
disorders in children (Bowen, 2009; Rvachew & Brosseau-Lapre, 2012; Williams et al.,
2010). This is a concept that could usefully be examined in a broader way for children with
a range of speech difficulties; for example, pervasive glottal stops affect intelligibility but
arguably might also affect the “pleasingness” of speech, as might prosodic disruptions. For
children with cleft palate speech acceptability is considered in target setting and decisions
about whether intervention is offered. This is not obviously common practice with children

who have speech difficulties which are not associated with cleft palate.

4.26.2 What does comparison of the patterns in Tallulah’s speech data reveal across three
speech elicitation conditions (1: single word production; 2: connected speech in sentence

Imitation; 3: connected speech in spontaneous conversation)

Comparison of the three types of sampling conditions shows that the main difference in
Tallulah’s segmental output was in the frequency of mature consonant cluster realisation,
with those in single words being more accurate than those in conversational speech. This
would suggest that Tallulah's ability to manage the production of consonant sequences was
affected by the complex phonetic environment of multi-word utterances. However, the
accuracy of those in imitated sentences was more like SW than conversational speech. This
might strengthen the suggestion that processing load was a factor in the production of
complex sound sequences in conversation, since repetition of heard sentences does not

require the same lexical and syntactic resources as spontaneous speech. Another factor,
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perhaps more important, may have been her greater use of open juncture in the repetition
task, allowing more planning time for word production. it was also noted that weak
syllable deletion within words only occurred in conversational speech suggesting that the

phonetic complexity of the environment of multi-word utterances might again be a factor.

Another difference between single words and multi-word utterances was in the production
of muiti-syllabic words. In SW naming Tallulah’s realisations showed differences to the
adult target which were generally predictable through the segmental analysis, but in
conversational speech productions words of 3 or more syllables showed greater variability
in both structural and segmental aspects. For example, STEGOSAURUS (CS 6) realised as
['kh eckoi]l. Typically developing children make occasional errors in polysyllabic words
(defined as 3 or more syllables) up to the age of 11 years (James, van Doorn, & McLeod,
2008). Children who have speech difficulties make more errors (ibid) as did Tallulah; they
are also reported to make different errors, for example, metathesis which rarely occurs in
the production of typical children (ibid), although Tallulah did not show instances of this.
Her realisations of longer words showed persisting phonological processes and phonetic
variation occurring with greater frequency in MWU.. These observations support the view
that speech assessment must include description and analysis of multisyllabic words in

conversation.

The inclusion of the different types of sampling conditions therefore, revealed phonetic,
phonological and prosodic information which was not evident from the SW data alone.

Another such set of observations related to word juncture in MWU. In conversational
speech at T1 Tallulah’s word juncture showed examples of typical liaison but there were
few clear examples of assimilation or elision at word boundaries because the opportunities
for this were limited by lexical and grammatical factors. For example, she rarely used verbs
requiring regular past tense morphemes which would have been realised in some phonetic
contexts with élision in typical adult speech. In those few that occurred she usually used
open juncture. For example in HE’S CALLED TOM the boundary between cALLED and TOM would
typically be realised with elision of the past tense morpheme but Tallulah realised it not
only with open juncture but with an ejective plosivé in the SFWF position in caLLeD [ hifn

'kh 5:t" Tth p~_im]. She did sometimes use close juncture and immediately before
this last example she had used assimilation of a SFWF alveolar nasal to a bilabial nasal in
the utterance IN MY DRAMA realised as [ 1"m” ma1~ 'bwa~_me_]. However, open juncture
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was frequent and at times she alternated between stress-timed and syllable-timed speech,

with open juncture predominating in stretches of syllable timed utterances.

Tallulah’s use of open juncture was even more marked in thé sentence imitation task
where, contrary to conversational speech, there was very little evidence of liaison and her
pauses were perceptibly longer, as in IOHN (pause) PLAYED (pause) TENNIS realised as [ '3p™n
(.) 'plerd (.) 'th £~n1?:ts] and JANE MADE SOME (pause) soup (said twice) realised as
['ger™n 'merd ' 8%~ .m () Jupfiy '$50p’ t' 1. This could be explained as a task
effect, as Tallulah was repeating words and structures which she might not use in her own
output, but also because she was a child who had had several years of speech and language
therapy. It is interesting to reflect on what effect this might have in such assessment tasks
and children’s perspectives on why they might be asked to repeat in this way. If Tallulah's
(accurate) view was that this was to test her speech output she might respond by
attempting “best speech” (Klinté, Salameh, Svensson, & Lohmander, 2011) with open
juncture concomitant with having time and space in which to do this. Thus her response to
the task appears to reflect her awareness of the need to focus on her speech output, where
focus can be described as “attention, motivation and effort” (Kwiatkowski & Shriberg,

1998, p. 28) in order to effect positive change.

4.26.3 Does Tallulah’s speech output show phonetic variability within different speech

elicitation conditions?

Throughout the analysis it was noted that there was considerable phonetic variability in
Tallulah’s speech. Sometimes this was progressive (Tyler & LeWis, 2005), with production
varying between immature productions and the mature adult form. Sometimes, however,
it appeared to be related to complexity, not only of the phonetic environment but also of
the broader linguistic demands of MWU, as described by Tyler, Williams and Lewis (2006).
Variability may be the result of intervention (Grunwell & Harding, 1996; Howard, 2004) or-
of maturing development (Mcleod & Hewett, 2008) and for Tallulah both of these
elements may hold true. A further factor to consider is the variability resulting from the
transcription of Tallulah’s speech. Although approximately ten percent of the sample was
transcribed through consensus listening (see Chapter Three, Methods) the perceptual
analysis particularly of her nasally realised segments, and often those in muiti-word
utterances, was sometimes challenging especially in terms of place of articulation. This is

not to suggest that Tallulah's speech was not variable but that the transcription is “an
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abstraction” of speech data (Cucchiarini, 1996, p. 132) and “should never be considered the
truth” (Muller, Damico, & Guendouzi, 2006, p. 11). This emphasises the need for sufficient
data collection across different sampling types to allow the transcriber to look for
significant patterns rather than singular speech events. For Tallulah variability was also
evident with segments other than those that were nasally released but the same approach

of needing several examples from different data sources held true.

The differences in speech output relating to speech sampling condition were primarily in
the realisation of consonant clusters and multisyllabic words as described in section 4.26.2.

However, the variability could not be described as systematic.

4.26.4 Does the psycholinguistic speech processing profile provide explanations of

Tallulah’s speech output patterns?

Tallulah’s speech processing profile showed that input processing skills, assessed with a
variety of tasks, were in the typical range for her age. By contrast, output skills were
significantly impaired. As described in section 3.9.1,, the stimuli used in the input activities
were published items used for norm-referencing and were not based on Tallulah’s own
output errors; individually designed stimuli may ha\)e been more sensitive to processing
difficulties. The production of accurate motor programmes, assumed to be “based on the
child’s stored representation” (Stackhouse & Wells, 1997, p. 82) was a clear area of
difficulty. The profile does not offer an immediate explanation of the source of Tallulah's
impaired speech output, other than her poor performance on the DDK task which indicated
that she had difficulties with motor planning skills. However, Tallulah’s non-word
repetition was significantly better than her naming of matched real words. This suggested
that motor programmes had not been updated but that her ability to produce more mature
articulatory gestures was improving. It is possible that she had had difficulties with motor
programming, impacting on the establishment and updating of motor programmes but her

non-word repetition skills at T1 suggested that these were also resolving.

Given that the processing profile potentially offers an explanatory framework for specific
aspects of speech output by supporting a summary of strengths and difficulties, the

realisation of consonant clusters and multi-syllabic words were further considered.

One possible source of the vulnerability in the production of both of these aspects of

output, consonant clusters (section 4.26.1.1.1) and multisyllabic words (section 4.26.2),
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was whether Tallulah’s underlying phonological representations were weak or
underspecified (James, 2009; Stackhouse & Wells, 1997). However, the profile of Tallulah’s
input processing skills at T1 suggested that this was not the case: Evidence of the relative
strength of her underlying phonological representations may come from her production of
unstressed syllables in a word initial position such as GUITAR [?1'th a_?] and PYJAMAS
[o'da™moz.] where the SIWI consonant was replaced with a glottal stop or deleted but
the presence of the syllable was realised by an appropriate vowel. James et al. (2008)
suggest that this indicates that the child has an awareness of the underlying phonological
representation of the target word. For Tallulah therefore it appears that her realisations
were more likely to reflect motor difficulties than input deficits as already discussed.
However, it was interesting to see at T2 that although speech output had improved,
Tallulah’s phonological awareness skills (as assessed using Hatcher, 1994) did not show any
real change, suggesting ongoing difficulties in tasks requiring segmentation and blending of
words. Stackhouse (1992) discusses the “unfolding and changing nature” (p. 30) of speech
difficulties. Tallulah’s PSD could not unequivocally be attributed only to motor planning
difficulties; it was more likely that she had multiple deficits, as suggested by other studies
examining the processing skills of children with PSD (Pascoe et al., 2006; Wren et al., 2012).
The framework does not offer any historical perspective on Tallulah’s processing and it is
not possible to tell if she had had input processing problems at an earlier stage in the

development of her speech before the study began.

4.26.5 Does the intelligibility of Tallulah’s speech vary across different speech elicitation
conditions?

The quantitative scores for measures of Tallulah’s speech output implied that her
intelligibility would be compromised and this was strengthened by the phonological
process analysis because of the negative impact of structural processes such as cluster
reduction on word shapes (Faircloth & Faircloth, 1970). The most pervasive segmentall
difference in Tallulah’s speech was the realisation of fricatives, primarily the alveolar
segments /s/ and /z/, with nasal turbulence. Although it might not be unreasonable to
assume that the impact on intelligibility would be similar to that of other segments that
occur with similar frequency in words (Klein & Flint, 2006), the difference was a phonetic
variation rather than one which reduced contrastiveness, such as, for example, stopping.

In this respect nasal realisation of alveolar fricatives is similar to a lateral realisation of
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these targets. No information has been found in the literature about the possible impact
on intelligibility of this type of frequently occurring but clearly delineated phonetic

variance.

The intelligibility of Tallulah’s speech, as measured through the perceptions of 66 adult
listeners, showed that single words were least intelligible (mean, 54.82%), followed by
conversational speech (mean 66.71%) and that imitated sentences were the most
intelligible type of utterance (mean 80.30%). The differences between the sample types
were significant. The difference between single words and conversational speech, in
favour of the latter, mirrors the findings of other studies. For example, Speake et al.(2012)
in a study of two ten-year-olds with PSD found that peer listeners identified MWU better
than single words; Gordon-Brannan and Hodson (2000) found of a difference of about 10%
in favour of conversational speech in study of intelligibility in pre-school children.
However, in a study of five children with PSD, (Pascoe et al., 2006) only two of the children
had this pattern. For Tallulah it is clear that structural and segmental errors had a
significant impact on single word recognition; the mean score of 54.82% shows that only
just over half of her single words were identified. However, the contextual and prosodic
support available in conversational speech enabled listeners to perceive words more
accurately and the success rate increased to two-thirds of her utterances being recognised

(mean 66.71%).

It is interesting to note that Tallulah’s imitated sentences were significantly more
intelligible than either of the other two types of sample. Given the increased tendency to
use open juncture in this task, it appears that listeners benefitted from the contextual
support of a complete utterance together with Tallulah’s “best speech” (Klintd et al., 2011).
This allowed, for example, that consonant cluster realisation in the imitated sentences was
similar to that in single words rather than conversational speech but the more accurate

realisations benefitted from the contextual semantic and syntactic support of MWU.

One final important point is that although there were significant differences between the
mean scores of the sample types, the range between the minimum and maximum words
recognised was very wide for all types of words. The listeners’ perceptions varied
enormously; a few identified almost everything Tallulah said and a few recognised very
little. A range of listener experience is commonly found in intelligibility studies with factors

such as experience of disordered speech, familiarity of the speaker and variants such as
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age, sex and accent being suggested as influencing listeners’ word recognition skills
(Pennington & Miller, 2007). No such details were examined in relation to this current

study.

4.26.6 Are any changes in Tallulah’s speech output evident between two points in time
and do any changes impact on the intelligibility of her speech?

The improvement in Tallulah’s speech output between T1 and T2, a time span of 10
months, was demonstrated in the PCC measure of 91.47% at T2 (compared with 70.82% at
T1) and score on the Picture Naming Test of whole word correct of 49/60 (z = -1.32)
compared with 28/60 (z = -5.53) at T1. In single words her speech showed residual atypical
patterns with minor immaturities and occasional nasal realisation of targets. This pattern
was repeated in multi-word utterances where, for example, cluster reductions, as well as
nasally realised segments, were still evident, although much less frequent than at T1. For

example, THE TOY ELEPHANT WAS_BROKEN realised as [3o 'tor !'?elofofi? wom”

'basuka~n].

At T1, Tallulah’s repetition of non-words matched to the real words elicited in the Picture
Naming Test was overall in the range typical for a child of her age. The implication was that
she was therefore managing the production of novel material more effectively than already
known words. This might have reflected lack of lexical updating (Stackhouse & Wells, 1997)
where the motor programmes of already known words were not changed to reflect the
capacity to use more mature speech output skills. T1 assessment may have captured a
point in her development towards this happening because by Ti real word naming was in
the typical range. Tallulah’s ability to produce novel material at T1, together with a pattern
of variability that included the production of mature forms, could be interpreted as positive
prognostic indicators. She had also been stimulable for all English phones, another
important factor in prognosis (Glaspey & Stoel-Gammon, 2007; Powell & Miccio, 1996)..
Although in complex linguistic environments, Tallulah’s emergent skills at T2 were
vulnerable and utterances occasionally broke down, the frequency of variability which had

been so evident at T1, had reduced.

Interestingly Tallulah still had difficulties with motor planning as evidenced by her
performance on the DDK task which was essentially unchanged at T2. This suggests that

she was learning to manage the phonetic and phonological demands of familiar words and
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phrases in spite of these ongoing motor deficits. DDK tasks, dissociated from meaning, do
not draw upon established lexical representations. Therefore, if speech “emerges from the
child’s experience with the use of language across multiple levels of representation in many
contexts” (Rvachew & Brosseau-Lapre, 2012, p. 284), in the absence of any gross
neurological or structural abnormalities, DDK tasks are potentially no more indicative of
actual speech performance than other oro-motor skills. However, poor performance on
DDK tasks may be an important risk factor for persisting difficulties (Wren et al., 2012) and

also a reflection of a highly impaired speech processing system (Pascoe et al., 2006).

Word juncture behaviours were similar at both points in time in the sentence imitation task
and consideration of these data leads to a cautious conclusion that Tallulah’s tendency to
use open juncture was a response to the tasks and her awareness of being tested rather
than necessarily a difficulty in managing word boundaries per se. By T2 her use of open
juncture in conversational speech had decreased and with the improvements in her

segmental system, at times short stretches of her speech output sounded perceptually

entirely typical.

Changes in speech output resulted in significant improvements in intelligibility as judged by
the listeners. This was evident across all types of sampling conditions and the relationships
between them had changed so that words in conversational speech were now better
recognised than those in imitated sentences; single words remained the least well
identified data. The listeners’ understanding of imitated sentences was actually worse at
T2 (mean 74.79%) and the range between minimum and maximum scores remained very
wide. It is interesting with a PCC of over 90% that the minimum scores across all sampling
types were still so low (one listener recognised only 2 of the single words, another only just
over 50% of the conversational speech). In a study of two children who had PSD, focussing
on intervention for vowel difficulties, Speake et al. (2012) found that even when the
children’s vowel difficulties resolved, intelligibility, as judged by a group of peer listeners,'
showed a wide range of outcomes. It was suggested that there may be subtle qualitative
difficulties remaining which impacted on the experience of the listeners and this may be
the case for Tallulah. It may also be the case that some listeners are able to employ more

effective strategies in dealing with speech that is difficult to understand but it is not at all

clear what these may be.
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4.27 Summary and conclusions

A comprehensive phonological process analysis (PPA) of Tallulah’s speech at T1 identified
that the main process used was cluster reduction; this was more evident in MWU than in
SW. Further analysis beyond the scope of a typical PPA showed significant segmental
difficulties in the form of atypical nasal realisations of alveolar fricatives; these were
pervasive in all types of elicitation conditions. Analysis of MWU revealed segmental and
prosodic features which were not evident from a traditional single word naming test,
including more frequent use of open juncture than might be predicted from the literature.
In addition, Tailulah’s speech was highly variable and not all variability was between her
atypical patterns and a more mature adult target which would be indicative of progress,

although this did occur.

Psycholinguistic assessment demonstrated that Tallulah’s speech processing skills were
stronger in input tasks than in output activities, and her speech was more accurate in non-
word repetition than in picture naming. However, Tallulah’s performance on a DDK task
indicated that she had difficulties in motor planning. One explanatory interpretation of the
psycholinguistic profile is that difficulties in motor planning had affected the development
of Tallulah’s motor programmes. However, as she had matured and speech processing
skills had further developed Tallulah was better able to realise mature speech patterns, as
demonstrated by her non-word repetition at this point in time. These more mature speech
patterns were also seen with the examples of progressive variability. However, at T1 she

had not updated existing motor programmes, as demonstrated by her real word naming.

Tallulah’s severe and persisting speech difficulties affected the intelligibility of her speech
in all types of utterance although listeners were better able to recognise words in MWU
than as single items. Listener identification of all types of utterance showed a wide range

of outcomes.

By T2, Tallulah’s speech output and her intelligibility had both significantly improved

although she continued to show residual difficulties reflecting those identified at T1.

The next case study in Chapter Five is Harry, who was 7;5 at the time of the first

assessment.
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Chapter Five

Case Study: Harry 2

5.1 Background

At the beginning of the study Harry was 7,5; he was first referred for speech and language
therapy when he was 3;1 because according to the health visitor he had “poor speech
development” and it gradually became evident that he had severe difficulties with speech
output. There was no family history of delays in speech, language or literacy development
apart from a note in the file that a cousin had speech and language therapy; no other
details were recorded. No concerns had been reported about Harry’s hearing. From 4;1
until 5;3 he attended an Early Years’ education facility where he had small group specialist
teaching and intensive speech and language therapy. Intervention continued on a less
intensive basis when he started mainstream school; at the age of 5;5 the speech and
language therapist commented that Harry’s “connected speech is mainly unintelligible

unless in context”. He was reported by his class teacher at 7;5 to have severely delayed

literacy skills.

5.2 Initial observations T1 (C.A. 7;5)

The first impression of Harry was that he was talkative, usually speaking in a loud voice. His
voice quality was slightly hoarse and there was tension around his mouth and jaw, resulting
at times in a “tense voice quality”(Laver, 1980, p. 146-156). He expressed his opinions and
engaged in conversation enthusiastically but was less keen to demonstrate recent therapy
activities, although did so with a little encouragement. A recent language assessment had
indicated age appropriate language skills in both receptive and expressive tests (see
appendix 5.1). He was able hold a conversation with ease, in spite of his many atypical
segmental realisations and, particularly in extended talk, his sometimes poor intelligibility.
He used contextual and prosodic information well and would repeat or rephrase something
if asked what he had said, but he was not observed to change the way a particular word
was said to improve clarity without a prompt. - Harry’s speech production at this
preliminary examination was characterised by cluster reduction, atypical voicing, difficulty

with muitisyllabic words and stretches of conversation that were difficult to understand.

% Material from this chapter appeared in Speake et al., 2011
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Harry expressed clear views about his speech difficulties; he said that he was “fed-up”
when people did not understand him (“it’s boring”) and that this happened “lots of times

every day, a thousand times a day”.

5.3 Initial assessment T1

Harry’'s input processing skills and speech output skills in single words and multi-word
utterances were assessed following the approach described in Chapter Three, Methods
(see appendix 5.2 for his speech processing profile and 5.3 for the mapping of this profile to

the speech processing model).

5.4 Input processing skills T1

The investigation of Harry’s input processing skills included assessment tasks from

Stackhouse, Vance, Pascoe and Wells (2007) and other non-standardised activities.

e Discrimination between same/different SFWF single features and s-cluster
sequences in real words and non-words for example, lot/loss; vot/vos; lots/lost;
vots/vost, (Stackhouse et al., 2007). Harry’s overall number correct was 33/36
compared with a mean score of 35.25/36 (S.D. 0.79) for a typical 7-year-old. His z-
score was -2.84, indicating a significant level of difficulty. However, there was a
difference between real words 18/18, z=0.46, in the typical range for his age and a
score of 15/18, z=-5.2 for non-words, which was considerably below the range

expected for a child of his age.

o Discrimination of segmental differences between pairs of complex non-words (for
example, /spavb/ vs. /spaud/; /fasp/ vs. /faps/, (Stackhouse et al., 2007).
Harry’s overall score was 67.5% compared with a score of 90.66% (S.D. 7.5%) for a
typical 7-year-old. His z score was -3.08 indicating a significant level of difficulty.
His ability to judge that a pair of non-words was the same resulted in a z score of - -
2.38; his ability to judge that a pair of words was different was at a similar level, z=-
2.74. The majority of errors occurred with stimuli reflecting differences in place of
articulation with 5 errors in 11 items, for example, /'bagli/ vs. /'badli/, and
metathesis with 3 errors in 6 items, for example, /'bikat/ vs. /'brtak/. With
cluster sequences 3/4 were correct, /faps/ vs. /fasp/ was the error, and 1/2

vowel judgements were correct with /krib/ and /kreb/ being judged the same.
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Auditory lexical decision (ALD) with pictures (Stackhouse et al., 2007), recognising
production errors in 1, 2 and 3/4 syllable words. Harry’'s scores were typical for his
age with an overall score of 113/120 compared with a mean for typically
developing children of 114.7, (S.D. 3.17), z=-0.53. His score for 1 syllable words was
38/40, z=-0.12, for 2 syllable words 39/40, z=0.17, and for 3/4 syllable words 36/40,
z=-1.08. Errors with 3/4 syllable words included acceptance of ['wsundabaut] for
ROUNDABOUT; ['parasut] for PARACHUTE; ['batafai] for BUTTERFLY. These
mispronunciations are all productions which Harry used in his own speech. Three

of the four errors related to place of articulation and one to cluster reduction.

Auditory lexical discrimination (ALD} without pictures (Stackhouse et al., 2007).
Harry was asked to judge whether the multisyllabic items that he heard were real
words or non-words, for example, /'ef1lant/ vs. elephant. Seven-year-olds are
expected to be 98-100% correct and test scores generally reach ceiling at age 6
years. Harry scored 93.33% (28/30). He made no errors in judging real words; he
made one perseveration error (judging /' hospipl ,/ as a real word) and one error

in detecting metathesis (judging /' ef11lant/ to be real word).

Auditory lexical decision, judging words in sentences, for example: mouse/mouth,
“point to the boy’s mouse was full of food” (Stackhouse et al., 2007). No norms are
available for Harry’'s age group; typically developing 5-year-olds are expected to
score almost at ceiling. The overall percentage correct for Harry’s responses was
84.72%; he was largely successful with CVC words apal;t from the minimal pair
MOUSE/MOUTH, where he made 8 errors in 36 items. In his own speech he used /s/
or /z/ for /f/ and /v/ asin [fa1z ] for ‘five’ and it may be that fricatives in this
SFWF position presented him with difficulties in both perception and production.
For words that contained word initial consonant clusters (CLOWN/CROWN and -
GRASS/GLASS), when asked to complete a preliminary identification at single word
level, Harry made no errors but at sentence level he made 8 errors in 36 items for
CLOWN/CROWN and 21 errors in 36 items for GRASS/GLASS. As with SFWF fricatives,
these errors appeared to indicate a link between Harry’s speech perception and

production skills, because cluster reduction was also evident in his speech.
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Harry’s phonological awareness skills were assessed using the assessment from the Sound
Linkage Training Programme (Hatcher, 1994) (note, these tasks typically tapped both input
and output skills). These activities assess phonological processing skills associated with the
representation and manipulation of sounds in words. Harry scored 18/36; the test does
not give details of norms but is presented as suitable for children at the early stages of
literacy development. Harry was able to listen to a word segmented into syilables (for
example, “win-dow”) and say what the word was (6/6). He could also listen to segmented
phonemes (for example, r-ai-n) and blend them into words (5/6). His scores on these tasks
indicated that phonological representations for these tested words were accurate. Given a
choice of three words Harry could verbally identify which two rhymed with some success
(4/6 items correct) but he was not confident in the task. He was able to segment words
into separate phonemes at CVC level but not when words contained consonant clusters
(2/6 correct). He was not able to complete a phoneme deletion task, (for example “take ‘s’
away from ‘stop’”) (0/6) or carry out a phoneme transposition task (“net” is reversed to
become “ten”) (1/6) with any reliability. Harry’s responses to these phonological
awareness activities suggested that he had some awareness of the internal structure of
phonological representations but was reliant on aduit modelling and support to manipulate
phonological information beyond a basic level. This need for adult support in the form of
repetition and a slow rate of stimuli presentation to introduce the activity was evident in
another non-standardised task to assess identification of onset and coda segments. Harry
was independently able to silently sort pictures of CVC words by onset but not coda, which

again highlighted a difficulty with identification of word-final speech sounds.

Harry’s performance on these assessments indicated that his ability to recognise
mispronunciations by an adult even with multi-syllabic words was typical for a child of his
age, and he was able to recognise similarities and differences in pairs of real words.
However, beyond a CVC level he found it difficult to manipulate phonemes in segmentation -
and blending tasks, and even with CVC words was not able to reliably identify coda
segments. At sentence level he showed difficulties in discrimination of real words where
the difference was between fricatives in SFWF position and with SIWI velar plus
approximant consonant clusters. These two patterns reflected difficulties in Harry’s output

in that both were patterns that he did not realise consistently in his own speech.
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Phonological awareness skills were at an early stage of development with Harry’s ability to
manipulate sounds within words at a level below onset and rhyme still limited. His input
difficulties with complex non-words might have implications for lexical development
because his impaired ability to discriminate speech sounds in novel words would impact on
the development of accurate phonological representations and associated motor
programmes. This could also have implications for the updating of already established
motor programmes in that lexical development and phonological development are closely

linked (Stoel-Gammon, 2011).

5.5 Speech output skills T1

Harry’s speech output skills were assessed using a range of single word tests; the Picture
Naming Task (Stackhouse et al., 2007) and the Non-Word Repetition Task (Stackhouse et
al., 2007). He also completed subtests of the DEAP (Dodd et al., 2002). The single word
(SW) analysis was based on 110 items collected during these tasks (appendix 5.4). The
multi-word data are from the analysis of T1 conversational speech (CS) samples 1-7
(appendices 5.5 to 5.10) and selected imitated sentences from the Connected Speech
Processes (CSP) Repetition Task (Stackhouse et al., 2007), (appendix 5.11 and table 5.20);
there are occasional examples from other conversational speech, which are indicated in the

text.

The Picture Naming Task (Stackhouse et al., 2007) allowed comparison of Harry’s whole
word production with the expected score for a child of his age (see table 5.1); scoring is
based on the number of whole words that match the adult target. His overall score across
all word lengths was 21/60 (35.00%), z=-8.44, compared with the mean score for 7-year-
olds of 54.2/60 (90.33%), S.D. 3.93. Harry’s score indicated a severe level of difficulty in
comparison with a typically developing peer group. His scores for 1 syllable (9/20, z=-8.16),
2 syllable (8/20, z=-8.16), and for 3/4 syllable words (4/20, z=-5.55) indicated a severe level v

of difficulty across all word lengths.

Harry completed the Non-Word Repetition Task (Stackhouse et al., 2007), (see table 5.1).
His score across all word lengths was 25/60 (41.66%), z=-5.11, compared with an expected
mean score of 48.85/60 (81.41%), S.D. 4.66 for typical 7-year-olds, indicating a severe level
of difficulty. Harry scored equally poorly across all word lengths as shown by scores for 1

(z=-3.75), 2 (z=-4.71) and 3/4 (z=-3.34) syllable words respectively.
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Table 5.1 Harry: Scores Picture Naming Task and Non-Word Repetition Task T1

Picture Naming Task (real words) | Non-word Repetition Task

Word structure Norms age 7 Harry’s score | Norms age 7 Harry's score
years (mean, (z-score) years (mean, (z-score)
S.D.) s.D.)

1 syllable (N=20) | 18.8 (1.20) 9 (-8.16) 16.05 (1.88) 9 (-3.75)

2 syllable (N=20) | 18.45(1.28) 8 (-8.16) 16.95 (1.90) 8 (-4.71)

3 & 4 syllable 16.95 (2.33) 4 (-5.55) 15.80 (2.33) 8 (-3.34)

words (N=20)

Total (N=60) 54.2 (3.93) 21 (-8.44) 48.85 (4.66) 25 (-5.11)

Scores on both real word naming and on non-word repetition indicated severe levels of
difficulty when compared with the scores achieved by typical children. Item-by-item
analysis revealed segmental realisations that were closely matched across the two different
types of stimuli. For example, BRUSH realised as [bwas] and the non-word /ba1f/ realised
as [bwis]; AEROPLANE realised as ['elapein] and /'piaplaun/ realised as ['olapaun].
There were differences, for example, FISHING was realised as ['f1sin] and /' fof1p/ as
['fosip]l, with the SFWF nasal velar matching the adult target. However, these
differences were not always in favour of non-word 'accuracy, so for ‘example, SNAKE was
realised accurately but the matched non-word /snaik/ was realised as [snait], with

fronting of the SFWF velar plosive.

The similarity between the realisations of items in the naming task and non-word repetition
tasks suggested that similar motor and perceptual constraints affected Harry's output of
both previously known and novel words. Differences between output levels, for example,
identified difficulties with word production in naming tasks and better performance with
real word and non-word repetition might be indicative of specific processing problems with
motor programmes (Stackhouse & Wells, 1997). However, Harry showed no such
differential in levels of output and his scores were interpreted as symptomatic of diffuse -

deficits across his speech processing system.

Non-published output-based phonological awareness tasks showed that Harry could
accurately segment words into syllables by tapping o'r clapping but was not able to segment
CVC words reliably into separate phonemes. He was reliant on adult scaffolding to
manipulate segments in simple words, requiring repetition of stimuli and slow rates of

presentation. He benefitted from having physical apparatus such a blocks or counters to
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support his performance on phonological tasks. He was able to blend C-V-C elements to
produce whole CVC words but not able to do this at CCVC level because he had difficulty
with consonant cluster production. For example, when asked to blend /s—t-g—p/ he
produced [sep]. His ability to generate rhymes based on common CVC words was limited
to a few high frequency examples such as “words that rhyme with cat”, where he was able
to think of bat, mat and hat but was unable to generate any rhymes for “man” or “hot”.
This was assumed to be linked to Harry having learned through repeated exposure to, for
example, “at” rhymes in classroom activities, something which he himself commented on.
His reliance on adult support in phonological awareness tasks was partly due to processing
load; he was unable to manipulate segments within a word and still reliably recall the task
he had been asked to do. He was also poor at sounding out words, and therefore almost
certainly in using sub-vocal rehearsal, which affected both segmentation and blending

skills.

