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Abstract 

Polysyllables are words of three or more syllables and contain 

multiple consonants and vowels as well as complex syllable shapes and 

stress patterns. Polysyllables may provide a more comprehensive view of 

preschool children’s phonological representations than mono- or di-syllabic 

words because they are complex and more prone to error. Children with 

speech sound disorders (SSD) find polysyllables challenging but there is 

little consensus about the best methods for analysing and interpreting 

children’s productions. Early SSD can have a long-lasting impact on speech 

production, phonological processing, and literacy into adulthood so there is 

a need to refine assessment and analysis methods for children with SSD to 

identify those children who may require additional support.  

The purpose of this thesis is to inform the clinical practice of speech-

language pathologists through a multi-faceted investigation of polysyllables 

in preschool children with SSD. To achieve this purpose, five aims were 

addressed: (1) to develop a method of analysing polysyllables suitable for 

children with SSD, (2) to present a framework for interpreting polysyllable 

maturity of children with SSD, (3) to describe polysyllable errors made by 

preschool children with SSD using three measures of polysyllables: 

segmental accuracy (PCC, PVC, and PPC), frequency of errors, and 

polysyllable maturity, (4) to investigate of the progression of polysyllable 

maturity in children with SSD over time, including factors that influence 

improvements in maturity, and (5) to explore the relationship between 

polysyllable speech accuracy and emergent literacy skills in preschool 

children with SSD.  
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To achieve these aims, data were collected from 93 preschool 

children with SSD who participated in the Sound Start Study, a cluster 

randomized controlled trial investigating the effectiveness of an input-based 

computer intervention for children with SSD. The children were aged 4;0-

5;5 at the beginning of the research and presented with a phonologically-

based SSD of unknown origin. All participants completed speech 

production, phonological processing, and emergent literacy tasks. Eighty of 

the participating children completed the polysyllable speech production task 

(POP, Baker, 2013) on three occasions over a 14-22 week period.  

This thesis includes six published or submitted papers that present 

reviews and research studies. The first paper is a book chapter that provides 

an overview of phonology. The second paper presents a systematic search 

and review of literature that has examined polysyllable assessment and 

analysis of young children aged 7;11 years or under. This second paper 

describes the development of (1) the Word-level Analysis of Polysyllables 

(WAP, Masso, 2016a) including seven categories of error; and (2) the 

Framework of Polysyllable Maturity (Framework, Masso, 2016b) including 

5-levels (A-E) of maturity.

The third and subsequent papers focus specifically on children of 

preschool age. The third paper applies the WAP and the Framework to 

speech samples from 93 preschool children with SSD and documents that 

preschool children with SSD have difficulty saying polysyllables accurately. 

The findings also highlight that vowels are less likely to be accurate on a 

polysyllable task than a primarily mono- and di-syllabic speech task.  

The fourth paper describes preschool children’s longitudinal 

progression of polysyllable maturity (from Levels A to E) across three 
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points in time and highlights that preschool children who demonstrate the 

second lowest level of polysyllable maturity (Framework Level B) on initial 

assessment are 8.62 times more likely to improve polysyllable maturity than 

preschool children who demonstrate the least mature polysyllables 

(Framework Level A).  

The later chapters of this thesis explore the relationship between 

SSD, phonological processing, and emergent literacy skills. The fifth paper 

reports a systematic overview investigating the assessment and analysis of 

phonological awareness, a key component of emergent literacy, in preschool 

children with SSD. Data from 12 studies were extracted using the 

Strengthening the Reporting of Observational Studies in Epidemiology 

(STROBE) protocol. In this fifth paper, recommendations for the assessment 

of phonological awareness in preschool children with SSD are outlined.  

Following on from the review of phonological awareness assessment 

in preschool children with SSD, the sixth and final paper explores the 

relationship between polysyllable speech accuracy and measures of 

phonological processing and emergent literacy in children with SSD. This 

final paper uses cluster analysis and ANCOVA procedures to highlight that 

preschool children’s risk of literacy difficulties is increased by poor 

performance on a polysyllable task and associated poor phonological 

processing tasks.  

This thesis presents a clinically useful analysis of polysyllables 

(WAP, Masso, 2016a), and provides evidence for the use of polysyllables in 

assessment to identify children who may demonstrate minimal spontaneous 

change in polysyllable accuracy over time and who may demonstrate poor 

emergent literacy skills.  
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Preface 

I get drawn in when I feel there is something deep and 
mysterious going on beneath the surface of something. 

- Steven Pinker

My interest in completing research in the area of children with speech sound 

disorders (SSD) developed during my undergraduate degree and continued to grow 

while working as a speech-language pathologist with children in community health 

centres in Sydney. My honours research explored the abilities of preschool children 

with SSD to say polysyllables and reported the responses that preschool children 

made to requests for clarification containing polysyllables (Masso, McCabe, & 

Baker, 2014). The children who participated in my honours research demonstrated 

differing abilities when producing polysyllables and responded differently to 

requests for clarification. It was this difference which sparked my interest in the 

underlying processing skills of children with SSD.  

The initial seed of interest was sown during my earlier research. This interest 

increased exponentially as I worked with children of all ages as a speech-language 

pathologist in public community health centres. I began to see children of 

preschool and early school-age with different polysyllable speech production skills. 

Some children with SSD made excellent gains in therapy and continued on to 

develop age-appropriate literacy skills. However, some children responded well to 

intervention but had difficulty with emerging and early-literacy skills. This 

observation, paired with a clinical curiosity about the usefulness of polysyllables in 

assessment prompted my interest in exploring the polysyllable productions of 

preschool children with SSD.   
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Note on Style 

Spelling  

This is a thesis with publication and it includes six papers that are embedded 

in six of the thesis chapters. Five of the embedded papers are journal articles 

and one is a published book chapter. All papers adhere to the language, 

style, and transcription requirements of the nominated publisher. The overall 

style of the thesis adheres to the American Psychological Association 

publication manual (6th edition) and Mitchell-Delbridge (1946) phonetic 

transcription protocol. It is written in Australian/British English unless 

otherwise stated below:  

 Paper 1, titled “Speech: Phonology” and published by Oxford University

Press, was written in Australian/British English and includes phonetic

transcription using the Harrington, Cox, and Evans (1997) protocol as 

per the editors’ request. 

 Paper 2, titled “Assessment and analysis of polysyllables in young

children” and submitted to a US journal, was written in American

English.

 Paper 3, titled “Polysyllable productions in preschool children with

speech sound disorders: Error categories and the Framework of

Polysyllable Maturity” and published in the International Journal of

Speech-Language Pathology, was written in Australian/British English.

 Paper 4, titled “Longitudinal changes in polysyllable maturity of

preschool children with speech sound disorders” and submitted to a

British journal, was written in Australian/British English using Harvard

referencing style in line with the author guidelines of the journal.
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 Paper 5, titled “Identifying phonological awareness difficulties in

preschool children with speech sound disorders” and published in

Speech, Language and Hearing, was written in Australian/British

English and used the referencing style stipulated in the author guidelines

of the journal.

 Paper 6, titled “Polysyllable speech accuracy, phonological processing,

and emergent literacy in preschool children with speech sound

disorders” and submitted to a US journal, was written in American

English.

Style 

Chapter 2 includes embedded sections of Paper 1 and the whole paper is 

included as Appendix A of this thesis. The two other published papers 

(embedded in Chapters 4 and 6) appear in the format in which they were 

published with permission from the respective journals. The remaining 

chapters that include publications (Chapters 3, 5, and 7) are formatted in the 

style requested by the relevant journal and references for these chapters are 

double-spaced. The reference list of Chapters 1, 2, and 8 are single-spaced 

to align with Charles Sturt University’s guidelines for submission. Due to 

the presence of tables and figures that are formatted in the style of the 

journal in which they were submitted, the formatting of tables and figures 

throughout the thesis are not consistent with APA guidelines. Figures and 

tables included in chapters only (i.e., not included in one of the above stated 

papers) are notated with Roman Numerals (I-IX). Figures and tables that are 

included in published or submitted manuscripts are noted with Arabic 

Numerals (1-3).  
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Chapter 1 

Introduction and Orientation to this Thesis 
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Chapter 1 provides an introduction to the topic of this thesis, 

identifies the limitations to the existing knowledge, and describes the 

themes, purpose, aims, synopsis, context, and methodology of this 

research.  

General Introduction 

Polysyllables are words with three or more syllables and 

constitute up to 30% of an adult’s English vocabulary (Davies, 2008-

2016), and between 6.5% (Stoel-Gammon, 1988) and 20% (Klein, 

1981) of a typically-developing two-year-old’s vocabulary. 

Polysyllables, in contrast to monosyllabic words, are more complex 

and may be more sensitive to speech errors, even in children with 

typically-developing speech and language (Gozzard, Baker, & 

McCabe, 2006; James, 2006; Young, 1991). Children who have 

speech sound disorders (SSD) find polysyllables challenging 

(Bernhardt & Major, 2005; Mason, Bérubé, Bernhardt, & Stemberger, 

2015; Murray, McCabe, Heard, & Ballard, 2015). A number of 

authors have advocated for the use of polysyllables in assessment to 

support the clinical decision-making of speech-language pathologists 

(SLPs) (Baker & Munro, 2011; James, van Doorn, & McLeod, 2008; 

Murray et al., 2015). However, the analysis and interpretation of 

polysyllable samples remains challenging, and the evidence for the 

unique contribution of polysyllables to clinical decision-making for 

children with SSD remains sparse. One area in which polysyllables 

may be most clinically-valuable is in the identification of children 

with poorly specified underlying representations who may be at risk 
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of literacy difficulties. Yet, analysis tools that are suitable for clinical 

practice are currently unavailable. 

Children with SSD 

Speech sound disorders (SSD) are 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) that may impact speech intelligibility and acceptability… 

of both known… and presently unknown origin” (International Expert 

Panel on Multilingual Children’s Speech, 2012, p. 1).  Parents of up 

to 20% of Australian preschool children may have concerns about 

their child talking and making speech sounds (McLeod, Harrison, 

McAllister, & McCormack, 2013; McLeod & Harrison, 2009). 

Clinical studies have identified that between 2.3 and 24.6% of 

children may have SSD (Eadie et al., 2014; Law, Boyle, Harris, 

Harkness, & Nye, 2000; Shriberg, Tomblin, & McSweeny, 1999). 

Early SSD can have a residual impact on children in school age, 

through adolescence, and well into adulthood (Beitchman et al., 1994; 

Beitchman et al., 2001; Johnson, Beitchman, & Brownlie, 2010; 

Lewis & Freebairn, 1992; Lewis et al., 2015). This impact may be felt 

in terms of social, emotional, academic, or occupational outcomes 

(Felsenfeld & Broen, 1994; Law, Boyle, Harris, & Harkness, 1998; 

McCormack, McLeod, McAllister, & Harrison, 2009). In a systematic 

review completed by McCormack and colleagues (2009), literature 
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describing the activity and participation of children with SSD was 

mapped against the International Classification of Disability, 

Functioning, and Health (ICF) (WHO, 2001). Their review 

highlighted that children with SSD may have difficulty across many 

domains of the ICF including communication, learning literacy 

(reading and writing), attention and thinking, and building 

relationships (McCormack et al., 2009). The focus of this doctoral 

research is preschool children’s speech production, phonological 

processing skills, and emergent literacy skills. The children of interest 

are preschool children who have a phonologically-based SSD of 

unknown origin. 

Previous researchers have described the possible relationship 

between speech production, underlying phonological processing, and 

by extension, emergent and early literacy skills (Anthony et al., 

2011a; Carroll & Snowling, 2004; Preston & Edwards, 2010; 

Rvachew, 2007; Sénéchal, Ouellette, & Young, 2004; Sutherland & 

Gillon, 2005, 2007). Thus, children with SSD may have difficulty 

learning the skills required for literacy development. It has been 

suggested that between 30% and 77% of children whose speech 

difficulties persist as they start school will have difficulty learning to 

read (Anthony et al., 2011a). Even children who have a resolved SSD 

when they start school may be at a greater risk of literacy difficulties 

than those without early speech difficulties (Lewis & Freebairn, 1992; 

Raitano, Pennington, Tunick, Boada, & Shriberg, 2004). Some 

children with SSD will find a number of tasks particularly 
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challenging, including: early and emergent literacy skills, 

phonological awareness (Anthony et al., 2010; Anthony et al., 2011a; 

Mortimer & Rvachew, 2008; Preston & Edwards, 2010; Preston, Hull, 

& Edwards, 2013; Rvachew, 2007; Rvachew & Grawberg, 2006; 

Sutherland & Gillon, 2007), receptive vocabulary (Gernand & Moran, 

2007; Macrae & Tyler, 2014; Rvachew, 2006), phonological 

processing (Anthony et al., 2010), and word reading (Anthony et al., 

2010). The clinical challenge, however, is determining the best way to 

identify those children who are at risk of literacy difficulties. 

It has previously been established that children with 

concomitant SSD and delayed language development may be at a 

high risk of literacy difficulties (Leitão, Hogben, & Fletcher, 1997; 

Peterson, Pennington, Shriberg, & Boada, 2009; Skebo et al., 2013). 