5.6 Oro-motor assessment and diadochokinesis (DDK) T1

Harry’s oro-motor skills were assessed using items from the DEAP (Dodd et al., 2002).
Harry’s non-speech movements in isolation (for example, tongue eIeVation; lip spreading;
lip rounding) and in sequences (for example, a cough followed by a kiss gesture) were
accurate for movements that did not involve his tongue. He was not able to elevate his
tongue to verbal command or in copying an adult model; lateral movements i.e. moving the
tongue from one corner of the mouth and back again several times lacked precision in that
he moved the tongue body and did not place his tongue tip exactly in the corners of his
mouth. His movements were also rather slow and deliberate. Harry’s performance
suggested that he had oro-motor difficulties. Williams and Stackhouse (2000) found that
70% of typical 5-year-olds were unable to elevate their tongue tip in an oro-motor task, and

it may be that Harry's difficulties were a reflection of an immature motor system.

Harry’s DDK skills were assessed for rate and accuracy in a non-standardised way through
repetition of single segments [p], [t], [k] (see Methods, Chapter Three). He was asked
to do this 10 times after being given an adult model and three practise attempts. Harry
was able to produce all three segments in isolation and repeat them, for example, [p],
[p], [p]. However, he was unable to produce the sequence [p], [t], [k] with

articulatory ease in that his attempts lacked fluency, with frequent pauses and hesitations
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between segments. He did not manage to produce any accurate sequences. For example:

trial1 [p, k, t]1;2[p, t, t1:3[p, k, k];4[p, k, kI;5[p, k, tl.

Harry’s inaccurate and inconsistent performance on DDK sequences was suggestive of
difficulties with motor planning. However, his lack of speed and poor precision might also
indicate that he had some degree of motor execution difficulties, although within the
limitations of this task (and possibly more generally) it may be difficult to isolate the

relative impact of difficulties with motor planning and execution.

5.7 Phonetic inventory T1

Harry’s phonetic inventory for consonants, based on single word and utterance level

analysis, is listed in table 5.2.

Table 5.2 Harry: Phonetic inventory (consonants) in SW and MWU T1

Bilabial | Labiodental | Dental | Alveolar | Palatal | Velar | Glottal
Plosive pb td : kg ?
Ejective p’ t’ k'
Nasal m n D
Fricative fv 0 Sz h
Approximant W 1 Jj

Harry’s vowel inventory included all vowels expected in his accent of English (see Chapter
Three, Methods). In this analysis the realisation of /t/ as a glottal stop in SFWW and SFWF
positions and the vocalisation of SFWF /1/ to [v] (Grunwell, 1987) were judged as typical

for Harry’s accent of English.

5.8 Stimulability T1
Harry was not stimulable for any of the phones not in his inventory, even with maximal
modelling i.e. attending to auditory and visual information and given appropriate cues such

as “round your lips” to facilitate the production of /J/.

59PCCT1

Harry’s SW PCC was 62.11% and his PVC was 95.83%, giving a PPC of 78.97%. Scores were
derived from 110 single words. This PCC puts Harry’s speech into the Shriberg &
Kwiatkowski, (1982) category of moderate to severe difficulties for consonant production

(range: 50-64%).
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5.10 Phonological process analysis T1

A phonological process analysis was completed using data primarily from single words and
conversational speech, supplemented by data from imitated sentences where appropriate.
There was evidence both in SW and MWU of structural and systemic processes (see table
5.3). The main structural process in evidence was cluster reduction. Systemic processes
included velar fronting, deaffrication, gliding and voicing; Harry also atypically realised
SIWW and SFWF labiodental fricatives as alveolar fricatives. There was some evidence of

variability in his speech.

Table 5.3 Harry: Phonological processes (consonants) T1

Target Harry's Target Harry's
(SW) realisation (conversational realisation
speech CS)
Structural processes
Cluster reduction | GLOVES: [ga'laps] IT SLOWLY STARTSTO | [1? !sauwi
epenthesis | ['galoper~n] | MELT(CS1) 'sats th o
AEROPLANE: 'mev?]
CR
Systemic processes
Velar fronting KANGAROO | [th g~ndowu] | SHE MUSTBE ['th u?1™n
COOKING ALL THE
ol o
TIME (conv.) Ith a1~m]
Voicing (complete | LEGS [leks] MUMMY 15 (CS 6) ['ma~mI '1s]
devoicing of SFWF
segments)
Deaffrication JELLY ['d eli] Im(syjusT ABOUT (CS | [1? 'dast
1) _ a2 'bau?]
Gliding RING [wi~pl TRICK ORTREAT(CS | ['twi? o
5) "twit]
Alveolar realisation | FIVE [farz.] THEY FALLOVER (CS | [di 'fav
of labiodental 1) ' 2auza]
fricatives (SIWW &
SFWF)

5.10.1 Structural processes T1

As previously mentioned, the main structural process in Harry’s speech was cluster
reduction although there were also occasional instances in MWU of the deletion of final

consonants as in BIG WAVE CAME realised as [b1? 'wer 'kh &~:m] (CS 4) and weak

syllables as in HEART ATTACK realised as ['ha? 'th =k] (CS3).
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5.10.1.1 SIWI and SIWW clusters in single words

All consonant clusters were examined (see table 5.4); in SW there were 25 examples of
SIWI clusters and 8 SIWW; 23 were plosive/fricative plus approximant or /r/ clusters and
10 were /s/ clusters. There were a few examples of lexical effects so that, SNAKE and SPIDER
were always produced accurately; recent intervention had targeted these words, so Harry
had frequently been asked to say them, which may have positively influenced his
production.

Table 5.4 Harry: Realisation of syllable initial word initial {SIWI) and syllable initial within word
(SIWW) consonant clusters in single words and conversational speech T1

Process Single words (SW) Conversational Examples
(33 items) speech (CS) (26
items) :
None (i.e. cluster 30.35% (10/33) 30.76% (8/26); PLATE [plert]
realised accurately) (note: 5 were (SW); FLOWER
correct realisation [! flauwe] (SW); SLIDE
of /sp/ in SPIDER [slaid] (CS 1)
Realised with 2 33.33% (11/33) 19.23% (5/26) plus | BReAD [ 'bwst’ ]
elements (but one 3.8% (1/26) triple (SW); UMBRELLA
or both elements ' /s/ cluster realised [A~mba'wela]
have immature or with 2 elements (SW); GRrouP
atypical realisation) lgwup’ ] (CSS);
crusT [twas] (CS 2);
HAIRDRESSER

[hea'dwesal (SW);
BRIDGE [bwits]

(SW)
Reduced to asingle | 30.35% (10/33) 42.3% (11/26) BUTTERELY
element ['bata farl (SW);

crusT [th ast] (CS
2); STARTS [sats]
(CS 1); AEROPLANE
['ealaper~n]
(SW); STRAWBERRY
['sobg:1] (SW)

Coalescence 6.06% (2/33) 3.8% (1/26) SWING [sf17nh]
(SW); sQUARE [fea]
(SW); SWEETIES
['sfi?is] (CS5)

There were also three examples of epenthesis in the SW data, two with adult targets of
voiced velar plosive plus approximant: GRASs realised as [gewas]; GLOVES realised as
[galaps] and one with the voiced bilabial plosive plus approximant UMBRELLA realised as

[A~mba'wela].
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5.10.1.2 SIWI and SIWW clusters in conversational speech

There were 26 unambiguous examples of SIWI consonant clusters in the conversational
speech samples, i.e. where the word was intelligible and the target known, and no SIWW
examples; 13 clusters were plosive/fricative plus approximant or /r/ clusters and 13 were

/s/ clusters (see table 5.4).

The number of cluster realisations that matched the adult targets in SW and conversational
speech was very similar, i.e. around thirty percent although 19.23% of the CS score is
accounted for in five realisations of /sp/ in SPIDER and an adjustment for this (i.e. only
counting that word once) would suggest greater accuracy in SW. Gliding of the second
element of /r/ clusters was a major factor in both SW and MWU, for example, TRICK OR TREAT
(CS 5) was realised as ['twi? o 'twit] and there were 3 examples of epenthesis in SW
but none in conversational speech; few of the words occurred in both conditions so it was

not possible to do a direct comparison of their realisation in SW and conversational speech.

Reduction of the cluster to a single element was more frequent in MWU than in SW (42.3%
compared with 33.33%), for example, IT SLOWLY STARTS TO MELT (CS 1) was realised as [1?
'souwi 'sats th a 'meu?]. /I clusters were always reduced to a single element in
conversational speech (6/6 examples) compared with 2/7 examples in SW (3 were realised
accurately, 1 with epenthesis and 1 with a glide). These data also suggest that Harry was
using clusters with greater accuracy in SW than in MWU. The one exception to this is /s/
clusters where (counting only one production of SPiDER) Harry realised 66.66% (6/9) of
targets in conversational speech but only 36.36% (4/11) in SW. Tﬁis might be explained by
the words used for the data collection of cluster types. The SW sample elicited a wider

range of /s/ clusters (9 different clusters, including 3 three-element clusters) than Harry

produced in conversational speech (5 different clusters).

5.10.1.3 SFWW and SFWF consonant clusters

SFWF clusters were also examined (see table 5.5). In SW there were 6 examples of SFWF or
SFWW consonant clusters; 3 were realised accurately and 3 were not. In conversational
speech 23 SFWF clusters were conservatively identified and almost 80% were realised

accurately, encompassing a range of different types of clusters.
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Table 5.5 Harry: Realisation of SFWF and SFWW consonant clusters in SW and CS T1

Process Single Conversational Examples
words speech (CS) (23
(SW) (6 items)
items)
None (i.e. cluster 50% (3/6) | 78.26% (18/23) ELEPHANT ['elafa~nt’ ]
realised accurately) (SW); jump_[da~mp] (SW);
ROUNDABOUT {wau~ndpbaut’ ]
(SW); Just [dast] (CS 1); Box
[boks] (CS5); cOMED
['kh aA™md.’ ] (CS4)
Reduction to a single 17.39% (4/23) crust ['twas] (CS2);
element BREAKFAST [ 'bePkas] (CS 5)
FCD 4.34% (1/23) LAND [le~1] (CS4)
Voicing (i.e. SFWF 16.66% Legs [leks] (SW);
voiced segments (1/6)
realised in a devoiced
form)
Deaffrication (and CR) | 33.33% ORANGE [ 'owis] (SW); SPONGE
(2/6) [spa~ns], (SW)

5.10.2 Systemic processes T1

The most frequently occurring systemic processes were velar fronting, devoicing of SFWF

obstruents; deaffrication; gliding and alveolar realisation of labiodental fricatives in SFWF

and SIWW positions (for example, OVeR realised as [ ! 2ouza]; see table 5.3).

5.10.2.1 Velar Fronting

Harry’s realisation of velar plosives was varied in terms of placement and voicing.

e In SW 75% (6/8) of word initial velars were realised as velars with appropriate

voicing; 25% (2/8) were fronted. In CS 64.7% (11/17) were realised as velars and

35.29% (6/17) were fronted. Variability in production was evident, for example, in .

CS 4 GoOOSE was realised with a SIWI velar on 3/4 occasions and fronted on 1/4;

CAME showed the same pattern.

e In SW the SFWF target was always realised as a velar (9/9) but the voiced segment

/g/ was realised as the voiceless cognate, for example, FrROG as [fok' ]. In

conversational speech 54.54% (6/11) of SFWF targets were realised as velars but,

particularly within an utterance, Harry realised segments as glottal stops, for
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example, BIG GROUP [b1? 'gwup’ ]. SFWF plosives were frequently realised as
ejectives in SW (57.14%); this also occurred in conversational speech in utterance

final positions, for example, ALL THE WAY BACK ['ola 'wer 'bak’ 1.

e Within-word velar targets were generally realised as velars (5/6) but there was a
tendency (2/6) to voice voiceless segments, for example, MONKEY was realised as
['mapgil; this also appeared within utterances across word boundaries where,
for example, PECK IT was realised as [peg 1t] and, in another conversation, NICK IT

as [n1g 1t].

In summary, velar placement was generally more accurate in SW but subject to variability
in MWU, where fronting occurred more frequently. SFWF devoicing of velar targets was
evident in SW as were ejective realisations; these also occurred in utterance final pbsitions
and it might be predicted that devoicing of voiced segments would also occur in this
position although there were no examples within these data. Within words and across
word boundaries in MWU, voiceless velars were liable to be voiced although in MWU

glottal stops also occurred; this was not evident in SW.

5.10.2.2. Voicing

The voicing processes described with velars applied to other plosives and fricatives and
were evident in both SW and MWU (see table 5.6); these were principally complete
devoicing of SFWF segments (partial devoicing occurs in typical speech, “voicing may end
early”, Ball & Mu-ller, 2005, p. 194). There were also examples of the harmonisation of

voicing of within-word or across word boundary phones.

Table 5.6 Harry: Examples of voicing processes T1

Voicing process Examples
Devoicing of SFWF FIVE [fa1z ] (SW); PiG
segments [bik] (SW); cos [th as]

(€s 2); vittage ['b1lis] (€S
5); HAD [het' ] (CSS5)

Voicing within word or Biscuit ['brPgrt’ ] (SW);
across word boundary RIPIT ['wib 1?] (conv.)

The devoicing of word final obstruents was perceptually quite disruptive because vowel

duration shortened ahead of the unvoiced segment. This impacted on the intelligibility of
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Harry’s speech especially when single syllable information carrying words were affected. If
this devoiced element combined with another segmental process such as cluster reduction
or velar fronting, it could make the intended target unclear. For example, CRAB realised as

[twaep’ 1;BREAD realised as ['bwet' J1; FROG realised as [fok’ ].

5.10.2.3 Degffrication

Harry always realised the post alveolar affricates /f/ and /&/ as immature forms, either
as a stop or an affricate without the post-alveolar placement. In both SW and MWU SIWI
targets were realised as [t] and [d] and SFWF were [ts] and [dz] or [s] and [z].
For example, CHAIR was realised as [th €a] and BRIDGE as [bwits]. (Note: the use of the
term deaffrication strictly speaking denotes loss of the fricative element as in JUMP realised
as [da~mp]. Its use in this section is broader to cover all changes to the realisation of

affricate segments).

5.10.2.4 Gliding

Harry consistently glided /r/ to [w] and he was not stimulable for /r/. /1/ was realised
correctly apart from in contexts that were liable to omission i.e. multisyllabic words, for

example HELICOPTER was realised as [ 'he1kh o?ts].

5.10.2.5 Labiodental fricatives

Harry frequently realised labiodental fricatives as alveolar fricatives in SFWF or SIWW
positions; for example, OF in the utterance I LIKE THE CRUST OF THE BREAD (CS 2) [?a1 'la1?
da 'ta_st vz”. o 'bwet]. This process is not developmentally typical. In SW this
occurred in 57.14% (4/7) possible words, including examples where the target / 6 /, with a
predicted realisation of the immature labiodental [f], was realised instead as /s/ as in
TeeTH [th is]. In another example, the target KNIFE was realised as [na1f] but the plural
form as ['narsis]. In the conversational speech data there were several examples of ‘
this atypical process, for example, HARD AND TOUGH (CS 2) ['had an 'tas]; there was just
one where /v/ was realised as a typical voiced labiodental fricative in over ['auval,
previously in the same utterance it was realised as ['euza]. Harry was easily stimulable

for labiodental fricatives in SFWF and SIWW positions.
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5.10.3 Summary of phonological process analysis T1

The most frequent and potentially most significant phonological process found in Harry’s
speech and one which might impact on intelligibility was cluster reduction and
simplification (Hodson & Paden, 1981; Weston & Shriberg, 1992; Yavas & Lamprecht,
1988). In addition, multiple systemic processes might also impact on intelligibility because
of the cumulative effects on the segmental integrity of individual words. However, this
phonological process analysis had not captured all the data which might be important in

providing a full description of Harry’s individual speech patterns.

5.11 Features not captured through phonological process analysis T1

The phonological process analysis revealed a wealth of information which contributed to
the description and explanation of Harry’s speech patterns and intelligibility. However, in
the course of the assessment it became apparent that there were other features which
could not be accounted for through a traditional phonological process analysis. These
particular features were lexical idiosyncrasies and his variability in speech output, and word

juncture behaviours in multi-word utterances.

5.11.1 Lexical “idiosyncrasies”

In addition to features already described, Harry’s speech also showed differences that
might be characterised as lexical idiosyncrasies (see table 5.7). These may be so called
“frozen” forms (Bryan & Howard, 1992) in that they were lexically specific and consistently
realised. They also tended to be associated with production of particular multisyllabic
words. This description of “frozen” forms is applied to lexical items where motor
programmes established at an earlier time in development are not updated as the child’s
phonological and phonetic skills mature (Stackhouse & Wells, 1997), possibly due to
difficulties with motor programming. Thus, their realisation may appear to be very
immature or sometimes present with segmental patterns that are not obviously compatible -

with other output in the child’s system.

Table 5.7 Harry: Examples of lexical idiosyncrasies T1

Word Typical realisation | Harry’s realisation

MEDIUM | /Tn1di jo~m/ ['midems™n] (conv.)
SUPPOSED | /sa ! pauzd/ [sma~vs] (conv.)
FUNERAL | /!fjunaial/ [!funabal] (CS 3)

PYAMAS | /ph o'da~moz/ | [wi'da"mrs] (SW)
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The fact that these differences in word realisation are not always obviously process based
reduced their predictability and for Harry these now chronologically mismatched items

might, depending on context, negatively impact on intelligibility.

5.11.2 Variability

In contrast with “frozen” forms, there were numerous examples of variability in Harry’s SW
assessment (see table 5.8), with multisyllabic words often showing at least one segmental
difference when elicited at different times. These variations might be interpreted as Harry
attempting to modify his speech towards the achievement of realisations that were closer
to the adult model which could be termed progressive variability (and some versions were
indeed more phonologically mature than others), (see Chapter Four, Tallulah, section
4.11.3). However, with the possible exception of consonant clusters (see section
5.26.1.1.1) this was not usually the case and the productions were not consecutively
realised with greater accuracy. He rarely, if ever, changed his realisations in this way

except in response to a direct adult request.

Another interpretation of Harry's output variations may be that they were due to
difficulties in motor planning and/or phonological assembly. The differentiation between
these two terms is unclear. Motor planning has been defined as “where the motor
programs of individual words are assembled into a single utterance plan” (Stackhouse &
Wells, 1997, p. 165). Phonological assembly has been described as the process of
“selecting and sequencing phonemes (i.e. assembling a phonological template for the
utterance)” (Dodd, Holm, Crosbie, & McCormack, 2005, p. 58). One difference between
the terms is that Stackhouse and Wells (1997) never refer to phonemes as elements of
speech processing. The DEAP Inconsistency Assessment (Dodd et al., 2002), might be one
way of conceptualising these observations. However, in spite of his variable productions
Harry did not reach criterion of 40% variability for a diagnosis of inconsistent speech
disorder. Of note, there were also occasional naming errors which may have had a

semantic basis, for example, “madearound” for ROUNDABOUT.

Table 5.8 Harry: Variability in realisation of single words T1

Target (typical adult | Harry's realisations
realisation)

KANGAROO /'kapgaiu/ ['th @ ndwul; ['kte~pgewu] ; ['kbe~ndowu] ;
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['th ®pgowu]
GLOVES /glavz/ [dops]; [ga'laps]
TEETH /ti 6 / [this]; [dif]
FIVE /fa1v/ (fai_z . ]; [far_v]; [faiv ]; [faiv]

This variability was also evident in MWU where, as already described in the discussion
about velar fronting, Harry’s realisation of a particular word might be different, even within
a single utterance. This can be seen in the following example from conversational speech

with the words TIGER and LEOPARDS:

TIGER-AND KNOW WHAT? TUH-NOTHING EATS TIGERS DO THEY? EVEN LEOPARDS CAN'T ‘COS LEH-
‘COS TIGERS EAT LEOPARDS

['th arye () & n 'ne~v wo? 'th ah () na~si*n '?its 'th aiges du
der (.) '2ijo™n 'lgPbes 'th a™n? th as 'leb, (.) th as 'th aiges 'i?

'1e?boats]

In the first production of TIGERS the SIWW velar is realised as a velar fricative; in LEOPARD
processes of segment deletion and SFWF cluster reduction operate variably across the two

different tokens of the word.

Further evidence of variability emerged when comparing productions of SW and the
utterance level productions from the imitated sentences of the CSP task. For example,
Harry’s realisation of the target ELEPHANT in | GAVE THE ELEPHANT A BANANA [a1 'ge1™s a™n
ba(.) 'ng~leba™n?js? o (.) bo~'na~nal, was contrasted with his SW realisation
['elafant]. In sentence repetition it appeared that the motor planning for the
production of two multisyllabic words (ELEPHANT and BANANA) in close proximity had broken

down at the level of phonological assembly.
This utterance level variability is further illustrated in the following examples:
1) SAM LOVED TO DANCE realised as

i. ['se™m 1a~ la”?n la"ns 'lans th & 'da™ns]

ii. ['se™m 1af 'da~ns]
Harry again evidenced difficulties with phonological assembly. In the first attempt the
utterance final, stressed and accurate realisation of DANCE appears to have interfered with
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the realisation of the verb LoveD earlier in the sentence. The sequence showed four
realisations of LOVED, each one influenced by ['da~ns] in slightly different ways. On his
second attempt (having been given the model again), Harry simplified the sentence both
syntactically and phonetically, firstly by omitting the past tense morpheme -£p and the verb

infinitive marker 70, and secondly by the use of vowel harmony across the two words

2) IOHN COLLECTS STAMPS realised as ['go™n ta'lests 'se~?nts], noting the final

cluster in STAMPS.

In comparison with an item with a similar coda in the SW data set, JuMP, realised as
[da~mp], all oral consonants in the utterance other than the initial target affricate were
realised with appropriate manner of articulation, but with consistent alveolar place of
articulation. If the word STAMPS was analysed as a SW using a phonological process
approach, this analysis might suggest atypical realisation of bilabial segments; seen in the
context of analysis at the level of multi-word speech, the production was more likely to

reflect a long domain harmony realised across an utterance.

Traces of similar difficulties appeared occasionally in the spontaneous MWU data: for
example, see the repair of the word “sac” in the utterance AND IF THEY'RE REALLY LUCKY THEY
MIGHT MAKE (UM) MAKE TWO EGG SACS (CS 6) realised as [#™n 1s & wi: '1a?i &1 mi3r me™1
() me~1? 'th u e? 'sak!® (...) 'saks]; the first realisation of SAC is apparently
influenced by the vowel /A/ in the word Lucky. For the most part, however, they occurred
most noticeably in sentence repetition and may be a reflection of the nature of the task
which makes particular demands on memory and planning, not permitting the kind of
lexical selection and avoidance known to occur in young children’s speech development

and in developmental speech disorders (see Stoel-Gammon, 2011, for a review).

5.12 Speech behaviours in multi-word utterances T1

Harry’s speech production was examined in conversational speech and imitated sentences,
focusing on an assessment of the characteristics of his speech at word boundaries and how
this compared to the multi-word speech of other children of the same age. Harry’s use of
assimilation, elision and liaison, and close versus open juncture was examined both in

sentence repetition and in conversational speech
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The Connected Speech Processes (CSP) Repetition task (Stackhouse et al., 2007) was

carried out to examine word juncture behaviours in imitated sentences (see table 5.9).

Table 5.9 Harry: Scores on Connected Speech Processes (CSP) Repetition task T1

Process | Score expected at | Harry's Examples of Harry’s realisations
age 7 score compared with typical 7-year-olds

Assimilation

ik 92.40 % 0% (0/4) EATPUDDING ['ip™”~ pudr~pl—['i?
pudi~p]

n# 80.43% 25% (1/4) | JANEMADE ['ge1™m me~1d]—['de~1n
me~1d]

d#t 43.18% 0% (0/4) REDCAR [ 189" kal—['we?” kal

#f 83.83% n/a /f/ was realised as[s], so not possible
to score '

Elision

CtHC 86.94% 50% (2/4) | musT cLeaN ['mas k1Tin]—['ma? klin]

Cd#C 72.63% 100% ROBBED THE [ ' 1ob do]—['wo?b o]

(10/10)

Lialson

j-liaison | 91.94% 25% (1/4) | myuncte [marl 'a~pkl]—[ma:
'2a~pk]

w-liaison | 95.35% 50% (1/2) | sewout [bluw 'auvt]—[buw ‘'au?]

r-liaison | 86.15% 0% (0/4) CLAREATE ['klea! et]—['kles () o
I 2e2]

Articles

Indefinite | No norms given 0% (0/2) AN ELEPHANT [a™n 'elafa~nt]—[oa?
lelafa™nt]

Definite | No norms given 0% (0/2) THE ORANGE [3i! ~ 'oar~nd]—[o?
''ow1~ns]

*a glottal stop for SFWF /t/ is typical for Harry’s accent so was accepted

Harry's scores for elision, assimilation and liaison were, with one exception (elision of
word-final /d/), much lower than expected for a child of his age. There were frequent

examples of gldftal stops at word boundaries with 21 (50%) of the 42 target junctures being
realised in this way. Harry used both open and close juncture on this task. For example THE

RED CAR WENT AWAY was realised as:
0 00 CC
[da 'we? 'kh a 'we™nt a'wer]
There was open juncture between THE and RED; RED and CAR; CAR and WENT with equal stress

on RED, CAR and WENT. The last part of the utterance was realised with close juncture.
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There were two instances in the data of atypical elision with SIWI velars being deleted and

close juncture replacing the deleted segments with approximant liaison. These were:
e YOUCAN READ MY BOOK realised as [ ' ju W & m 'wib™ ma1 'buk]
®  HEGAVE ME ABANANA realised as [hi 'l ermi s ba'na™na~]

These two examples, while being unusual were not probably significant in terms of Harry’s
speech data overall. However, they provided insight into the hyperelision that was
characteristic of Harry’s output, discussed in the next section. Replacing adult targets,
particularly in SIWI position and in stressed syllables, as with GAVE, is highly unusual

(Shockey, 2003) with consequent impact on listener recognition of what has been said.

5.12.2. Word juncture in conversational speech

Having assessed word juncture through sentence repetition, Harry’s conversational speech
was examined to see how this compared with sentence repetition in terms of the
connected speech processes assessed and other word juncture behaviours. In the
conversational data there were occasional examples of appropriate close juncture, for
example, the use of j-liaison at the boundary betwee‘n 8Y and A in the phrase STABBED BY A
PERSON (CS 3) realised as ['ste?: bail o 'ph asa™n]. In many instances, however, the
connected speech processes of assimilation, elision and liaison which might be expected in
typical speech production from around three years old were not apparent in Harry’s
spontaneous speech. As also found in the Connected Speech Processes Repetition data,
many word junctures were produced with glottal stop realisation— of SFWF consonants, for
example, the target 8iG BoX was realised as ['b1? boks] and staBsep BY as [ ' ste?: bar].
Howard, Wells and Local (2008) describe the ways in which an unusual preference for open
junctures at word boundaries, together with a tendency to hyperarticulation of segments,
will produce prosodically atypical speech, which may sound “slow, effortful and disjointed” .
(p. 594). A different effect is found where there is a preference for close junctures; these
are realised with inappropriate segmental and syllabic omissions and weak articulation and
may reduce intelligibility through hyperelision as with the examples given in section 5.12.1.
Hyperarticulation and hyperelision may exist side by side in the speech production of an
individual child, and this appears to be the case for Harry in his multi-word speech in

conversation.
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In some cases Harry used inappropriate open juncture (mainly through the use of audible
pauses) within phrases. For example, the phrase AND LANDED ON THE BOAT’S TOP was realised
as [ n 'le“nd1? on () d_e bauts (.) 'th op), generally preserving the syllabic
structure of the words, but at the expense of rate, rhythm and general fluency. There were
also occasional examples when he showed other unusual open juncture realisations at
word boundaries. For example, the phrase AND (A) COUPLE OF was transcribed as: [enn” (.)
tA" paz]. Here the audible nasal emission on the latter part of the nasal at the juncture of
AND and couPLE is followed by a perceptible silent interval before the release of the fronted
[t]"in coupLe, which is accompanied by velopharyngeal turbulence. Both nasal emission
and velopharyngeal turbulence are speech production features most commonly associated
with cleft palate speech, however, in Harry’s case they provide a clear example of specific
difficulties with the timing of velopharyngeal closure in the transition from the wdrd-final

nasal to the word-initial homorganic plosive.

Co-existing with utterances evidencing hyperarticulation and open juncture were other
utterances characterised by hyperelision. For example, | DIDN'T EVEN in the utterance | DIDN'T
EVEN EAT ANY was realised as [a1 'j1jin], and SHALL I TELL YOU WHAT was realised as [an
'de d_ei1 'wo?h ] and ANDTHENA as [an ner ~a]. Inthese excerpts from the MWU data
there are both segmental and syllable elisions, as well as unusual and weakened
articulatory realisations. These appear to reflect typical MWU reduction processes
(Johnson, 2004) but when interacting with the limitations of his segmental system,
processes which should make his speech more typical have counter-productive effects on
intelligibility. Examination of the data shows that hyperelision was typically associated with
specific linguistic and interactional contexts. It was particularly, but not only, found in high
frequency words and phrases. Hyperelision was also a feature of narratives recounting
familiar events, where it occurred alongside words and phrases characterised by more
careful articulation and more frequent use of open juncture. There was a tendency for the
establishment of a specific topic and its referents to be associated with hyperarticulation,
with hyperelision being used thereafter, where shared listener knowledge may be
assumed. A comparison of two items, one from the SW data and one from conversational
speech, serves as a reminder that the phonological, grammatical and lexical structure of an
utterance can have a profound effect on segmental sequences which, in terms of sequence

alone, might be considered to be identical. Thus in the SW data, Harry produced
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ROUNDABOUT as ['wau~ndebaut], with minimal difference from a typical adult target,
whereas in the CS data, FOUND ABOUT, in the utterance US FOUND ABOUT 85 GOOSE FEATHERS (CS
4) was realised as ['faon () o? () bav?], displaying open juncture at word and

syllable boundaries, final consonant deletion, and glottal replacement of /t/.

5.13 The realisation of final plosives as an interactional device

One further observation was that Harry’s productions of voiceless and devoiced plosives in
word-final context in both the SW and MWU data suggested that realisations were
influenced by their position both within an utterance and also in the larger context of
conversational interaction. A range of realisations were identified (unreleased plosives,
glottal stops, deletions, and ejectives). Closer inspection, however, suggested that the
ejective realisations occurred in specific phonological and interactional contexts. Whereas
the unreleased plosives, glottal stops and deletions occurred within utterances in the
conversational speech data, ejective realisations occurred in both the SW data and the
conversational speech data in contexts which were both utterance-final and also signalled
the end of a turn constructional unit in the larger interaction (Sacks, Shegloff, & Jefferson,
1974), (see table 5.10 for examples of different variants and their contexts). In other
words, they occurred at points where the conversational turn was being handed from Harry

to his conversational partner.

Table 5.10 Harry: Ejective and non ejective realisations of plosives in the SW and CS data T1

Phonetic realisation (targets underlined) Context
PiG [b1k]; ELepHANT ['elafant’ ] SW: utterance final
BIGGROUP ['b1? 'gwup' ] CS 5: within utterance (BIG)

and utterance final (GROUP)

OR MAYBE GOT STABBED BY A PERSON OR SHOT [0 'me1bi do? | CS 3: within utterance (Goy,

I'ste? bar) a 'ph asen () o 'sot' ] STABBED) and utterance final
(sHOT).

GOOSE FEATHERS CAME UP AND THEN A BIG WAVE CAME AND CS 4: within utterance (Up;

wASHEDITUP [ 'dus 'fezaz 'ter™m ap™ a~nu~e 'bi? BIG; WASHED; IT) and

'we1 'kh £7im o”n 'wost 1?2 'ap' ] utterance final (up)

ILIKE THE CRUST OF THEBREAD [2a1 'la1? 8o 'th a_st CS 2: within utterance (LIKE;

vz~ . o 'bwet] crusT) and utterance final
(BREAD)

The realisation of plosives as ejectives may not impact on intelligibility in conversational
speech, indeed they occur in typical speech (Ball & Mu™ller, 2005), but listeners may notice

their occurrence in Harry’s speech. However, significantly for clinical interpretation, a
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speech assessment that is confined to single word production only may lead to the
erroneous conclusion that Harry has atypical realisations of SFWF plosives; Ball and Miiller
(2005) comment that occasionally ejectives occur in articulatory disorders. Alternatively, if
single word realisations are compared with productions of the same segments in
conversation, a somewhat different picture emerges. The picture-naming task could be
regarded as a particular type of interaction between child and his conversational partner
with each instance of single word production interpreted as, in itself, a turn end (Wells,
2010, personal communication). The interactive role of ejective realisations is highlighted
by the pattern of occurrence at “turn end” in both SW and conversational speech but it is
only through comparison of the SW and multi-word speech data that a pattern can be

detected.

5.14 Summary of findings at T1
Harry’s input processing skills and speech output skills at T1 were summarised as follows:
(see also his speech processing profile in appendix 5.2 and 5.3 for the mapping of this

profile to the speech processing model).

e Input processing skills showed a range of difficulties in the discrimination and
judgement tasks at SW level particularly involving non-words rather than real

words and when items had complex segmental and syllabic sequences

e Scores for the auditory lexical decision task were within the normal range
suggesting underlying phonological representations for these items were

accurately defined

e Harry had difficulties with speech discrimination at sentence level, judging SIWI
consonant clusters and SFWF fricative targets; these reflected phonological

processes that occurred in his speech output

¢ Harry had severe level of difficulties with speech output as measured by a naming
task, a non-word repetition task and a real word repetition task; he showed the
same speech output patterns across all three types of stimuli suggesting that
similar perceptual and articulatory constraints affected output in all three testing

conditions
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e Harry’s performance on oro-motor tasks suggested that he had some difficulties

with precision and power in non-speech movements

e Scores on the DDK task indicated significant difficuities with motor planning and/or

execution
e His phonetic inventory included a reduced number of English consonant phones
e His vowel inventory included all appropriate English vowels

e Harry’'s SW PCC was 62.11% and his PVC was 95.83%, giving a PPC of 78.97%

corresponding to a moderate to severe level of difficulty

e Findings from the phonological processes analysis of Harry’s speech were that he
had multiple structural and systemic processes including both typically delayed
patterns (velar fronting; cluster reduction) and atypical patterns (SFWF labiodental

fricatives)

¢ There was a significant degree of variability in Harry’'s speech which did not appear

to be progressive

e At utterance level he showed interactions between lexical items suggestive of
problems with phonological assembly (as with the ELEPHANT and BANANA example,

section 5.11.2)

e Harry’s management of word juncture was both immature and unusual; he was
developing some typical speech behaviours (for example, lialson between vowels

at word boundaries) but he had frequent pauses and over use of glottal stops

e He demonstrated both hyperarticulation and hyperelision, and the Ilatter
interacting with his segmental difficulties impacted on his intelligibility even for a

familiar listener

This leads to the exploration of the impact of these difficulties on Harry’s intelligibility as

experienced by the listeners who participated in the study.
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5.15 Intelligibility T1

Harry's intelligibility was measured through listener responses to an orthographic write-
down task for single words, imitated sentences and conversational speech (as described in
Chapter Three, Methods); results are presented in table 5.11. Stimuli from Harry’s speech
output that were presented for intelligibility rating are given in full in appendix 5.12 and in

tables 5.19, 5.20 and 5.21.

Table 5.11 Harry: Intelligibility outcomes T1

Data type Mean % | Standard Minimum Maximum

(No.) deviation % score % (No.) | score % (No.)
(No.)

Single words (max no. | 59.78 15.71(1.72) 27.27 (3) 90.91 (10)

=11) (6.58) .

Imitated sentences 64.23 14.09 (3.94) 28.57 (8) 100 (28)

(max no. = 28) (17.98)

Conversational speech | 54.12 15.68 21.88 87.50

{max -= 100%)

Analysis of results using the Wilcoxon Signed Ranks Test demonstrated that listeners’
identification of Harry’s conversational speech was poorer than single words (Z=-2.102,
p=<.036) but the intelligibility of imitated sentences was better than both SW (Z=-2.527,
p=<.012) and conversational speech (Z=-4.495, p<.0001).

There was a wide range of listener response to all types of stimuli as demonstrated by the
large standard deviations and minimum and maximum scores. In terms of the individual
stimuli items, in SW GLOVES was least well recognised with 0/66 listeners identifying it; BOOk
was best with 66/66 correct responses. The least well recognised imitated sentence was
SHE GAVE (THE) ORANGE TO SAM with 32.83% of words identified. The best was CLAIRE ATE ALL
HER LUNCH with 94.19% of words identified. In conversational speech ‘COS THEY'RE SHARP was
least well recognised, with 15.15% of words identified; the best was HOW DO YOU THINK HE
DIED with 82.58% of words identified. These intelligibility results are discussed in section

5.26.5.

5.16 Activity between T1 (7;5) and T2 (8;5)

Between this first assessment and the second one twelve months later, Harry participated
in weekly intervention sessions together with regular follow-up sessions with his school

teaching assistant. Intervention focused on establishing /[, f, &/, consistent use of
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clusters in multi-word speech, and perception of speech sound sequences and production
of high frequency multi-syllable words. Activities to develop self-monitoring skills using a
digital voice recorder for feedback were included as were phonological awareness tasks to

develop skills such a rhyme, blending and segmentation.

At the end of this period of intervention Harry’s speech was reassessed.

5.17 Assessment T2 (C.A. 8;5)

Twelve months after the first assessment at T1 Harry’s input processing skills and speech
output skills in single words and multi-word utterances were reassessed (see appendix 5.13
for his new speech processing profile and 5.14 for the mapping of this profile to the speech
processing model). The aim of this reassessment was to collect sufficient data to describe
any significant changes in Harry’s speech output and speech processing and 'also to

examine his intelligibility at T2 as judged by the listeners (see Chapter Three, Methods).

5.18 Input processing skills T2

The investigation of Harry’s input processing skills included assessment tasks from

Stackhouse, Vance, Pascoe and Wells (2007) and other non-standardised activities.

e Discrimination between same/different SFWF single features and s-cluster
sequences in real words and non-words, for example, lost/lots; vost/vots,
(Stackhouse et al., 2007). At T1 Harry’s overall number correct was 33/36, z=-2.84,
indicating difficulties which were particularly related to non-word discrimination.
At T2 Harry scored 35/36 (no norms were available for his age group). He made
frequent requests for repetition before responding but the difference between real

word and non-word discrimination appeared to have resolved.

e Discrimination of segmental differences between pairs of complex non-words, for '
examplé, /g 'to/ /te 'gs/, (Stackhouse et al., 2007). At T1 Harry had shown
difficulties in this task scoring 67.5% (27/40), z=-3.08. At T2 he scored 87.5%
(35/40), 2=-0.42 and his performance was now within the typical range for a child

of his age.

e Three minimal pair contrasts from the Auditory Lexical Decision task (words in
sentences), (Stackhouse et al., 2007) were re-examined; MOUSE/MOUTH, score 100%,

(12/12); GLASS/GRASS, score 97.22% (35/36); CLOWN/CROWN, score 72.77% (26/36).
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At T1 these scores were 77.77% (28/36), 41.66% (15/36) and 77.77% (28/36)
respectively. Two of the three contrasts had improved in terms of the percentage
score correct. Harry continued to show difficulty in discrimination of liquids in the

CLOWN/CROWN pair.

e Test of Phonological Awareness (Hatcher, 1994) (see table 5.12): Harry showed
progress in rhyme identification and phoneme segmentation but still had difficulty

with the most complex tasks involving phoneme deletion and transposition.

Table 5.12 Harry: Hatcher Test of Phonological Awareness T1 and T2

Task Example Score Score
T1 T2
Syllable blending What am | saying? “win-dow” (window) 6/6 6/6
Phoneme blending What am | saying? “s-ou-p” (soup) 5/6 6/6
Rhyme Which one doesn’t rhyme? Dog, pot, log (pot) | 4/6 6/6
Phoneme How many sounds? “pet” (3) 2/6 5/6
| segmentation '
Phoneme deletion What's the word if you take “g” away from | 0/6 1/6
“gone” (on)

Phoneme What is “net” backwards (ten) 1/6 0/6
transposition

Overall, Harry's input processing skills showed positive progress, although his performance
showed residual difficulties in tasks involving perception of complex segmental sequences.
His phonological awareness skills in terms of manipulating sounds in words were still
insecure. His teacher reported that the development of his Iiterécy skills was significantly

delayed in comparison to that of his peers.

5.19 Speech output tasks T2

Harry's speech production was re-assessed using a range of single word tests as at T1; the
Picture Naming Task (Stackhouse et al., 2007), the Non-word Repetition Task (Stackhouse |
et al,, 2007), the Real Word Repetition Task (Stackhouse et al., 2007) and subtests of the
DEAP (Dodd et al., 2002) giving 110 items collected from these tasks for single word (SW)
analysis which was the same as at T1 (appendix 5.4). The multi-word data are from the
analysis of T2 conversational speech (CS) (appendix 5.15) and selected imitated sentences

from the Connected Speech Processes (CSP) Repetition Task (Stackhouse et al., 2007), (see
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table 5.20); there are occasional examples from other conversational speech, which are

indicated in the text.

Harry’s performance on the Picture Naming Task (Stackhouse et al., 2007) and the Non-
Word Repetition Task (Stackhouse et al., 2007) were scored, and in the absence of norms
for 8-year-olds, compared to that expected in the speech of typical 7-year-olds; scores

were also compared with T1 (see table 5.13).

Harry’s overall score across all word lengths, z=-5.64, indicted a severe level of difficulty
even when compared with a typical 7-year-old and he was now 8;5. The percentage of
whole words correct had improved from 21/60 (35.00%) to 32/60 (53.33%) but a typical
peer would be achieving over 90% correct. Scores across all word lengths were impaired
but multisyllabic words in particular were influenced by gliding, arguably a relatively minor
process in terms of intelligibility (Hodson & Paden, 1981). Single syllable words were

affected by gliding and also deaffrication

Table 5.13 Harry: scores Picture Naming and Non-Word Repetition Tasks T1 and T2

Picture Naming Task (real words) Non-word Repetition Task
Word Harry’s Harry’s Real word Harry’s Harry’s Non-word
structure score Tl score T2 norms age | scoreTl score T2 norms age
(z-score) | (z-score) | 7 years (z-score) | (z-score) | 7 years
mean (S.D.) mean (S.D.)
1syllable 9 (-8.16) 12 (-5.66) | 18.8(1.20) | 9(-3.75) 16 (-0.02) | 16.05 (1.88)
(N=20)
2 syllable 8 (-8.16) 12 (-5.03) | 18.45(1.28) | 8 (-4.71) 15(-1.02) | 16.95 (1.90)
(N=20) i
3&4 4 (-5.55) 8 (-3.84) 16.95 (2.33) | 8(-3.34) 11 (-2.06) | 15.80 (2.33)
syllable
words
(N=20)
Total 22(-8.44) | 32(-5.64) | 54.2(3.93) | 25(-5.11) | 42(-1.46) | 48.85 (4.66)
(N=60)

Harry’s score for non-word repetition across all word lengths had improved and this was
particularly evident with 1 and 2 syllable words. Longer words (3/4 syllables) still showed
some difficulties with a z-score of -2.06 in comparison with typical 7-year-olds. His total
number correct for repetition of non-words was 42/60 (70%) compared with 25/60
(41.66%, 2=-5.11) at T1. A difference between the percentage scores for non-word

repetition (70% correct) and real word naming (53.33% correct) had developed by T2. This
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difference was largely due to more accurate production of affricates and post-alveolar

fricatives in non-words.

Because naming real words and non-word repetition scores showéd a large difference, the
Real Word Repetition Task (Stackhouse et al., 2007) was carried out. (This was not done at
T1). Harry scored 49/60, 81.66%, 2=-1.42, compared with a typical 7-year-old, which was in
the average range for that age group. Scores for words of different lengths showed some
differences with 1 syllable (z=-4.12) and 3/4 syllable (z=-3.16) showing difficulties, and 2
syllable (z=0.44) being a typical score. Scores for non-adult realisations were again largely

derived from gliding and deaffrication.

Overall the performance on these three tasks showed that Harry had made progress
between T1 and T2. The difference between naming and repetition of both real words and
non-words was a positive indicator for change in that Harry’s production was more

accurate when given a direct model and this had not been in evidence at T1.

This progress was also seen in terms of the overall percentage correct in the production of
consonants and vowels. Harry’s PCC was 79.50% (62.11% at T1) and his PVC was 98.94%
(95.83% at T1), giving a PPC of 89.21% (78.97% at T1). Scores were based on 110 single
words taken from the DEAP (Dodd et al., 2002) phonology, inconsistency and articulation
tests and the Picture Naming Task. His severity rating for consonant production (Shriberg
and Kwiatkowski, 1982) progressed from a moderate to severe level at T1 to a mild to

moderate level at T2.

5.20 Oro-motor skills and diadochokinesis (DDK) T2

Harry’'s oro-motor skills were reassessed using items from the DEAP (Dodd et al., 2002). His
ability to imitate lateral tongue movements had improved with more accuracy and

precision, but he was still not able to elevate his tongue tip to command.

The DDK task also showed improvement in that Harry was able to produce 50% of the 10
[p-t-k] sequences accurately (none were accurate at T1) but he still lacked fluency with

frequent hesitations between sounds.

These findings suggested that Harry still had difficulties with both oro-motor movements

and motor planning.
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5.21 Phonological process analysis T2

A phonological process analysis was again completed using data primarily from single

words and conversational speech, supplemented by data from imitated sentences.

The scores from speech output tasks (section 5.19) demonstrated that there had been
positive changes in Harry’s speech in the year between assessments, however, comparison
of words elicited in these naming tasks at T1 and T2 also indicated the persistence of both

structural and systemic features (see table 5.14).

Table 5.14 Harry: Comparison of selected SW at T1 and T2

Target Harry's Harry’s Comments

realisation realisation

T1(7;5) T2 (8;5)
AEROPLANE ['ealaper~n] ['galape~1n] No change
/'garaple~in/
BREAD /bred/ | ['bwst’ ] [bwet] No change
BRUSH /braf/ | [bwas] [bwas] No change
CARAVAN ['th ®lobe™n] | ['kkelive~n] SIWI velar fronting resolved
/'kerave™n/
CHAIR /ffga/ [th ga] (ffea] SIWI deaffrication resolved
FEATHER ['feza] ['feval | SIWW fronting of alveolar
/' feda/ fricative realised in more typical

form

FISHING ['frsi~n] U fif1p] SIWW post-alveolar fronting
/' fif17n/ resolved
PARACHUTE ['ph ®lasut’ ]| ['ph ewafut' ] | SIWW post-alveolar fronting
/'perafut/ resolved
TOOTHBRUSH ['th u?ba_s] ['t* ufbwa_s] | SIWW cluster reduction resolved
/'tu 8 braf/
UMBRELLA [A~mba'wela] [A~mba'wela] No change
/a"m'brela/

5.21.1 Structural processes T2

The most pervasive structural process in Harry’s speech at T1 had been cluster reduction
and this had reduced between T1 and T2, particularly in single words. SIWI and SIWW
clusters in SW were examined; 30.3% (10/33) were anyway realised accurately at T1,
36.36% (12/33) showed development at T2 (24.24%, 8/33 of these were now accurate) and
33.33% (11/33) were unchanged. Gliding of /r/ impacted on cluster realisation and this
remained a consistenﬂy used process in naming tasks although in repetition of non-words

the more mature variant was sometimes produced.
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In conversational speech the realisation of consonant clusters was subject to more
variability than in SW. So, for example, (CS 1, T2) in the utterance THIS IS ME-DRIVING realised
as [81s 1z, 'mT () 'diarve™n], the cluster /dr/ was produced in a typical form. The
next utterance included FROM THE FLOOR TO HERE realised as [fo™m o 'fo ta 'hia] with
reduction of both clusters /fr/ and /fl/. In SW he had produced /fl/ in FLOWER as
['flavwa] at both T1 and T2 but at T1 in CS it was reduced to /f/ in the word FLy; the
target /fr/ was reduced to a single element in both SW and CS at T1 but by T2 it was
realised with epenthesis and a glide in SW, FROG [fo wok' ]. In CS at T2 both were

realised as [f].

5.21.2 Systemic processes T2

By T2 there was progress in relation to systemic processes. There was only one exémple of
velar fronting in either SW or conversational speech (GUITAR realised as [d1 'tal, which
had been [b1 'tal atT1). However, devoicing of word final plosives and fricatives was in
evidence as it had been at T1 with one exception, the realisation of FIVE with SFWF /v/
appropriately voiced. Voicing of segments within single words appeared to be more
typically realised so, for example, MONKEY, previously ['ma~pgi] was ['ma~pki] and
BIscUITs, previously ['bi1?g1t’ ] was realised as ['bi?kits:].  However, variability
was still evident in conversational speech for example, | WAS SWEATING BUCKETS realised as
[?0s” sfi~p 'bagrts], with voicing of the SIWW velar plosive in the word BUCKETS. The
combination of atypical voicing and an ongoing tendency to rea]ise within-word alveolar
and velar plosives as a glottal stop had an impact on word prosody. For example, in the
utterance IT WAS LIKE-ALWAYS MIDNIGHT realised as [1? waj 'la1? o'wer~™ 'mi?nai?] the
perceptual impact of the glottal stop on the preceding vowel was that the duration of an

already short segment was further shortened.

Harry’s realisation of post-alveolar and affricate segments had developed. In SW he
produced them accurately and consistently in SIWI positions (8/8); in SIWW positions this
accuracy was at 60% (3/5) but he never realised post-alveolar and affricate segments in
SFWF positions (0/9). This pattern was repeated in muiti-word utterances, for example,
ABOUT THREE HOURS JOURNEY TO IT was realised as ['bau? 'fwil avz_ 'dani tuw '1?],

with the SIWI voiced affricate [&] being produced in the mature form. In sentence
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imitation he realised the target CLAIRE ATE ALL HER LUNCH as [ 'klga: ou ha 'la™nts:] with

an immature form of the adult SFWF /{f/.

Other progress was noted where Harry no longer realised labiodental fricatives as alveolar
fricatives, for example, FIve was realised as [faiv_ ]. However, the post-alveolar
approximant /r/ continued to be realised as the glide [w]. Harry’s progress in the use of
adult target forms was not yet generalised across all types of utterances. Further examples
of non-adult structural and segmental realisations are given in table 5.15 comparing
production at T1 and T2 and illustrating where the progress noted in SW was not evident in

conversational speech.

Table 5.15 Harry: Examples of non-adult structural and segmental realisations in CS compared
with SW T1 and T2

Target T2 Harry's realisation T2 Comparison with SW T2 and T1
YEH- WAS ['je ?os” sf17p /sw/— [sf]; compare with [sf1~nh] (SWING,
%5:326 'bagrts] SWT1)and [swip] (swiNG, SW T2)

SIWW /k/—[g]; compare with ['b12grt’ ]
(Biscurt, SWT1) and ['br?kits:] (Biscuits,

SWT2)

NOPE, IT'S A ['no~vp’ 1ts o SIWW /v/—[b]; compare with

CARAVAN Ikbge: “abe™ _n] ['th ®lobz™n] (SWT1)and ['kh #livae™n]
(SW, T2)

In the first example Harry realised the target cluster /sw/ with consonant harmony as
[sf] in SWEATING as it had been at T1; in SW (T2) this was realised correctly. He also
reduced the word from two syllables to one. In the second example, the SIWW target /v/
in CARAVAN was realised as the immature form [b] which was the same as T1, although
the WI velar was not fronted as it had been at previously. Analysis of these examples

suggests that at T2 Harry’s multi-word utterances were still affected by various

phonological processes which had showed progress towards mature forms in SW.

5.22 Features not captured through phonological process analysis T2

As at T1, the phonological process analysis revealed a wealth of information which
contributed to the description and explanation of Harry’'s speech patterns and intelligibility.

However, a wider analysis was necessary in order to re-examine the other features such as
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the atypical realisation of multisyllabic words which could not be accounted for through a
traditional phonological process analysis approach. In addition word juncture behaviours in

multi-word utterances were explored.

In spite of the positive changes in Harry's speech, the overall impression of atypical
segmental and prosodic features was still in evidence, albeit with reduced frequency.
Habitual “frozen” forms were largely unchanged, so for example, a frequently used
sequence was APART FROM realised as [1m'pa? fom]. Harry's realisation of segmentally
complex multisyllabic words still evidenced unusual phonetic and sequential realisations.
For example, the utterance AND THE MOST HANDSOMEST BOY, realised as [@™n 8o 'me~us
'he~msadiv 'bor] illustrates this type of sequence which does not conform to any

predictable pattern.

One important change was that the variability in Harry’s speech, which at T1 had not

necessarily been progressive, had significantly reduced, particularly in single words.

5.23 Word juncture in multi-word utterances T2

As at T1, Harry’s use of assimilation, elision and liaison, and close versus open juncture was
examined in sentence repetition and in conversational speech. This was first explored
using the Newton Sentences Connected Speech Processes (CSP) assessment (Stackhouse et
al., 2007), (see table 5.16). Normed scores were available only up to the age of 7; Harry’s

results were compared to these and to scores at T1.

Table 5.16 Harry: Scores on CSP task T1 and T2

Process | Harry’s score Harry’s score | Score expected at age 7 (%)
(%) T1 (%) T2

Assimilation

tH 0 (0/4) 75 (3/4) 92.40

d# 25 (1/4) 75 (3/4) 80.43

n# 0(0/4) 25 (1/4) 43.18

8 0 ([ not realised ) | 100 (2/2) 83.83

Elision

CtHC 50 (2/4) 75 (3/4) 86.94

Cd#C 100 (10/10) 70.00 (7/10) | 72.63

Lialson

j-liaison | 25(1/4) 100 (4/4) 91.94

w-liaison | 50 (1/2) 50(1/2) 95.35

r-liaison | 0(0/4) 25 (1/4) 86.15

Articles

156



Chapter Five. Case study: Harry

Indefinite | 0 (0/2) 50(1/2) No norms given

Definite | 0(0/2) 50(1/2) No norms given

In this sentence imitation task Harry showed the emergence of mature forms at T2 with
assimilation and elision; there were fewer open junctures and a reduction in glottal stops in
SFWF positions. /j/~type liaison was well developed (for example, [ma1l a~pkl, ], /w/
and /r/ less so in the items tested. Harry was beginning to use definite and indefinite

articles which had previously been produced as undifferentiated forms.

At T1 Harry had shown some significant output planning difficulties at utterance level in
this task and although the presentation was arguably more subtle, these difficulties were

still clearly in evidence at T2 (table 5.17).

Table 5.17 Harry: Selected examples of speech production in CSP task, T2

Target Harry’s realisation
1 | THE BROWN BEAREATSTHEFISH | [!'bwaum 'bwea] (two attempts)
2 | 10HN COLLECTS STAMPS [T&o™ns kelet]
3 | YOU MUST STIR IN THE SUGAR [I ju mA~s |f31 in 0a ! SUQG]

In the first example, the consonant cluster [bw], Harry’s realisation of /b1/, is produced
SIWI in both BROWN and BEAR and, in spite being given a second model and asked to try
again, he was not able to change this. In the second example, third person singular -s was
produced SFWF on the name JOHN instead as a tense marker on the verb. On the third
example the segments /s/ and /f/ in syllable onset positions were transposed and the

plosive element of the /st/ cluster was omitted.

In conversational speech the development of word juncture behaviours seen in sentence
imitation was also evident. For example, the use of liaison between SFWF and SIWI vowels
in the utterance ABOUT THREE HOURS JOURNEY TO IT realised as ['bau? 'fwil auz. '&ani
tuw  '1?]. There was also one example of assimilation as in WHEN WE GOT THERE (CS 1, T2)
realised as ['wem wi 'go? O=] with the SIWI bilabial approximant influencing the
preceding SFWF alveolar. There were no lexical sites where it was possible for word
boundary elision to occur. Wider examination of Harry’s conversational speech was done
by reviewing the entire first session at T2 (where the transcribed data were taken from);
this revealed occasional examples of assimilation as in THROWING BOWLS realised as

['foua~m 'baulz.]. However, there were no instances of elision at word boundaries,
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again possibly because of the paucity of, for example, regular past tense verbs. It was
rather the case that hyperelision both within words and across longer stretches of
utterance affected output. Harry’s conversational output was still atypical prosodically.
There were a few examples of quite slow and dysfluent speech which appeared to relate to
difficulties in formulation, so for example, at the start of the utterance just discussed, IT
WAS-WELL-ABOUT THREE HOURS JOURNEY TO IT realised as [1 “wez () weu () 'bau?
'fwil avz. 'gani tuw '12], there was hesitation between WaAs and then WELL and
ABOUT (WELL appeared several times as a filler). However, more frequently, the hyperelision
that had been so evident at T1 was still present and one striking feature about Harry’s

conversational speech was that his intelligibility, at times, remained poor.

Given the assertion that persistence of non-adult segmental realisations alongside typical
reduction in multi-word utterances impacted on Harry’s intelligibility, the multi-word data
were again examined to consider what was and was not intelligible to the author, who by
T2 was very familiar with Harry’s speech. This examination indeed showed several
stretches of utterance that were unintelligible, for example, AND THAT'S RATHER MESSY SO (X XX)
WE (X XX X X) IT VERY WELL , realised as {V_ &™n 'ets wave 'mesi (X XX) wi (X XX X X)
1? 'wewi 'weu V_}. As noted at T1, these sections tended to be mid utterance and
mid-topic, positions which may be more liable to reduction than at the beginning of a

conversation or when establishing a new topic.

5.24 Summary of findings T2

Assessment at T2 demonstrated convincing evidence of chénges in Harry’s speech
production. This was measured through a variety of tasks including PCC where he scored
79.5%, compared with 62.11% at T1 and the Picture Naming Task (Stackhouse et al., 2007)
where his level of difficulty as measured by z-scores had reduced. Potentially importantly
for prognosis Harry’s scores in non-word imitation tasks were within the typical range at.
least for 7-year-olds, for 1 and 2 syllable words. Although his speech output continued to
be affected by both structural and systemic processes, particularly in multi-word
utterances, some of the processes still in evidence such as gliding and deaffrication were
those which are developmentally later to resolve in typical children. However, atypical
phonetic and prosodic factors continued to affect his conversational speech and at times

he was still unintelligible.
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Harry continued to have oro-motor and motor planning difficulties as evidenced by the oro-
motor and DDK tasks. Although his speech perception skills had improved, he still showed
residual immaturities in, for example, identification of words differentiated by consonant
clusters at sentence level. He had ongoing problems with phonological awareness tasks
requiring manipulation of speech sounds in words. His profile of skills indicated that he had

ongoing and multiple deficits in both input and output processing skills.

The changes in Harry’s speech, and the impact of his ongoing difficulties were explored

through his intelligibility as experienced by the listeners who participated in the study.

5.25 Intelligibility T2

Harry's intelligibility at T2 was measured in the same way as at T1 (see Chapter Three,
Methods). The same 10 SW and 5 imitated sentences recorded at T1 were recorded again
at T2 and edited for the intelligibility task; the conversational speech samples from T2 were

obviously different. Results for T1 and T2 were compared (see table 5.18).

Table 5.18 Harry: Intelligibility outcomes T1 compared with T2

Data type T T1 T1Min | T1Max | T2 T2 T2 T2
Mean | S.D.% | score% | score% | Mean S.D.% | Min Max
% (No.) | (No.) [ (No.) (No.) % (No.) | (No.) | score | score

% %

(No.) | (No.)
Single words 59.78 15.71 | 27.27 90.91 64.14% | 13.63 | 33.33 | 91.67
(maxno.=11) |(6.58) |(1.72) | (3) (10) (2.70) | (1.63) | (4) (11)
Imitated 64.23 14.09 | 28.57 100 62.22 12.71 | 35.71 | 82.14
sentences (17.98) | (3.94) | (8) (28) (17.42) | (3.56) | (10) (23)

{(max no. = 28)

Conversation- | 54.12 15.68 | 33.33 87.50 82.17 9.61 48.84 | 95.35
al speech (max
= 100%)

Analysis of results using the Wilcoxon Signed Ranks Test demonstrated that the Iisteners’.
recognition of Harry’s single words at T2 compared to T1 (see table 5.18) had improved
although this was not significant (Z=-1.824, p<.068). Results for conversational speech
showed a highly significant improvement (Z=-7.037, p=<.0001). Conversely results for
imitated sentences showed no significant change (Z=-1.107, p=<.268). The relationship
between the different types of speech samples had changed with the identification of

imitated sentences at T2 being significantly worse than conversational speech (2=-7.037,
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p<.0001), as was recognition of SW (Z=-6.718, p<.0001). At T1 there had been a difference
between imitated sentences and SW, in favour of imitated sentences but at T2 this

difference was no longer significant (Z=-.952, p<.341).

The range of listener responses remained very wide for all types of stimuli. For example
with SW one listener (L52) recognised only 4 of 11 words and one (L32} recognised them
all. Fifteen listeners identified more than 90% of Harry’s conversational speech, while

three identified less than 60%.

Responses to individual items also varied. In single words the least well-recognised was
CRAB (21/66) and most correctly identified words were CHAIR and SPLASH, all 66 listeners

recognised these words (see table 5.19); the items were different to those most and least

well-recognised at T1.

In sentence imitation the least well identified was THE BROWN BEAR EATS FiSH (30.30%) and the
most frequently correctly identified item was MARY'S SHOES ARE CLEAN (94.95%). These items
were different to those most and least well identified at T1 (see table 5.20). To measure
how well MWU were recognised the total number of words in each utterance was
multiplied by the number of listeners and the percentage of correctly identified words was

calculated (see table 5.20 and 5.21).