The challenge addressed within this thesis is the need to determine 

efficient supplementary methods of speech production assessment 

that may inform clinical practice of SLPs and provide insight in to 

children’s phonological representations, phonological processing, and 

emergent literacy skills.  

In 2010, Preston and Edwards identified that the types of 

speech errors demonstrated by children correlated with performance 

on emergent literacy tasks. Specifically, atypical speech errors 

correlated with children’s performance on phonological awareness 

tasks where no other correlations were found (Preston & Edwards, 

2010). This result highlights the importance of exploring the types of 

errors present in children’s speech. Children’s speech accuracy may 
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provide some insight into the quality of children’s phonological 

representations (Anthony et al., 2011b; Fowler & Swainson, 2004; 

Shriberg et al., 2005; Swan & Goswami, 1997). In 2005, Shriberg and 

colleagues proposed that omission errors may be an important marker 

to determine the information stored as a phonological representation. 

Specifically, although substitution errors and omission errors both 

represent a lack of specificity of phonological representations as a 

whole. Shriberg et al., (2005) suggested that omission errors represent 

the absence of phonological information; whereas, substitution errors 

represent the underspecification of phonological information. Further, 

Macrae and Tyler (2014) documented that omission errors were the 

distinguishing feature in the phonology of children with SSD who had 

poorer language skills than their peers with SSD and age-appropriate 

language skills.  

 Analysis of polysyllable productions may provide additional 

insights into the relationship between speech production accuracy, 

phonological processing skills, and emergent literacy development. 

Polysyllables challenge children’s phonological and articulatory 

systems. Analysis of polysyllables may provide additional insights 

into the underlying representations of children and illuminate the 

possible relationship between speech production accuracy, 

phonological processing, and emergent literacy skills. Larrivee and 

Catts (1999) found that poor performance on a polysyllable task in 

kindergarten by children with delayed phonological development 

accounted for significant variance in reading outcomes one year later. 
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In light of this previous work, there is a need to investigate the types 

of errors present in the polysyllable productions of preschool children 

with SSD and the relationship between these errors and emergent 

literacy skills. 

 This thesis will use relational analysis methods to explore the 

polysyllable productions of preschool children with SSD. Relational 

analysis requires consideration of the target adult production and 

developmentally appropriate errors for children at different ages. 

Researchers who presented traditional phonological process analyses 

(e.g., Grunwell, 1987; Ingram, 1976, 1981; Shriberg & Kwiatkowski, 

1980) highlighted the clinical value in identifying patterns of errors 

that were present in children’s speech and the age at which these 

patterns are expected to disappear. Although a number of structural 

elements (e.g., weak syllable deletion and cluster reduction) are 

included in many approaches to phonological process analysis, there 

has been little discussion about how to analyse the diversity of errors 

that children make when saying polysyllables. For example, consider 

the polysyllable productions of three children with SSD when saying 

four polysyllables: umbrella, calculator, pyjamas, and spaghetti (see 

Table I).  
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Table I 
Example Polysyllable Productions by Children with Speech Sound 
Disorders 
Orthography Target 

production 
Child (age) 

Emily 
(4;10) 

Thomas 
(4;5) 

Lachlan 
(4;11) 

Umbrella /ʌmbɹelə/ [ʌmbelə] [ʌnvʌlə] [ʌmbɹewə] 
Calculator /kælkjəleɪtə/ [pækəleɪtə] [pəweɪtə] [kætəwəleɪtə] 
Pyjamas /pəʤaməz/ [pəʤaməts] [əwəz] [bəʤaməz] 
Spaghetti /spəɡeti/ [dedi] [ɡeti] [spə.ɡeti] 

Note. The children represented here were participants of the Sound Start Study 
(described below). Names are pseudonyms. 
 

 In light of the productions demonstrated in Table I, it is 

apparent that at least some children with SSD find polysyllables 

difficult. The challenge in terms of analysis of these productions is 

that phonological processes of weak syllable deletion and cluster 

reduction is not sufficient to capture the different variety of structural 

errors that might be present in polysyllables. For example, although 

[spə.ɡeti] is inaccurate, the onset consonant cluster is not reduced, and 

the weak syllable is not deleted. Thus, there is a need to 

comprehensively analyse polysyllables to consider segmental errors 

alongside measures of phonotactics and timing. Moreover, there is a 

need to consider the way in which children’s attempted productions 

of polysyllables gradually mature and become more adult-like over 

time.  

 One way to consider changes in the maturity of children’s 

polysyllables is to study the expected changes in polysyllable 

accuracy demonstrated by children of different ages. Phonological 

process analysis relies on an understanding about the age at which 
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phonological processes should disappear from children’s speech. In a 

similar way, this thesis has used a model of typical polysyllable 

acquisition as a guide to the features of typical polysyllable 

acquisition that indicate more, or less, mature polysyllable 

productions.  This thesis draws on a model of polysyllable acquisition 

that was developed by James (2006) based on 283 Australian children 

(aged 3;0-7;11) with typically developing speech and language. In 

James’ model, five key stages were identified in the early 

development of polysyllables. These stages are described in detail in 

Chapter 2.  

Themes of this Thesis 

Four related themes are discussed throughout this thesis: (1) 

phonological representations, (2) phonological processing skills, (3) 

polysyllable productions, (4) emergent literacy skills (see Figure I).  

 

Figure I. Four themes addressed throughout this thesis. 

Phonological Representations 

The first theme discussed throughout this thesis is 

phonological representations. For children to be able to become 

intelligible and literate, they need to learn words. They need to learn 

Polysyllable
production

Emergent 
literacy skills

Phonological 
processing skills

Underlying 
phonological 

representations
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how to comprehend and produce spoken words. They also need to 

learn how to read and write those words. Each word is thought to 

comprise a lexical representation, with each representation containing 

semantic, morphological, orthographic, articulatory, and phonological 

information (Stackhouse & Wells, 1997). In this thesis, a 

phonological representation refers to the abstract or underlying mental 

store of phonological information that constitutes a spoken word 

(Stackhouse & Wells, 1997; Sutherland & Gillon, 2005). 

Phonological representations are thought to be created through the 

processing of phonological information. Within a psycholinguistic 

model of speech processing (Stackhouse & Wells, 1997), 

phonological representations form the link between input processing 

and output planning, programming, and execution of spoken words. 

Phonological representations also link with orthographic 

representations of written words. The quality of children’s 

phonological representations cannot be directly measured. The 

measurement of associated skills, thought to use phonological 

representations, may provide insight in to the quality1 of children’s 

underlying phonological representations (Shriberg et al., 2005). 

Specifically, phonological processing skills and speech production 

accuracy are two areas that are thought to provide insight in to the 

                                                
1 A lack of quality in children’s phonological representations has been defined using 
a number of different terms including weak (e.g., Anthony et al., 2011b; Leitão & 
Fletcher, 2004; Macrae & Tyler, 2014; Mann & Foy, 2003; 2007; Swan & 
Goswami, 1997), poor (e.g., Boada & Pennington, 2006), absent (e.g., Macrae & 
Tyler, 2014; Shriberg et al., 2005), less well specified (e.g., James et al., 2008), 
underspecified (e.g., Fowler, 1991; Maïonchi-Pino, Magnan, & Ecalle, 2010), 
poorly specified (e.g., Sutherland & Gillon, 2005), degraded (e.g., Maïonchi-Pino et 
al., 2010), and indistinct (e.g., Elbro, 1996).  
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quality of children’s access to, and quality of, underlying 

representations (Anthony et al., 2011b). Phonological representations 

are described further in Chapter 2. 

Phonological Processing Skills 

The second theme discussed throughout this thesis is 

phonological processing, that is, the ability to use “phonological 

information in processing written and oral language” (Wagner & 

Torgesen, 1987, p. 192) and also refers to children’s ability to create, 

store, manipulate, and access underlying representations. 

Phonological processing skills, like speech production and emergent 

literacy skills, are thought to require the use and manipulation of 

robust phonological representations (Anthony et al., 2011b). Children 

who have SSD may have greater difficulty completing phonological 

processing tasks than their peers with typical speech and language 

development (Anthony et al., 2011a). Specifically, children’s ability 

to manipulate phonological information may be measured in three 

areas: (1) phonological awareness, (2) phonological working 

memory2, and (3) phonological access to lexical store. The specific 

phonological processing skill that children with SSD may find 

particularly challenging is phonological awareness (Anthony et al., 

                                                
2 Phonological working memory has been used to define those skills described by 
Wagner et al., (1997) using the term phonological memory. Phonological memory, 
or phonological working memory, is the ability to temporarily store coded 
phonological information in short-term memory (Wagner et al., 1997). Phonological 
working memory has been used by previous authors investigating phonological 
processing in children with SSD (e.g., Couture & McCauley, 2000; Cabbage, 
Farquarson, & Hogan, 2015). The term verbal working memory is used in Chapter 7 
to reflect the reduced phonological load of the digit span task included in the 
analysis of that chapter. Digit span tasks are less complex than other phonological 
working memory tasks that were not included in this thesis.  
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2011a; Preston & Edwards, 2010; Preston et al., 2013; Rvachew, 

2006) which may have implications for children’s emergent literacy 

and later literacy acquisition. Phonological processing skills are 

described further in Chapter 2. 

Polysyllable Production 

The third theme of this thesis relates to polysyllable 

production. The underlying phonological representations stored by 

children comprise the phonological information needed to produce 

individual words. The phonological representations of mono- and di-

syllabic words are comparatively simpler than the representations 

stored for polysyllabic words. Polysyllables are of particular interest 

in this research because they contain relatively more information than 

monosyllabic words to mentally process, store, and retrieve (Gozzard, 

Baker, & McCabe, 2008; James, 2006; James, Ferguson, & Butcher, 

2016; Macrae, 2016). As such, they have the potential to provide 

greater insight than monosyllabic words in to the ability of young 

children to establish detailed or robust phonological representations 

of words.  

Different types of speech errors may provide insight into the 

quality of children’s stored phonological representations (Anthony et 

al., 2011b; Macrae & Tyler, 2014; Preston & Edwards, 2010; Preston 

et al., 2013; Shriberg et al., 2005). Specifically, compared to 

substitution errors, omission errors may indicate underspecified 

phonological representations. Polysyllables may be more sensitive to 

omission errors, simply because they contain more information to be 
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abstracted and stored. Given the time constraints of SLPs, there is a 

need to investigate speech sampling measures and methods of 

analysis that may highlight differences in phonological skill more 

broadly than just speech production (Edwards, 2012). The analysis of 

polysyllables is discussed further in Chapter 2 and Chapter 3.  

Emergent Literacy Skills 

The final theme of thesis is children’s emergent literacy. 

Children with SSD may be at increased risk of having difficulty 

learning to read (Anthony et al., 2011a; Bernhardt & Major, 2005; 

Bird, Bishop, & Freeman, 1995; Dodd, Russell, Oerlemans, 1993; 

Harris, Botting, Myers, & Dodd, 2011; Nathan, Stackhouse, 

Goulandris, & Snowling, 2004; Overby, Masterson, & Preston, 2015). 

Emergent literacy is defined as the early overlapping stages of literacy 

development that form the foundation for later literacy acquisition 

(Cabell, Justice, Logan, & Konold, 2013; Whitehurst & Lonigan, 

1998). This research considers emergent literacy within the cognitive 

domain of the Component Model of Reading (Aaron, Joshi, Gooden, 

& Bentum, 2008). Within this cognitive domain, there are two areas 

that are considered essential to the development of later literacy 

(Aaron et al., 2008): (1) word recognition (including decoding 

accuracy and fluency) and (2) comprehension (including listening 

comprehension). In the early years of literacy development, when 

emergent literacy skills are developing, these areas may be defined as 

code-related skills and oral language skills (Storch & Whitehurst, 

2002). Code-related (word recognition) emergent literacy skills may 
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be measured through alphabetic knowledge (i.e., letter-name and 

letter-sound knowledge), print concept knowledge (i.e., print and 

book directionality, print function, and letter concepts), and 

phonological awareness tasks (i.e., elision, blending, and sound 

matching). Comprehension skills may be measured through oral 

language capacity, including receptive vocabulary (Cabel et al., 

2013). Emergent literacy continues until children reach their first year 

of literacy instruction at primary school (Justice & Ezell, 2004). 