Table 5.19 Harry: individual single words from intelligibility task T1 and T2

Word Adult target | Harry’s Number of Harry's Number of
realisation T1 | words reajisation T2 | words
identified by identified by
individual individual
listeners T1 listeners T2
BOOK /buk/ [buk’ ] 66/66 [buk’ ] 53/66
CHAIR /fea/ [th o] 30/66 [fea] 66/66
CRAB /kreb/ [twep' ] 17/66 [kwep' ] 21/66
GLOVE /ylav/ [galap] 0/66 [glav.s] 61/66
LEGS /legz/ [leks] 83/132* [leks] 44/132*
LIGHTHOUSE | /!1arthaus/ | ['laithaus] | 61/66 ['lar?havs] | 52/66
ORANGE /'or1~nd/ [lowis] 63/66 (lowi"nz.] | 34/66
SPLASH /splaf/ [spes] 28/66 [sples] 66/66
THANKYOU | /! 9 g pkju/ | ['fe~_pku] | 66/66 ['fe~pkju:] | 23/66
WATCH /wolf/ [wots] 20/66 [wo?ts:] 28/66

*Score 1 for lexical item and 1 for plural morpheme
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Table 5.20 Harry: Individual imitated sentences from intelligibility task T1 and T2

Target Harry’s Percentage of Harry’s Percentage of
sentence realisation T1 words recognised | realisation T2 | words recognised
by individual by individual
listeners T1 listeners T2
GOODGIRLS | [Igu? de vz, | 50.61% ['gu? guz a | 66.36%
ARE NICE o 'nars] nars:]
(THE) BROWN | [35 'bau™n be | 61.42% ['bav™m 30.30%
:ES/:REATS Rits o 'owav™: 'wea
fis:] ?its !fis]
CLAIRE ATE ['kle:a? &? | 94.19% ['klea: ou 74.24%
'LAGLZER ::1) }~13 ha '1a™nts:]
A™nts]
SHE GAVE [si'deiz. o |32.83% [si 'gerv 40.66%
(TTC:':L&RANGE [2owi~ns d. o 'nowi™n 'th u
''s&~m) I'se~m]
MARY'S SHOES | [ Imgwiz 79.29% ['mewif 94.95%
ARE CLEAN “lsuz a ~fuz o
'k11n] 'k11n]

In conversational speech (see table 5.21) the least well recognised utterance at T2 was

WELL-IT WAS LIKE ALWAYS MIDNIGHT with 41.16% of words identified and the best was YEAH AND

THEY GOT TWO-THREE CHILDREN (98.27%).

Table 5.21 Harry: Analysis of conversational speech samples from intelligibility task T1 and T2

Target sentence T1 | Harry’s realisation Percentage of words
or identified by
T2 individual listeners
‘COS THEY'RE SHARP TL | ['th vs €a 'sap’ ] 15.15%
GOT TO BE CAREFUL OF T1 | [dedp bi 'th sofu: 67.42%
SCISSORS DON'T YOU 'SIZ_GZ, Idgu~ nju]
HOWDOYOU THINKHEDIED? | T1 | ['hau di ju 'fipki 'd_ard] | 82.58%
OR MAYBE HE HAD (A) HEART | T1 | [51 'me~1bi (i) jed o 66.16%
ATTACK 'ha? 'th k]
s T <
OH THERE'S (A) FUNERAL IN T1 | [eu 'jes o ff{nabal 1"n o | 29.92%
(THE) CHURCH ISN'T THERE? 'th ats 1™n, je~a]
SO ALL TOGETHER IN (THE) T2 [SQU lOU talgavew I'n 8 98.76%
WHOLE FAMILY THERE'LL BE 5 ‘houl 'fe~mli at bi 'farv,
CHILDREN \frud1e™n]
[ . Tom s~
WELL IT WAS LIKE-ALWAYS T2 | ['weu 1?2 waj 'lar? o'wer 41.16%
MIDNIGHT 'm1?nai?]
WELL THEY BASICALLY HAD (A) | T2 | ['weu de1 'bersi?i het’ o | 86.49%
SPARE ONE THAT THEY | ~ |
BROUGHT FROM THEIR BOAT spes wA™n Be? Ber 'bio?
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fwa™ m dea 'baut’ ]

WELL, (A}BOUT 3 HOURS T2 | [wou (.) 'bav? 'fwil avz, K |79.65%
JOURNEY TO IT dani taw '12]
YEAHANDTHEYGOTTWO- | T2 | ['je #n e1r 'go? 'th u | 98.27%
THREE CHILDREN Ifvi 'frodia=n]

Following the detailed study of Harry’s speech output and intelligibility, the research
questions were considered in relationship to the findings. The discussion is focused mainly

on findings from T1 uniess otherwise indicated, apart from section 5.26.6.

5.26 Discussion

The aim of this chapter has been to give a detailed description and analysis of Harry’s
speech, and to consider the impact of his speech production difficulties on his intelligibility
as judged by a group of adult listeners. At T1 at the age of 7;5 years Harry’s PCC was
62.11% and on the Picture Naming Task (Stackhouse et al., 2007) he produced only 21/60
whole words (35%) in adult-like forms, 2=-8.44, so on both of these quantitative measures
his speech was demonstrably below the level expected by a typical seven-year-old. His
difficulties could be described as severe and, given that he had had several years of
intervention, resistant to change. He could therefore be confidently included in that group

of children described as having “persisting speech difficulties” (Pascoe et al., 2006).

5.26.1 What will the detailed perceptual phonetic analysis of Harry’s speech at word level
reveal in terms of a traditional phonological process analysis (PPA)? What features are

not captured through a traditional PPA?

5.26.1.1 Phonological process analysis

The examination of Harry’s speech first focused on a phonological process analysis, an
approach designed to describe children’s speech in terms of “patterns of error” (Miccio &
Scarpino, 2008, p. 414). This current analysis included information from both SW and
MWU, thus drawing on wider samples of data than those derived from the single word

naming tests routinely used in clinical practice.

5.26.1.1.1 Structural analysis
The main structural pattern was that of cluster reduction. By the age of 7;5, as Harry was
at T1, typically developing children use consonant clusters correctly over 90% of the time

and the non-adult realisations that they produce are immaturities, primarily gliding of /r/
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or an interdental or lateral realisation of /s/ (McLeod & Arciuli, 2009). They do not reduce
clusters to a single element. Harry’s pattern of cluster production in single words showed
that he realised a third of them in the adult form, a third in an immature form (principally
with a glided /r/ as the second element) and a third reduced to a single segment. His
pattern was thus both delayed and atypical. In the context of multi-word speech even
more clusters (over 40%) were realised as a single element, suggesting that that the
complexity of the phonetic and phonological environment influenced his production, a
theme which applied throughout the analysis of Harry’s speech. Underpinning these
patterns were difficuities in both input and output processing (see section 5.26.4).
Although there was considerable variability in Harry’s cluster production, the percentage of
clusters realised in the adult form suggested that there were positive indications of change.
The occasional instances of epenthesis, involving the insertion of a vowel between the two
elements of the cluster, also represented a more mature form than those realised as a

single element (McLeod, Van Doorn, & Reed, 1997).

5.26.1.1.2 Systemic analysis

Although intelligibility is most likely to be affected by structural processes (Klein & Flint,
2006), the presence of many systemic processes in Harry’'s speech (with a PCC of 62.11%)
must also be considered as relevant to his intelligibility through the reduction of
contrastiveness that results from multiple systemic errors. Monsen (1983) sets out the
view that a PCC under 60% renders speech unintelligible and Harry’s PCC was only just over
that level. Harry’s PCC was based on single word analysis (as described in Chapter Three,
Methods) and in multi-word utterances systemic processes occurred more frequently so
had greater impact on segmental realisation. The example of velar plosive fronting
illustrated this with a quarter of SIWI targets in single words affected by fronting but over a
third of those in conversational speech realised in this way. In the SFWF position, velars in
single words were always realised with the target place of articulation but in conversational
speech nearly half were realised as a glottal stop. Not only was velar fronting more
common in conversational speech, but realisations were more variable which might have
impacted on the ability of listeners to predict patterns and thus how much they recognised

of Harry’s speech.

The presence of several systemic processes also increased the risk of cumulative effects on
whole word integrity, and this was exacerbated by variability. Note the realisations of
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CRUST and TOUGH and ‘cos in the example below, affected variously by cluster reduction,
velar fronting and realisation of a labiodental fricative as an alveolar. Context supports the
intelligibility of the utterance but examination of each word in isolation reveals potential

uncertainty about the target and for loss of contrast.

Harry | | like the crust of the bread

[?a1 'la1? 8o 'th a_st 0z~ o 'bwst]

J Do you?

Yeh, | like to rip it open
Harry | [!je~~~~~~~~ ~ ?a1 'lar? ds 'wib 1?2 '?au?p” a7n]
J You like the crusty bits?

Cos the crust is actually very hard to eat isn’t it? (It’s) so hard and tough

Harry | [th s o 'twas 1s '®sli vei 'had t™ u 'it 1dn, 1?7 seu 'had on
l+h
th a_s]

5.26.1.2 Features not captured through phonological process analysis

Many of the aspects of Harry’s speech that were not captured through the phonological
process analysis relate to his speech in multi-word utterances (see section 5.26.2) and
variability (see section 5.26.3). However, one unusual factor was the presence of lexical
“idiosyncrasies” or “frozen” forms (Bryan & Howard, 1992). These were consistently
realised, usually multisyllabic words, for example MEebium realised as ['midema~n];
EVENTUALLY realised as [o'be~ntali]. It was likely that these words were learned at an
earlier stage of speech development and these early established motor programmes had
not been updated through any subsequent learning of more mature patterns. This may be
related to difficulties with the perception of speech, perceiving segmental sequences in
complex words or to difficulties with motor planning and execution (Stackhouse & Wells,
1997), assuming feedback and interactions between different levels of speech processing
which support the development of a mature system. Some support for this hypothesis may
come from Harry’s difficulty in phonological awareness tasks requiring segmentation
beyond simply onset and rhyme, as well as his already discussed difficulties in input and

output skills in relation to complex phonology.

5.26.2 What does comparison of the patterns in Harry’s speech data reveal across three
speech elicitation conditions (1: single word production; 2 connected speech in sentence

imitation; 3: connected speech in spontaneous conversation)

There were differences in Harry’s speech output across the three sampling conditions. As

described in section 5.10.1, for example, consonant clusters were used more frequently in
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single words than in conversational speech. Greater accuracy in single word naming than
in conversation is a common (Faircloth & Faircloth, 1970; Klinté et al.,, 2011) but not
unequivocal {(Wolk & Meisler, 1998) finding in the literature. - The explanation for this
observation may be related to the higher demands of output planning across an utterance
in comparison to a single word, particularly at a stage in development when more mature
phonological and phonetic patterns are first used. Change in sound production is gradual
(Bartow, 2001) and the use of newly established segments or sequences initially requires a
level of focus and awareness on the part of the child. This attention to speech may be
harder to maintain in the context of the processing demands of multi-word output and
before recently learned patterns have become more automatic. Differences in
performance in different sampling conditions, or even with the same items on different
occasions may be a “consequence of an interaction between levels” (Crystal, 1987, p. 12);
this may be particularly evident in children who have immature or disordered processing
systems. Furthermore, in a usage-based model, exemplars which are longer established
might be more automatically accessed if the child needs to rhanage greater processing

demands.

Harry's difficulty in managing complex phonetic sequences was exposed in the sentence
imitation task where on occasion, as described in section 5.11.2, his production of target
words showed evidence of difficulties with motor planning. The long domain interactions
between syllables and segments revealed by repetition of sentences would clearly not
occur in single word naming. These atypical productions might have been a product of the
task itself because sentence imitation requires the repetition‘of particular grammatical
structures and vocabulary. In conversational speech children may be able to avoid items
which they find difficult (Seeff-Gabriel, Chiat, & Dodd, 2010). However, given that Harry's
expressive language skills had been assessed as in the typical range for his age, the
grammatical structures and lexical items used in the assessment would be within the scope
of his linguistic capacity. Therefore, it can be concluded that the imitation task revealed
the vulnerability of aspects of Harry’s phonological and phonetic processing skills, and
interactions between these and imposed syntactic or semantic demands. The value of
assessing his performance on the task, aside from its actual purpose in examining word
juncture behaviours, was in providing several examples of these particular difficulties
within a single set of stimulus materials which were recorded and analysed. Having

identified these within the framework of the task, occasional occurrences in conversational
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speech could then recognised as further instances of the same types of difficulty. This
contributed to the overall psycholinguistic conceptualisation of Harry’'s speech difficulties
and in providing an explanation for his poor intelligibility where interactions between
inaccurate phonological assembly and segmental constraints made stretches of his speech

unrecognisable.

The inclusion of the different types of sampling conditions therefore, revealed phonetic,
phonological and prosodic information which was not evident from the SW data alone. The
analysis of conversational speech so far had suggested that, in addition to segmental
difficulties, there was evidence that Harry’s utterances were often characterised by unusual
word and phrase harmonies and repetitions and repairs. Analysis showed many instances
of atypical word juncture behaviours, affecting both the segmental accuracy and the
structural integrity of word and phrase production. Inappropriate use of open juncture was
evidenced by frequent use of pauses and glottal stops within phrases, and inappropriate
close juncture was manifested by hyperelision, which reduced segment and syllables in an
atypical manner. The particularly pervasive presence of elision and structural processes
(final consonant deletion, syllable deletion, cluster reduction) in Harry’s conversational
speech compounded his intelligibility problems by significantly reducing the amount of
information available to the listener for the purposes of lexical identification, supporting
previous observations in the literature that structural simplifications are more damaging to

intelligibility than systemic constraints (Faircloth & Faircloth, 1975; Klein & Flint, 2006).

Instances of hyperelision and hyperarticulation throughout the conversational speech data
point to Harry’s Jdifficulties in balancing the competing demands of
paradigmatic/articulatory accuracy and syntagmatic/prosodic fluency (Wells, 1994) in a
conversational context. Harry’'s segmental phonological development was, in some ways,
reminiscent of a much younger child, yet his control of prosodic features such as rate,
volume, rhythm, and intonation patterns was, in his hyperelided speech at least, indicativé
of much more adult-like control. One further point about Harry’s data was that they also
supported the notion that in the process of speech development children learn and store
not only words, but also larger constructions (Stoel-Gammon & Sosa, 2007) and that
frequently-used, familiar conStructions are likely to be subject to greater phonetic and
phonological reductions than those which are less frequently used or encountered by the

child (Bybee, 2006, 2010). These high-frequency utterances in Harry’s speech were
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typically extremely reduced. Given his difficulties in input as well as output processing, it
was possible that his phonological representations for these whole phrases were also

underspecified.

The constructs of hyperelision and hyperarticulation may be valuable in interpreting
children’s data. However, as Howard, Wells and Local (2008, p. 595) propose “[to] suggest
that individual children with multi-word speech difficulties may be categorised as
‘hypereliders’ or ‘hyperarticulators’ is an oversimplification”, because children’s speech
output varies within as well as across different social and situational contexts. In this
regard it is interesting to note that some of the differences between Harry’s output in
single words and multi-word utterances was reminiscent of the much younger child
described by Peters (1977), who used an analytic speech style in picture-naming tasks and a
more gestalt style in real conversation. Overall the preponderance of hyperelision in
Harry's conversational speech corresponds to Peters’ description of gestalt style and its
articulatory and prosodic features combine to detract from intelligibility. In this Harry also
resembles one of the participants described by Howard, (2013) in her study of persisting
speech difficulties in two children with cleft palate speech. Some of Harry’s prosodic
behaviours and some of his word juncture behaviours in conversational speech were
consistent with the “massive conversational reduction” in aduit speech described by
Johnson (2004), which is typical of real conversation and interaction: as such, this could be
seen as a real strength of his speech production., However, because his segmental
phonological system was significantly reduced for a child of his age, for the purposes of
intelligibility “massive conversational reduction” is counter-productive for Harry. In other
words, from the listener’s perspective, if some sounds are going to be elided, it may be
particularly important how those sounds which remain are realised. Johnson (2004)
suggests that particular lexical items retain key individual features whatever the degree of
reduction; he gives the example of /t/ being retained in all variations of the word UNTIL. It
may be that for children like Harry there is a complex interaction between phonological
processes and reduction, so that target words do not always contain the key features
retained in typically reduced conversational speech production. In Harry’s realisation of
SHALL | TELL YOU WHAT?, [an 'dede:1 'woPh], there was significant elision, but it could be
argued that the stopping of the /f/ (which is also one of the segments which is “practically
invulnerable” in reduced speech, Shockey, 2003, p.15) critically affected lexical

identification and the intelligibility of the whole utterance.
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Harry’s speech in the sentence imitation task also showed the atypical word juncture
behaviours seen in his conversational speech, which similarly affected both segmental
accuracy and the structural integrity of his repetition. However, in contrast with
conversational speech, hyperelision was not a feature of his speech production in this
activity. This is probably not surprising given the formal and unnatural character of the
interaction, and the fact that in a repetition task there is no opportunity to reformulate,
rephrase, or avoid particular structures or items of vocabulary; nor can the speaker choose
familiar or frequently-occurring words or constructions (Bannard & Matthews, 2008). It
appeared that Harry sometimes struggled to manage the complex phonological and
syntactic processing requirements of the task, and as already discussed, this led to errors in
production which spread across the entire targeted utterance. There were echoes of this
observed in hesitation and occasional reformulations in his spontaneous speech, suggesting
again that it was sometimes an effort for Harry to manage the multiple levels of processing

required for complex utterances.

5.26.3 Does Harry’s speech output show phonetic variability within different speech
elicitation conditions?

Harry did show phonetic variability in his speech output; this was related to several factors
and was not always of the progressive type (Tyler & Lewis, 2005) where forms would switch
between immature and adult productions. This type of inconsistency did happen on some
occasions, particularly when comparing segmental patterns in a word produced on its own
and in a multi-word utterance. However, there was no evidence that Harry was self
monitoring or attempting to improve the accuracy of his realisations in any consistently
productive way. There were times when variability was related to the complexity of the
linguistic demands (Tyler, Williams, & Lewis, 2006); this was evidenced in Harry’s
performance‘in the imitated sentences task where given no choice in structure, vocabulary
or speech demands, his output was subject to breakdown on several occasions. There
were also instances of long domain consonant harmony which is indicative of a process of
the simplification of articulatory gestures across an utterance. This leads to contextual
variability where a word may be vulnerable to change as a result of phonological or

phonetic constraints.

If Harry’s variability was a reflection of the overall immaturity of his speech processing

system (Rvachew, Chiang, & Evans, 2007) it may be more particularly related to his
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difficulties with the perception of complex sound sequences. Although at T1 these were
more evident with non-words than real words, this may have had a more pervasive effect
on his speech perception at an earlier stage of development. His variable productions may
be linked to underlying phonological representations that were underspecified or “fuzzy”
(Forrest et al., 2000; Stackhouse & Wells, 1997), impacting on the specificity of the motor
programmes for output. Alternatively, variability may have been symptomatic of motor
planning or motor execution difficulties where accurate motor programmes were
established but the realisation of these was affected by immaturities or deficits in

peripheral levels of output processing.

An interesting and unpredicted finding in the data was the pattern of ejective realisations
of word-final plosives which at first appeared to be not only variable but rather random.
On closer inspection, however, ejectives were shown to be distributed across the single
word and multi-word speech data in a way which suggested that Harry was using such
realisations as a turn-taking device to signal points of possible turn completion in his
interaction with the clinician (Sacks et al., 1974). It is interesting to reflect that for all its
unnaturalness compared with spontaneous, conversational speech, a picture-naming task,
as negotiated between clinician and child, is nevertheless an example of interaction. This
may be of a very specific kind but as such it might be reasonable to expect the interactional
work being done to be marked by particular phonetic features (Drew & Heritage, 1992).
This might be an important issue for clinicians to consider in assessment; features noted in
single word naming tasks may over- or under-represent particular speech behaviours.
Again it underlines the need for the analysis of different types of utterance to truly describe

and explain complex speech patterns (Howard, 2004b; Klein & Lui-Shea, 2009).

5.26.4 Does the psycholinguistic speech processing profile provide explanations of Harry’s

speech output patterns?

Harry’s speech processing profile shows that he had difficulties both in input and output
skills. In input, discrimination of speech sounds in complex sequences was poor, for
instance his impaired ability to identify the difference between the minimal pairs
“grass/glass” and “crown/clown” at sentence level énd his difficulty in the discrimination of
similarities and differences in pairs of complex non-words. In comparison, recognition of
production errors in even complex multi-syllabic single words when spoken by another

person was accurate. In output Harry had difficulties at every level of the profile.
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Perception of speech input forms the basis of establishing phonological representations
which in turn provide a basis not only for word recognition but also for building motor
programmes for speech output (Rvachew & Brosseau-Lapre, 2012; Stackhouse & Wells,
1997). However, it is too simplistic to assume simple linear relationships in processing skills
for children like Harry who have persisting and complex speech difficulties. Whatever the
“cause” of Harry's atypical output patterns, by the age of 7;5 he had developed a variety of
skills and compensatory strategies. The speech processing profile thus captured a snapshot
of his abilities at T1 rather than one which would necessarily provide an explanation for his
difficulties. However, it did have value for the purposes of describing his processing skills

and for intervention planning.

The literature shows that some children who have speech difficulties also have significant
difficulty with speech perception tasks (Hesketh, Adams, Nightingale, & Hall, 2000;
Rvachew, Rafaat, & Martin, 1999; Rvachew, 2012) which impact on speech production and
phonological awareness skills. Harry’s performance with input activities, which informed
the profile, indicated that he would fit into the group of children who have poor perception
skills.  His recognition of errors in pronunciation showed that he had developed
phonological representations that were sufficiently accurate for lexical recognition.
However, his difficulties in perception suggested that he was not always able to make
judgements of finely graded phonetic contrasts; this would then impact on the
establishment of good quality motor programmes for the production of words. Real word
discrimination in the context of single words was a relative strength suggesting that his
perfarmance on phonological tasks was aided by top-down processing. However, this was
not necessarily the case at sentence level. The task design is such that the sentences did
not aid discrimination by providing contextually biased cues (for example, “the boy’s MOUSE
was full of food” vs. “the boy’s MOUTH was full of food”) and the target words may have less
perceptual salience in the environment of the sentence; Harry’s responses on these items
were at chance level. However, not all segmental contrasts were equally affected. For
example, words containing alveolar and velar plosives in both SIWI and SFWF positions
were identified with no errors at all in spite of the fact that Harry’s output of these targets
was variable. This indicated that perceptual vulnerabilities were not universal and that
there was not a simple, linear relationship between input perception and output patterns

(Lof, 1996; Rvachew et al., 1999).
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Harry had significant difficulties in the discrimination of similarities and differences in pairs
of non-words, even when these were CVC. This was particularly so with longer words as
was assessed in the task requiring discrimination of segmental differences between pairs of
complex non-words. It appeared that phonetically complex contexts presented him with
particular challenges and that this also had implications for the updating of already
established representations and motor programmes. In early development typical children
may have “frozen” forms, usually high-frequency words or phrases which are stored and
accessed as whole units (Locke, 1997). However, as the child’s perceptual and motor skills
develop, and lexical knowledge expands, these previously unanalysed units are updated to
reflect the child’s increasing proficiency in producing adult models. Harry’s speech did
show evidence of frozen forms (or “relics” Grunwell, 1992, p. 118) and indeed this was still
the case at T2. The process of updating representations depends on effective interactions
between levels of input processing (perceptual skills) and output processing (motor
programming and programmes) (Rees, 2001). The diffuse deficits shown by Harry’s profile
suggests that it can be hypothesised that, as well as having difficulties within discrete levels
of processing, interactions between levels are likely to be impaired (Chiat & Hunt, 1993). If
this is indeed the case, the presence of frozen forms, symptomatic of an inefficient speech

processing system, is unsurprising.

Harry's difficulties in the perception of segments in complex non-words, and SFWF
contrasts in CVC/CVCC words had implications for his learning of new vocabulary,
particularly lexical items that had complex sound structures and/or abstract meaning. He
would be less likely to perceive finely graded phonetic details and more opaque semantic
features might mean that he needed more exposure to individual words in order to

establish stored representations.

Harry also had output difficulties at every level of the profile and there were no differences
in the segmental patterns used between his naming and repetition of real words and of
non-words. This indicated that the same constraints were affecting his output in each of
these types of stimuli. He had oro-motor and motor planning difficulties as evidenced by
his inability to elevate his tongue tip to command or visual model and his poor
performance on the DDK task. While these impaired motor skills will have impact on his
speech output, given Harry’s input processing difficulties it is unlikely that motor difficulties

alone could explain the severity and persistence of his disordered speech. However, there

171



Chapter Five. Case study: Harry

may be interactions between motor deficits and the development of, for example, speech
perception skills (Galantucci, Fowler, & Turvey, 2006; Liberman & Mattingly, 1985). With
so many areas of difficulty Harry’s profile demonstrates the complex nature of interactions
between levels of processing which can give indications of cause but not a definitive

explanation of the nature of the speech output difficulty.

5.26.5 Does the intelligibility of Harry’s speech vary across different speech elicitation
conditions?

The quantitative scores for Harry’s speech output suggested that his intelligibility would be
compromised and this was reinforced by the findings of the structural and segmental
phonological process analysis. Further to this, observation of the hyperelision in his speech
in multi-word utterances, and indeed his own reflections on the difficulties that listeners

had in understanding him, strengthened this prediction particularly in relation to MWU.

Harry’s intelligibility, as measured through the perceptions of 66 adult listeners, showed
that at T1 conversational speech was the least intelligible type of utterance (mean,
54.12%), followed by single words (mean, 59.78%) and that imitated sentences were the
most intelligible (64.23%). The difference between conversation and single words was
significant and Harry was the only one of the four study children to show this profile; the
other children were all more intelligible in MWU than single words. The experience of
Harry’s listeners in identifying what he was saying matched the predictions based on
assessment observations for conversation but not for imitated sentences. This was
because the intelligibility of Harry’s imitated sentences was aided by his frequent use of
open juncture. It may have been that words in this type of sampling condition benefitted
from the contextual support of a sentence but had clear word boundaries which aided
recognition. It may be that children like Harry who are familiar with assessment situations
are aware of the clinician’s implicit expectations of “best speech” (Klintd et al., 2011, p.
355) and so use produce more careful speech characterised by conscious use of open
juncture. However, the range of responses for all types of sample was very wide so not all

listeners were aided in the same way even in imitated sentences.
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5.26.6 Are any changes in Harry’s speech output evident between two points in time and

do any changes impact on the intelligibility of his speech?

In the 12 months between T1 and T2 Harry’s speech improved so that his PCC was 79.5%
(compared with 62.11% at T1) and his score on the Picture Naming Task showed the
number of whole words correct was 32/60, z=-5.64 (compared with 21/60, z=-8.44, at T1).
In spite of progress, Harry's speech difficulties were still significant. However, analysis of
his speech output revealed that quantitative scores were reduced by developmentally later
processes such as gliding, which do not impact on intelligibility in the same way as patterns
such as cluster reduction and stopping (Weston & Shriberg, 1992). In addition, there were

other positive indicators of change such as his improvement in non-word repetition.

Harry's input processing skills had improved and although he had some residual difficulties
with consonant cluster discrimination in sentences, and his ability to manipulate speech
sounds in words was poor, overall his ability to identify segmental patterns in complex
words had matured. In terms of output processing skills, Harry’s scores for imitation of
both non-words and real words across all word lengths fell into the typical range (albeit
that the ceiling for norms was set at a 7-year level). . This would suggest that the perceptual
and articulatory constraints that had lead to scores for real word naming and non-word
repetition being very similar at T1 had lessened, and that Harry’s poorer accuracy in
naming reflected an ongoing difficulty or delay in updating established motor programmes
(Bryan & Howard, 1992; Stackhouse & Wells, 1997). Another positive indicator was a
reduction in variability (Forrest et al., 2000), at least at a single word level, although
examples of idiosyncratic or unusual realisations of complex sound patterns in words also
suggested the ongoing influence of underlying difficulties, perhaps related to the

continuing deficits in Harry’s motor planning/execution skills.

Harry’s word juncture behaviours at T2 showed quantitative improvements in the
structured sentence imitation task. However, in conversational speech the presence of
hyperelision interacting with segmental differences and omissions rendered stretches of
utterance unintelligible, even to the author who was by that stage very familiar with his
speech patterns. Nevertheless, the overall improvement in PCC and the expansion of
Harry’s phonetic inventory to include, for example, the segments /f/, /ff/ and /& / were

on their own likely to have a positive impact on intelligibility (Yavas & Lamprecht, 1988).
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Harry's intelligibility had improved with recognition of conversational speech showing a
highly significant change. Unlike T1, at T2 Harry’s conversational speech was the best
understood type of utterance (mean, 82.17%), followed by single words (mean, 69.97%)

with imitated sentences being least intelligible.

5.27 Summary and conclusions

A comprehensive phonological process analysis (PPA) of Harry’s speech at T1 identified a
range of processes, for example, cluster reduction and velar plosive fronting. However,
further analysis beyond the scope of a typical PPA, particularly of MWU, revealed
significant segmental and prosodic features which were not evident from a traditional
single word naming test. This finding was similar to that revealed through the investigation
of Tallulah’s speech in that PPA was not sufficient to describe all the patterns which might
impact on intelligibility. Like Tallulah his MWU showed frequent occurrences of open
juncture although in Harry’s speech glottal stops and pauses were observed more often at
word boundaries. One characteristic of Harry’s MWU was the presence of inappropriate
close juncture manifested by hyperelision which significantly impacted on his intelligibility;
this was not particularly evident in Tallulah’s speech. Like Tallulah, Harry showed variability
in speech output; at times this was progressive in nature but his output might also be

affected by phonetic or linguistic context.

Psycholinguistic assessment indicated that Harry's speech processing skills showed
impairments in both input and output tasks, therefore showing more pervasive difficulties
than Tallulah, whose input skills were in the typical range. With input tasks Harry
experienced more difficulty in activities involving non-words than real words, particularly
those with complex segmental and syllabic structures. His speech patterns in output were
similar in non-word repetition and picture naming suggesting that the same constraints
affected all types of speech output. Harry’s performance on a DDK task indicated that he
had difficulties in motor planning and there was some evidence of poor power and
precision in oro-motor movements. Tallulah did not demonstrate difficulties with non-
word repetition and oro-motor skills, again indicating that Harry had more widespread
impairments than she did. They both had difficulties with real word output and motor

planning.
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Harry presented with severe and persisting speech difficulties at T1 which affected the
intelligibility of his speech in all types of utterance although listeners were better able to
identify words as single items rather than those in MWU. The profile of listener responses

was different to that of Tallulah where MWU were more intelligible than SW.

By T2, Harry's speech output and his intelligibility had significantly improved although he
continued to show residual difficuities reflecting those identified at T1. In these respects

he is similar to Tallulah.

The next case study in Chapter Six is Lily who was 7;2 at the time of the first assessment.

175



Chapter Six. Case study: Lily

Chapter Six

Case Study: Lily

6.1 Background

At the beginning of the study Lily was 7;2; she was a girl who had a history of severe speech
difficulties, first referred to speech and language therapy by the health visitor at the age of
3;1 because her speech “was slow to develop”. There was a paternal family history of
dyslexia but no other reported risk factors. Her hearing always tested as normal. Over the
next four years, there were periods of intervention which focused on her production of
speech sounds and the development of phonological awareness skills, but her progress was
slow. Her early intervention was group-based and clinical records suggest that she was
diagnosed with a phonological delay, which was expected to resolve. She was referred to

the study because of concerns about her rate of progress and her poor intelligibility.

6.2 Initial observations T1 (C.A. 7;2)

In the first assessment session Lily was very quickly.at ease, and throughout the study was
a calm cheerful and hard-working child who was focused and organised in her approach to
activities. She presented with good verbal comprehension, confirmed 5 months later
through formal assessment, although her expressive language scores showed some
significant difficulties with grammar and sentence formulation tasks (see appendix 6.1).
Lily’s effective interpersonal skills and social understanding were a positive counterbalance
to her significant intelligibility difficulties. She had syntactic immaturities, for example, in
tense marking where she over-generalised the regular past tense morpheme ‘-ed’ (“we
putted it on the tree”); she had word finding difficulties with, at times, slow recall of even

familiar lexical items and occasional semantic errors.

The initial impressionistic assessment of Lily’s speech was that that her intelligibility was
poor and her voice quality was rather hoarse and breathy. Her intelligibility was affected
by segmental and structural phonological processes particularly cluster reduction, velar
plosive and nasal fronting and voicing of voiceless segments. Frequent use of glottal stops
in all word positions was noted. In addition, there was evidence of timing issues,
sometimes with slow transitions between or within words or effortful production of

segments, especially fricatives.
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6.3 Initial assessment T1

Lily’s input processing skills and speech output skills in single words and multi-word
utterances were assessed following the approach described in Chapter Three, Methods
(see appendix 6.2 for her speech processing profile and 6.3 for the mapping of this profile

to the speech processing model).

6.4 Input processing skills T1

The investigation of Lily’s input processing skills included assessment tasks from

Stackhouse, Vance, Pascoe and Wells (2007) and other non-standardised activities)..

o Discrimination between same/different SFWF single features and s-cluster
sequences in real words and non-words for example, lot/loss; vot/vos; lots/lost;
vots/vost, (Stackhouse et al., 2007). Lily’s overall number of responses correct was
30/36 compared with a mean score of 35.25/36 (S.D. 0.79) for a typical 7-year-old.
Her z score was -6.64, indicating a severe level of difficulty. There was no
significant difference between the discrimination of single sounds (z=-4.91) and
clusters (z=-4.33), but there was a difference between real words (16/18, 2=-2.2),
and non-words (14/18, z=-7.72), although both scores were significantly below the

expected level.

e Discrimination of segmental differences between pairs of complex non-words (for
example, same or different, /spoaub/ vs. /spaud/; /fasp/ vs. /faps/, (Stackhouse
et al., 2007). Lily's score was 75%, compared with a score of 90.66% (S.D. 7.5%) for
a typical 7-year-old, z=-2.08. There was a marked discrepancy between Lily’s score
for recognising difference, which was 88.46% (compared with a norm of 87.95%,
S.D. 10.96%), z=0.073, and her score for recognising similarity which was 50%
(compared with a norm of 96.92%, S.D. 4.7%), z=-9.98. Examination of the pattern
of errors in the task stimuli suggests that these results may have been related té
either fatigue or poor attention (although neither was obvious from her
demeanour). There are four blocks of test items but difficulty is not progressive.
Lily scored 10/10 for block A, 7/10 for blocks B and C and 6/10 for block D,
identifying all 3 “same” items correctly in block A, 2 in block B and only 1 in blocks C
and D. The design of the test meant that items were more often different than the

same. Lily may have realised this; if the task was difficult for her, it may have

177



Chapter Six. Case study: Lily

simply been easier to respond in the same manner to all items. Whatever the
reason, it brought into question the reliability of her scores for discrimination of

differences between complex non-words.

e Auditory lexical discrimination, (ALD) with pictures (Stackhouse et al., 2007),
recognising production errors in 1, 2 and 3/4 syllable words. Lily’s overall score
across all word lengths was 113/120, compared with a mean of 114.7, (S.D. 3.17),

=-0.53 which was in the typical range for her age. Examination of different word
lengths revealed some small differences. Her judgement of 1 and 2 syllable words
was typical for her age (z=2.93 and -0.71 respectively) but her score for 3/4 syllable
words was 35/40 compared with mean 37.65, (S.D. 1.52) z=-1.74. She accepted:
/'host1pl,/ for “hospital” (metathesis); /'perasut/ for “parachute” (place of
articulation); /'batafar/ for “butterfly” (cluster reduction); /pa'&abaz/ for
“pyjamas” (manner of articulation); and rejected “hairdresser” as a real word. The
errors relating to place of articulation, cluster reduction and voicing reflected

production patterns evident in Lily’'s own speech production.

A number of phonological awareness activities were completed using the Hatcher, (1994)
Test of Phonological Awareness and other non-standardised tasks (these tasks typically
tapped both input and output skills). On the Hatcher assessment she scored 17/36 across
all 6 subtests; the test does not give details of norms but is presented as suitable for
children at the early stages of literacy development as Lily was. Results suggested that
Lily’s phonological awareness was beginning to develop but her skills were still immature.
She was able to listen to words segmented into syllables (for example, “win-dow”) or
phonemes (for example, “r-ai-n”) and identify those words, indicating that phonological
representations for the words tested were accurate. She was able to sort pictures of CVC
words by onset segment as long as the target sounds were ones she realised accurately,
otherwise her own speech output in rehearsal interfered with the task. For example, she
was not reliably able to sort between alveolar and velar plosive onsets. Given a choice of
three words, Lily was able to identify the two which rhymed (4/6) but this was very slow.
Her responses to these segmentation and rhymihg tasks suggested that she had some
awareness of the internal structure of phonological representations, in that she was able to
manipulate phonological information without being entirely reliant on an adult model, but

these skills were not yet secure.
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Overall, Lily’s task performance showed that she had some difficulties with input
processing; mild difficulties in carrying out discrimination and judgement tasks with real
words, more so if they were multisyllabic. However, she found tasks involving non-words
more difficult, particularly when they had complex segmental and syllabic sequences.
These findings implied that her perceptual skills were better when associated with
meaning, i.e. a stored phonological representation. Such difficulties could impact on lexical
development, particularly of more abstract words, because poor discrimination of the
sound patterns of novel words would lead to difficulty in establishing clearly defined

phonological representations (Chiat & Hunt, 1993).

6.5 Speech output skills T1

Lily’s speech output skills were assessed using a range of single word tests; the Picture
Naming Task (Stackhouse et al., 2007), the Non-Word Repetition Task (Stackhouse et al.,
2007) and the Real Word Repetition Task (Stackhouse et al., 2007). She also completed
subtests of the DEAP (Dodd et al., 2002). The single word (SW) analysis was based on 109
items collected during these tasks (appendix 6.4). The multi-word data are from the
analysis of T1 conversational speech (CS) samples 1-7 (appendix 6.5 to 6.10) and selected
imitated sentences from the Connected Speech Processes (CSP) Repetition Task
(Stackhouse et al., 2007), (appendix 6.11); there are occasional examples from other

conversational speech, which are indicated in the text.

The Picture Naming Task (Stackhouse et al., 2007) allowed comparison of Lily’s whole word
production with the expected score for a child of her age (see table 6.1); scoring is based
on the number of whole words that match the adult target. Her overall score across all
word lengths was 7/60 (11.66%), z=-12.01, compared with a mean score for a 7-year-old of
54.2/60 (90.33%), S.D. 3.93, indicating a severe level of difficulty in comparison with a
typically developing peer group. Her scores for 1 syllable (4/20, z=-12.33), 2 syllable (3/20,
2=-12.07) and 3/4 syllable words (0/20, z2=-7.27) were all at a similar level of difficulty.

Whole words scored as correct were DUCK, CAT, BOOK, SNAKE, TOILET, MONEY and LADDER.

Lily completed the Non-word Repetition Task (Stackhouse et al., 2007), (see table 6.1). Her
score across all word lengths was 10/60 (16.66%), compared with a mean score of 48.85
(S.D. 4.66) for typical 7-year-olds, z=-8.33 indicating a severe level of difficulty. Lily scored

equally poorly across all word lengths as can be seen in table 6.1. The credited non-words
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were /dek; sok; ket; bok; vin; 'terlot; 'mens; 'ledr; 'tolafarn/. Six of these words

matched correctly named real words, DUCK, CAT, BOOK, TOILET, MONEY and LADDER.

Table 6.1 Lily: Scores for Picture Naming and Non-word Repetition Tasks T1

Picture Naming Task (real words) | Non-word Repetition Task
Word structure | Norms age 7 Lily’s score (z- | Norms age 7 Lily’s score (z-
years: mean score) years: mean score)
(s.D.) {5.D.)
1 syllable (N=20) | 18.8 (1.20) 4(-12.33) 16.05 (1.88) 5 (-5.87)
2 syllable (N=20) | 18.45 (1.28) 3(-12.07) 16.95 (1.90) 3(-7.34)
3 & 4 syllable 16.95 (2.33) 0(-7.27) 15.80 (2.33) 1(-6.35)
words (N=20)
Total (N=60) 54.2 (3.93) 7(-12.01) 48.85 (4.66) 10 (-8.33)

The Real Word Repetition Task (Stackhouse et al., 2007) was also completed; Lily’s
performance was similar to the naming and non-word repetition tasks with a score across
all word lengths of 11/60 (18.33%), z=-14.05 compared with a mean of 53.3/60 (S.D. 3.01)
for typical 7-year-olds. She scored 7/20, z2=-14.12 for 1 syllable words, 3/20, z=-9.62 for 2
syllable words and 1/20, z=-15.12 for 3/4 syllable words. Some accurate words were the
same as those produced in the naming task i.e. DUCK, CAT, BOOK, SNAKE, TOILET, MONEY and,

LADDER but in addition she realised LEAF, SOCK, VAN and TELEPHONE accurately too.

In summary, Lily’s performance across all three tasks, naming and both real word and non-
word repetition was equally poor. Stackhouse and Wells (1997, p. 47) suggest that this
may reflect “generalized articulatory difficulties”. However, it might be the case, also as
suggested by Stackhouse and Wells (1997), that her performance reflected multi-level

“pervasive phonological processing difficulties” (p. 47).

Non-standardised phonological awareness tasks showed that Lily could segment words into
syllables by tapping or clapping although, when the task was first introduced, she needed
adult help in the form of extra modelling and discussion. This was unexpected since her
case notes suggested familiarity and success with similar tasks. She was not easily able to
generate rhymes or reliably count the number of consonants and vowels in high frequency
single syllable CVC words, although this was not aided by interference from her own
impaired speech production. Lily’s performance on these tasks indicated that she was not
able to manipulate segments and simple words in output activities without adult help, and

her skills were not at the level typically expected by the age of seven.
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6.6 Oro-motor assessment and diadochokinesis (DDK) T1

Lily’s oro-motor motor skills were assessed using items from the DEAP (Dodd et al., 2002).
Her non-speech movements in isolation were accurate apart from tongue elevation which
she was not able to perform to a model or verbal command. When asked to carry out a
sequence of two oro-motor actions, her movements were affected by her lack of tongue
elevation but her blow, kiss and cough were also lacking in force. Her performance on
these tasks suggested that she had some difficulties with precision and power in non-
speech oral movements. As described in Chapter Five, Harry, Williams and Stackhouse
(2000) found that 70% of typical 5-year-olds were unable to elevate their tongue tip in an
oro-motor task, and it may be that Lily’s difficulties with tongue movements were a
reflection of an immature motor system. However, this would not explain her general lack

of oro-motor force.

Lily’s DDK skills were assessed in a non-standardised way through repetition of a sequence
of single segments [p], [t], [k](see Methods, Chapter Three); she was able to produce
all three segments in isolation. She was asked to do this 10 times after being given an aduit
model and three practise attempts. Lily was unable to produce the segmental sequence
accurately at all so the real word “pat-a-cake” was tried as an alternative. Lily’s realisation
of the target was ['bzPode1?] for seven attempts, ['bmzkeder?] for two and
['be?de1?] for one. Her attempts were perceptually slow and deliberate but did not
have long pauses or hesitations. Lily’s performance on the DDK task suggested that she

had difficuities with motor planning (Stackhouse et al., 2007).

6.7 Phonetic inventory T1

Lily’s phonetic inventory for consonants, based on single word and utterance level analysis

is listed in table 6.2.

Lily’s vowel inventory included all vowels expected for her accent of English (see Chapter
Three, Methods). In this analysis the realisation of /t/ as a glottal stop in SFWW and SFWF
positions and vocalisation of SFWF /I/ to [u] (Grunwell, 1987) are judged as typical for

Lily’s accent.
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Table 6.2 Lily: Phonetic inventory (consonants) in SW and CS T1

Bilabial | Labiodental | Alveolar | Palatal | Velar | Glottal
Plosive pb td k.g ?
Ejective p' t’ k'
Nasal m n D
Fricative fv S h
Affricate
Approximant W v 1 J
Other
6.8 Stimulability T1

Stimulability for English consonants was assessed using the DEAP items (Dodd et al., 2002).
Lily was stimulable for /z/ in isolation following repeated modelling and several attempts
at production but not for the other segments not in her inventory (i.e. /f, 3,4, & 6,9, 1/.
She had difficulty in imitation of both /g/ and /v/ in CV syllables and in isolation (in spite
of them being used sometimes in speech). /g/ was realised as the voiceless cognate [k],
and /v/ was also devoiced. Her efforts to imitate /&/ resulted in [t] in CV syllables but
repeated productions of [g] in single sound repetition. She was easily stimulable for the

/s/ clusters /sn/, /sm/ and /sp/ but not for any other clusters.

6.9 PCCT1

Lily’s SW PCC was 44.90% and her PVC was 92.06% giving a PPC of 68.48%. Scores were
derived from 109 single words. This PCC score puts her speech into the Shriberg and
Kwiatkowski (1982) category of severe difficulties for consonant production (less than 50%

correct).

6.10 Phonological process analysis T1

A phonological process analysis was completed using data primarily from single words and
conversational speech, supplemented by data from imitated sentences. There was
evidence, both in SW and multi-word data, of both structural and systemic processes as
well as word level assimilatory errors (see table 6.3). Structural processes included weak
syllable deletion, final consonant deletion (although glottal stop realisation was a more
common pattern), and cluster reduction. Systemic processes included glottal stop

realisation of fricative segments, velar fronting, deaffrication, stopping and gliding. Lily’s
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realisation of voiceless segments was variable in that they were frequently voiced,

particularly in multi-word utterances.

Table 6.3 Lily: Phonological processes (consonants) T1

Target Lily’s realisation | Target Lily’s realisation
(SW) (conversational
speech, CS)
Structural processes
Cluster CRAB [deb ] AND HIM LIKE [en 1™m 'lai?
reduction IRACTORS AS WELL 'de?dad o
(CS4,T1) lwe o]
Weak syllable | TOMATO ['ma~?sv_] MUSIC ON THE - [('madi? o™n do
deletion COMPUTER (CS 2, () p ()
T1) 'bu'?a_]
Final ROOF [ou] THEN MY STEPSISTER | [de™n ma1
consonant COMEROUND (CS5, | I4g912da
deletion T1) "tA'm “wav~]
Systemic processes
Glottal SAUSAGE [!?p?h1dz N SOMETIMESWE CALL | [19A~ nda1~m wi
replacement ITTILLY, SOMETIMES 1 1 451 12 'dild
WE CALL IT TINY (CS 19y ndai~m wi
LT ol 2
'da_17ni_]
PARACHUTE | [!ph ewau?] WE BOTH START (wi bau? 'da?
FIGHTING (CS 6, T1) | Ig,, ?1n]
Velar fronting | GIRL [deu]) ANDWE CAN'TTAKEIT | [¢~n 'wi 'da™n?
& glottal FORAWALKYET(CS | 1419 12 vow
stops 1,T1) o 'wok? !je.?]
Deaffrication | ELLY ['deli] BUT THEN HIM NOT [ba?
JUMPED UP (CS 5, ne~nt~no~?
T1) 'dA~mpt Ap)
Stopping GLOVE [dab b ] AHIGH SC(HOOL ) [o '?a1? diiv
MUSICAL (?PILLOW |
miide?u
(CS2,T1) Ibrleu. ]
Gliding RING [wip] AND A CAMERA (CS [e"n o 'de~mws]
2,T1) '
Voicing CATERPILLAR | [!dmPop™ 1la_] | RED & PINK (CS 3, ['wed™ en
T1) 'b1~pk™]
Word level assimilatory errors
Consonant BIRTHDAY ['ba?ber]. IT KEEP ON NIPRING [1? 'bi? o1
harmony PEOPLE (CS 1 T1) ‘n1_2'b1 n
'bi'ba vl
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6.10.1 Structural processes T1

The most frequently occurring structural process across both SW and MWU was cluster
reduction. Consonant harmony was also a feature of Lily’s speech. Weak syllable deletion
occurred in word initial unstressed syllables preceding a stressed syllable, but these were
relatively few in number; final consonant deletion occurred, but infrequently and not with

any predictable segmental pattern.

6.10.1 1 SIWI and SIWW clusters in single words and conversational speech

All SIWI consonant clusters were examined (see table 6.4); clusters in MWU were included
in analysis only when the target was unambiguous. Lily, almost without exception, reduced
SIWI/SIWW clusters to a single element. In the SW sample this process occurred in 93.33%
(28 out of 30) of SIWI/SIWW clusters and in CS in 100% (17 out of 17) of clusters. In SW the
two exceptions were [sne~1k’ ] for SNAKE (which appeared to have been learned as an

isolated lexical item in a recent intervention which focused on /s/ clusters), and [fwi] for

THREE.

Table 6.4 Lily: Realisation of SIWI and SIWW consonant clusters in single words and conversational
speech T1

Process SwW CS (17 items) Examples

(30 items)
None (i.e. cluster realised | 3.33% (1/30) 0% (0/17) SNAKE [sne~1k’ ]
accurately) (SW)
Realised with 2 elements | 3.33% (1/30) 0% (0/17) THREE [fiwi] (SW)
(immature)
Reduction to a single 86.66% (26/30) 94.11% (16/17) FROG [fipg" ]
element (SW); pLATE

[ber.?] (SW);
PLAYER ['berjs_]
(CS 2, T1); START
['da?] (CS5,T1)

Coalescence 6.66% (2/30) 5.88% (1/17) SWING [fi1~p]
(SW); BUTTERELY
['ba?e Ba1] (CS
5,T1)

Clusters were reduced in different ways but the patterns were predictable and were the
same in SW and conversational speech. Plosive plus approximant clusters were reduced to

a single plosive segment, but fronted if the target was a velar, [deb.] for cRAB,
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[d.ab_ :"th ] for glovg; /f1/ and /fr/ clusters were reduced to a single /f/ so, for
example, FLOWER was realised as ['f:au_wa_]. /s/ plus plosive clusters were generally
reduced to a single plosive segment so that SPIDER was realised as ['baid a] and scOOTER
as ['duPha.].  /s/ plus approximant appeared to follow slightly different patterns.
/sw/ was realised with the coalescence of /s/ and /w/ so that sSwING was [fi1~pl; /sl/
was realised as a glottal stop, for example, suPPer as ['?12ph a_]. Lily’s realisation of
/sl/ appears to involve two processes, firstly /s1/ was being realised in a similar way to
other /1/ clusters where /1/ was deleted (as in FLower ['flau_wa.] and PLATE
[ber.?]); secondly the realisation of the SIWI [s] as a glottal stop. Grunwell (1987)
suggests that there is no reason, other than for descriptive logic, to suppose any sequential
application of processes where it appears that more than one is being used and that they

could be “said to apply simultaneously rather than sequentially” (p. 187).

6.10.1.2 SFWF and SFWW clusters in single words and conversational speech

SFWF consonant clusters in the samples were examined (table 6.5). In the SW there were 6
examples of SFWF or SFWW clusters and 28 in the CS. The SFWF clusters sampled did not
include the cluster /nd/ in the word AND because. it was used frequently and realised in
several different, but appropriate forms. For example, AND THEN realised as [e™n 'ng™n]
(CS 6); AND WHITE AND BLUE realised as [#n 'wa1_? =n 'bu_] (CS3). This type of reduction

and variability occurs in typical adult speech (Shockey, 2003).

The examples in table 6.5 illustrate that the major issue in the realisation of SFWF clusters
was that the fricative element of any cluster was stopped or omitted. Even on the one
occasion from both samples that Lily produced a fricative, LEgs [legts] (SW), she

preceded the target (which was devoiced) with a stop, resulting in an affricate realisation.
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Table 6.5 Lily: Realisation of SFWF and SFWW consonant clusters In single words and

conversational speech T1

Process

SW (6 items)

CS (27 items)

Examples

None (i.e. cluster
realised accurately)

33.33% (2/6)

39.28% (11/28)

ROUNDABOUT
['weu~nde ‘bau~_?]
(SW); ELEPHANT
['elafia_~n?]
(SW); JUMPED
[da~mpt] (CS 5, T1);
caNT [da~n?] (CS1,
T1)

Reduction to a single
element, including a
glottal stop

33.33% (2/6)

39.28% (11/28)

orRaNGE ['owi™n:]
(SW) ; siscuTs
['b12ki.2] (SW);
SOMETIMES
['?a~_ndar~m] (CS
1, T1); TRIPPED
[di?t] (CS5,T1)

Stopping

33.33% (2/6)

14.28 % (4/28)

GLOVES [dabth ]
(SW)s LUNCH
[1a™nt’ 1 (CSS5,
T1); NAMES
[ne~1.md_ :](CS1,
T1)

Final consonant deletion

0% (0/6)

7.14 % (2/28)

ROUND [wau~]* (CS
5T

*Note nasalisation of the vowel suggesting the preservation of the nasality feature of the deleted

alveolar nasal adult target

6.10.2 Systemic processes T1

The most frequently occurring systemic processes in Lily’'s speech were glottal

replacement, velar fronting and voicing. Her realisation of vowels was also considered.

6.10.2.1 Glottal stop realisations

Lily'’s speech showed frequent use of glottal stops and some of these within-word and

SFWF realisations of /t/ were associated with Lily’s accent, for example, CATERPILLAR

realised as ['dePep™ 1la.] and Tower as ['torla?].

However, other contexts were

not explained by her regional accent, particularly (but not only) where glottal stops

replaced alveolar and post-alveolar fricatives /s,

z, J/ and the glottal fricative /h/
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(although this last pattern is not uncommon in Lily’s linguistic community). This affected
not only within-word and word-final segments but also word-initial fricative targets, for
example, SAUSAGE [?p? 'h1dz ]; HAIRDRESSER ['Pead €?a.]; sHeer [?ip’ 1. However,
there was some variation in what was perceived for SIWI| targets and on occasion it
appeared that the target was omitted rather than realised as a glottal stop. For examples,
ZeBRA realised as ['ebyve].  There were also instances of typical realisations of these
targets, for example, were /s/ as [s] in sock and /h/ as [h] in HOuSE. In the SW data, 15
out of 19 possible productions of SIWI or SIWW /s/, /z/, /f/ and /h/ targets were
transcribed as glottal stops or deletions; in MWU all occurrences were realised as a glottal
stop or deleted. Examples of SIWI glottal stops in MWU include, in conversation, WHEN WE
SEE SHEEP HIM SAY ['wenwi '?i '2ip 1"m 2e1] and in sentence imitation WE SAW AN

ELEPHANT AT THE 20O realised as [wi '20d” do '2glove™n? he.~ da '?ul.

In SFWF positions glottal stops were common in both SW and MWU with similar patterns in
all contexts. For example, in the conversational speech samples 95.45% (42/44) SFWF /t/
segments were realised as a glottal stop, which was typical for Lily’s accent, but 27.77%
(5/18) of SFWF fricatives were also produced in this way, which was not. SFWF consonant
clusters where target segments were plosives or fricatives were also susceptible to this

process.

In addition to the patterns of fricative realisation described, SIWI plosives and fricatives in

word-initial unstressed syllables were also liable to glottal stop realisation, for example,

PYJAMAS realised as [?o'da~me?s].

6.10.2.2 Velar fronting and glottal stops

The realisation of velar targets was influenced by their position in words and, to a lesser
degree, the type of utterance i.e. SW or CS, within which they occurred (see table 6.6). For
example, voiceless velar segments in SIWI positions were frequently fronted but in SFWF

position, particularly in multi-word speech, were subject to glottal stop realisation.

In SW 7/15 (46.66%) of SIWI/SIWW and 7/9 (77.77%) of SFWF/SFWW velar plosives
matched the adult target but in multi-word speech SIWI velars were usually fronted (29/31,
93.54%) and in SFWF position the voiceless target was usually realised as a glottal stop

(14/16, 87.5%). The voiced velar plosive was realised accurately in coda position both in
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SW and CS, although in the stimulability assessment Lily had been unable to produce this
segment in isolation or in a CV syllable even with careful adult modelling. It is possible that
that the realisation of SFWF /k/ as a glottal stop reflected Lily’s usual realisation of the

voiceless alveolar plosive /t/ i.e. /k/ was fronted and /t/ was realised as [?].

Table 6.6 Lily: Fronting and glottal replacement of velar plosives in SW and CS T1

Velar plosives Velar plosives Velar plosives Velar plosives realised
fronted realised as a fronted as a glottal stop
SIWI/SIWwW glottal stop SFWE/SFWW SFWF/SFWW
SIWW
SW | 46.66% (7/15) 6.66% (1/15) 11.11% (1/9) 11.11% (1/9)
CS | 93.54% (29/31) 6.45% (2/31) n/a 87.5% (14/16) /k/ only;
/g/ always typically
realised (3/3)

Another difference between single words and multi-word speech was the realisation of the
velar nasal. In SW 40% (2/5) were fronted and realised as [n] but in MWU it was always
fronted. Realisation of -ING with an alveolar nasal is a socio-phonetic variant in Lily’s accent

for example, FISHING realised as [ ' f1h?h1~n].

6.10.2.3 Voicing

Lily’s speech across all contexts was affected by inconsistent marking of the voiced-
voiceless contrast in obstruent consonants, which was not necessarily context sensitive but
was sometimes the result of consonant harmony. This may be illustrated through further
examining velar plosive production, in this case in SIWI position in SW (see table 6.7). In
this context Lily’s realisation of voiced and voiceless segments was variable, even where
the place and manner of articulation of the target segment was accurately produced; this

was less so in MWU where voicing appeared to be the default.

Table 6.7 Lily: Voicing of SIWI velar targets in SW T1

Target word Lily’s realisation Voicing: accurate or not?
CAR /ka/ (kh a_] Yes
CARAVAN /'keraven/ ['th ewawe_~nt] | Yes
CAT /ket/ (khet] Yes
CATERPILLAR | /lketapila/ | ['de?ap” 1la.] | No
GRAB /kaeb/ (deb ] No
CROCODILE | /'krpkada1l/ | [!da?ada1jeu h] | No
GIRL /g3l/ [deu] Yes
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[GOVE | /glav/ [ [d.ab.:"th ] [Yes |

In the examples given, 4 of the 8 segments were realised with accurate voicing (even if the

velar was fronted) and 4 were not, so CAT was realised as [kP #t] but CATERPILLAR as

['de?ep” 1la.].

The voicing differences in SW were not seen in MWU where Lily showed little variation in
the realisation of voicing contrasts, resulting in long domain harmony across utterances

that were voiced throughout, for example:

BUT | DID GET TWO AND | KEPT THEM (CS 6, T1)

[ba? ai 'di? de_? 'du a~n 'ar 'ds? 'ds~_n]

DIDN'T GET OUT COS | PUT IT IN A TIN IN THE GARDEN WITH HOLES IN (CS 6, T1)

['didede_?ou.? dod a1 'bu? 1?2 1™n @ 'di™n 1™n & 'dads™n wid_ !?aul di~n]

There were several examples of the segment /p/ being realised accurately, as in HER HELP
peopLe [s 'elp™ 'ph iph al]; however, PURPLE was realised as ['ba?ph 5.uv] in the

utterance immediately before this one (CS 3, T1).

6.10.2.4 Degffrication

Deaffrication had a less pervasive effect on Lily’s speech than other processes but this may
relate to the frequency with which opportunities for affricates occurred in the data. SIWI
affricates only occurred 10 times throughout the SW and CS samples (see table 6.3). They
were always deaffricated i.e. realised as a stop (Dinnsen et al., 2011), for example, CHAIR
realised as [th go.:]. In SFWF position the adult targets were deaffricated in 40% (2/5)
of instances, realised as a glottal stop in 20% of instances (1/5) and realised with immature
affrication in 40% (2/5) of instances with /f/ realised as [t:s] and /&/ as [dz. ], for

example, sausaGe [!?o?hidz ].

6.10.2.5 Gliding

Immaturity was also evident in Lily’s realisation of the post-alveolar approximant /r/ which
was usually glided to [w] when it occurred as a single segment but omitted when in a
cluster. For example, RING was realised as [wip]l:; cRaB as [deb.].  There were

occasional instances of the labiodental approximant being realised as in RooF [vu].
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6.10.2.6 Stopping

Stopping was an infrequently seen process for Lily but this may be partly because alveolar
and post-alveolar fricatives (segments which may be liable to stop realisation) were also
subject to ICD and glottal replacement. There were a few examples in SW and
conversational speech, enough to suggest that stopping was a process affecting production
in word-final positions at least. In CS samples she realised IT WAs as [1? wad™] and in
sentence imitation GOOD GIRLS ARE NICE was realised as ['du? 'delda 'nai_:t’ ] with

stopping of both the plural /z/ and utterance final /s/.

6.10.2.7 Vowels

In single word naming Lily’'s PVC vowels was 94.68%; her vowel inventory was typical for
her accent and non-adult forms were rare. Some realisations were affected by Ielngthening
(see section 6.11.1) but the durational effects did not alter the categorical perception of
the vowel. In conversational speech atypical vowels were also rare but there were
occasional examples of what appear to be consonant-vowel ihteractions. For example, in
the phrase AND THEN HIM TRIPPED OVER-OVER A LIGHT ‘COS IT WAS- IT WAS —IT USED TO BE PIRATE DEN
(CS 5) realised as [~ 'ne~n1n 'di?t "aude (.) 'suve & 'lar.? did 1? wad™ (.)
1? wad™ (.) 1? 'ju? do bi 'bariwe? 'de~n] the first vowel in ‘cos IT was the mid
close [1] rather than the more likely centralised neutral /a/. It appeared that the alveolar
plosive /d/ both in word-initial (fronted velar) and word-final (stopped fricative) positions
led to harmonisation of production across the consonants and the vowel. Elsewhere, in CS
6 she used the more typical schwa, [dad], in the phrase DIDN'T GET OUT COS | PUT IT IN A TIN
['dide de.? au.? ded a1 'bu? 1? 1°n @ 'dr*n]. The low incidence of these types
of consonant-vowel interactions meant that their overall impact on intelligibility was also
likely to be low. Production differences of this type may not be at all significant except in
the context of the speech of a child with persisting difficulties where they may be yet

another product of an immature system.