Limitations to Existing Knowledge about Polysyllable 

Productions of Preschool Children with SSD 

Although children’s polysyllable speech accuracy has been 

studied for many years, there is little consensus about the best way to 

assess, analyse, or interpret children’s polysyllable accuracy or 

maturity. This is particularly true for children with poor speech 

accuracy who may demonstrate a high frequency of errors when 

producing polysyllables. Thus, there is a need to develop a method of 

analysing polysyllables that may be used clinically by SLPs and 

consider a framework through which to make clinical judgments of 

polysyllable maturity. Although polysyllables have been used in 

cross-sectional (e.g., James, 2001; Lewis & Freebairn, 1992) and 

longitudinal studies investigating speech and literacy development 

over time (e.g., Bernhardt & Major, 2005; Larrivee & Catts, 1999; 

Lewis, Freebairn, & Taylor, 2000; Nathan et al., 2004), no research to 

date has investigated changes in polysyllable accuracy in a sample of 

preschool children with SSD.  
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Children’s polysyllable productions in the preschool years are 

particularly interesting to investigate because of the possible link 

between poor polysyllable speech accuracy and later literacy 

development (Larrivee & Catts, 1999). Exploring the types of errors 

present in children’s speech has been found to differentiate between 

preschool-aged children who have different literacy outcomes at 

school (Preston & Edwards, 2010; Preston et al., 2013). However, 

previous research investigating possible links between polysyllable 

productions and later literacy did not account for different types of 

errors when saying polysyllables (Larrivee & Catts, 1999). Thus, 

there is a need to investigate the types of errors present in the 

polysyllable productions of preschool children with SSD, changes in 

these errors over time, and the relationship between polysyllable 

maturity and emergent literacy skills. Descriptions of polysyllable 

errors, particularly with reference to the typical polysyllable 

acquisition model presented by James (2006) may be valuable for 

both assessment and intervention planning with this population.  

Although it is known that children with SSD are likely to find 

polysyllables challenging, what remains uncertain is whether 

polysyllables may also be a sensitive marker for difficulties in the 

areas of phonological processing and emergent literacy. Thus, 

knowledge about how children with SSD produce polysyllables may 

be a key early marker for risk of literacy difficulties in the absence of 

an identified delay in vocabulary. 
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Purpose of this Thesis 

The primary purpose of this thesis was to inform the clinical 

practice of SLPs through a multi-faceted investigation of 

polysyllables in children with SSD. The following section will 

orientate the reader to the thesis including the research aims, synopsis 

of the chapters, the context of the research, and methodology.  

Research Aims 

To address the stated purpose, a series of research studies and 

literature reviews were conducted (see Table II) to explore the 

assessment of polysyllables with respect to five aims:  

1. To develop a method of analysing polysyllables suitable for 

children with SSD. 

2. To present a framework for interpreting polysyllable maturity of 

children with SSD. 

3. To describe polysyllable errors made by preschool children with 

SSD using three measures of polysyllables: segmental accuracy 

(Percentage of consonants correct, PCC; percentage of vowels 

correct; PVC; and percentage of phonemes correct, PPC), 

frequency of errors, and polysyllable maturity. 

4. To investigate the progression of polysyllable maturity in children 

with SSD over time, including factors that influence 

improvements in maturity 

5. To explore the relationship between polysyllable speech accuracy, 

phonological processing, and emergent literacy skills in preschool 

children with SSD.
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Table II 
Summary of Chapters and Papers Included in this Thesis  

Research aim(s) 
addressed 

Chapter 
of thesis 

Paper title Aims of the paper Participants Methods 

Overview 1     
Literature review 2 1. Speech: Phonology 

(Masso & Baker, 
2015) 

1. To provide an 
introduction to 
phonology for SLPs, 
educators, and linguists 

-  Literature review 

Aim 1: To develop a 
method of analysing 
polysyllables suitable for 
children with SSD. 
 
Aim 2: To present a 
framework for 
interpreting polysyllable 
maturity of children with 
SSD. 

 

3 2. Assessment and 
analysis of 
polysyllables in young 
children (Masso, 
McLeod, & Baker, 
2016, in submission) 

1. To present a systematic 
search and review of 
methods of assessment 
and analysis of 
polysyllables  

2. To describe the WAP3 
and the Framework4  

3. To present a case study 
to compare different 
analysis methods and 
interpret the 
polysyllable 

One participant 
from the Sound 
Start Study  

 Systematic review 
of the literature  

 Tutorial of a 
single case 

                                                 
3 Word-level Analysis of Polysyllables (WAP, Masso, 2016a) 
4 Framework of Polysyllable Maturity (Framework, Masso, 2016b) 
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productions of a child 
with SSD5.  

Aim 3: To describe 
polysyllable errors made 
by preschool children with 
SSD using three measures 
of polysyllables: 
segmental accuracy (PCC, 
PVC, and PPC), 
frequency of errors 
(WAP), and polysyllable 
maturity (Framework). 
 

4 3. Polysyllable 
productions in 
preschool children 
with speech sound 
disorders: Error 
categories and the 
Framework of 
Polysyllable Maturity 
(Masso, McLeod, 
Baker, & McCormack, 
2016) 

1. To determine whether 
there is a significant 
difference between 
consonant, vowel, and 
total phoneme accuracy 
between two speech 
sampling tasks  

2. To describe and 
categorise the 
polysyllable errors 
demonstrated by 
preschool children with 
SSD using the WAP 

3. To describe children’s 
errors within the 
Framework 

93 participants 
from stage 3 of 
the Sound Start 
Study (year 1 
and year 2) 

 Descriptive 
statistics  

 Speech analysis 
using PROPH+6 

 Analysis of 
polysyllables 
using the WAP 

 Wilcoxon signed-
rank tests using 
SPSS7 

Aim 4: To investigate the 
progression of 
polysyllable maturity in 
children with SSD over 
time, including factors 

5 4. Longitudinal changes 
in polysyllable 
maturity of preschool 
children with SSD 

1. To investigate 
children’s polysyllable 
productions over three 
points in time to 

80 participants 
of stages 1-6 of 
the Sound Start 

 Descriptive 
statistics 

 Expectation 
maximisation 

                                                 
5 SSD: speech sound disorders 
6 PROPH+: Profile of Phonology (PROPH+) module of Computerized Profiling (version 9.7.0, Long, Fey & Channell, 2008) 
7 SPSS: Statistical Package for Social Sciences (version 21, IBM Corporation, 2012) 
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that influence 
improvements in maturity. 
 

(Masso, McLeod, 
Wang, Baker, 
McCormack, 2016, in 
submission) 

determine changes in: 
(1) consonant and 
vowel accuracy, (2) 
error category 
frequency, and (3) 
levels of maturity.  

2. To explore factors 
influencing 
improvement in 
polysyllable maturity 
over time. 

Study (year 1 
and year 2) 

(EM) imputation 
using SPSS5 

 Mixed between-
within repeated 
measure ANOVA 

 Binary logistic 
regression 

Aim 5: To explore the 
relationship between 
polysyllable speech 
accuracy, phonological 
processing, and emergent 
literacy skills in preschool 
children with SSD. 

 

6 5. Identifying 
phonological 
awareness difficulties 
in preschool children 
with SSD (Masso, 
Baker, McLeod, & 
McCormack, 2014) 

1. To explore the 
literature on the 
assessment of 
phonological 
awareness skills in 
preschool children with 
SSD 

2. To examine the 
relationship between 
SSD and phonological 
awareness in 
preschool-age children. 

-  Systematic review 
of the literature 

 Data extraction 
using the 
STROBE8 

protocol 
 

                                                 
8 STROBE: Strengthening the Reporting of Observational Studies in Epidemiology (von Elm et al., 2008) 



      

20 
 

7 6. Polysyllable speech 
accuracy, phonological 
processing, and 
emergent literacy in 
preschool children 
with SSD (Masso, 
Baker, McLeod, Wang, 
2016, in submission) 

1. To explore the profiles 
of preschool children 
with SSD based on 
polysyllable errors. 

2. To determine whether 
children’s polysyllable 
accuracy is related to 
their performance on 
phonological 
processing and 
emergent literacy tasks. 

93 participants 
from stage 3 of 
the Sound Start 
Study (year 1 
and year 2) 

 Descriptive 
statistics  

 Cluster analysis 
using SAS9 and 
Ward’s method10 
in SPSS 

 One-way ANOVA 
and ANCOVA 
(controlling for 
age and 
socioeconomic 
status) 

Conclusions 8     

                                                 
9 SAS: Statistical Analysis Software (version 9.1, SAS Institute, 2004) 
10 Ward’s method (Ward, 1963) 
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Synopsis  

This thesis includes eight chapters and was written as a thesis with 

publications. The first and last chapters introduce and conclude the thesis. 

The second chapter includes excerpts from a published book chapter, and 

the remaining chapters include embedded journal articles that have either 

been published or are in submission (see Table II).  

Chapter 1, the current chapter, provides an overview of the thesis 

and introduces the four themes of this research (underlying phonological 

representations, phonological processing, polysyllable production, and 

emergent literacy). Chapter 2 provides an introduction to phonology 

including the history of phonological theory and assessment practices. 

Chapter 2 also includes further discussion about the four themes of this 

research. Chapter 2 contains selected excerpts of a book chapter (Paper 1; 

Masso & Baker, 2015) that was written as an introductory text for 

linguistics, speech-language pathology, and early childhood education 

students. The book chapter has been published and the complete chapter is 

provided as an appendix to this thesis (Appendix A). The selected excepts 

included in Chapter 2 are annotated with footnotes. 

Chapter 3 includes a tutorial paper (Paper 2; Masso, McLeod, & 

Baker, in submission) written for SLPs about how to use polysyllables in 

assessment. It has been submitted to an international journal and is currently 

under review. It outlines a systematic search and review of the literature 

regarding the assessment and analysis of polysyllables in young children. 

Chapter 3 provides a practical tutorial for using the Word-level Analysis of 

Polysyllables (WAP; Masso, 2016a). This chapter serves as an introduction 
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to the structure and application of the WAP and an initial description of the 

Framework of Polysyllable Maturity (Framework; Masso, 2016b).  

Chapter 4 includes a published research paper (Paper 3; Masso, 

McLeod, Baker, & McCormack, 2016) that explored the application of the 

WAP with a sample of 93 children with SSD from the Sound Start Study. It 

outlines a comparison between children’s speech production on a routine 

measure of speech accuracy (Diagnostic Evaluation of Articulation and 

Phonology, DEAP; Dodd et al., 2002) and a polysyllable-specific sampling 

task (Polysyllable Preschool Test, POP; Baker, 2013). Differences in 

children’s speech production accuracy were determined based on measures 

of consonant, vowel, and phoneme accuracy on the two tasks. The errors 

demonstrated by the children when saying polysyllables are also described 

in Chapter 4. 

Chapter 5 includes further exploration of the polysyllable speech 

accuracy of 80 preschool children with SSD from the Sound Start Study 

through a longitudinal analysis of polysyllable productions over three points 

in time (Paper 4; Masso, McLeod, Baker, Wang, & McCormack, in 

submission). The paper embedded in Chapter 5 has been submitted to an 

international journal and is currently under review. This chapter considers 

the progression of children’s polysyllable maturity including child and 

family factors that may impact this progression. 

In Chapter 6, the thesis shifts focus from describing polysyllable 

speech accuracy to investigating an important component of emergent 

literacy, phonological awareness. Chapter 6 describes a systematic search 

and overview of the literature exploring the assessment of phonological 

awareness in preschool children with SSD (Paper 5; Masso, Baker, McLeod, 
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& McCormack, 2014). The invited journal article included in Chapter 6 has 

been published in a journal accessible to SLPs internationally.  

In Chapter 7, the relationship between polysyllable speech accuracy, 

phonological processing, and emergent literacy is explored (Paper 6; Masso, 

Baker, McLeod, & Wang, in submission). The paper included within 

Chapter 7 has been submitted to an international journal and is currently 

under review. In Chapter 7, cluster analysis is used to identify two unique 

sub-groups in the sample of 93 preschool children with SSD from the Sound 

Start Study. Chapter 7 concludes with preliminary empirical evidence to 

support the use of polysyllables in assessment to identify children with SSD 

who may have poor phonological processing.  

 The final chapter of this thesis, Chapter 8, provides an overarching 

conclusion to the thesis, limitations of the research, and contributions of this 

research to the evidence base. 

Context of this Thesis 

The research presented in this thesis has been conducted with 

Australian preschool children who have a diagnosis of phonologically-based 

SSD of unknown origin. The data for this research were collected as a part 

of the Sound Start Study conducted in Sydney, Australia.  

Sound Start Study 

The Sound Start Study was a cluster randomized controlled trial 

funded by an Australian Research Council Discovery Grant (DP130102545) 

(McLeod, Baker, McCormack, Wren, & Roulstone, 2013-2015). Ethics 

approval for the Sound Start Study was obtained from the Charles Sturt 

University Ethics in Human Research Committee (approval number 
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2013/070) and the New South Wales Department of Education and 

Communities ethics committee (2013267). 

The overall aims of the Sound Start Study were to:  

1. Evaluate Phoneme Factory Sound Sorter (PFSS) as an intervention for 

children with phonologically-based SSD when delivered by educators in 

early childhood education centres.  

2. Use psycholinguistic theory to determine the relationship between 

speech, emergent literacy, and phonological processing skills.  

3. Explore child and family factors associated with changes in emergent 

literacy and speech production.  