It was concluded that non-aduit vowels, occurring in less than 6% of instances and all in
unstressed syllables, were not frequent in naming or conversational speech. However, the
interpretation of their occurrence as a product of an immature speech processing system
was supported by Lily’s output in the sentence imitation task where she had atypical

realisation of several vowels not seen in naming or spontaneous speech. For example, /#/

190



Chapter Six. Case study: Lily

in WRAPPED was realised as [¢] in the phrase SHE (HER) WRAPPED THE PARCEL [3? 'we? do”
'ba_the_1]; /A/ was realised as [&] in JUMPER in | WORE A JUMPER produced as [a1 'vow

1 'de™n?ba.]. Inthe sentence MY MUM HUGGED ME WHEN | WAS SAD the /A/ in HUGGED was
also realised as [¢], and /&/ was realised as a diphthong in sap, ['mar 'ma~m 'e? off we™n
ar wo t' l'aa_t’ 1. One further example was the realisation of /3/ in the phrase My
LEFT LEG HURTS which was produced as the rhotic /3/, [ma1 'lef 'ted" 'a?]. These
unpredictable realisations may have been, at least in part, a product of the task. Lily’s

capacity to manage the constraints imposed by trying to exactly reproduce what she had

heard had unplanned phonetic consequences because of the limitations of her speech

processing system.

6.10.3 Word level assimilatory errors

Lily made some word level errors which could best be described as consonant harmony

both in MWU and in SW.

6.10.3.1 Consonant harmony

There were several examples of consonant harmony in Lily’s data and these most often
occurred in MWU across strings of words rather than SW and some of these occurred in
the sentence imitation task. For example, the sentence THE YELLOW AEROPLANE CRASHED was
produced as [la 'lelou Pela've~in 'de_ ?.t] with the SIWI (and utterance-initial)
target /0/ realised as [1], anticipating the /1/ in the immature ['1glau] and possibly
the realisation of /r/ as /I/ in AEROPLANE. (Lily’s habitual production of THE was [de] or
[s]). There were other instances where on first examination the harmonisation might be
attributed to Lily’s favoured voice, place and manner of articulation i.e. simply reflecting
stopping, fronting or voicing processes. For example, JOHN COLLECTS STAMPS was produced as
['do™n da'de? 'de_.~nt]; the realisation of all SIWI segments could be explained by
deaffrication, fronting of a velar plosive and cluster reduction respectively, with voicing as a
default across the whole utterance. However, this would not explain the realisation of
SIWW /1/ as [d] in coLLecTs or the final nasal cluster /mps/ as [nt] in sTAMPS, especially
when in other spontaneous situations Lily successfully used both SIWW /1/ in TiLLy ['d11i]
(CS 1) and SFWF /mpt/ in JumpeD ['da~mpt] (CS 5). An explanation of consonant harmony
with a unifying alveolar place of articulation, plosive manner and plus voice would appear

more convincing.
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In conversational speech there were also examples of long domain harmony. For example,
in the utterance IT KEEP ON NIPPING PEOPLE the SIWI adult velar target in KEEP was realised as
[b], [1? 'pbi? o~ 'ni_?'bin 'bi'ba_ul, anticipating the bilabial plosives in the
following words. Although the harmonisation was generally anticipatory, there were
occasional examples of retrograde assimilation, for example, LIPSTICK was realised as
['11p. b1?] and BIRTHDAY (CS 2) was realised as ['ba?ber].  These particular examples
could also be explained in the context of “frozen” forms (Bryan & Howard, 1992). These
are early-established utterances that are unchanged over time by progressive development
of the child’s phonological system, and there were other occasional instances that show
what appeared to be very immature forms occurring in Lily's speech (for example,

THANKYOU realised as [ 'm:g~n?ju:].

6.10.4 Summary of phonological process analysis T1

The phonological process analysis revealed a significant number of processes impacting on
the structure and segmental content of Lily’s speech. Her realisations of adult targets were
constrained by multiple structural and systemic processes which would impact on her
intelligibility because of the cumulative effects on the realisations of individual words and
multi-word utterances. However, a process analysis did not capture all of the speech
patterns which might be important in providing a full description of Lily’s speech

production.

6.11 Features not captured through phonological process analysis T1

The assessment data revealed that there were other features of Lily’s speech which could
not be accounted for through a traditional phonological process analysis. These features
were examined through further analysis which included exploration of Lily’s management
of transitioqs between segments, consonant and vowel durations, and word juncture
behaviour in multi-word utterances. There was also a consideration of the variability in hér

speech and her voice quality.

6.11.1 Segmental transitions and duration

One of the striking features of Lily’s speech was presence of atypical transitions between
segments. These were identified through perceptual rather than instrumental analysis and
took different forms, including perceptible lengthening of either consonants or vowels, for

example, VAN realised as [f:=_~n], Five realised as [fa1.:p']. She also produced words
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which had consonant insertions, frequently but not only /h/, for example, FISHING realised
as ['f1h?hi~n]. The position of the segment i.e. SIWI, SIWW or SFWF was not predictive
of the likelihood of longer duration. For example, in FOOT realised as [f:u?] it was the
consonant to vowel onset of the word that was lengthened; in WATCH realised as
[?v_"wo?k' ] both the onset and word-final consonant segments were realised in an
atypical manner. Fricatives in all distributions were more vulnerable to lengthening than
plosives or nasals. This may be because the fricative manner of articulation was a relatively
recent development and she was less practised in the necessary coarticulation needed to
realise these new motor programmes. Vowel segments were also particularly vulnerable to
realisation with longer than typical duration, for example, JAM realised as [d&:n]; BIRD
realised as [ba:d.]; MoON realised as [mu.~is:n], on occasion vowel realisations were
both lengthened and subject to variability. It was also the case that Lily's voice quality was
slightly hoarse and rather breathy, and this was particularly noticeable in lengthened

vowels.

In addition to those types of productions already described, there were instances of
atypical realisations related to the production of vowels in the unstressed CV syllable in a
disyllabic word with a trochaic pattern. Here Lily did not realise the vowel segment as a
schwa (as would be predicted in the adult target) but as a lowered, backed vowel which
had a long duration for example, SLIPPER was realised as ['1?pa_:]; zeBRA realised as
['ebva.:]. Vowels with lengthened duration also occurred within words; it was possible
that these might allow her extra transition time towards consonant segments, for example,
HOUSE was realised as [hauipth ], with extra duration on the second element of the
diphthong. Another aspect of these unusual transitions was the presence of glottal stops
accompanying target segments within words and word-finally. For example, LEAF realised
as [1i?f] and supper realised as ['21?ph a.]. It is possible that these glottal stops,
occurring in CVC words which had templates restricted to CV? or ?V? syllables, were
outputs based on motor programmes that had been subject to partial updating but still
reflected previous constraints. Another interpretation is that these realisations were a
consequence of intervention. For example, when broducing SFWF labiodental fricatives (as
in LEAF), which had been a target in intervention, Lily’s articulatory placement of her top
teeth on her bottom lip was over-exaggerated and slow. Her pattern of glottal

replacement in SFWF position had not been eliminated and it appeared that the

193



Chapter Six. Case study: Lily

labiodental fricative was added to the existing motor programme rather than effectively
updating it to reflect the adult target form. It may be that these atypical syllable-final

glottal stops reflected a transitional phase in Lily’s speech development.

The most unusual forms of lengthened duration occurred mainly in single words but there
were occasional instances in utterance final positions in MWU. For example in sentence
imitation Lily realised ALICE PUT GLOVES ON HER HANDS as [g'l1s* b1? 'dab "o™n »
' nid.7]; the SFWF (and utterance final) consonant cluster showed lengthening of the
/n/ before a stop and deletion of the SFWF fricative. The occurrence of these atypical
forms in SW and at turn-end may reflect extra planning time afforded by open juncture in
these two contexts. This enabled Lily to attempt more compiex segmental sequences in

the context of the rapid processing demands of continuous utterances.

6.11.2 Variability

In the SW data there were instances of token to token variability, where the same lexical
item was realised differently at separate times during the assessment. Variable realisation
was not frequent and occurred just 4 times in the sample. These were: sock realised as
[s) op] and [sp?]: TiGeras ['th :aive] and ['t™ aidal; THUMB as [fwa~nt] and
[fa~mp]; WATCH as [wot:s] and [wot:' ]. Lily did not meet the 40% inconsistency on
the DEAP subtest so did not meet Dodd’s criterion for a diagnosis of Inconsistent

Phonological Disorder (Dodd et al., 2002; Dodd, 1995).

Also in the SW data, there were examples of individual segments rather than tokens being
variably produced. Sometimes these might be interpreted as a sign of progression since
the variability was between an immature realisation and the adult target. For example, the
voiceless alveolar fricative in SIWI position was realised as a glottal stop in seesaw [ ! ?i?20]
but as the adult form in both tokens of sock. However, this positive interpretation might
not apply readily to productions of the SFWF voiceless alveolar fricative /s/ realised
variously in House [hau:pth ]; ueHTHouse ['lar?hau. m]; Mouse [mau_ ?]; PYIAMAS
[! ?adame~?s].  This last example showed realisation of the coda target, albeit with
lenition, but it was preceded by a glottal stop which resulted in a perceptually atypical
production. Variability was also evident in the unusual transitions between consonants and

vowels described in section 6.11.1, where the duration was unpredictable. For example,
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the production of the labiodental fricative in onset was realised differently in Foot [f:u?]

and FisH [f1].

Examination of the CS samples revealed that the token to token variability seen
occasionally in SW also occurred in conversational speech. Variable output was more
difficult to quantify in MWU than in SW, but the occurrences were frequent enough in the

six CS samples to provide examples of both phonetic and prosodic variation.
Example 1: token BROTHER

1) MYBROTHER (CS6) ['mar 'ba(.)'dal
2) MYBROTHER (CS 5) [ma1 'bads]

The two realisations of the word had the same onset, with the reduction of the 'consonant
cluster to the single voiced bilabial plosive. However, in version 1 there was a within-word
pause at the syllable boundary and the second syllable was realised with equal stress and a
harmonised vowel, unlike version 2 which was realised with a typical trochaic pattern and

typical vowels.
Example 2: tokens FIGHTING and OUTSIDE (CS 6)

1) WE BOTH START FIGHTING BUT HIM-WHEN WE WENT OUTSIDE [wi bau? 'da? 'far?in

be? 1™n (.) 'we™n wi () 'we™n? !?su(.)'?a1d]
2) ANDSTART FIGHTING OUTSIDE [o™n 'da? 'var?1™n eu?aid"]

The two realisations of FIGHTING were similar but showed differences in voicing of the onset
labiodental fricative in spite of being preceded by the same word sTART which was realised
in the same way each time, meaning that the difference was not obviously explained by
phonetic context. The variability in OUTSIDE was the same as that seen in example 1, with.a

within word pause in the first token at the syllable boundary and a pattern of equal stress.
Example 3: tokens TRIPPED and OVER (CS 5)

1) THENHIMTRIPPED OVER [e™n hi~n 'di?did '?Pauds]

2) AND THEN HIM TRIPPED OVER-OVER [0~ 'ne™n1~n 'd1?t “sude (.) 'auva]
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In the first example Lily realised TRIPPED with an extra syllable to signal the past tense
followed by the SIWW labiodental fricative in OVER being realised as a stop. In the second
example she produced the past tense more typically in that there was no extra syllable, but
she realised the SFWF cluster as a glottal stop with the target final consonant. Her initial
realisation of this OVER was the same as version one but she then paused and self-

corrected.
Example 4: token BRATZ (CS 3)

1) m(s)BRATZ [' 1? 'be?ts]
2) WITHBRATZPEOPLEON [wid™ 'be? 'p” ip® uw o©™n]
3) NICKTHE BRATZ'(?STAR) ['n1~? do 'pte.? ('da.)]

All three examples show SIWI cluster reduction, but the third example also shows devoicing
of the onset segment. In the first example, which occurred in an utterance-final position,
Lily’s realisation of the SFWF segmental sequence was one of the few examples in the

whole T1 data set of a cluster where a fricative was produced.
Example 5: token NAMES (CS 1 AND CS 3)

1) BOTH OF THEM NAMES [ 'bau? wo de™m 'ne~1.md. :]

2) | DON'TKNOW THEM NAMES [ 'a1 dou? 'nsu™ den™ 'ne™1.m]

These examples show Lily’s atypical realisation of SFWF clusters (in this case resulting from
a plural morpheme). In the first example she realised the target fricative as a stop with an
audibly prolonged hold phase. In the second example she did not produce the second

element of the cluster and the coda was produced with a weakly articulated bilabial nasal.

6.12 Speech behaviours in multi-word utterances T1

Lily’s speech production was examined in conversational speech and imitated sentences.
Firstly, an assessment of the characteristics of her speech at word boundaries was
completed with an examination of how this compared to the multi-word speech of other
children of the same age. Secondly, an exploration of some observations of prosodic
aspects of her multi-word speech was carried out. The analysis so far had suggested that,

in addition to pervasive segmental difficulties, her utterances were characterised by
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sometimes slow and effortful transitions between and within syllables and words. This

impacted at all levels on the integrity of her utterances.

6.12.1 Word juncture in multi-word utterances T1

Lily’s use of assimilation, elision and liaison, and close versus open juncture was examined

in sentence repetition and in conversational speech.

6.12.1.1 Sentence imitation

The Connected Speech Processes (CSP) Repetition task (Stackhouse et al., 2007) was

carried out to examine word juncture behaviours in imitated utterances (see table 6.8).

Table 6.8 Lily: Scores on the Connected Speech Processes (CSP) Repetition Task T1

Score Lily's Examples of Lily’s realisations, compared with
expected at score typical 7-year-olds
age 7
Assimilation
tH 92.40% 25% EATPUDDING ['ip™ pudip]l—['i? 'p" wdi~n]
(1/4)
n# 80.43% 75% JOHN PLAYED [ 'domplerd]— [do™m p” e1]
(3/4) :
d# 43.18% 50% READMY [1ib™ mar]—[wib™ mai]
(2/4)
#f 83.83% 0% Lily did not use /f/; target MARY'S SHOES (NS 3)
(0/2) realised as [ 'mewi 'iind]
Elision
Ct#C 86.94% 25% MUST CLEAN [ 'masklin]—['ma? tIn]
(1/4)
Cd#C 72.63% 50% JUDGED THE [ 'dadBal—['da? do]
(5/10)
Lialson
j-liaison | 91.94% 25% MEA ['mil o]— ['mil &]
(1/4)
w-liaison | 95.35% 0% YELLOW AEROPLANE
(0/2) [1jelouw gosa'plein]—['lelou
?ela've~1n]
r-liaison | 86.15% 100% | worea ['wor o]—[ 'vow 1] (/1/—[w])
(4/4)
Articles ‘
Indefinite { No norms 0% ANELEPHANT [an 'elafont]—[a !?elave~n?]
given (0/2)
Definite | No horms 0% THE ORANGE [3i! opiing]—[de '?owi~n]
given (0/2)
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Lily’s scores on the task suggested that development of word juncture was not at the level
expected for her age for any of the between-word processes examined, although she was
using assimilation, elision and liaison. For example, /j/-liaison occurred between the
words ME and A in the utterance HE GAVE ME A BANANA realised as ['im der 'mil »
'na~'na_] and alveolar/bilabial assimilation in THE BROWN BEAR EATS FisH realised as [de
'bav™m 'bge i? 'f 1?t’ ]. However, the CSP task cannot allow definitive conclusions
about word-final consonant elision when word-final glottal stops and cluster reduction
were such frequently used processes. For example, the sentence SHE WRAPPED THE PARCEL
was realised as [3? 'we? do~ 'ba.he_ 1]. The SFWF glottal stop in WRAPPED and the
SIWI alveolar plosive have been segmented as /!we?/ and /de /; this assumes that /pt/
has been realised as a glottal stop and /3/ realised as an alveolar stop, apparently
demonstrating elision. An alternative approach could be to segment as ['we?d o /],
with /pt/ realised as [?d] and /ds/ as a neutral vowel. This interpretation would suggest
that Lily was not using elision. These examples suggest that caution is needed in using this
type of task when word-final consonants are subject to such significant constraints. As
mentioned, there were examples of assimilation in the CSP task, suggesting this was an
emergent skill. In the sentence YOu CAN READ MY BOOK, word final /d/ was assimilated to
[b], so realised as ['ju dev 'vib™ 'mar 'bu:k’ ]. However, SIWI bilabial segments
were more likely to influence the preceding SFWF consonant than velars because potential
assimilation contexts in this task were also affected by Lily’s phonological processes. These
resulted in SFWF glottal stop realisations as already described, and velar fronting. In the
target sentence GOOD GIRLS ARE NICE, realised as ['du? 'deld”a 'nar_:t’ ], the glottal
replacement of word final /d/ in Goop and the fronting of word-initial /g/ in GIRLS make
it difficult to comment on assimilatory processes at this word boundary, because the
assimilation context in typical adult speech production does not occur in Lily’s speech

output.

6.12.1.2 Word juncture in spontaneous, conversational speech

Some observations of word juncture in the sentence imitation task also held true for Lily’s
spontaneous utterances. There was emergence of w-liaison, for example, PEOPLE ON was
realised as ['p” ip”™ v¥ on] although she did not use /w/ liaison in the CSP task. Also
j-liaison as in TINY AND TILLY realised as ['dai™nii &™n 'd1li.]. /r/-liaison which

typically develops later (Newton & Wells, 2002; Thompson & Howard, 2007) was also in
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evidence although realised as a glide as in THERE (S) AGIRL [ 'ea% o 'del]; THEREA PLUG FOR

THEMP3PLAYER ['ea% & 'bag vow o 'e™m'bi'vi 'berjol.

There were no examples of assimilation or elision in the conversational data, and this may
be due to there being almost no opportunities for this at word junctures in the samples
analysed. The one instance of potential assimilation occurred in the utterance AND GOLD
(CS 3, T1) realised as [e™n? 'deud™] where the assimilatory context of alveolar to velar
plosive was affected by velar plosive fronting of the /g/ in GoLb. The opportunities for
elision were reduced anyway because of the interaction between the realisation of SFWF
segments and Lily’s ability to produce SFWF syntactic structures such as past tenses. For
example, in the utterance HIM FALLED OVER AND KICKED THE TIN (CS 6, T1) the regular past tense
morpheme in KICKED would typically be subject to elision. Lily marked the presence of the
past tense by using an additional syllable so the opportunity for elision was lost; [1™m

'fodid au_dow &™n 'd1?'did do 'di~n].

Lily’s multi-word utterances showed frequent use of open juncture and as with the
sentence imitation task, SFWF glottal stops affect_ed many adult targets in conversational
speech. However, there were also examples of close juncture and both types of word
boundary can again be demonstrated using the example from CS 6, T1 (6.1); open juncture

is marked O and close juncture C after Wells (1994).

Extract 6.1: Ladybirds

6.1.1. J. Right-and did you let them go or did you keep
them?

C
6.1.2 L. Keep them

[ldip~ 'de™n]

c O O 0O O ¢ c ¢ ¢ ¢
6.1.3 L. and then my brother said him going to let them

c Co cC C
go and I said no

(ne*n 'mdr 'ba(.)'da &0 '1“n da~na '1e? &™n 'deu a™n
'ng™n a a1 !'?ed” na~u]
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C c o o) (o) C
6.1.4. L. and then we both start fighting

[Ww o~ ng~ne~ wi bau? 'da? 'far?in]

C 0 O O 0 o) o) o) C
6.1.5 - but him-when we went outside and start fighting

[be? 1™n . 'we™n wi () 'we™n? '20u(.)'?a1d a™n 'da?
'var?1~n]

O O © cC € ¢ 0O O € ¢ ¢
outside him-him falled over and kicked the tin and all

o cC ¢
the ladybirds got out

[ou?ard™ '1™m 1™m 'fodid eu.de¥ @n 'di?'did de 'di*n &n 'ol

do 'le1dibad™ do? 'su_ ?]

Close juncture was observed in high frequency word combinations, for example, line 6.1.3
going to let them go, and also in the last few words of the utterance, line 6.1.5,
(which was turn-end) and all the ladybirds got out. This was characteristic
generally for her conversational speech. Howevef, the long sequences of open juncture
were striking and these affected not only between-word contexts but also within-word
syllable junctures, as in line 6.1.3 brother and 6.1.5 two instances of cutside. In this
respect Lily is similar to the child “Zoe” described by Wells (1994) who also used open
juncture at syllable boundaries. Like Zoe, it may be that Lily found it difficult to balance the
demands of syntagmatic fluency “the need to realize phrases and sentences as cohesive
wholes” (Wells, 1994, p. 2) in the context of her highly constrained segmental system.
Further evidence of these difficulties can be seen in observations of her prosody in MWU,

described in the next section.

6.12.2 Prosodic characteristics

Lily's atypical segmental transitions have been described in terms of duration (section
6.11.1) and these impacted on the overall quality of her conversational speech as well as at
SW level. The perceptual impression was of siow rate and frequent pauses, but further
analysis also showed stretches of syllable-timed speech related to open juncture between
words and frequent glottal stops. For example, in IT KEEP ON NIPPING PEOPLE (CS 1, T1)

realised as [1? 'bi? o™i 'n1_?'bin 'bi'bs_u] the 2 syllable words NIPPING and PEOPLE
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were delivered with equal stress on each syllable rather than the strong-weak trochaic
pattern typical of British English (Wells, 1994). Another example was seen in MP3 PLAYER (CS

2,T1) [a? 'em'bi'f i 'berja.] realised with equal stress on all three syllables in mMp3.

In addition to open juncture at word boundaries, Lily also had frequent pauses in multi-
word speech which appeared to be related to language formulation or word-finding
difficulties resulting in repetition and repairs. For example, P-P-ON -MUSIC ON THE- P-
COMPUTER (CS 2, T1) realised as [p' () p° () on () 'madi? on do () p’

(.) 'bu'?a.].  Occasionally these pauses offered a possible insight into levels of
processing underlying Lily’s speech output. For example, an utterance in conversation was
NEAR MY DAD’S HOUSE, realised as ['ni~s mar 'ded, () he z () '?av.it’ J.
Assuming that the interpretation of Lily’s intended meaning was correct, which it appeared
to be contextually, the pause and the following segmental sequence [(.) ha.z. (s.)]
might be viewed as an attempt to realise the possessive morpheme /s/. Lily rarely
produced SFWF /s/ or /z/ and in the conversational speech samples there are only two
examples of alveolar fricatives, both in utterance-final positions, and both marking the
plural morpheme “s”: AND DOCTORS realised as [#™n 'do?dad.s] and i's BRATZ realised as
['1? 'bePts]. In SW the only examples of SFWF alveolar fricatives also occurred in
plural items LEGs realised as [legts] and pviamas as [!?ada~me~?s].  All examples
were devoiced. Lily’s unsuccessful attempt at producing the possessive morpheme “s”
within the utterance My DAD’S HOUSE reflected the difficulty alveolar fricatives posed for her.
However, even though her production was atypical and sounded effortful, her attempt
suggested that her underlying phonological representation for this target was accurate, as
must be the case in the examples of accurate realisations of plural morphemes. This
strengthens an argument for motor and articulatory constraints being a major factor in

Lily’s inaccurate word production.

in addition to the effects of open juncture and extended duration which could be classified
as hyperarticulation (Howard, 2007a), Lily also showed typical reduction behaviour in
conversational speech with appropriate intonation, rate and rhythm in high frequency
utterances. For example, in CS 5, Lily realised the words AND THEN HIM as [a'ne“n1~n] and
THENHIMNOT as [ne~'n1~np~?]. This feature was less frequent than hyperarticulation but

important as evidence of typical speech behaviour, even though with her significantly
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reduced segmental system this increased the risk of limiting intelligibility (although content

words were not generally affected).

6.13 Voice quality

Lily’s voice quality was noticeably breathy and dysphonic. There was variation both within
and across utterances; the breathy quality was frequently more pronounced at turn end.
On occasions her voice quality on vowels also showed variation in intensity during
production giving a slightly aperiodic effect. Breathiness has been described as voice
produced with “relaxed and incomplete closure of the vocal folds” (Epstein, 2002, p. 9); the
term “unconstricted” laryngeal setting has also been used (Benner, Grenon, & Esling, 2007,
p. 2073). Lily’s voice quality appeared related to what Harris and Cottam (1985) term
“articulatory strength” (p. 65). Although Lily’s consonant output showed, for example,
much more frequent use of plosives which require more articulatory strength than
fricatives, her frequent use of glottal stops (the extreme form of gestural simplification)
and her management of consonant-vowel transitions at times gave the impression of
articulatory effort. Her performance on the non-speech oro-motor tasks had also shown
poor power and precision. Lily’s breathy voice was interpreted as symptomatic of her
overall motor difficulties which affected her whole vocal tract including laryngeal and

respiratory levels.

6.14 Summary of findings at T1
Lily’s input processing skills and speech output skills at T1 were summarised as follows: (see
also her speech processing profile appendix 6.2, and 6.3 for the mapping of this profile to

the speech processing model).

e Input processing skills showed mild difficulties discrimination and judgement tasks
with real words, more so if they were multisyllabic; tasks involving non-words were

more difficult

e Scores for the mispronunciation detection task were within the normal range
suggesting underlying phonological representations for these items were

accurately defined

¢ The single real word naming test indicated severe difficulties with word production;

imitation of these same words was also severely impaired
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The non-word repetition test showed that Lily also had a severe level of difficulty in
this task, corresponding to naming and real word repetition; similarity in
performance across these three tasks together suggested either significant

articulatory or phonological constraints

Lily’s performance on oro-motor tasks suggested that she had some difficulties

with precision and power in non-speech movements

Lily’s performance on the DDK task indicated significant difficulties with motor

planning
Her phonetic inventory indicated a reduced number of English consonant phones

Her vowel inventory included all appropriate English vowels although.there was

some variability in vowel realisation

Her PCC was 44.90% and her PVC was 92.06%% giving a PPC of 68.48%.

corresponding to a severe level of difficulty

Findings from the phonological processes- analysis of Lily’s speech were that she
had multiple structural and systemic processes including both typically delayed
patterns (velar fronting; cluster reduction) and atypical patterns (glottal

replacement of SIWI and SIWW fricative targets)

Other findings included atypical management of transitions between segments at

syllable and word level
She had a breathy voice quality

Her atypical and effortful production of words, for example, her attempts to
produce fricatives (including morphological markers) suggested that her underlying
phonological representations for those targets were accurate and that motor and

articulatory constraints were a major factor in word production

Word juncture behaviours suggested that liaison and assimilation were emerging
but word-final segmental difficulties significantly affected production, with an

impact from high rates of glottal stop realisations
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e Overall, Lily's speech was characterised by extended and slow realisations in SW
and MWU with open juncture at word boundaries which might be described as

hyperarticulation

e On occasions she showed appropriate reduction in conversational speech but this

also potentially compromised intelligibility because of her low PCC

The impact of these difficulties on Lily’s intelligibility as experienced by the listeners who

participated in the study was explored.

6.15 Intelligibility T1

Lily’s intelligibility was measured through listener responses to an orthographic write-down
task for single words, imitated sentences and conversational speech (as described in
Chapter Three, Methods); results are presented in table 6.9. Stimuli from Lily’s speech
output that were presented for intelligibility rating are given in full in appendix 6.12 and in

tables 6.13, 6.14 and 6.15.

Table 6.9 Lily: Intelligibility outcomes T1: Percentage (and number) of items correctly identified by
listeners

Data type Mean % S.D.% Minimum score | Maximum score
(No.) (No.) % (No.) % (No.)

Single words (max no. = 23.41 15.79 0(0) 63.64 (7)

11) (2.58) (1.73)

Imitated sentences (max | 36.42 11.23 12.50 (3) 62.50 (15)

no. = 24) (8.74) (2.69)

Conversational speech 40.09 17.84 3.57 75.00

(max = 100%)

Analysis of results using the Wilcoxon Signed Ranks Test demonstrated that the listeners’
identification of Lily’s single words was significantly poorer than that of multi-wo'rd
utterances. There were significant differences between SW and imitated sentences (Z=-
5.387, p<.0001) and SW and conversational speech (Z=-5.890, p=<.0001). There was no
significant difference between imitated sentences and conversational speech (Z=-1.650,

p<.099).

All types of utterance showed a wide range of listener responses, as evidenced by the

minimum and maximum scores and the large standard deviations (see Table 6.9). In terms
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of the individual stimuli items, in SW PRAM was least well recognised with 0/66 listeners
identifying it; cAR was best identified with 51/66 correct responses. The least well
recognised imitated sentence was JOHN COLLECTS STAMPS with 0.3% of words identified (one
listener, L21, recognised one word of this utterance), although HE JUDGED THE COMPETITION
with a score of 0.76% was similarly poor (two listeners, L21 and L38, identified one word
each of this utterance). The best recognised imitated sentence was MY LEFT LEG HURTS with
87.27% of words identified. In conversational speech | ACTED AND SINGED was least well
recognised, with 17.42% of words identified; the best was WE MAKED DECORATIONS with

66.36% of words intelligible. These inteiligibility results are discussed in section 6.26.5.

6.16 Activity between T1 and T2 (7;3 to 8;10)

In the 20 months between T1 and T2 Lily participated in weekly individual speech and
language therapy intervention sessions which were regularly followed up at school and at
home. Intervention focused on perception and production of alveolar and post-alveolar
fricatives, velars, clusters and affricates. Therapy included using grammatical tasks as a
focus for both sentence structure and speech sound targets. Examples included the
realisation of SIWI fricatives in “he/she”; complex SFWF segmental combinations
(consonant clusters) in past tense and plural production. Activities building on
phonological awareness continued throughout the intervention, supporting the

development of both input and output skills.

6.17 Assessment (C.A. 8;10) T2

Twenty months after the first assessment at T1, Lily’s input processing skills and speech
output skills in single words and multi-word utterances were reassessed (see appendix 6.13
for her new speech processing profile and 6.14 for the mapping of this profile to the speech
processing model). The aim of this reassessment was to collect sufficient data to describe
any significént changes in Lily’s skills and also to examine her intelligibility at T2 as judged

by the listeners (see Chapter Three, Methods).

6.18 Input processing skills T2

The investigation of Lily’s input processing skills included assessment tasks from Stackhouse

et al., (2007) and other non-standardised activities.
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Lily’s speech perception was examined again through the judgements of same/different
SFWF single feature and s-cluster sequences in real words and non-words, for example,
lots/lost; vots/vost, (Stackhouse et al., 2007). Normed scores were not available for
children of her age so her score was compared to that of typical 7-year-olds. Lily’s overall
score was 33/36, z=-2.97. At T1 her score had been 30/36, z=-6.64. Real word scores were
unchanged from T1 (16/18, z=-2.2) but non-word scores were better (17/18, z=-1.2 at T2
compared with 14/18, z=-7.2 at T1). These scores suggest an improvement over time in her
performance. However, because Lily was still making some errors at 8;10, and the mean
score for typical 7-year-olds was 35.35/36, the results suggest that she had an ongoing

vulnerability in speech discrimination.

Speech discrimination of complex non-words was reassessed (Stackhouse et al., 2007), for
example, “same or different, /ga'to/ /ta'go/”. Lily’s score was again compared to the
norms for typical 7-year-olds. She scored 85% (z=-0.5) correct compared with 75% (z=-
1.42) at T1. Her score was in the typical range for 7-year-olds but her persisting errors at
T2 were at least suggestive of ongoing difficulties in perception of complex phonology and,

from this particular task, perhaps vulnerability with novel words.

Lily’s auditory lexical discrimination skills (ALD) were reassessed using two tasks. The first
task, mispronunciation detection, was with picture support, recognising production errors
in 1, 2 and 3/4 syllable words (Stackhouse et al., 2007). At T2, Lily’s score was 100% correct
for all word structures, compared with 94.16% at T1 when her performance had indicated a
mild level of difficulty with 3/4 syllable words. Her score suggested that phonological
representations for the words presented were accurate. The second task was without
pictures (Stackhouse et al., 2007), deciding whether heard words were real lexical items or
not; for example, “binoculars”; /'kepatila/; /' hospipal/. This task was not carried out
at T1 but was included at T2 to further investigate real word and non-word perception. No
norms are available for children of Lily’s age but typically-developing children reach ceiling
levels at 6;0. Lily’s score was 90% (9/10) for real words (her one error was in rejecting
‘escalator’ as a real word); for non-words she scored 100%. This suggested that her
underlying phonological representations were Sufficienﬂy developed for her to judge
whether she was hearing a real word or not. Acceptance of non-words that are close
matches to real words, is suggestive of underlying ‘weak or fuzzy’ representations (Waters,

2001, p. 175).
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Overall, although Lily still showed some vulnerability in segmental perception of complex
phonology, she had progressed between Tl and T2 at least in terms of her own

performance as measured by raw scores.

Lily’s skills in the activities covered by the Test of Phonological Awareness (Hatcher, 1994)
had developed and she scored 30/36 compared with 17/36 at T1. Lily was reliably able to
identify words from given syllables (e.g. win-dow) or phonemes (e.g. s-ou-p) and identify
rhymes from a choice of 3 heard words without adult help (e.g. net, ten, pen). She could
segment CVC, CCVC and CVCC words into phonemes. She was able to carry out the
phoneme deletion task with CVC words although still found it difficult to do this in words
which contained consonant clusters. She attempted the phoneme transposition task (e.g.
“net” reversed is “ten”) but still found this diffidult. Along with these phonological
awareness skills, Lily’s literacy skills had developed since T1 and she was reported by her
class teacher to be performing at the same level as her peers in reading, spelling and

written language.

6.19 Speech output tasks T2

Lily’s speech production was re-assessed using a .range of single word tests as at T1; the
Picture Naming Task (Stackhouse et al., 2007), the Non-word Repetition Task (Stackhouse
et al., 2007) and subtests of the DEAP (Dodd et al., 2002) gave 109 items collected from
these tasks for single word (SW) analysis which was the same as at T1 (appendix 6.4). The
multi-word data are from the analysis of T2 conversational speech (CS) (appendices 6.15 to
6.19) and selected imitated sentences from the Connected Speech Processes (CSP)
Repetition Task (Stackhouse et al., 2007), (appendix 6.11); there are occasional examples

from other conversational speech, which are indicated in the text.

Lily’s performance on the Picture Naming Task (Stackhouse et al., 2007) and the Non-Word
Repetition Task (Stackhouse et al., 2007) were scored, and in the absence of norms for 8-
year-olds, they were compared to that expected in the speech of typical 7-year-olds; scores

were also compared with T1 (see table 6.10).

On the Picture Naming Task (Stackhouse et al., 2007) Lily’s overall score across all word
lengths was 49/60 (81.66%), z=-1.32, compared with 28/60 (46.66%), z=-5.53 at T1. These
scores for real words equate to the normal range for 7-year-olds. Even given that Lily was

now 8;10, this suggested that she had made progress across all lengths of words.
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Table 6.10 Lily: Scores Picture Naming and Non-Word Repetition Tasks T1 and T2

The Picture Naming Task (real Non-word Repetition Task
words) .
Word structure | Lily’s Lily’s Real word | Lily's Lily’s Non-
score T1 score T2 norms age | scoreTl | scoreT2 word
(z-score) | (z-score) | 7 years: (z-score) | (z-score) | norms
mean age7
(5.D.) years:
mean
($.D.)
1 syllable 4(-12.33) | 17 (-1.5) 18.8 5(-5.87) 17 (0.50) | 16.05
(N=20) (1.20) (1.88)
2 syllable 3(-12.07) | 17(-1.13) | 18.45 3(-7.34) 12 (-2.60) | 16.95
(N=20) (1.28) (1.90)
3 & 4 syllable 0(-7.27) | 15(-0.83) | 16.95 1(-6.35) |9(-291) |15.80
words (N=20) (2.33) 1 (2.33)
Total (N=60) 7(-12.01) | 49(-1.32) | 54.2 10(-8.33) | 38(-2.32) | 48.85
(3.93) (4.66)

On the Non-Word Repetition Task (Stackhouse et al., 2007) Lily scored 38/60 (63.33%), z=-
2.32, compared with 10/60 (16.66%), z=-8.33 at T1. However, unlike real words, scores
were very different for 1, 2 and 3/4 syllable words; 1 syllable words were in line with typical
scores for 7-year-olds but scores for longer words indicated an ongoing difficulty. This is
suggestive of problems in motor programming, with greater impact as word length
increased. Her imitation of non-words showed inaccuracies and difficuity in repetition of
complex segmental sequences. For example, /'sesak/ was realised as ['slesid];
/spa'gite/ as [spa'slike]; /kem'pjauvti/ as [kemba'lautil. Her naming of the
real words matched to these items was ['s:os1d] (sausace), [skstil (sPAGHETTI) and
['kh o™mp(.) 'buta_._] (compuTERr). These still showed segmental differences but were
arguably more accurate than their non-word counterparts. These results suggested that
Lily was establishing more accurate motor programmes for familiar lexical items but her
continuing difficulties in perception of complex segmental patterns and/or motor

programming meant that novel words were still subject to being inaccurately repeated.

Lily’s progress in naming tasks was also seen in terms of her overall percentage correct in
the production of consonants and vowels. Lily’s PCC was 90.41% (44.90% at T1) and her
PVC was 96.80% (92.06% at T1), giving a PPC of 93.60% (68.48% at T1). Her severity rating
for consonant production (Shriberg and Kwiatkowski, 1982) progressed from a severe level
at T1 to a mild level at T2.
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6.20 Oro-motor skills and diadochokinesis (DDK) T2

Lily’s oro-motor skills and DDK rates were unchanged since T1. She was not able to elevate
her tongue tip, and both isolated and sequenced movements lacked power and precision.
She was still unable to repeat the sound sequence [p—t—k] with any sustained accuracy or
fluency. She was given written support to produce an alternative sequence [b], [d], [g]
but still made occasional errors even when reading the sequence, for example, [b, g, gl,

It was concluded that Lily still had oro-motor and motor planning difficulties.

6.21 Phonological process analysis T2

A phonological process analysis was again completed using data primarily from single

words and conversational speech, supplemented by data from imitated sentences.

Lily’'s speech had changed both in single words and in MWU; some processes had
disappeared and others remained but occurred less frequently. Examples are given in table

6.11.

Table 6.11 Lily: Examples of phonological processes in SW and MWU T2

Comments | Examples
Structural
processes
Weak syllable | Still evident in SW and MWU but | guirar [th a_] (SW); HIDED uh-uh
deletion to a much lesser extent BEHIND ['hardid a?a? '?ar~n?]
(CS 2, T2)
Final consonant | Resolved N/A
deletion
Cluster Largely resolved in SW; occasional | SHE MY FRIEND TOONOW [si 'mar
reduction examples in MWU '£'e~n~ 'th u nav_] (CS 2,
T2);
Systemic
processes
Glottal - SIWI and SIWW resolved. SFWF | FORTHE FIRSTTIME [fo da 'f3? |
replacement largely resolved in SW but still 't ar~m] (CS 4, T2)
evident in MWU
Velar fronting Resolved N/A
Deaffrication Resolved in SW; SFWF often AND THE BEACH [o™n do 'bits!]
realised in an immature form in (CS5,T2)
MWU
Stopping Resolved for all segments apart WHEN WE SAW HORSE§ BOBBY WOULD
from /z/ in SW and MWU, /8/ sav [we™n wi so.d 'hosid.
in MWU & rarely /s/ in MWU 'bobi wud” 'de.1] (CS1,T2)
Gliding Resolved
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Voicing Largely resolved in both SW and SHE WRAPPED THE PARCEL (imitated
MWU; occasional examples in all | sentence) [si '1ep da 'bafeu]
contexts

6.21.1 Structural processes T2

The main structural process in evidence at T2 was cluster reduction, and this was mainly in
multi-word utterances. In the SW assessment Lily produced 32 SIWI/SIWW consonant
clusters, 96.87% (31/32) were realised with all segments present; the one exception was
/kr/ in crocopILE which was reduced to [k]. At T1 she had reduced 93.33% (18/20)
clusters to a single element. Her T2 cluster realisation included two triple /s/ clusters in
SQUARE and SPLASH. In CS there were 21 SIWI/SIWW consonant clusters. 71.42% (15/21) of
these were realised with two elements; the others were reduced to a single segment. For
example FRIEND was realised both as [fie~nd] and [f en] in the same utterance. There
were other examples of this type of variability in close proximity to each other. In the
utterance WALKING ABOUT AND EVERYONE STROKED IT AND IT DIDN'T DO NOTHING (CS 1, T2) realised
as ['woki™n o'bav:? ne~vn, 'iau? 1? #™n1~? 'didn, d.u 'na~f1~pl, /str/ was
reduced to the post-alveolar approximant. Immediately following this simplified
production, it was realised accurately; AND THEN IT LAY DOWN AND STROKED IT AND KISSED IT AND

EVERYTHING [o™n~ nen 1? 'ler 'dav™n e n 'stisu?. 'di? & n 'kh 1.? b1? &™n

leva!fi~pk’ 1.

SFWF clusters were usually realised with two elements in single words but still frequently
reduced and/or realised as a glottal stop in multi-word utterances. SFWF nasal clusters
were accurate. In CS the six examples of SFWF /st/ were always replaced with a glottal

stop, for example, FIRsT realised as [f3?] and FoResTas [ f pa1?].

The other structural process in evidence, although with reduced frequency in both single
words and connected speech, was weak syllable deletion. In the SW samples GUITAR was
realised as [th a.] and spaGHeTTI as ['sketil. In conversational speech there were

similar examples including BEHIND in the utterance HIDED UH-UH BEHIND ['hardid aPa?

'?a1~n?] (CS2,T2).

6.21.2 Systemic processes T2
The systemic processes in Lily’s speech also showed improvement. Glottal stop realisations
of consonant segments (apart from SFWF /t/ which was an acceptable variant in Lily’s
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accent) had reduced overall. In SW they occasionally occurred with SFWF /k/ (40%, 2/5)
but were otherwise not a feature of her speech in single words. Notably, SIWI and SIWW
fricatives were realised typically with the exception of inconsistent fronting of post-alveolar
fricatives in MWU. However, in conversational speech SFWF glottal replacement was still

frequent. For example in the utterance WALKING ABOUT EVERYONE STROKED IT AND IT DIDN'T DO
NOTHING (CS 1, T2) glottal stops were appropriately used for WF /t/ but also for the past
tense marker in STROKED /stisukt/ which would typically be realised as [t] preceding a
vowel, as in this context: ['woki™n a'bau:? ne~vn, 'tau? 1? 2 n1~? 'didn, d.u

'naf1~pl.

Velar fronting had resolved in both SW and CS. However, in SW the velar nasal was
realised as [p] in SFWW positions (2 examples) but in SFWF position as [gk’ ] on all
occasions it was used. This possibly reflected a sociophonetic variant appropriate for Lily’s
linguistic community where, for example, SOMETHING would be realised by many speakers as
['samf1~pkl. In MWU all velar nasals occurred in SFWF position; 4 were realised as [p]
and 1 (in utterance final position) as [pk’ 1. All other realisations of SFWF / p / (12
examples) were [n] and were tokens of the present progressive morpheme -ING; this was

also compatible with Lily’s accent.

Realisation of affricates had developed. In SW all Lily’s affricates were realised correctly
(11 examples) in all positions (at T1 none were). In conversational speech /ff/ occurred on
3 occasions, all in SFWF position and 2/3 were accurate. /&/ was a target on 13 occasions
(all SIWI or SIWW) and 46.15% (6/13) realisations were accurate; the relatively high
number of examples of /&/ in the data was because she used the name NIGEL several
times and often stopped the affricate, for example, NIGEL SAID | DON'T WANT TO GO TO THIS JLS

realised as ['na1deu 'sed. o1 'deu™n? wo™nes 'gev te vis 'derlss].

Other systemic processes, namely stopping and voicing, had largely resolved; there were
occasional examples of residual processes in multi-word speech (see table 6.11) and SFWW
and SFWF /z/ was usually realised as an alveolar or glottal stop or affricated in all contexts
as in scissors realised as ['s1dad s]. Lily also tended to realise SIWI [3] as [d] in high-
frequency words such as THE, otherwise [ 8] and [8] were realised as [f] and [v];

this was not uncommon among Lily’s peer group. Gliding had resolved completely.
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In spite of the progress that was evident in Lily’s speech she still produced atypical
realisations, which were particularly evident in her production of complex segmental

sequences. For example, in her attempts at the words JeT skis (CS 5, T2) in Extract 6.2.

Extract 6.2 Jet skis

6.2.1 J: What do you like doing on the beach?
6.2.2—L going on the jet skis
['gouvi™n o™n o 'sge? 'did s]
6.2.3 J: on the?
6.2.4—L: jet skis
[sge? 'sdid]
6.2.5 J: Oh, the jet skis
6.2.6 L—: jet skis

['ge? 'stid.s]

Her first attempt (line 6.2.1) was not understood; it appeared to involve a difficulty with
phonological assembly with the /s/ cluster instead of the affricate realised as the onset to
jet and a plosive as the onset of skis which may have been an immature realisation of

the affricate.

On the second try (line 6.2.4) Lily modified the onset of skis to produce an /s/ cluster
although the second element was an alveolar rather than velar plosive. Her third attempt
(line 6.2.6) was after modelling and she successfully realised the adult target affricate in
jet although her realisation of the /s/ cluster still had an alveolar rather than velar
plosive and she produced an affricate on the coda position. This example illustrates Lily’s

ongoing vulnerability in output, particularly with complex phonetic sequences.

The phonological process analysis indicated that Lily’s speech production had progressed
between T1 and T2 and both structural and systemic difficulties were resolving as had been
indicated by the results of her Picture Naming‘Task (Stackhouse et al., 2007) and PCC
results. There was variability between single words and muiti-word utterances, with

immature glottal replacement patterns and difficulty in fricative production still significant
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in multi-word speech. The next part of the analysis was to consider other aspects of Lily’s

speech output that had not been captured by a phonological process analysis.

6.22 Features not captured through phonological process analysis T2

As at T1, the phonological process analysis revealed a wealth of information from single
words and in multi-word utterances which contributed to the description and explanation
of Lily’s speech patterns and intelligibility. However, a wider analysis was necessary in
order to re-examine the other features (such as atypical segmental transitions and
durations) which could not be accounted for through a traditional phonological process
analysis approach. In addition the production of vowels, segmental variability and word

juncture behaviours in multi-word utterances were explored.

6.22.1 Vowels

Lily’s realisation of vowels in the single word sample at T2 showed only two non-adult
forms which were both similar to realisations at T1 and involved vowel production in
unstressed syllables. These were in COMPUTER realised as ['kP o mp(.) 'buta._] and
FEATHER realised as ['fieva ]. In the first example, Lily appeared to have difficulty in
managing the syllable boundary, or possibly the integrity of the word shape as a whole,
given that she sometimes still deleted weak syllables. The first vowel in the word, typically
realised as a neutral schwa, was realised fully instead as it would be in a single syllable
word. The second example, where typically a schwa would be used she produced the open
back vowel [a”] instead of the target. There is no obvious reason for this, other than it

being the type of realisation seen at T1 which may reflect a motor planning issue.

6.22.2 Segmental transitions and duration

The atypical transitions between segments, which had been so characteristic of Lily’s
speech at T1 had improved. However, residual traces occurred in single words, most often
(but not only) related to the production of fricatives. This involved a longer duration on
continuant sounds or a longer hold phase with plosives. SIWI examples included VAN
realised as [v, :e"n]; vEwow as [jiglau.]; STRAWBERRY as ['stiio biil: QuEeN as
[k:win]. In SFWF positions, a glottal stop before a fricative or affricate target was
common, which affected the overall timing of these vowel to consonant transitions for
example, WATCH realised as [wo?{]; HOUSE realised as [hau?s]: TOOTHBRUSH realised as

['tu?f:baa?f].
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As already discussed in section 6.21.2, fricative production was not entirely established and
this occasionally led to transitional problems that affected both duration and prosody. For
example, in the utterance WE NEEDED A DRESS - THERE WAS A COMPETITION (CS 2, T2) realised as
[wi 'nidida 'die?:s: (.) v.eawnd o 'kh p nr1tifa~n], the transition from the vowel in
DRESS to the production of the SFWF /s/ involved Lily prolonging the hold in the glottal stop
before then producing a long alveolar fricative. Perceptually (and actually) this meant
there was a pause which disrupted the overall timing of the word. Arguably this was more
prosodically disruptive than the SFWF stop realised for the target /z/ in WAS in the same
utterance. These persisting difficulties in fricative production together with the finding that
her oro-motor and motor planning skills were still significantly impaired, suggested that the

motor and articulatory constraints underlying her speech output had not entirely resolved.

6.22.3 Variability

At T2 Lily’s speech was still subject to segmental variability in relation to single word and
multi-word utterances as described in section 6.21.2. She had inconsistency in more
recently established patterns which had actually led to an increase in variability; this was
often progressive as she self-corrected, with realisation of more accurate adult forms. Lily
would also attempt to change the realisation of a given word when her output was queried,
as in the example given in extract 6.2, although repeated attempts were not always

successful.

6.22.4 Voice quality

The breathy voice quality evident at T1 was still much in evidence at T2 although
perceptually Lily’s speech output was less effortful. There was perhaps a little more
variability in phonatory patterns and occasional stretches of typical-sounding modal voice.

However, the overall presentation was of persisting mild to moderate dysphonia.

6.23 Word juncture in multi-word utterances T2

As at T1, Lily’s use of assimilation, elision and liaison, and close versus open juncture was
examined in sentence repetition and in conversational speech. This was first explored
using the Newton Sentences Connected Speech Processes (CSP) Task (Stackhouse et al.,
2007), (see table 6.12). Norms were not available for children of Lily’s age so the data were

compared to those of 7-year- olds and to Lily’s scores at T1.
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Table 6.12 Lily: Scores on the Connected Speech Processes (CSP) Repetition Task T1 and T2

| Lily’s score (%) T1 | Lily’s score (%) T2 | Score expected at age 7 (%)
Assimilation
tH 25 (1/4) 75%(3/4) 92.40
n# 75 (3/4) 50 (2/4) 80.43
d# 50 (2/4) 75 (3/4) 43,18
#f 0(0/2) 50(1/2) 83.83
Elision
Ct#C 25 (1/4) 75 (3/4) 86.94
Cd#C 50 (5/10) 50 (5/10) 72.63
Liaison
j-liaison 25 (1/4) 100 (4/4) 91.94
w-liaison | 0(0/2) 100 (2/2) 95.35
r-liaison 100 (4/4) 100 (4/4) 86.15
Articles
Indefinite | 0 (0/2) 0(0/2) No norms given
Definite | 0(0/2) 0(0/2) No norms given

In the sentence imitation task Lily’s use of liaison had developed since T1 and she was

consistently using all types appropriately at word boundaries. Her use of the post alveolar

approximant [1] had also developed and this was evident in liaison. For example:

Target: (NS 20) | WORE A JUMPER

T1 [a1 'vow

T2 [a1 'wo!

1 'de~n?ba_]

o '&a"mpa. ]

Appropriate realisation of assimilation processes had continued to develop; for example:

Target (NS 15) GOOD GIRLS ARE NICE

T1 ['do? 'delda 'nar :t’ ]

T2 V['gug"A tgeud a 'nars]

In this instance the SFWF segment in GOOD was realised as a glottal stop at T1 but at T2 the

alveolar plosive was assimilated in a typical manner to a velar place of articulation.

Reduction in the production of SFWF glottal stops had also led to evidence of the

emergence of elision; for example:

Target (NS 14) SHE WRAPPED THE PARCEL
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T1 [3? 'we? do~ 'ba_:hs_ u]
T2 [si 'iep~ do 'bafau]

In this example the SFWF past tense ending of WRAPPED was réalised as a glottal stop at T1

but at T2 it was realised in a typical manner.

In conversational speech there was also evidence of more mature speech behaviours at
word boundaries, although glottal stops, and immature verb tense endings, continued to
impact on the opportunities for their occurrence. In the utterance My FRIEND TOO NOW (CS 2,
T2) realised as ['ma1 'f &™n tu nav_], Lily showed appropriate use of elision in deletion
of the SFWF /d/ in FRIEND. There was an example of appropriate velar assimilation in the

utterance LEAH ALWAYS ASK(S) IF | CAN GO ON ONE (CS 5 T2) realised as [ 1ia? o'weid. 'as 1?

a1 kh o~p 'gou o™m 'wa~n].

Lily’s ability to manage word boundaries with close juncture had developed; an example is

given in extract 6.3 (from Holiday CS 2, T2).
Extract 6.3

c ¢ ¢ ¢ ¢ ¢ c ¢ o
6.2.1 But we didn’t stay that long because it was

c o)
getting cold

['b.a? 'wi dide™nt 'ster ve? 'lpo~p bi'ked 1? wad™ 'ge~:ip 'k aud.]

O O O ¢C ¢ c O o o ¢ c¢c
6.2.2 And um-well-um—-my cousin went to get some money to

C c ¢ o
get something to eat

[e"nd A™m wu_ aA™m~ 'mar 'kh ade™m we™n? o? ge? 'sum”

ma™ni d.a
'ge? 'sa~mr~ dew 'i?] '

c ¢ ¢ ¢ O C€C o cCc ¢

6.2.3 so me and my mate was um on our own

[seu. 'mija™m™ mar 'me1? wod A™m '?o™n @@ 'au~n]

In this example close juncture was Lily’s preferred style. Open juncture occurred in
conjunction with hesitation as at the beginning of line 6.2.2 And um-well-um-my

cousin and where the occurrence of stops at times interfered with juncture. Lily’s ability
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to produce MWU was much more adult-like than it had been at T1, although there was still

evidence of atypical segmental realisations impacting on her speech output.

6.24 Summary of findings T2

Assessment at T2 demonstrated convincing evidence of changes in Lily's speech
production. This was measured through a variety of tasks including PCC where she scored
90.41% (44.90% at T1) and the Picture Naming Task (Stackhouse et al., 2007) where the
overall score moved from a severe to a mild range of difficulty. However, although her
speech had improved overall, persistent glottal replacement and difficulties with fricative
production, particularly in SFWF contexts were still evident in multi-word utterances. In all

types of utterance minor phonetic differences and timing issues were still in evidence.

Lily continued to have difficulties in oro-motor movements and motor blanning, as
evidenced by the oro-motor assessment and DDK task and her voice quality remained
breathy. She still showed evidence of atypical segmental transitions. She also showed
ongoing vulnerability in input processing tasks, particularly those activities involving

complex non-word discrimination.

This leads to the exploration of the impact of these changes on Lily’s intelligibility as

experienced by the listeners who participated in the study.

6.25 Intelligibility T2

Lily’s intelligibility at T2 was measured in the same way as at T1 (see Chapter Three,
Methods). The same 10 SW and 5 imitated sentences recorded at T1 were recorded again
at T2 and edited for the intelligibility task; the conversational speech samples from T2 were
obviously different. Results for T1 and T2 were compared (see table 6.13).

Table 6.13 Lily: Intelligibility outcomes T1 compared with T2: Percentage {and number) of item
correctly identified '

Data type Tl T1SD. [T Ti1Max | T2 T2S.D. | T2 T2
Mean % (No.) | Min score Mean % (No.) | Min | Max
% (No.) score | % (No.) | % (No.) score | score
% % %
(No.) (No.) | (No.)
Single words 2341 15.79 0(0) 15.79 85.12 9.10 54.55 | 100
(maxno.=11) | (2.58) | (1.73) (7) (9.36) (1.00) | (6) (11)
Imitated 36.42 11.23 12.50 | 62.50 78.21 10.06 50.00 | 95.83
sentences (8.74) | (2.69) (3) {15) (18.77) | (2.41) |(12) | (23)
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(max no. = 24)

Conversational | 40.09 17.84 3.57 75.00 86.07 6.66 69.05 | 97.62
speech (max =
100%)

Analysis of results using the Wilcoxon Signed Ranks Test demonstrated that the listeners’
recognition of Lily’s single words at T2 (see table 6.14), had improved significantly (Z=-
7.090, p<.0001). Results for the imitated sentences also showed significant improvement
(see table 6.15) (Z=-7.072, p<.0001) as did conversational speech (see table 6.16) (Z=-7.063,
p<.0001). The significant difference between SW and conversational speech demonstrated
at T1 was no longer in evidence at T2 (Z=-.042, p<.967). The relationship between imitated
sentences and SW at T2 had changed in favour of SW (Z=-4.690, p<.0001). Conversational
speech was now better recognised than imitated sentences (Z=-5.074, p<.0001) whereas at

T1 there had been no significant difference between them.

The range of listener responses at T2 remained wide for all types of stimuli, for example,
one listener (L1) recognised only 6/11 SW and two {L49 and L55) recognised all 11 words.
Overall, conversational speech was marginally the most intelligible type of utterance, but
the difference between CS and single words was not significant. Although one listener (L9)
identified only 69.95% of CS, 2/66 listeners (L25 and L38) identified 97.63% of the

utterances.

Table 6.14 Lily: Individual single words from intelligibility task T1 and T2

Word Adult target | Lily’s Number Lily’s realisation T2 Number
realisation of of
T1 listeners listeners
identifyin identifyin
gwordT1 g word T2
CAR /ka/ (kh a_:] 51/66 (kb al 51/66
FISH /E1f/ (f1] 11/66 [fi1?2[] 66/66
GIRL /gal/ [deu] 28/66 [gem] 66/66
PRAM /pre~m/ [p e_"n] 0/66 [ph 12~ :m] 66/66
/'sos1d/ ['?o?hidz , | 2/66 ['sipsi] 50/66
SAUSAGE ]
SCHOOL /skul/ (d.oum] 5/66 [sk'ul] 48/66
/'targa/ ['th ra1ve | 17/66 ['th a_1ga] 59/66
TIGER ]
TOMATOE jte'mateuz ['ma~?su.] | 22/66 :||:th o'ma~teu(dz.) | 66/66
S
TRAIN /tie1r~n/ [t" er™n] 32/66 [tier~n] 63/66
VAN /ve~n/ [fie_~n] 2/66 [v.:e"n] 66/66
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Responses to individual items varied. In single words (see table 6.14) at T2 scHOOL was
least intelligible (48/66) whereas five of the words, FisH,, GIRL, PRAM, TOMATOES and VAN were
identified by all 66 listeners. In comparison, cAR had been the most intelligible SW at T1
and PRAM the least intelligible. To measure how well MWU were recognised the total
number of words in each utterance was multiplied by the number of listeners and the

percentage of correctly identified words was calculated (see table 6.15 and 6.16).

Table 6.15 Lily: Individual imitated sentences from intelligibility task T1 and T2

Target Lily’s realisation T1 Percentage of | Lily’s realisation T2 | Percentage of
sentence words words
recognised by recognised by
individual individual
listeners T1 listeners T2
HE (HIM) [1™n 'da? do 0.76% (hi 'da?d. o 33.71%
::%DS'E;TT':SN ldo™m ?a'd1?s™ .n] 'ko~nta't1fe~n]
HE SNEEZED [1>n 'ni_t’_ wewi |54.24% [hi 'snid.h vesi | 88.48%
VERYLOUDLY | 113041 .] Nav dlr1.:]
JOHN ['do™n des'de? 0.30% ['&o™n 74.55%
v 'de_~nt] cIia 'kle?. s
ste~mps]
MY LEFT LEG (mar 'lef 'tet’ 87.27% (mar '1ef leg” 99.70%
HURTS '3?] 'tats]
YOU MUST ['ju ma_? 'daw 32.42% ["ju mas 'sta! 85.71%
:L'gAl: THE 1"nds '2uda_] 1"n va 'su_go.]

In sentence imitation HE JUDGED THE COMPETITION was least well recognised (33.71%) and My
LEFT LEG HURTS (99.70%) was best; the same as at T1. In conversational speech at T2 the
least well recognised utterance was BOBBY WOULD SAY “STOP DAD, STOP DAD, TAKE ONE HOME”

(69.0%). The best was BUT WE DIDN'T STAY THAT LONG BECAUSE IT WAS GETTING COLD (98.76%). '

6.16 Lily: Analysis of conversational speech samples from intelligibility task T1 and T2

Targetsentence | TlorT2 | Lily’s realisation Percentage of
words identified
by individual
listeners

IACTED AND SINGED | T1 [Pa1. '?=_?dide™n 17.42%

121 n12t]
IN THE OFFICEAND IN | T1 [1*nde '20.f :12&™n 48.79%
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THE HALL '1~nds ' 0v]
ON BOXING DAY | T1 [?0°n 'bo2di~n* 'deii 31.31%
WILL GO TO MY |

; a1 wofy 'deu dufr) mai
PAD'S 'dae?]ﬁJ
ON THE CHRISTMAS | T1 ['?p™n do 'di?me 'di] | 53.54%
TREE
WE MAKED T1 (wi_ 'mer_?1d” 66.36%
DECORATIONS 'de  2owe1?a™1i]
BECAUSE WEDIDN'T | T2 ['biks.d, wi 'didn, 85.45%
HAVE A TRAILER 'hev e 'tie 1ls.]
BOBBY WOULD SAY, | T2 ['bobi wud™ 'de_ 1 69.09%

STOP DAD, STOP DAD,

I {
TAKE ON HOME stop, ded, 'stop ded

'th erx wa™n~ 'ou™!m]
BUT WE DIDNTSTAY | T2 (75 A2 "wi dide-nt B 76%
THAT LONG BECAUSE | T
IT WAS GETTING s1i:e1 ve? 'lo 0_‘
coLo br'kh ad 1? wad

'ge~ip k" oud.]
WE COUNT HOW T2 [vi Tkh a0-21 2a0 Y
MANY PEOPLE WAS M
IN ONE PLACE m1 ni p| iph v wod

1°n wa™n 'ple_1s]
WELLWEWENTTO | T2 [Tweowi Twe-nt tsu 57595
NEW FOREST |

nu 'fo_i1s]

Following the detailed study of Lily’s speech output and intelligibility, the research
questions were considered in relationship to the findings. The discussion is focused mainly

on findings from T1 unless otherwise indicated, apart from section 6.26.6.

6.26 Discussion

The aim of this chapter has been to give a detailed description and analysis of Lily’s speech
in single words and multi-word utterances, and to consider the impact of her speech
production difficulties on her intelligibility as judged by a group of adult listeners. AtT1, at
the age of 7;2 years, Lily’s PCC was 40.90% and on the Picture Naming Task (Stackhouse et
al., 2007) she produced only 7/60 whole words {11.66%) that matched adult forms, z=-
12.01. On both of these quantitative measures the accuracy of her speech production was
well below the level expected of a typical seven-year-old suggesting that her speech was
severely impaired. She could therefore be confidently included in that group of children

described as having “persisting speech difficulties” (Pascoe et al., 2006).
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6.26.1 What will the detailed perceptual phonetic analysis of Lily’s speech at word level
reveal in terms of a traditional phonological process analysis (PPA)? What features are

not captured through a traditional PPA?