 This thesis aimed to provide insights into aim 2. The data collection 

for the Sound Start Study occurred over three years via cluster sampling at 

early childhood education centres in Sydney, Australia. Centres were invited 

to participate in the research via email and, if interested, were sent 

information about the components of the study, the requirements of the 

centre, staff, and families, and an overview of the intervention to be 

implemented. A total of nine centres participated in Year 1, 24 centres 

participated in Year 2, and 12 centres participated in Year 3. Once consent 

was received from the principal or director of the early childhood centre, the 

Sound Start Study commenced and was conducted in six stages (see Table 

III). The data used to complete the research within this thesis was based on 

the data collected during Year 1 and Year 2 of the study (to accommodate 

the timing of the doctoral candidature). The doctoral candidate was a 

research officer, SLP, and PhD scholar within the Sound Start Study.  
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Table III 
Number of Participants in Each Stage of the Sound Start Study and the Data 
Utilized for this Research 

  Year 
1 

Year 
2 

Year 
3 

Total  Data used 
for thesis 
(Year 1 & 
2) 

Stage  Description n n n n  n (% of total) 

1 Parent 
screening  

268 584 353 1,205  852 (70.7%) 

2 Direct 
screening 
assessment 

53 144 78 275  197 (71.6%) 

3 Comprehensive 
assessment 

18 76 38 132  94 (71.2%) 

4 Intervention 
(total) 

16 67 37 120  83 (69.2%) 

 a Intervention 
group 

10 33 20 63  43 (68.3%) 

 b Control group 6 34 17 57  40 (70.2%) 
5 Immediate 

follow up 
14 66 33 113  80 (70.8%) 

6 Delayed follow 
up 

14 65 35 114  79 (69.3%) 

Note. The shaded section indicates the data utilized for this research, parentheses notes the 
percentage of the whole Sound Start Study sample. 
 

Stage 1. During the first stage of the Sound Start Study, parents at 

participating early childhood centres were asked to complete a screening 

questionnaire about their 4- to 5-year-old child who was attending the 

centre. The screening questionnaire included the screening questions of the 

Parents’ Evaluation of Developmental Status (PEDS; Glascoe, 2000), more 

detailed questions about the nature of parent concerns about 

communication, as well as questions relating to previous contact with 

speech-language pathology, language use, and children’s intelligibility using 

the Intelligibility in Context Scale (ICS; McLeod, Harrison, & McCormack, 

2012). Early childhood educators completed a similar questionnaire for 

children whose parents provided consent. Children were invited to 

participate in stage 2 if their parent or educator reported that they were 
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concerned about how the child was making speech sounds (based on 3 

questions within the initial questionnaire), did not report any concomitant 

hearing impairment, developmental delay, or cleft lip and/or palate, reported 

English language proficiency that was as good or better than their home 

language, and the parent provided consent for participation. Assent was also 

obtained from all child participants before each assessment at each stage.  

Stage 2. The second stage of the Sound Start Study constituted 

direct assessment, completed by an SLP, using screening tools suitable to 

identify children who had phonologically-based SSD. The tools used during 

stage 2 are presented in Table IV.  

Table IV 

Areas and Assessments Used During Stage 2 of the Sound Start Study 
Area Assessments used during Stage 2  
Speech 
production 

Diagnostic Evaluation of Articulation and Phonology 
(DEAP; Dodd, Hua, Crosbie, Holm, & Ozanne, 2002) * 

Oral muscular 
structure and 
function 

Clinical assessment of oropharyngeal motor 
development in young children (Robbins & Klee, 1987) 
* 

Language  Preschool Language Scales (Screening) – Fifth edition 
(PLS-5; Zimmerman, Steiner & Pond, 2013) * 

Cognition Preschool Test of Nonverbal Intelligence (PTONI; 
Ehrler & McGhee, 2008) * 

Hearing  Protocol developed based on American Speech-
Language-Hearing Association guidelines (American 
Speech-Language-Hearing Association, 1985) * 

Note. Data collected using the shaded assessment was used within inferential data analyses 
of this thesis. * indicates a measure that was used to determine eligibility for ongoing 
participation.  
 
  Children were eligible to participate in stage 3, based on the results 

of their assessments in stage 2; specifically, if they presented with features 

of a phonologically-based SSD based on their performance on the 

Diagnostic Evaluation of Articulation and Phonology – Phonology subtest 

(Dodd et al., 2002). A phonologically-based SSD was deemed to be present 
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when the child demonstrated phonological processes that were typical in 

English but not appropriate for children at 4-years-old (e.g., cluster 

reduction or fronting). Children who only presented with articulation 

difficulties (i.e., an interdental lisp in the absence of phonological processes) 

or features consistent with childhood apraxia of speech were excluded from 

further participation. For participation in stage 3, children also required 

nonverbal intelligence (based on the Preschool Test of Nonverbal 

Intelligence, PTONI; Ehrler & McGhee, 2008), which fell within two 

standard deviations of the mean.  

 Stage 3. During stage 3, eligible children participated in another direct 

assessment with an SLP. The assessments completed in stage 3 provided a 

more comprehensive insight into the speech, language, phonological 

processing, and emergent literacy skills of the children in the Sound Start 

Study. The tools used during stage 3 are presented in Table V. Children who 

demonstrated a standard score greater than 70 on the Peabody Picture 

Vocabulary Test – Fourth edition (PPVT-4; Dunn & Dunn, 2007) were 

deemed to have age-appropriate receptive vocabulary skills and were 

eligible for participation in the remaining stages.   
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Table V 
Areas and Assessments Completed During Stage 3 
Area Assessments used during Stage 3  
Speech 
production 

Polysyllable Preschool Test (POP; Baker, 2013) 
Phonological probes to identify frequency of 
specific phonological errors. Informal, research-
specific tool 
Consonant stimulability 

Morpho-
phonology 

Children’s Assessment of Morphophonology 
(CHAMP; Baker, 2013) 

Receptive 
language  

Peabody Picture Vocabulary Test – Fourth edition 
(PPVT-4; Dunn & Dunn, 2007) * 

Phonological 
processing  

Comprehensive Test of Phonological Processing – 
Second edition (CTOPP-2; Wagner, Torgesen, 
Rashotte, & Pearson, 2013) 

Emergent 
literacy skills 

Preschool Word and Print Awareness (Justice, 
Bowles, & Skibbe, 2006) 
Letter knowledge (Anthony et al., 2011a) 

Articulation 
judgement 

Articulation judgment (Sutherland & Gillon, 2005) 

Child report 
of activity 
and 
participation 

Speech Participation and Activity of Children 
(SPAA-C; McLeod, 2004) 
Communication Attitude Test for Preschool and 
Kindergarten Children who Stutter (KiddyCat; 
Vanryckeghem & Brutten, 2006) 

Note. Data collected using the shaded assessment was used within inferential data analyses 
of this thesis. * indicates a measure that was used to determine eligibility for ongoing 
participation. 
  
 Stage 4. Following the completion of all stage 3 assessments, the final 

number of eligible children at each site was documented. The number of 

eligible sites and participants were sent to a statistician in the UK who 

randomly allocated sites into intervention and control conditions. Children 

at the intervention sites completed an individualized 9-week program within 

the computer-based intervention, Phoneme Factory Sound Sorter – 

Australian version (PFSS; Wren & Roulstone, 2013), under the supervision 

of an early childhood educator. The PFSS software was developed in the 

United Kingdom (Wren & Roulstone, 2006) and was adapted for the Sound 

Start Study to be suitable for Australian children. This program is input-
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based and included a primary focus on developing phonemic-level and 

onset-rime awareness of speech sounds which are erroneous in the 

children’s sound system. Polysyllables were not targeted in PFSS. The 

recommended dose for the intervention was for each level of the 

intervention to be completed four times each week for nine weeks. The 

participating children at control sites received typical classroom practices at 

their early childhood education centre.  

  Stage 5 and stage 6. Follow up assessments were undertaken with 

children who participated in stage 4, although a few children were lost to 

follow-up due to unforeseen circumstances (e.g., family moved out of the 

area). The first follow-up assessment occurred in the week immediately 

after the intervention/control period (stage 5). The tasks completed at stage 

5 mirrored those completed at stage 3 (Table V) with the addition of the 

DEAP (Dodd et al., 2002). The assessment at stage 6 occurred 6 to 8 weeks 

after the stage 5 assessment and included measures of speech production 

accuracy, phonological processing, and emergent literacy skills. The 

purpose of these stage 5 and 6 assessments was to determine whether any 

changes occurred during the intervention stage of the research.  

Situating the Researcher in the Sound Start Study 

Throughout this doctoral candidature, the candidate has been 

involved in all aspects of the Sound Start Study as a research officer, SLP, 

and doctoral student. In her role within the Sound Start Study research team, 

she participated in the development of the Australian version of the 

Phoneme Factory Sound Sorter software, conceptualization of the 

components of each stage of the research, writing of the ethics application 

and amendments, developing resources for educators, families, and children, 
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liaising with staff and families about the progress of the research, collecting 

the assessment data at each stage of the study with Dr Kathryn Crowe 

(blinded to pre-assessment results and children’s intervention condition for 

the later stages of the research), training and coordinating the teaching 

assistants at selected intervention sites, and participating in preliminary 

analysis of the overall results of the study.  

Methodology 

The research described in this thesis has been conducted within a 

post-positivist research paradigm and experimental design (Creswell, 2003). 

Primarily quantitative, this thesis uses a number of research methods to 

describe the frequency and distribution of features within the target 

population, children with SSD (Greasley, 2008). Within a post-positivist 

paradigm, the researcher acknowledges that the observed behaviours of the 

children in this research require consideration beyond individual behaviours 

in isolation. A post-positivist research paradigm acknowledges the need to 

investigate the causes that influence outcomes (Creswell, 2003). The 

researcher has addressed this need in a number of ways throughout the 

thesis, through considering children’s speech within the context of their 

skills overall, and considering child and family factors that may influence 

children’s outcomes. Throughout this research, the researcher has observed 

children’s behaviours and developed new methods to measure these 

changes. In this vein, this thesis will contribute data and evidence to shape 

SLPs’ knowledge of the speech, phonological processing, and emergent 

literacy skills of preschool children with SSD.  

The Statistical Package for Social Sciences (SPSS, IBM 

Corporation, 2012) was used to analyse the data for this thesis. SPSS was 
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used to run descriptive statistics about the participants and complete 

inferential statistics relevant to each of the experimental studies (described 

in Chapters 4, 5, and 6). The data described in Chapter 4 were not normally 

distributed and so non-parametic statistics were employed. In Chapter 4, 

Wilcoxon signed-rank tests were utilized to determine whether children with 

SSD demonstrated significant differences in consonant accuracy, vowel 

accuracy, and overall phoneme accuracy between a polysyllable speech 

sampling task (POP; Baker, 2013) and a routine measure of speech 

production (DEAP; Dodd et al., 2002). In Chapter 5, expectation 

maximization (EM) imputation was conducted due to a small number of 

missing data points that were deemed to be missing completely at random 

using Little’s (1988) Missing Completely at Random test (MCAR). Binary 

logistic regression was also conducted in Chapter 5 to explore the factors 

associated with changes in polysyllable maturity over time. To achieve the 

results described in Chapter 7, cluster analysis and one-way ANOVA and 

ANCOVA methods were used to interpret the data. An additional statistical 

program, SAS 9.1 (SAS Institute, 2004) was utilized to determine the 

optimum number of clusters in the sample and then SPSS was used to 

complete the related ANOVA and ANCOVA analyses once the sample had 

been clustered into optimum groups. Further details of the data analysis 

methods used for each of the experimental studies are included within the 

relevant chapters (Chapters 4, 5, and 7).  

The reliability of the transcription and analysis of data was 

considered for two measures: the POP (Baker, 2013) and the Word-level 

Analysis of Polysyllables (WAP; Masso, 2016a). Re-transcriptions of a sub-

sample of the POP data were completed by the doctoral candidate and an 
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SLP not involved in the initial data collection of the polysyllable samples to 

determine intra-judge and inter-judge polysyllable transcription reliability. 

For the purposes of this research, >85% was considered acceptable point-

by-point reliability agreement (Shriberg & Lof, 1991). Intra-judge reliability 

was 91.3% across 1,966 data points. Inter-judge reliability was 87.3% across 

1,966 data points. Point-by-point reliability for both intra- and inter-judge 

reliability reached acceptable agreement. 

The reliability of the WAP (Masso, 2016a) was evaluated using a 

two-way mixed model intra-class correlation coefficient (ICC). Nine 

randomly-selected POP samples were re-analysed by the doctoral candidate 

and an SLP external to the Sound Start Study to determine intra-judge and 

inter-judge reliability. ICC for intra-judge reliability was 1.0 (95% 

confidence interval: 1.0-1.0) and inter-judge reliability was 0.99 (confidence 

interval: 0.99-1.0). This was deemed to indicate an acceptable level of 

reliability. 

Conclusion to this Chapter 

This chapter has provided an overview of the structure of this thesis 

in terms of the topics that will be discussed, the purpose and research aims, 

and the context and methodology of the research. Table II provided a 

summary of the research aims, chapters, papers, and details of each of the 

papers included in this thesis (including aims, participants, and methods).  
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Over the years, there have been a number of paradigm shifts in the 

study of phonology, the analysis of speech accuracy, and the practice of 

speech-language pathologists (SLPs). One of the most significant 

conceptual shifts occurred during the late 1960s and early 1970s and 

culminated in the published work of Ingram (1976) titled Phonological 

Disability in Children. During these years, traditional approaches to 

analysing and treating speech or articulation errors in children (e.g., Van 

Riper, 1939, 1947, 1954, 1963, 1972) were challenged. This work altered 

the course of future research towards the application of phonological 

theories to understand speech production in children with speech sound 

disorders (SSD). Almost a decade later, Fey (1985) acknowledged that there 

had been minimal application of phonological concepts into the clinical 

practice of SLPs. The paper initially written by Fey and expanded following 

a clinical forum in Language, Speech, and Hearing Services in Schools (Fey, 

1992) outlined a call to action for SLPs to embrace contemporary 

applications of phonological theory in their management of children with 

SSD. This thesis contributes to the next generation of this discussion. This 

thesis does not reject the well-established underlying principles guiding the 

analysis of articulation and phonological disorders but builds on those solid 

foundations for the purposes of embracing a contemporary, representation-

based approach to the study and management of SSD in children. This 

chapter will outline the historical background informing this research 

through an exploration of phonological theory and analysis practices to 

describe speech production as well as an overview of polysyllables. 

Additionally, this chapter provides an overview of each of the themes that 

will be discussed in the following chapters (see Figure II).  
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Figure II. Themes addressed in this chapter (shaded). 

This chapter is comprised, in part, of text that was published as a 

part of the following book chapter (Paper 1):  

Masso, S., & Baker, E. (2015). Speech: Phonology. In S. McLeod & 

J. McCormack (Eds.) Introduction to speech, language, and literacy 

(pp. 134-177). Melbourne, Australia: Oxford University Press. 

The full book chapter is available in Appendix A of this thesis. Text that is 

found within Paper 1 is delimited using dark blue text with a footnote at the 

end of each section noting the associated page number/s.  

Phonology 

Phonology is the branch of linguistics concerned with the study of 

the speech sound systems of languages; for example, the types of speech 

sounds that occur in a language, the rules about where speech sounds can 

occur in a word, how these sounds can be combined to form words, how 

they are pronounced in words, and their relationships to one another in the 

system (Cohn, 2008; Davenport & Hannahs, 2010).11 The study of 

phonology has evolved over the last century (see Figure III). 

                                                
11 Masso & Baker, 2015, p. 134 
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One of the earliest theories about how phonology develops in 

children was proposed by Jakobson (1941, 1968). In this early work, 

Jakobson described a number of key concepts thought to inform early 

speech and language production. Jakobson proposed that the acquisition of 

phonemes occurs in a universal order.  

Although many of Jakobson’s (1941, 1968) early claims have since 

been reconceptualised and/or disproven through empirical research, his 

work did lay important foundations for the later study of language 

acquisition and the role of phonology in early word learning. Jakobson did 

not attempt to address the cognitive basis for early language and 

phonological development. Researchers in other areas of the language 

domain had begun to make gains in considering the cognitive basis of 

speech and language processing. In this space, one of the seminal works was 

published by Goldstein (1948) who proposed a holistic approach to 

understanding the symptoms of aphasia. Goldstein proposed that linguistic 

detail was stored within the cognitive system. Of particular note was 

Goldstein’s proposal of symbol formation that would later give rise to the 

concepts of phonological, semantic, and lexical representations. 



 

45 
 

 

 

 

 

 

 

 

 

 

 

 

Figure III. Theories and methods of analysis that have influenced management of SSD in children 
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One of the early theories that outlined the development of phonology 

with consideration of the cognitive basis for learning was the influential 

work of Chomsky and Halle (1968) in The Sound Patterns of English. 

Chomsky and Halle described the theory of generative phonology to 

account for how an underlying phonological representation of a word (e.g., 

cat /kæt/) can be realised as a surface phonetic representation (cat [kæt̚]).12 

Chomsky and Halle proposed a binary system of distinctive features of 

phonemes. That is, a feature is described as being either present [+] or 

absent [–]. 13 

Natural phonology, a phonological theory that emerged at a similar 

time to Chomsky and Halle’s generative phonology, considered 

phonological development to be universal (Stampe 1969, 1979). That is, 

children develop language-specific constraints that govern their 

phonological development. Stampe studied phonological patterns across 

languages in addition to children’s developing phonological systems and 

noticed cross-linguistic similarities and differences. He proposed that the 

similarities across languages and the common errors in children’s 

developing systems are natural and phonetically plausible (Ball et al., 2010). 

Stampe (1969) suggested that natural patterns reflect innate phonological 

processes, while the idiosyncratic patterns in a language, that are not easily 

explained through phonetic plausibility, are best captured via rules. He 

suggested that “a phonological process merges a potential phonological 

opposition into that member of the opposition which least tries the 

restrictions of the human speech capacity” (Stampe, 1969, p. 443). 

                                                
12 Masso & Baker, 2015, p. 148 
13 Masso & Baker, 2015, p. 134 
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Phonological processes are thought to be innate and gradually suppressed 

during speech acquisition as children’s capacity for speech matures.14 One 

key component of Stampe’s theory was that children demonstrated an active 

suppression of phonological processes (e.g., as children’s phonology 

matures, they learn to un-front, un-stop, un-depalatize). This component of 

natural phonology has since been challenged due to more recent theoretical 

conceptualisation of phonology. 

Just as the 1960s and 1970s saw the rise of a number of different 

broad phonological theories, the 1970s and 1980s saw the presentation of 

specific theories of stress (Liberman, 1975; Hyman, 1985). Bounded in 

theories of autosegmental phonology, metrical stress theory aimed to 

challenge the proposed notion by Chomsky and Halle (1968) that stress was 

primarily a segmental feature. In 1975, Liberman proposed a theory of 

metrical stress in which stress was considered in different phonotactic and 

syntactic contexts. Within Liberman’s theory, stress consists of the rhythmic 

structure of relational elements including strong (stressed) and weak 

(unstressed) segments. Concepts of metrical stress have been explored in 

more detail through universal considerations of foot structure (Hayes, 1995). 

In English, for example, the foot structure is left-dominant and so stressed 

syllables typically occur before weak syllables. Building on theories of 

metrical stress was the concept of moraic theory (Hayes, 1989) in which 

syllable weight is a considerable factor, and defined using the concept of 

moras. Based on moraic theory (Hayes, 1989), the timing unit of 

measurement is a mora (notated as μ). A mora is a unit of timing that can be 

described by the weight of the syllable and must include a vowel element 

                                                
14 Masso & Baker, 2015, pp. 147-148 
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(Davenport & Hannahs, 2010). Using this unit of measurement, short 

vowels are equal to one mora (e.g., /te/15), long vowels, diphthongs and 

syllables that include a short vowel and coda are equal to two mora (e.g., 

/ti/, /tæɪ/, /ten/) and long vowels and diphthongs with a coda and element 

(e.g., /fəʉn/) are equal to three moras (Bernhardt & Stemberger, 2000). 

Syllable onsets do not add to the weight of the syllable and therefore do not 

attract a mora unit value (Davenport & Hannahs, 2010). Each segment 

within a syllable is comprised of features that specify whether the segment 

is a vowel or a consonant and the characteristics of the segment (e.g., /t/ is 

[+consonantal], [–voiced], [+consonantal] and [+anterior]). 16 

The 1990s saw the rise of additional phonological theories that were 

then applied to children with SSD. For example, principles of nonlinear 

phonology have been considered to understand children with SSD (e.g., 

Bernhardt, 1992). Nonlinear phonology is a theoretical perspective that 

describes the hierarchical relationship between different aspects of 

phonological systems, including features, segments, syllable structures, 

words, and phrases (Bernhardt & Stoel-Gammon, 1994). Unlike natural 

phonology and generative phonology, nonlinear phonology is not a single 

theory. Rather, ‘nonlinear phonology’ refers to a collection of nonlinear 

phonological theories, such as feature geometry (Clements, 1985), 

autosegmental phonology (Goldsmith, 1976) and metrical phonology 

(Goldsmith, 1990). In 2000, Bernhardt and Stemberger provided an 

overview of nonlinear phonology, integrating a number of different 

nonlinear theories. They outlined how phonological systems are comprised 

                                                
15 Transcription protocol adheres to Harrington, Cox, and Evans (1997)  
16 Masso & Baker, 2015, p. 150 
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of two main tiers that each have levels within them: the segmental tier 

(including segments and features) and the prosodic tier (including structures 

beyond the segment such as onset-rimes, syllables, feet, words and phrases). 

Unlike earlier theories (e.g., generative phonology and natural phonology) 

that focused primarily on the phonemic elements of words, nonlinear 

phonological theories consider the speech sound system as a complex 

interaction between the many different tiers within the system.17 One of the 

important distinctions to note in the applications of nonlinear phonology is 

the terminology used to describe children’s speech. Bernhardt and Stoel-

Gammon (1994) describe a distinction between an error and a mismatch. 

Both terms may be used when embracing relational analysis strategies that 

compare children’s productions to the target adult form. The term error has 

traditionally been used to describe differences between children’s 

productions and adult target forms. More recently, the term mismatch has 

been used to define differences between two forms (child form and adult 

form) that are conceptualised as “a consequence of a developing system” (p. 

126) that are not considered to be in error (Bernhardt & Stoel-Gammon, 

1994). Over time, and in parallel with developmental theories of phonology, 

there have been considerable changes in the manner in which SLPs analyse 

children’s speech difficulties in clinical practice (see Figure III).  

Analysis of Children’s Speech 

Early investigations of children’s speech (e.g., Blanton, 1916) did 

not aim to evaluate the speech production accuracy of children with SSD 

but rather, attempted to define the population in terms of the number of 

children who had communication difficulties. In the study described by 

                                                
17 Masso & Baker, 2015, p. 149 
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Blanton, children’s with “speech defects” (p. 583) were identified in a 

sample of 4,862 students aged 4 to 18 years old across 17 schools in the 

United States. In this sample, Blanton relied on teacher reporting of “thick 

and indistinct speech” (p. 584). No further analysis of children’s speech was 

reported. Following the early studies of prevalence, Poole (1934) provided 

one of the first normative studies of consonant acquisition. Up until the late 

1960s, children’s speech production accuracy was frequently considered in 

terms of consonant accuracy using an articulation-based approach to 

analysis. For example, van Riper (1939) presented one of the early analysis 

methods that made an attempt to identify the different types of errors 

demonstrated by children. His analysis allowed for the identification of 

consonant errors based on substitutions, omissions, distortions, and 

additions (SODA). For many years, van Riper’s analysis was the dominant 

approach to describing children’s consonant errors. In the 1960s, around the 

time that generative and natural phonological theories were gaining 

momentum, more analyses were developed including Ferguson’s (1968) 

contrastive analysis, Menyuk’s (1968) feature analysis, and Weber’s (1970) 

place, manner, and voice analysis. Each of these methods of analysis had a 

distinct focus on segmental accuracy.  

In 1968, Ferguson described the application of contrastive analysis 

methods to understanding the speech development of children. These 

methods, previously used for language characterisation, opened up a new 

frontier in the analysis of children’s early speech accuracy. Ferguson’s 

(1968) work, alongside Chomsky and Halle’s (1968) generative 

phonological theory formed the foundation for contrastive analysis methods 

(and intervention) considering distinctive features (e.g., McReynolds & 
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Huston, 1971; McReynolds & Bennett, 1972). In terms of intervention, 

McReynolds and Bennett (1972) demonstrated a generalisation effect to 

untreated sounds sharing a common feature with treated sounds. Around the 

same time, Edwards (1970; 1973 as cited in Edwards, 1997) applied the 

principles of natural phonology to investigate the acquisition of liquids in 

children’s early speech development. Edwards’ (1970) early work prompted 

further consideration of natural phonological principles in identifying 

intervention targets for children with SSD (Edwards & Bernhardt 1973a, 

1973b as cited in Edwards 1997). Prompted by the published work of 

Ingram (1976), a theoretical shift in the evaluation of speech difficulties 

commenced in the late seventies and early 1980s. Where SSD had 

previously been considered to be due to articulation difficulties alone (e.g., 

analysed with SODA), consideration of a linguistic basis for SSD ignited a 

new era of analysis of children with SSD. 

Analysis methods grounded in the assumptions of various 

phonological theories began to emerge throughout the 1980s with Weiner’s 

(1979) phonological process analysis, Hodson’s (1980) assessment of 

phonological processes, and Shriberg and Kwiatkowski’s (1980) natural 

process analysis. Although different, within each of these methods of 

analysis, like-components dominated. Later referred to by Grunwell (1987) 

as systemic simplification processes and structural processes, most of the 

early phonological process analyses had components that aimed to address 

the identification of insufficiencies in the form of children’s speech 

production (e.g., identification of weak syllable deletion and cluster 

reduction). Thus, developmental theories of phonology may be used to as a 

tool to analyse the rules that describe the phonology of a language, as well 
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as the errors that children produce as they learn the phonological system or 

struggle to learn the system (Grunwell, 1987).18 

Although structural features of children’s phonology were starting to 

be identified in different approaches to analysis, a considerable focus 

remained on segmental accuracy. Specifically, percentage of consonants 

correct (PCC; Shriberg & Kwiatkowski, 1982) became a dominant method 

of analysis to describe speech, determine severity of speech difficulties, and 

measure outcomes of intervention. Curiously, PCC has dominated over a 

number of different analysis approaches despite the lack of consideration for 

the types of speech errors present in the sample. In an attempt to 

accommodate for the insufficiency of PCC as a broad measure, a number of 

additional segmental metrics were developed by Shriberg and his colleagues 

to account for different errors, or allowances, based on knowledge about 

children’s speech. For example, percentage of vowels correct (PVC) and the 

Articulation Competence Index (ACI) were described by Shriberg (1993) 

and PCC-Adjusted and PCC-Revised were described by Shriberg and 

colleagues (1997).  