6.26.1.1 Phonological process analysis

The examination of Lily’s speech first focused on a phonological process analysis, an
approach which has been described as essentially one-dimensional in that it provides a
quantitative measure of children’s speech but with little explanatory power (ingram &
Dubasik, 2011). Process analysis based on both SW and MWU at T1 showed simplification
patterns, typically seen in children who have speech delay, affecting both structural and

systemic patterns in Lily’s speech.

6.26.1.1.1 Structural processes

Structural processes such as cluster reduction and weak syllable deletion are frequently
described as occurring in speech delay or disorder (Bradford & Dodd, 1996; Davis et al.,
1998; Dodd, Holm, Hua, & Crosbie, 2003). The most common structural process in Lily’s

speech was cluster reduction.

Lily’s consonant clusters in SIWI position were reduced to a single element, and the two
examples noted of realisation with two segments were so unusual in her speech at T1 that
they could be described as “exceptional forms” (Grunwell, 1987, p. 101). Both instances
involved fricative segments (in SNAKE and THREE), so were unlike first clusters usually used in
typical development which consist of plosive elements (McLeod, Van Doorn, & Reed, 2001).
However, there were examples of SFWF clusters and the use of these before the
development of more complex SIWI onsets mirrors what has been described in typical
speech, albeit at a much later stage than expected. It has been argued that the
development of these complex coda sequences may be partly driven by the emergence of
grammatical morphemes (McLeod et al., 2001). Lily was not generally using the regutlar
past tense morpheme or plurals but they occurred occasionally as when she realised the
complex SFWF sequence in JUMPED [da~mpt] and also a SFWF alveolar fricative to signal a
plural as in LEGS [legts]. The presence of a nasal element in the cluster may have
facilitated her output of more complex coda sequences as in NAMES [ne~1.md_ :] because

SFWF nasal segments were usually realised is a typical form.
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Lily’s SIWI and SIWW consonant clusters followed predictable patterns as described in
section 6.10.1.1. Her consonant to vowel transitions in clusters were affected by the same
difficulties as other consonant to vowel transitions, for example, FLOWER realised as
['flao,,ws,,] and voicing of unvoiced segments such as PLAYER realised as ['berjo.].
However, the most striking feature was the extreme simplification of her cluster
realisations and the significant constraints on word structure that this imposed (Velleman,

2002), impacting negatively on intelligibility (Hodson, 2006; Hodson & Paden, 1981).

6.26.1.1.2 Systemic processes
Lily presented with common systemic processes such as glottal stop realisations and velar

fronting (Bowen, 2009; Grunwell, 1987; Wolk & Meisler, 1998).

Lily’s speech showed frequent use of glottal stops for obstruent consonants in all word
positions. This included a pattern of glottal replacement for SIWI and SIWW alveolar and
post-alveolar fricatives. These particular data present with some difficulties in analysis and

classification, particularly with their occurrence in the onset position.

One viewpoint would suggest that the glottal stop represents a replacement segment for
the fricative target. Grunwell (1987) describes glottal stop replacement as “an extreme
form of simplification” (p. 240) and indeed it may be a clinical marker for speech difficulties
or delay in young children (Bowen, 2009) when used to replace segments other than those
such as /t/ predicted by the child’s linguistic environment. When considering the SIWI
examples, and taking another perspective, it is possible that Lily was entirely deleting the
onset segment and that the glottal stop represented the phenomenon of glottal stop onset
preceding SIWI vowels seen in typical speakers (Redi & Shattuck-Hufnagel, 2001). The
process of initial consonant deletion (ICD) has been called “non-natural” (Shriberg, 1997, p.
124) and “one of the most common atypical processes” (Stoel-Gammon, Stone-Goldman, &
Glaspey, 2002, p. 6). Hodson and Paden (1981) in their study of a group of children who
had unintelligible speech reported that the least intelligible almost ail had “one or two” (p.
371) unusual features. ICD may have particularly impacted on Lily’s poor intelligibility

because of its effect on word structure (Velleman, 2002).

For the purposes of classification in traditional phonological process analysis these two
different perspectives present a dilemma; the realisation of adult targets as glottal stops

would be categorised as a systemic process, (although depending on its place in a word, it
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may also be structural as when replacing a consonant cluster, Grunwell, 1987) and ICD as a
structural process (Velleman, 2002). From a clinical perspective these contrasting
interpretations of the presenting output would potentially impact on target setting for
intervention since it is recommended that structural processes are a focus before systemic
ones (Hodson & Paden, 1991; Hodson, 2006). If Lily was replacing a fricative with a glottal
stop this would imply that her underlying representation for the target word included the
presence of an onset consonant. The fact that she also used glottal stops for SIWW
fricative targets suggested that the difficulties could be categorised as systemic rather than
structural, i.e. glottal stop use in the within-word position implies target replacement
rather than omission. However, a more useful alternative may be to consider this difficulty
in the context of Lily’s significant articulatory and motor constraints. This explanation
suggests that glottal replacement represents a solution to her inability to produce fricatives
easily, particularly in managing transitions between a fricative consonants and the
following vowel, and possibly in transitions at word boundaries more generally. This is

explored further in the next section (6.26.1.2).

Lily’s production of velar plosives showed some variation with approximately half of all
SIWI/SIWW and the majority of SFWF/SFWW targets in SW realised in the adult form; in
MWU the majority were perceived as alveolar plosives or glottal stops in coda positions. A
question is raised about the source of this variation. Data from EPG studies have
established that there may be a mismatch between the auditory perception of children’s
speech (and what is therefore transcribed) and findings from instrumental analysis
concerning tongue movements (Howard, 2001; Howard & Heselwood, 2011). Gibbon
(1999) reviewed the literature that examined use of EPG to monitor tongue placement for
alveolar and velar plosives in speech with 17 children aged 5 to 12-years-old who had
articulatory/phonological difficulties. Her review concluded that 12 of the 17 had
“undifferentiated gestures” (Gibbon, 1999, p. 388) which showed “simultaneous anterior
and posterior contact of the tongue across the palate” (Rvachew & Brosseau-Lapre, 2012,
p. 561). The poor differentiation of tongue movement reflects difficulties with the motor
skills required for speech production. It is possible that Lily’'s more or less adult-like
realisations were due to motor planning difficulties rather than lingual motor movements
per se. However, it is also possible that the apparent variation in Lily’s production of
plosives has a perceptual basis. She may have made an imperceptible but consistent place

of articulation contrast with the tongue dorsum articulation against two different points on
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the hard palate, rather than making the typical alveolar-velar place of articulation contrast
using tongue tip versus tongue dorsum. The listener’s perception could then be affected by
the phonetic context of the target segment or by listener expectation (Ollers & Eilers,
1975). Although in the absence of EPG data for Lily this argument can only be speculative,
Howard (1998) makes an observation that may lend support for articulatory limitations
rather than motor planning constraints. She comments that EPG data, based on the
physiological and phonetic evidence for the importance of viewing the tongue as
comprising independent sub-systems, suggest that children who have difficulty with tongue
tip or blade gestures may have no such difficulties with movements involving the tongue
body. Gibbon (1999) observes that

“increased tongue body activity observed in undifferentiated gestures might be strategy to

compensate for a tongue tip/blade system that lacks fine force control” (p. 395)

it may be recalled that the results of Lily’'s oro-motor assessment (section 6.6) indicated
that she was unable to elevate her tongue tip in imitation or to command. Whilst the
framework of phonological process analysis offers one explanation of Lily’s alveolar and

velar contrasts, this articulatory/gestural viewpoint may offer a viable alternative.

The articulatory/gestural approach might also provide a framework for the
conceptualisation of Lily’s vowel production. There was some small evidence of consonant-
vowel interactions, with alveolar plosives influencing the realisation of an adjacent vowel
These might be explained as an effect of coarticulation, with an overlap between the
consonant and vowel gestures (Bates et al., 2013). These patterns have been reported in
very young typically developing children and the interactions between segments are most
likely to occur when the place of articulation for the targets are in close proximity (ibid).
Their occurrence in Lily’s speech is indicative of a speech processing system that is
extremely immature and/or impaired. The occasional apparently idiosyncratic realisations
can best be explained as gestural mistiming, again in the context of a system that is highly

constrained where processing load (as in the sentence imitation task) has unexpected

consequences.

6.26.1.2 Features not captured through phonological process analysis

Although Lily had a severely restricted structural and segmental system, it was her slow and
effortful transitions between segments, syllables and words with the concomitant impact

on duration at sound, word and utterance level which made her speech so unusual.
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Hodson and Jardine (2009) comment that “small variations in timing can have dramatic
effects on intelligibility” (p. 127). Furthermore, her voice quality was frequently breathy
which may not have affected her intelligibility but added to the overall impression of

“difference” in speech production.

It may be helpful to consider Lily’s speech patterns in relation to the articulatory or gestural
approach to phonology, (Browman & Goldstein, 1992). Bybee (2001) says that:

“A typical utterance is composed of muitiple gestures overlapping or sequenced with
respect to one another. An individual gesture is produced by groups of muscles that act in
concert, sometimes ranging over more than one articulator” {p. 69)

In Lily’s speech there was little sense of articulators acting “in concert” (Bybee, 2001) and
her speech did not show predictable and uniformly smooth transitions and coarticulation at
syllable, word or multi-word utterance level. The perceptual impact of this was that she
had difficulty in, for example, coordinating the transition between the onset fricative and
vowel in the word VAN realised as [f:=_~n]. This process which involves a reduction of
the coordination of movement from one segment to the next is referred to by Kent (1992a)
as “segmentalization”. In effect the speech pattern has “the appearance of having been
‘pulled apart’ or separated” (p. 262). This separation was also recorded in two syllable
words between syllables with a resulting disruption to stress patterns, as in B8ROTHER
['ba(.)'da] and outsipe ['?au(.) '?a1d]. These phenomena have been reported as
occurring in dyspraxia (although in an adult population, with acquired motor speech
disorders, Liss & Weismer, 1992) where the occurrence is characterised by variability. This
was the case in Lily’s speech where, for example SIWI /f/ was realised with a relatively long
onset fricative in FOOT [f:u?] but in FISH was realised in a typical manner as [f1]. The
disruptions at syllable and word level characteristic of Lily’s speech may have their origins
in “problems in planning and programming of speech movements [which] leave their traces
in the coarticulatory cohesion of utterances” (Nijland, Maassen, van de Meulen et al., 2002,

p. 463).

Although Lily’s speech output was atypical and sounded effortful, her attempts to produce
fricatives (including morphological markers) suggested that she did have established
underlying phonological representations for those targets. Therefore, it can be
hypothesised that motor and articulatory constraints were major factors in word
production. This is not to suggest that she had entirely typical underlying representations

but that her difficulties were more clearly evidenced in output skills (see section 6.26.4).
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Lily’s restricted and reduced segmental patterns, especially in multi-word utterances
suggested problems in sustaining articulatory power. Harris and Cottam (1985) describe a
model similar to that of Browman and Goldstein (1992) that conceptualises production of
segments in terms of two stages, the first is the glottal gesture, the second the supraglottal
gesture which relates to the “degree of stricture in the oral cavity” (p. 68). They describe
the very different speech patterns of two children in terms of their difficulties in sustaining
articulatory strength, with glottal replacement or consonant deletions representing the
most extreme forms of lenition. Interactions between physiological and phonetic features
and the phonological system are explored, for example with one child, the loss of word

final contrasts due to the glottal replacement of SFWF obstruents.

Harris & Cottam's (1985) account has a resonance with Lily’s speech patterns. As already
described, her realisation of alveolar and post-alveolar fricatives was frequently a glottal
stop in onset, coda and within-word positions, for example, seesaw ['2i?0]; PARACHUTE
['p" @&ws?u_?]; DiNOsAUR ['dar™ne?o.:]; Mouse [mav.?]. This corresponds with
the extreme form of lenition reported in the Harris and Cottam study. However, there was
also evidence of alveolar and post-alveolar fricatives being realised as plosives, for
example, scissors ['?12d ad_]; House [hau:pth ].  This process represents the exact
opposite of lenition because plosives are the segments requiring most fortition (Ball, 2003).
The realisation of fricatives as plosives (apart from glottal stops) was not frequent at T1 but
subsequently emerged as a target for intervention; it is interesting to speculate whether
these occurrences represented a progressive change in Llily’s speech. Theoretically,
producing plosive consonants for fricative targets could be the result of difficulties in
managing to control the degree of constriction needed for fricative production (so called
“scaling” Kent, 1992a, p. 259) or fine force movements (Hodson & Jardine, 2009). Fine
force movements, as the name suggests, involve precision of motor movement and
contrast wfth the rapid and forceful ballistic movements required for plosive production.
There may be an unfolding progression for Lily from having some difficulties in sustaining
articulatory force and so having a pattern of glottal replacement to then judging and
managing the production of the degree of constriction needed, resulting in stopping of
fricatives, to then, by T2, having achieved the necessary motor control skills to realise the

full range of speech sounds.
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One further impact of Lily’s motor difficulties was on her voice quality which was atypically
breathy and dysphonic. Breathy voice quality can be described as part of a continuum,
with creaky voice and breathy voice at either ‘end’ of modal (the typical range for speaking)
voice quality (Epstein, 2002). Judgements of voice quality are based on the auditory
perceptions of the listener (Gerratt & Kreiman, 2001) but there are difficulties in
establishing methods for reliable consensus agreements for these judgements (Odell &
Shriberg, 2001). Breathiness appears to present particular challenges since as described by
Gerratt and Kreiman (2001) even achieving listener agreement that breathiness is present
is difficult “except in cases where the voice is nearly aphonic” (p. 337). The production of
breathy voice is typically described as being produced with “relaxed and incomplete closure
of the vocal folds” (Epstein, 2002, p. 1) giving “the impression of turbulent noise and
audible escape of air through the glottis due to insufficient closure” (Gerratt & Kreiman,
2001, p. 377). However, as Gerratt and Kreiman (2001) point out, speakers with wide
opening of the glottis may not sound breathy and those with little turbulence may do, with
many physiological and perceptual variables occurring. In the course of this study it was
noticeable that when Lily had an upper respiratory tract infection she became almost
completely aphonic; unsurprisingly inflammation of the vocal tract worsened the

effectiveness of vocal fold oscillation.

There is a paucity of literature reporting studies of voice in children (Benninger, 2011) and
even fewer reports on voice in children who have other speech and language difficulties.
For example, the ALSPAC study which has reported extensively on PSD (Wren, Roulstone, &
Miller, 2012; Wren, Mcleod, White, Miller, & Roulstone, 2012) also reported the
prevalence of childhood dysphonia in the same population to be around 6% (Carding,
Roulstone, Northstone, & Team, 2006). However, neither study to date has reported on
any cross-over between the two groups. It is therefore difficult to know whether, as a child
with PSD, ‘Lily’s voice difficulties are unusual or not. Voice quality differences in children
who speech difficulties have been associated with CAS and dysarthria, i.e. motor speech
disorders, but not with speech delay or persisting speech difficuities (Shriberg, Lohmeier,
Strand, & Jakielski, 2012). However, Reynolds (2002) described atypical voice quality in two
children who had phonological disorders, and suggested that this was related to difficulties
in laryngeal control. There may also be an effect of poor coordination or respiratory
control on voice quality (Cohen, Wardrop, Wynne, Kubba, & McCartney, 2012). As already

described, Lily’s performance on both oro-motor and DDK tasks (see section 6.6) had
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suggested that she had difficulties both in power and precision of oro-motor movements
and motor planning difficulties. It appeared these difficulties in fine motor control
impacted at a laryngeal level resulting in a noticeably breathy voice quality. The perceptual
effect of this breathiness when combined with Lily’s atypical segmental durations was that
the overall quality of her speech production was significantly different to that of her peer

group.

6.26.2 What does comparison of the patterns in Lily’s speech data reveal across three
speech elicitation conditions (1: single word production; 2: connected speech in sentence

imitation; 3: connected speech in spontaneous conversation)

Comparison of Lily’s speech output across the three sampling conditions shows limited
examples of systemic segmental differences predictable by sample type. An exception was
the realisation of velar plosives. These were consistently more accurate in SW than in
MWU. In MWU in SIWI positions they were usually fronted, and in SFWF positions they
were usually realised as a glottal stop. It has been reported that the position of segments
in a word may change their realisation (Holm et al.,, 2007). However, variability in one
target segment or even position in a word does not predict variability in another, and it
may not be unusual to find that individual segments are subject to different levels of
consistency (Tyler, Williams, & Lewis, 2006). Greater accuracy in single words for particular
processes might be predicted on the basis of the processing load being less than for MWU
(Howard, 2007), supporting the realisation of newly-established speech sounds, although
overall the findings about accuracy in SW and MWU are not unambiguous. Wolk and
Meisler (1998) found a higher rate of phonological process occurrence in SW than in
conversational speech whereas other studies report greater accuracy in SW, particularly in
word structure (Faircloth & Faircloth, 1970; Masterson et al., 2005). The Wolk and Meisler
(1998) study may reflect that the SW assessment included structures and segments which
the children did not use in conversational speech, thus quantitative analysis of MWU may
under-report severity in some children. For Lily, the extreme simplification evident in all
sample types meant that comparison did not obviously reveal differences such as those

reported in published studies.

Although there were few examples of predictable segmental differences between SW and
MWU, there were contextual phonetic effects and these related to the position of the

target in an utterance, notably the production of SFWF fricatives at the end of a word or an
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utterance or, very occasionally, within an utterance before a pause. There were two
examples in single words and three in MWU. Two of these in MWU occurred in utterance-
final position and were plural morphemes and one was a possessive morpheme within an
utterance (see section 6.12.2). Their realisation all preceded a pause, which suggested that
Lily’s production of these SFWF consonant clusters was facilitated by a simplified phonetic
environment. The space or “external open juncture” (Heselwood, Bray, & Crookston, 1995,
p. 127) created by not having to simultaneously plan the next part of an utterance may
allow for the realisation of more complex segmental sequences. This adds support to the
view that output constraints in terms of motor planning difficulties significantly impacted
on Lily’s speech output. If the difficulty was in establishing underlying representations of

these lexical items, the phonetic context would not be expected to make a difference to

their production.

The inclusion of the different types of sampling conditions revealed phonetic, phonological
and prosodic information which was not evident from the SW data alone. The sentence
imitation task showed that Lily was using assimilation and liaison and there were examples
of liaison in conversational speech. However, she did not use common word juncture
processes as frequently as typical peers. Analysis showed that there were examples of her
using typical articulatory reduction and close juncture in high frequency utterances, but her
multi-word utterances were more often characterised by open juncture with frequent
insertion of glottal stops or pauses at word boundaries. Lily’s inconsistent use of between-
word processes and pervasive use of glottal stops at word boundaries show similarities to a
child, Sam, described by Howard (2007). Sam’s speech rate was described as slow with
frequent pauses and, like Lily, on occasion he realised two syllable words with equal stress.
Also like Lily, Sam was able to produce adult-like close juncture but his realisations were

also subject to variability impacting on the syntagmatic fluency of his speech output.

It has been suggested that children with typical speech development may approach wbrd
juncture behaviours in two different ways (Howard, Wells, & Local, 2008). Some children
have an analytical, bottom-up approach to language learning with shorter utterances
produced more clearly and with open juncture and some have a gestalt approach, with
long and fluent utterances which have close juncture but poor intelligibility (Peters, 1977;
Wray, 2002), and some may use both. It is not entirely certain if there are developmental

trends in the use of open and close juncture but studies of young typically developing
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children suggest that this may the case (Newton & Wells, 2002; Thompson & Howard,
2007). These studies suggest that children learn how to manage word boundaries over
time. There is a further suggestion that children may be sensitive to the pragmatic aspects
of particular linguistic situations, in that the young child studied by Peters (1977)
approached naming tasks, such as looking at a book with an adult, with much more
carefully articulated output than in free play where he was very vocal but unintelligible.
Both hyperelision and hyperarticulation have been reported in children who have speech
difficulties (Faircloth & Faircloth, 1975; Howard, 2007; Wells, 1994), sometimes occurring in
the speech of the same child, and even the same utterance. This is not unexpected
because typical speakers also vary in the degree of articulatory reduction employed in ways
which are predictably linked to the rapidly changing demands and requirements of any
given communication situation (Shockey, 2003). However, if it is the case that children
have a preferred style, and if like Lily there are significant problems in speech production, a
question is raised about the interactions between individual preferences and system
constraints. An example relevant to this point is explored by Howard (2013) in relation to
the speech of two children who have cleft palate. The speech production of one child, SB,
was characterised by open juncture and few examples of connected speech processes. SB
was described as “prioritizing paradigmatic accuracy over syntagmatic fluency” (p. 219) but
his speech presented as prosodically atypical. Although Lily was not at the stage of having
“paradigmatic accuracy” because of her constrained segmental system, her preferred style
nevertheless appeared like that of SB. Her multi-word utterances were significantly more
intelligible than her single words, but the unusual prosody of her speech impacted
negatively on its acceptability, where acceptability is defined as the subjective rating of
speech by listeners in terms of “bizarreness, naturalness or normalcy” (Dagenais & Wilson,
2002, p. 364), (a direct contrast to Harry in Chapter Five). Mcleod (2012) states that
“currently there is no metric for determining speech acceptablility” (p. 122); assessment is
dependent on the contextual judgement of the listener, a point made also by Howérd

(2013).

6.26.3 Does Lily’s speech output show phonetic variability within different speech

elicitation conditions?

Lily did show variability in her speech and although token-to-token differences were not

frequent, they did occur both in single words and in multi-word utterances. Her variable
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production was more evident at a segmental level, i.e. particular segments were realised
inconsistently in terms of articulatory place and manner. Segmental production also varied
in transitions between consonants and vowels, and it was not possible to predict with any

certainty how transitions would be realised.

Variability is characteristic of early speech development (Marquardt, Jacks, & Davis, 2004)
and reduction in variability becomes evident as the speech system matures and becomes
more automatic (Nijland et al., 2002). If variability is a product of an immature speech
processing system, the source of Lily’s inconsistencies may be traced to her overali
processing difficulties (see section 6.26.4). However, although variation in token-to-token
and segmental output might be the result of, for example, updating motor programmes
(Pascoe et al., 2006), it was possible that variability in managing transitions was a reflection

of difficulties in motor planning or motor execution.

6.26.4 Does the psycholinguistic speech processing profile provide explanations of Lily’s

speech output patterns?

Lily’s psycholinguistic processing profile indicated that she had difficulties with both input
and output skills but her task performance showéd differences which may be relevant in an
explanation of her speech patterns. Lily’s discrimination of both real words and non-words
was impaired in comparison to a group typical 7-year-olds. Although non-word scores
were poorer than real word scores, both sets of results were significantly below the
expected level. However, Lily’s age-appropriate score for the auditory lexical decision
(ALD) task suggested that her phonological representations were accurate (Stackhouse &
Wells, 1997). The performance differences between the discrimination and ALD tasks
suggested that Lily’s phonological working memory may have been a factor; she was able
to recognise whether a heard word was being said with accuracy, but found it more
challenging to hear two words and make a reliable judgement. The fact that the real word
discrimination was better that the non-word score demonstrates that top-down processing
aided her management of the task by providing support from already established lexical
knowledge. Even with this assistance, her real word score was impaired in comparison
with the scores of typical peers. One interpretation is that Lily’s phonological working
memory was reduced. However, Couture and McCauley (2000) suggest that children with
phonological impairment do not have difficulty in short-term phonological memory or sub-

vocal rehearsal. Instead, based on their own work, and that of Gathercole and Martin
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(1996), they postuiate that performance on phonological tasks requiring skills in immediate
recall are dependent on long-term memory, to draw upon already stored phonological
knowledge in order to successfully carry out what is required. In order to carry out the
discrimination between two words as presented in the assessment tasks Lily needed to
hold them in short-term memory and judge their phonetic similarity (or difference).
Discrimination activities involving right/wrong or minimal pair judgements based on
pictures may offer more direct insight into the accuracy of phonological representations,
and the child’s recognition of speech sound similarities and differences, by reducing the
memory loading of tasks. The disadvantage of this approach is that it does not allow for
the assessment of speech sound perception without support from previously stored
information. The use of non-lexical items in assessment gives insight into children’s ability
to discriminate speech sounds with novel words which has implications for learning the

sound patterns and meaning of new vocabulary.

Lily’s output processing was significantly impaired with severe difficulties at every level of
the profile. Her performance on assessment tasks showed that her output was subject to
similar constraints at every level. Lily’s poor DDK rates and accuracy, and aspects of her
speech output which indicated difficulties with motor planning and performance suggested
that these constraints could be articulatory as explored in section 6.26.1.2. In this respect
her profile is almost the same as Hamish’s; this is discussed in Chapter Seven, section
7.26.4., As with Hamish, Lily’s profile provided a summary of the complexities of her
processing difficulties and highlighted their diffuse nature. Until this study was carried out
Lily had had no investigation of her input processing skills. She had participated in groups
designed to promote phonological awareness skills but these were not based on any
specific or individual targets designed to increase her perception skills (which had anyway
not been assessed). The profile also provided a framework for intervention planning

(Stackhouse et al., 2006) which was focused on Lily’s particular needs.

6.26.5 Does the intelligibility of Lily’s speech vary across different speech elicitation

conditions?

Listeners’ recognition of Lily’s speech was sevefely impaired, but words in conversational

speech and imitated sentences were better identified than single words. This relationship

between the relative intelligibility of SW and connected speech has been previously

reported (McGarr, 1983; Osberger, 1992; Speake et al., 2012). Listeners’ word recognition
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is aided by the additional contextual, syntactic and phonological information available in
sentence level utterances, as well as prosodic factors such as appropriate use of intonation
(Klopfenstein, 2009). However, these findings are not unequivocal and factors such as the
familiarity of vocabulary and grammatical complexity may increase or decrease successful
identification in MWU. Speakers who have the most severe speech difficulties may be

equally unintelligible in all contexts (Sitler, Schiavetti, & Metz, 1983).

On the basis of the severity of Lily’s speech difficulties as measured, for example, by PCC
and z-scores on naming and imitation tasks, recognition of all types of utterance may have
been similarly impaired. The reasons why this was not the case are largely speculative,
although the methodological bias regarding the selection of conversational speech
recognisable by the author, discussed in Chapter Three, Methods, must be one factor. This
would not, however, explain the relationship between SW and imitated sentences in favour
again of MWU. It appeared that listeners were aided by the additional cues available at
sentence level even when challenged by the phonetically highly degraded content of Lily’s

speech.

One further observation of Lily’s intelligibility was that all types of utterance showed a wide
range of listener responses. For example, the responses to Lily’s conversational speech
ranged from 3.57% to 75.00% of words recognised. Khwaileh and Flipsen (2010) suggest
that the measurement of intelligibility of both SW and sentence level utterances are
enhanced by considering the range of responses, giving a greater understanding of the
individual child’s communicative potential. This also captures the experience of individual
listeners, although it was not the case that any one listener performed, for example, at the

top of the range across all three types of stimuli.

6.26.6 Are any changes in Lily’s speech output evident between two points in time and do
any changés impact on the intelligibility of her speech?

Lily’s speech changed significantly between T1 and T2 with the quantitative changes
described in section 6.19, including for example PCC of just over 90%, reflecting
improvements in both structural and systemic realisations. Examination of the differences
between the two time points revealed the establishment of mature patterns of consonant
clusters, fricatives, affricates and the post alveolar approximant [1]. However, Lily’s

speech continued to show evidence of minor phonetic differences and timing issues both in
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single words and in multi-word utterances. Her speech output was not particularly
reflective of the descriptions in the literature as characteristic of persisting speech
difficulties such as realisations of /s/ and /r/ (Shriberg et al., 1997b). Instead she showed
variable occurrences of the types of segmental and prosodic patterns she had shown at T1.
These patterns continued to be underpinned by motor difficulties, as evidenced by the DDK
and oro-motor tasks which had not changed at all. One further change noted was in Lily’s
use of word juncture. In the 20 months between T1 and T2 her between-word processes
had become much more adult-like with the use of open and close juncture showing more

typical patterns.

The changes to Lily's speech were predicted to positively impact on what listeners
recognised since, amongst other factors, intelligibility is linked with the “degree of
articulatory precision in producing segmental phonetic contrasts” (Bradlow, Torretta, &
Pisoni, 1996, p. 13). This proved to be the case with significant improvement across all
sampling types. Moreover, the difference between SW and conversational speech which
had favoured CS at T1 had resolved, with imitated sentences now showing the lowest mean
score. The continuing wide range of listeners’ responses, a finding common in the
literature (Speake et al. , 2012; Whitehill, Gotzke, & Hodge, 2011), was a reflection of the

persistence of Lily’s output difficulties.

6.27 Summary and conclusions
A comprehensive phonological process analysis (PPA) of Lily’s speech identified a range of

processes, some of which were typical for delayed speech, for example cluster reduction
and velar plosive fronting, and also atypical patterns (for example, glottal replacement of
SIWI and SIWW fricative targets). However, a broader analysis beyond the scope of typical
PPA revealed other segmental and prosodic features; the investigation of MWU was
effective in showing elements which were not evident from a traditional single wprd
naming test. The conclusion that PPA alone was not sufficient to describe the speech
output of children with PSD had also been reached through exploration of Tallulah and
Harry's speech output. Lily's MWU showed a preference for open juncture at word
boundaries although there were more freque'nt examples of liaison in the Connected
Speech Processes task than shown by Tallulah or Harry. Like Harry, glottal stops and
pauses were characteristic of her speech but unlike him she only rarely showed

hyperelision in conversational speech. Her speech showed variability with more or less
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mature realisations of adult targets at lexical and segmental level and also in prosodic
aspects such as the duration of transitions between consonants and vowels. This impacted
on the acceptability as well as the intelligibility of her speech and this was quite different to

the patterns shown by Tallulah and Harry.

Psycholinguistic assessment revealed that Lily’s speech processing skills showed some
impairment in input tasks and, like Harry she had more difficulty in activities involving non-
words than real words. Her difficulties in output tasks were severe and comparison with
normed data indicated that her speech production was more impaired than that both of
Tallulah and Harry. Lily’s speech patterns were similar in non-word repetition and picture
naming, suggesting that articulatory constraints affected all types of speech output. A
similar finding was reported for Harry, and like Harry, Lily's performance on a DDK task
indicated difficulties in motor planning; there was also evidence of poor power and

precision in oro-motor movements.

Lily presented with severe and persisting speech difficulties at T1 which affected the
intelligibility of her speech in all types of utterance although listeners were better able to
recognise words in MWU than as single items. This profile of listener responses was similar

to that of Tallulah.

By T2, Lily’s speech output and her intelligibility had significantly improved although she
continued to show residual difficulties reflecting those identified at T1. This was the same

pattern as that shown by Tallulah and Harry.

The next case study in Chapter Seven is Hamish who was 6;7 at the time of the first

assessment; this is the first chapter of volume |l.
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