In recent years, further consideration about children’s speech has 

occurred with the development of whole-word measures. The reliability of 

using whole-word measures as a rating of severity has also been considered 

(Flipsen et al., 2005). For example, Ingram’s (2002) phonological mean 

length of utterance (pMLU) considers word length as well as consonant 

accuracy to measure developmental changes in phonology. Judgements of 

severity may be fraught with difficulty due to rater competence and 

knowledge of speech production. Flipsen and colleagues (2005) identified 

                                                
18 Masso & Baker, 2015, p. 148 
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that whole-word measures were significantly correlated to experienced 

SLPs’ judgements about the severity of speech difficulties.  

In 2012, Edwards called for a “mini-revolution in clinical 

assessment and treatment of speech sound disorders” (p. 5). Namely, this 

revolution requires consideration of a representation-based approach to 

phonology (Edwards, Fourakis, Beckman, & Fox, 1999). To understand the 

impetus for this revolution, understanding the role of phonological 

representations in children’s speech and literacy is important.  

Phonological Representations 

 As defined in Chapter 1, phonological representations represent the 

phonological information stored by children that they access to produce 

words correctly (or, incorrectly) (Sutherland & Gillon, 2005). The 

formation, access, and precise storage of phonological representations 

remains an ongoing discussion within the literature (e.g., Anthony et al., 

2010; Elbro, Borstrøm, & Petersen, 1998). The challenge in defining the 

concept of phonological representations in concrete terms comes from the 

inability to directly measure children’s storage of phonological information. 

It has been proposed that the quality, access, and storage of children’s 

phonological representations may be inferred through the direct 

measurement of other skills such as receptive judgements of articulation 

accuracy (Anthony et al., 2011; Carroll & Snowling, 2004; Rvachew, 

Ohberg, Grawburg, & Heyding, 2003; Sutherland & Gillon, 2005), rapid 

retrieval of phonological information through rapid naming tasks (Fowler & 

Swainson, 2004; Elbro & Petersen, 2004; Swan & Goswami, 1997), and 

speech production accuracy (Anthony et al., 2011; Edwards et al., 1999; 

Fowler & Swainson, 2004; Foy & Mann, 2001; Swan & Goswami, 1997). 
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With regard to articulation accuracy specifically, previous researchers have 

suggested that polysyllables may be a better measure of children’s 

phonological representations than mono- and di-syllabic words (Fowler & 

Swainson, 2004; Swan & Goswami, 1997).   

 It is thought that early phonological representations are stored as 

whole units (Fowler, 1991; Metsala & Walley, 1998) and as children’s 

vocabulary develops, their phonological representations become more 

specified (Metsala, 1999). In 1992, Echols and Newport demonstrated the 

relative salience of stressed and final syllables in the early productions of 

English-speaking children. They also suggested that the realisation of the 

most salient elements of a word (the stressed syllable) occurred due to 

children’s extraction of phonological information from stressed syllables in 

the sequences of speech that they hear as they learn. Further, Echols and 

Newport (1992) suggested that English-speaking children demonstrate 

maturing of their speech production accuracy, in part, to increased 

perception of the less-salient features of speech (namely, weak syllables). 

 In calling for a revolution in SLPs management of children with 

SSD, Edwards (2012) advocated for the development of fine-grained 

analysis methods that may provide insight in to the quality of children’s 

phonological representations. One example of Edwards and her colleagues 

developing finer-grained methods of assessment was published in 1999. 

Edwards and colleagues (1999) considered children’s phonological 

competence based on two measures collected with preschool children with 

SSD and age-matched peers. Two aspects of children’s phonological 

representations were of interest: (1) acoustic/perceptual representations, (2) 
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articulatory/production representations19. To assess the 

articulatory/production component, the participants of the study repeated 

short phrases at a normal rate and then, a faster rate. Each phrase was then 

acoustically analysed. Using this specific measure of speech production 

accuracy, Edwards and colleagues demonstrated that fine-grained measures 

of speech accuracy can illuminate differences in children’s articulatory 

precision that may not be identified with less-specified analysis methods. 

The procedure described by Edwards and colleagues may be challenging to 

complete in clinical practice due to constraints on time, resources, and 

children’s attention. Thus, finer-grained measures based on speech 

production accuracy require further investigation. The need to develop 

detailed methods of analysing children’s phonological representations is 

partly due to the association between phonological representations and 

literacy development. 

Phonological Representations and Literacy Development 

Children’s use of, and access to, phonological representations has 

been considered by researchers considering children’s literacy development 

and phonological processing skills. Emergent literacy development requires 

oral-language skills and code-related skills (Cabell, Justice, Konold, & 

McGlinty, 2011, Cabell, Justice, Logan, & Konold, 2013; Storch & 

Whitehurst, 2002; Whitehurst & Lonigan, 1998). These emergent literacy 

skills for the foundations for later literacy which the National Reading Panel 

Report (2000) conceptualises in terms of five areas of development: 

                                                
19 Edwards and colleagues (1999) define these components as being two of “three 
representational spaces or mappings that the child must build to acquire an expanding 
production lexicon” (p. 172). The third component is the “mapping between production and 
perception” (p. 172).  
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phonemic awareness, phonics, oral reading fluency, vocabulary, and text 

comprehension. Each of these components of reading requires the use of 

phonological information and phonological processing. Phonemic 

awareness, phonics, and fluency require the direct processing and 

manipulation of phonological information. Vocabulary and comprehension 

rely on the access to stored phonological and semantic information about 

words.  

The access to and manipulation of stored phonological 

representations is described as phonological processing (Wagner & 

Torgesen, 1987) that encapsulates three core cognitive skills: phonological 

awareness, phonological access to lexical store, and phonological working 

memory (Anthony et al., 2003). Phonological awareness is the capacity to 

identify and manipulate the sound structure of a language (Burt, Holm, & 

Dodd, 1999). That is, it is the ability to identify and manipulate onset and 

rimes (e.g., car and cat have the same onset, whereas car and star are 

rhyming words), to blend phonemes (e.g., blending the phonemes /k/, /æɪ/ 

and /s/ together makes case /kæɪs/) and to segment phonemes (e.g., identify 

the individual phonemes in bus: /b/, /ɐ/ and /s/).20 Phonological awareness 

skills develop with direct instruction (Carroll, Snowling, Stevenson, & 

Hulme, 2003; Ukrainetz, Nuspl, Wilkerson, & Beddes, 2011) and some 

particular skills are thought to be more influential to children’s literacy 

acquisition than others. For example, Mann and Foy (2003) studied the 

reading outcomes of 94 children in the first two years of school and 

determined that preschool phoneme-level identification and deletion skills 

were highly correlated to literacy development but rhyming skills were not. 

                                                
20 Masso & Baker, 2015, p. 153 
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Phonological access to lexical store is the capacity to rapidly name items 

and thus to rapidly access stored phonological information about words. 

Lexical access is often measured with the rapid-naming of letter names, 

colours or objects (Wagner et al., 1997). Phonological working memory is 

the capacity to rapidly encode and relay new information. Phonological 

working-memory capacity is usually measured with non-word repetition or 

digit memory tasks (Wagner et al., 1997).  

It is thought that the accuracy or detail of children’s phonological 

representations influences their performance on phonological processing 

tasks (Garlock, Walley, & Metsala, 2001) and literacy development 

(Anthony et al., 2010). For example, Wagner et al. (1997) found that school-

aged children’s performance on phonological processing tasks influenced 

their performance on word-level reading in the following year of 

schooling.21 

 Children’s development of vocabulary is thought to have a strong 

link to children’s phonological development and later literacy development 

(Duff, Reen, Plunkett, & Nation, 2015; Elbro, 1996). Put simply, “children 

with large vocabularies have more advanced phonological systems than 

those with small vocabularies” (Stoel-Gammon, 2011, p. 15). Although it is 

possible for children to have delayed vocabulary development and typical 

speech production or, conversely, age-appropriate language development 

and delayed speech production accuracy, it is thought that these skills are 

inextricably linked. For the purposes of literacy, children require access to 

the phonological and semantic stored information about words to be able to 

                                                
21 Masso & Baker, 2015, pp. 153-154 
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decode and understand the meaning of words written on the page (Cabell et 

al., 2013).  

The impact of poorer phonological representations may be felt by 

children with SSD in a number of ways. Specifically, children with SSD 

who have poorer speech accuracy and reduced intelligibility may be at risk 

of poorer literacy, social, and academic outcomes than peers with typically-

developing speech and language. Consider Edward’s (2012) 

recommendations once again. Given that children with SSD may have poor 

phonological representations, but these representations cannot be directly 

measured, there is a need to consider finer-grained measures of speech 

accuracy that provide insight in to children’s phonological representations. 

This thesis considers the role that polysyllables may play in understanding 

the phonological representations of children with SSD.  

Polysyllables 

The polysyllable productions of children have been investigated by 

numerous researchers since the late 1970s (e.g., Catts, 1986; Klein & 

Spector, 1985; Macken, 1979; Young, 1986). Polysyllables have frequently 

been used as sampling stimuli to describe speech development or disorder 

within the more complicated phonological structure of long words. For 

example, Klein and Spector (1985) evaluated the polysyllable productions 

of eight children (aged 5;2-6;11) in both single word and connected speech 

contexts. Klein and Spector were specifically interested in the effect of word 

length, syllable position, and stress pattern on the occurrence of 10 

phonological processes. This work by Klein and Spector demonstrated the 

impact that word length (3-, 4-, and 5-syllable words), syllable position (1st, 

2nd, 3rd, 4th, and final syllable), and stress (strong versus reduced stress) can 
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have on the presence of phonological processes in children with delayed 

phonological development.  

Polysyllables have also been used as supplementary assessment 

stimuli to demonstrate speech production in a more complex context than 

simpler mono- and di-syllabic words (e.g., Gozzard, Baker, & McCabe, 

2008; Lewis & Freebairn, 1992; Sutherland, 2006) or to investigate the 

relationship between stress and segmental accuracy (e.g., Ballard et al., 

2012; Kehoe, 1995).  

One of the earliest studies to investigate the possible link between 

polysyllable speech accuracy and literacy development was that of Larrivee 

and Catts (1999). In their study, Larrivee and Catts compared the reading 

outcomes of 30 children with SSD at the end of their kindergarten year with 

the reading outcomes of age-matched peers with typically-developing 

speech and language. They demonstrated that it was children’s consonant 

accuracy (PCC) that accounted for the greatest variance in reading 

outcomes. The results of their work highlighted the possible implications for 

the use of polysyllables in the assessment of children with SSD.  

Since the work by Larrivee and Catts (1999), knowledge about the 

development of polysyllables has progressed.  In a recent investigation, 

Mason, Bérubé, Bernhardt, and Stemberger (2015) analysed polysyllable 

samples of children with and without SSD using a multisyllabic word metric 

grounded in nonlinear phonological theory. The metric described by Mason 

and colleagues identified mismatches between target adult productions and 

children’s productions on a number of measures: stress, syllables, timing 

units, features, multisyllabic consonant accuracy, pMLU, and overall 

percentage of consonants correct (PCC). Considering all levels of the 
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nonlinear phonological hierarchy, Mason and colleagues determined that 

their metric was a valid and sensitive method of analysing children’s 

phonological skills. The method described by Mason is one way to 

determine the quality of children’s polysyllables.  

An alternate way to examine polysyllables is to consider the work of 

James and colleagues. In a model of polysyllable acquisition proposed by 

James (2006) and James, van Doorn, and McLeod (2008), five stages of 

polysyllable accuracy were identified and three components of speech 

production dominate: phoneme accuracy, syllable accuracy, and stress 

accuracy. Based on the observations of 283 Australian children (aged 3;0-

7;11) with typically developing speech and language, James (2006) 

proposed that children realize their polysyllables differently over time. 

Further, James implied that the maturity of children’s polysyllables may be 

inferred based on their accuracy across these measures.  

The first stage of James’ model describes the earliest realization of 

polysyllables which, within James’ sample, was observed in children aged 

1;0 to 2;3. During this stage, children primarily produced the stressed 

syllable, with the correct vowel, and gradually developed phonemic 

accuracy of the consonants within the stressed syllable. During this stage, 

weak syllables were frequently omitted (e.g., spaghetti /spǝɡeti/ → [dedi]). 

In the second stage (2;4-3;11 years), children began to produce all the 

syllables (including weak and strong syllables) and demonstrated correct 

stress accuracy. However, the phonemic accuracy (e.g., PCC, PVC, and 

PPC) were reportedly reduced (e.g., spaghetti /spǝɡeti/ → [bǝdeti]). In the 

third stage of acquisition (4;0-6;11), children’s focus appeared to shift from 
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stress accuracy, as demonstrated in Stage 2, to phonemic accuracy. Thus, 

James observed that phonemic accuracy was realized at the detriment of 

stress accuracy (e.g., spaghetti /spǝɡeti/ → [spʌɡeti]). During stages 5 and 

6, James proposes that children acquire the phonological knowledge, and 

motoric skill, to produce polysyllables correctly. In these final stages, 

children realise all the syllables, produce most of the phonemes correctly, 

and demonstrate adult-like stress accuracy.  

James’ work highlighted that children produced different 

components of polysyllables accurately at different stages of development. 

James et al. (2008) hypothesized that this shift in focus occurred as stored 

phonological representations became more specified for different 

components of polysyllables (e.g., initially features of stress and then, later, 

phonemic accuracy) as children’s ability to process phonological 

information matured. Further, children were required to navigate the 

phonological components of polysyllables and the higher motoric load 

required to produce all the consonants in polysyllables correctly. James’ 

model has informed the research in this current thesis (see Chapter 3).  

Conclusion to this Chapter 

This chapter established the historical context for the remaining 

chapters of this thesis. Children’s ability to produce polysyllables correctly 

will impact their intelligibility. Due to the possible insight that polysyllables 

may provide in to children’s phonological representations, consideration of 

polysyllables beyond the implications for intelligibility is required. There 

are numerous phonological theories that attempt to account for children’s 

speech development, particularly considering the disordered phonological 

development demonstrated by children with SSD. Considering the call to 
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action proposed by Edwards (2012), there is a need to continue to embrace a 

representation-based account of phonology and develop comprehensive 

methods of analysis that may provide insight in to children’s phonological 

representations. One way to gain insight in to the quality of children’s 

phonological representations may be through the comprehensive assessment 

and analysis of children’s polysyllable productions. The following chapters 

of this thesis address the need for further investigation of finer-grained 

methods of analysis of polysyllables and address the need for further 

understanding about the role of polysyllables in the clinical decision-making 

of SLPs. 
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Chapter 3 

Assessment and Analysis of Polysyllables 
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This chapter addresses the first and second aim of this thesis: (1) to 

develop a method of analyzing polysyllables suitable for children with 

speech sound disorders (SSD), and (2) to present a framework for 

interpreting polysyllable maturity of children with SSD.  A method of 

polysyllable analysis was developed and is referred to as the Word-level 

Analysis of Polysyllables (WAP; Masso, 2016a). A framework to interpret 

the polysyllable maturity of children with SSD was also developed and is 

referred to as the Framework of Polysyllable Maturity (Framework, Masso, 

2016b). This chapter provides a systematic review of the literature regarding 

the assessment and analysis of polysyllables and provides a description of 

the WAP and the Framework. This chapter also demonstrates the application 

of the WAP in a case study of a child with SSD. Appendix B of this thesis 

demonstrates the full WAP including all the categories and sub-categories. 

Thus, this chapter focuses on polysyllables (see Figure IV).  

 

Figure IV. Themes addressed in this chapter. 
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This chapter is comprised of the following paper (Paper 2) that has 

been submitted for publication:  

Masso, S., McLeod, S., & Baker, E. (2016). Assessment and analysis 

of polysyllables in young children. Manuscript in submission. 

Paper 2 had three primary aims:  

1. To present a systematic search and review of methods of assessment and 

analysis of polysyllables. 

2. To describe the Word-level Analysis of Polysyllables (WAP, Masso, 

2016a) and the Framework of Polysyllable Maturity (Framework, 

Masso, 2016b). 

3. To present a case study to compare different analysis methods and 

interpret the polysyllable productions of a child with speech sound 

disorders. 
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Abstract 

Polysyllables, words of three or more syllables, represent almost 

30% of words used in American English. Polysyllables have the potential to 

provide valuable information about the speech production skills of children 

with typically-developing speech and language, speech sound disorders, 

delayed language development, literacy difficulties, and/or children learning 

multiple languages. Most published assessment tools used by speech-

language pathologists (SLPs) around the world focus on sampling and 

analysing children’s segmental accuracy and/or the presence of speech error 

patterns; however, few address the assessment and analysis of polysyllables. 

This tutorial will guide SLPs through a systematic review of research that 

has explored the use of polysyllables in assessment, including the sampling 

and analysis procedures used in different research studies. This tutorial will 

also introduce one practical method of polysyllable analysis, the Word-

Level Analysis of Polysyllables (Masso, 2016a) and describe considerations 

for the interpretation of polysyllable maturity using the Framework of 

Polysyllable Maturity (Masso, 2016b). 
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Assessment and Analysis of Polysyllables in Young Children 

 

Introduction 

Polysyllables are words of three or more syllables that occur 

frequently in the language of adults and children. Of the 5,000 most 

frequently occurring words within the Corpus of Contemporary American 

English (Davies, 2008-2016) monosyllabic words were represented 1729 

(34.48%) times, di-syllabic words 1823 (36.36%) times, and polysyllabic 

words 1448 (29.0%) times. The frequency of polysyllabic words in the 

speech of young children is the subject of ongoing investigation. In 1981, 

Klein suggested that the spontaneous speech of children with typically-

developing speech and language at two years of age may include up to 20% 

polysyllables. More recently, Stoel-Gammon (1998; 2016) has observed a 

lower percentage of polysyllables in the spontaneous speech of young 

children. Within a sample of 598 words collected from 2 participants, Stoel-

Gammon (1998) reported that only 6.5% of words were polysyllables. 

Similarly, Stoel-Gammon (2016) reported that the polysyllabic word 

frequency demonstrated by English-speaking children aged 30 months was 

only 8%.  The frequency of polysyllables spoken by preschool-aged 

children with speech sound disorders (SSD) is likely to be different from 

children with typically-developing speech and language (Flipsen, 2006) and 

from adult polysyllable use (Morris, Wilcox, & Schooling, 1995). Young 

children who have ongoing SSD at school age may experience difficulties 

being understood by communication partners and may be at risk of literacy 

difficulties (Anthony et al., 2011; Larivee & Catts, 1999).  
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There is growing evidence to support the use of polysyllables in 

assessment to gain greater insight into typically-developing speech and 

language in monolingual children (James, Ferguson, & Butcher, 2016; 

Mason, Bérubé, Bernhardt, & Stemberger, 2015) and bilingual children 

(Mason et al., 2015), as well as children with SSD (Bernhardt & Major, 

2005; Klein & Spector, 1985; Leitão, Hogben, & Fletcher, 1997; Lewis & 

Freebairn, 1992; Masso, McLeod, Baker, & McCormack, 2016; Preston, 

2008), language disorders (Classen & Leitão, 2012; Leitão et al., 1997), and 

literacy difficulties (Elbro, Borstrøm, & Petersen, 1998; Lewis, Freebairn, & 

Taylor, 2002; Larivee & Catts, 1999; Preston, 2008).  It is important to 

consider whether current assessment tools are adequate for sampling and 

analysing children’s polysyllable productions.   

Speech-language pathologists (SLPs) around the world use a number 

of different assessment methods to sample speech production, including 

connected speech and single word sampling (Joffe & Pring, 2008; McLeod 

& Baker, 2014; Priester, Post, & Goorhuis-Brouwer, 2009; Skahan, Watson, 

Lof, 2007).  For example, Skahan and colleagues (2007) explored the 

assessment practices of 309 SLPs in the US and found that 89.0% reported 

always (74.1%) and sometimes (14.9%) using single word sampling. In 

Skahan’s sample, 79.9% reported always (36.2%) and sometimes (43.7%) 

using connected speech sampling to evaluate children’s speech. Similarly, 

McLeod and Baker (2014) explored the assessment practices of 231 SLPs in 

Australia and found that 99.5% reported always (88.9%) or sometimes 

(10.6%) using single word sampling. In this Australian sample, 77.2% 

reported always (33.0%) and sometimes (44.2%) using connected speech 

sampling to determine sounds in error. However, none of the studies that 
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have examined the assessment practices of SLPs have explored single-word 

sampling of polysyllables.   

Conversational speech sampling during the assessment of children 

with SSD can provide insight into children’s intelligibility and spontaneous 

use of the phonological components of speech. However, conversational 

speech sampling of polysyllables can be difficult for two reasons. First, 

children with SSD may produce fewer polysyllables during conversational 

speech than children who have typical, or normalized speech, and this trend 

continues until at least eight years of age (Flipsen, 2006). Secondly, the 

accurate transcription of conversational speech produced by children with 

SSD can be challenging. Transcription can be particularly difficult with 

children who have highly unintelligible speech because the target 

vocabulary may be difficult to identify (Paden & Moss, 1985). With no 

known referent, it may be difficult to determine error patterns present in 

children’s speech. Although conversational speech samples are important to 

determine how children speak in everyday communication, conversational 

speech sampling may not be the most efficient way to collect a sample of 

polysyllables from children with a large number of speech sound errors. 

Tools that explore polysyllable sampling via picture-naming should also be 

considered. 

Single word speech sampling tools are designed to enable SLPs to 

consider the entire repertoire of consonants and vowels within a language. 

However, few are designed to consider the phonotactic complexity of a 

language (Baker, Munro, McGregor, Docking & Arciuli, 2010; James, 

2006). Thus, the primary limitation of relying on published tests to sample 

polysyllables is that they are primarily composed of monosyllabic and 
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disyllabic words that comprehensively sample consonant and vowel 

combinations (i.e., each phoneme in each allowable word position) but lack 

the comprehensive sampling of phonotactic shapes and stress patterns 

(James, 2001a). In a review of 22 single word picture naming tests there 

were an average of 79 words with an average of 5 polysyllables (James, 

2006). Polysyllable sampling was found to be inadequate in many single 

word picture naming tests and SLPs may need to consider additional 

assessments to sample polysyllables.  

Procedures for the analysis of young children’s consonant and vowel 

production have been consistent for many years and include independent 

analysis (e.g., consonant inventory) and relational analysis (e.g., percentage 

of consonants correct; PCC, and speech error pattern analysis). The analysis 

of segmental accuracy and systemic speech error patterns (e.g., fronting, 

stopping, and gliding) does not account for the phonotactic complexity of 

polysyllables. Although structural speech error patterns (e.g., weak syllable 

deletion and cluster reduction) are often included as a part of speech error 

pattern analysis (i.e., Grunwell, 1981; Hodson & Paden, 1981), there is little 

consensus about the best way to analyze other deletion errors, phonotactic 

accuracy, and/or timing accuracy. Although many authors agree that it is 

important to sample different phonotactic shapes, including words of 

different lengths and complexity (e.g., James, 2001a, Baker & Munro, 

2011), there is a need to understand how best to analyze the unique features 

of polysyllables. One way to critically evaluate a body of evidence is 

through a systematic search and review of the literature with a view to 

synthesize the methods used across a number of studies (Grant & Booth, 

2009). In this current paper, methods of sampling and analyzing 
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polysyllables will be described, and a new comprehensive analysis method 

(the Word-level Analysis of Polysyllables) (Masso, 2016a) and 

interpretation tool (the Framework of Polysyllable Maturity) (Masso, 

2016b) are introduced. The development and description of this tool aims to 

support SLPs decisions about their use of polysyllables in assessment and 

provide practical examples of how it may be used in clinical practice. 

Aims 

There are three primary aims of this tutorial:  

2. To present a systematic search and review of the methods of assessment 

and analysis of polysyllables that have been reported in the literature. 

3. To describe the Word-level Analysis of Polysyllables (WAP, Masso, 

2016a) and the Framework of Polysyllable Maturity (Masso, 2016b).  

4. To present a case study to compare different analysis methods and the 

two new tools to analyze and interpret the polysyllable productions of a 

child with SSD.  

Method 

A systematic search of available literature was conducted to identify 

papers relating to the assessment and analysis of polysyllables in children 

with typically-developing speech and language, and children with SSD. 

Online database searches were completed using the following search terms: 

(1) polysyllab* OR multisyllab*, (2) assess*, and (3) speech*. No 

restrictions were placed on the years of publication. The selected databases 

were PRIMO, EbscoHOST (Health), EbscoHOST (Education), Educational 

Resources Information Centre (ERIC), ProQuest, Medline, Science Direct, 

Cumulative Index to Nursing and Allied Health Literature (CINAHL), and 

Web of Science. The search terms were selected to identify the range of 
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papers available that examined polysyllable assessment and analysis. For 

inclusion in this review, it was required that the papers reported: (1) data 

from young children with a mean age no older than 7;11, (2) data from 

children with typically-developing speech and language and/or children with 

SSD (including childhood apraxia of speech), (3) data from the intentional 

sampling and analysis of at least two polysyllabic real words, and (4) an 

analysis that was based on the speech characteristics of children’s 

polysyllable productions.  

 Each database search was completed and a list of the total number 

of unique papers was created (n = 1,093). All papers were initially screened 

for suitability based on the title and abstract with 1,043 papers excluded at 

this stage. Excluded papers included those that only reported neuroimaging 

procedures and those that reported polysyllable sampling (but not analysis). 

The full text of 50 papers were reviewed and 25 papers met all inclusion 

criteria. The reference lists of the final 25 papers were reviewed and 28 

additional papers were identified that fit the inclusion criteria. Some papers 

were not captured in the original search due to being unpublished doctoral 

and masters theses and thus, not listed on the selected databases. 

A total of 53 papers met all inclusion criteria and were included for 

further review (see Appendix A). Data were extracted from each article to 

identify the number and age of participants, the sampling procedures used to 

elicit polysyllables (single word sampling or connected speech sampling), 

the number of polysyllables sampled, the origin of the word list that was 

used to sample polysyllables, and the method/s of polysyllable analysis that 

was completed (Appendix A).  
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As a group, the 53 papers reported data on 1,257 polysyllabic words, 

across five languages (English, Spanish, French, Italian, and Malay), 

produced by children with typically-developing speech and language (total n 

= 3,382, range = 1-684) and children with SSD (n = 914, range = 1-185). 

Further examination of the reported data identified that some papers 

included data from children who were participants in other studies within 

the review. Considering participants who were analyzed across multiple 

papers, there were 2192 (70.8%) individual children who had typically-

developing speech and language and 903 (29.2%) individual children with 

SSD. 

Results 

Polysyllable Assessment 

Of the 53 papers, 5 (9.4%) reported connected speech sampling only, 

38 (71.7%) reported single word sampling only, and 10 (18.9%) reported 

both connected speech and single word sampling. Although most of the 

studies did not describe specific methods of polysyllabic word elicitation in 

connected speech, some papers (e.g., Gozzard, Baker, & McCabe, 2006; 

2008) reported strategic methods of sampling polysyllables in connected 

speech. Papers that reported only connected speech sampling were some of 

the earliest published with 10 of the 15 papers that sampled connected 

speech appearing before the year 2000 (e.g., Klein, 1981; Klein & Spector, 

1985; Macken, 1979). Connected speech was often used as a sampling 

method in studies that included younger children with typically-developing 

speech and language. Eight papers reported connected speech production of 

children with typically-developing speech and language who were younger 

than 3;0 years old (e.g., Echols, 1993; Kehoe & Stoel-Gammon, 1997a, 
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1997b; Klein, 1981). In contrast, studies that examined the polysyllable 

productions of children with SSD sampled polysyllables in older children 

from 3;1 up to and including children aged 6;11 (e.g., Jacks, Marquadt, & 

Davis, 2006; Murray, McCabe, Heard, & Ballard, 2015; Namasivayam et 

al., 2013). Single word sampling was frequently used with school-aged 

children and in studies where there was a large range of ages included in the 

investigation (e.g., Lewis & Freebairn, 1992; 1997; James, 2001a; 2001b).  

The methods of polysyllable sampling and the number of 

polysyllables sampled varied across the papers. Those that used single word 

sampling either analyzed polysyllables that were embedded within a larger 

picture-naming task (e.g., James, 2001a; Preston, 2008) or used a sampling 

tool that was specifically designed to probe polysyllables (e.g., Arciuli & 

Colombo, 2016; Gozzard et al., 2006). Polysyllables were frequently 

elicited spontaneously with prompting if required (e.g., Gozzard et al., 

2008). Some papers reported the words that were sampled in an appendix to 

the article (e.g., Chiat & Roy, 2007; Gozzard et al., 2006), some papers 

reported a word list that was available from the list author (e.g., Masso et 

al., 2016 used the Polysyllable Preschool Test, Baker, 2013), and others 

reported that the words sampled were a part of published tests (e.g., Dodd, 

Holm, Crosbie, & McIntosh, 2006; Bernhardt & Major, 2005). Some used 

specific polysyllabic word lists that were a part of a commercially available 

test (e.g., Hodson Assessment of Phonological Patterns - Third Edition, 

HAPP-3; Hodson, 2004). The HAPP-3 includes a multisyllabic word list 

recommended for use with children aged 8 years and older. There are also 

additional polysyllable-specific word lists that are available from the authors 

of the current paper that include the Toddler Polysyllable Test (T-POT; 
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Baker, 2010) and the Polysyllable Preschool Test (POP, Baker, 2013). Some 

word lists are available online including the list of 10 clinically-useful 

polysyllables identified by James (2006).  

The number of polysyllables sampled across the studies varied 

considerably; for instance, Namasivayam et al. (2013) reported that three 

polysyllables were sampled whereas Murray et al. (2015) sampled 59 

polysyllables within two speech production tasks. Four papers in which 

connected speech sampling was completed did not report the number of 

polysyllabic words produced by their participants (e.g., Jacks et al., 2006; 

Kehoe & Stoel-Gammon, 1997b; Klein, 1981; Macken, 1979) and one 

research team (Echols, 1993; Echols & Newport, 1992) only reported the 

total frequency of polysyllable speech production across all participants in 

the respective papers.  

The review highlighted that there are a number of polysyllable-

specific word lists that sample a range of word lengths, word shapes, and 

stress patterns (see Table 1). While a number of polysyllable-specific word 

lists have been used in research, few have been standardized to ensure the 

scope in the sampled components of polysyllables (e.g., word length, shape, 

and stress pattern).  

Table 1 here 

Analysis of Polysyllables 

Within the 53 papers, different analysis methods were used. Eight 

papers (15.1%) included analysis of whole word accuracy, 30 (56.6%) 

included analysis of consonant, vowel, and/or phoneme accuracy (e.g., 

percentage of consonants correct, PCC; percentage of vowels correct, PVC; 

percentage of phonemes correct, PPC), 18 (34.0%) included an analysis to 
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identify systemic speech error patterns, 12 (22.6%) included at least one 

element of van Riper’s (1939) Substitution, Omission, Distortion, and 

Addition (SODA) analysis, 31 (58.5%) included some form of phonotactic 

analysis (e.g., analysis of word shape or length accuracy, identification of 

structural speech error patterns including weak syllable deletion and cluster 

reduction), and 15 (28.3%) included an analysis of stress. Fifteen (28.3%) 

papers reported other analyzes including five (9.4%) with an independent 

analysis of at least one polysyllable feature (e.g., independent analysis of 

word shape), two (3.8%) that calculated phonological mean length of 

utterance (pMLU), two (3.8%) with acoustic analyzes, and two (3.8%) in 

which syllable segregation was identified. In total, 41 (77.4%) of the papers 

included more than one type of analysis.  

When the types of analysis were examined in detail, the range of 

analyzes used across the papers was found to be even more diverse. In terms 

of analyzes of children’s consonant, vowel, and phoneme accuracy, 21 

(39.6%) papers reported PCC (or PCC-R), 10 (18.9%) reported PVC, and 

nine (17.0%) reported PPC. In terms of analyzes of speech error patterns, 

typical and atypical systemic speech error patterns were analyzed using 

process definitions described by a number of different authors including 

Hodson (1980), Ingram (1974), Long, Fey, & Channell (2008), Shriberg and 

Kwiatkowski (1980), and Stoel-Gammon and Dunn (1985). In terms of 

SODA analyzes, the most frequently examined elements were consonant 

deletions and substitutions, each reported in 4 papers (7.5%). Finally, in 

terms of phonotactic analysis, 16 (30.2%) papers reported analysis of word 

length, 12 (22.6%) reported structural speech error patterns, and 3 (5.7%) 

reported analysis of word shape.  
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There were two papers that examined features of polysyllables 

specifically and comprehensively. One by Mason et al. (2015) reported a 

nonlinear analysis and analyzed children’s accuracy of lexical stress for the 

word, as well as each foot, the accuracy of syllables, consonants and vowel 

timing units, and the accuracy of segmental features. They also reported 

PCC, a tally of consonants correct in the sampled polysyllables, and pMLU. 

Mason and colleagues (2015) reported that their metric was a valid, fine-

grained method analysis to evaluate children’s polysyllables. The second by 

James (2006) reported analysis of children’s consonant, vowel, and 

phoneme accuracy, described the presence of some speech error patterns 

(i.e., weak syllable deletion and epenthesis), and described the presence of 

five patterns of errors: (1) deletion of syllables and segments, (2) addition of 

syllables and segments, (3) alteration of the sequence of syllables and 

segments, (4) preservation of phonotactics, and (5) alteration of the timing 

of words. Through identifying the frequency of the five different error 

patterns, James comprehensively described children’s typical development 

of polysyllables and proposed a model of acquisition. However, James did 

not explicitly describe the presence of substitution errors or the presence of 

consonant and vowel distortions.  

Across the literature there are multiple ways that polysyllables have 

been analyzed with some analysis methods having a distinct focus (i.e., on 

consonant accuracy or the shifting of stress between syllables) and other 

methods providing a more comprehensive description of the features of 

polysyllables. When considering the analysis methods to use clinically, 

SLPs need to consider whether the purpose of the analysis is to determine 

severity, to identify patterns of errors, to inform intervention planning, 
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and/or to evaluate children’s phonological system. Although some methods 

allow for a comprehensive understanding of segmental accuracy (e.g., PCC, 

PVC, and PPC), measures of segmental accuracy do not account for the 

different reasons why a consonant or vowel was considered incorrect.  For 

example, PCC does not provide information about the proportion of errors 

due to substitutions compared to the proportion due to deletions. Speech 

error pattern analyzes do identify the presence of different systemic and 

structural processes but when considering polysyllables, still present 

analysis limitations. The phonological features unique to polysyllables (i.e., 

complex phonotactic shapes and lexical stress) are not represented in any 

speech error pattern definitions beyond the identification of weak syllable 

deletion. Similarly, although features of SODA analysis have been used to 

analyze polysyllables, the same limitation remains where there is no 

identification of errors of phonotactics or stress. Finally, analyzes that 

enable consideration of stress often lack any reference to children’s 

segmental accuracy.  

This review highlights the need for a specific tool for SLPs to 

analyze polysyllable productions, which includes segmental and 

suprasegmental elements in the analysis, and which would therefore be 

particularly useful for children with SSD. Such a tool would build on the 

analysis methods previously reported and integrate a number of components 

which are important to consider when analyzing a sample of polysyllables. 

One new tool that attempts to consider the accuracy of children’s 

polysyllables is the Word-Level Analysis of Polysyllables (WAP; Masso, 

2016a). The use of the WAP has been reported in one study (Masso et al., 
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2016). The focus of the rest of this tutorial is on the description and use of 

the WAP in the polysyllable analysis of children with SSD. 

Word-Level Analysis of Polysyllables 

The Word-Level Analysis of Polysyllables (WAP; Masso, 2016a) is 

an item-based analysis tool, informed by the 35 years of literature that has 

previously explored polysyllable productions of children with typically-

developing speech and language and children with SSD (described in the 

preceding review). The WAP consolidates a number of different analyzes 

into a single tool, extending the work of van Riper (1939), James (2006), 

and the other studies described in Appendix A. The WAP is a tool that 

enables the analysis of the features of speech production that are important 

to consider when analyzing the accuracy of polysyllables. It is 

recommended that the WAP used to analyze speech samples of at least 30 

polysyllables (see Table 1 for examples of word lists).  

The WAP includes the analysis of seven main categories of error, 

with a number of additional sub-categories for each type of error (see Masso 

et al., 2016): 

1. Substitution of consonants or vowels (SUB): including the number of 

consonants and vowels substituted by another consonant or vowel. The 

substitution category is present in the example of tyrannosaurus 

/təˈɹænəsɔɹəs/ → [təˈwænəsɔwəs] in which the errors would be coded as 

2 instances of consonant substitution (/ɹ/ → [w]).  

2. Deletion of syllables, consonants, or vowels (DEL): including the 

presence of syllable, vowel, and consonant deletion in each word 

position as well as the frequency of occurrence of these deletions. The 

deletion category is present in the example of tyrannosaurus 
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/təˈɹænəsɔɹəs/ → [ˈɹænəsɔɹəs] in which the errors would be coded as one 

instance of syllable initial consonant deletion (/t/ → [∅]), one instance 

of initial weak vowel deletion (/ə/→ [∅]), and one instance of word-

initial weak syllable deletion (/tə/ → [∅]).  

3. Distortion of consonants or vowels (DIST): including the number of 

consonants distorted (e.g., lateralisation) and the number of vowels 

distorted (including excessive length). The distortion category is present 

in the example of tyrannosaurus /təˈɹænəsɔɹəs/ → [təˈɹænəɬɔɹəɬ] in 

which the errors would be coded as two instances of consonant 

distortion (/s/ → [ɬ]). 

4. Addition of consonants or vowels (ADD): including the number of 

consonants and vowels added. The addition category is present in the 

example of tyrannosaurus /təˈɹænəsɔɹəs/ → [tænəˈɹænəsɔɹəs] in which 

the errors would be coded as one instance of consonant addition (/∅/ → 

[n]) and one instance of vowel addition (/∅/ → [æ]).  

5. Alteration of phonotactics (AP): including alterations to the word length 

(number of syllables) or word shape (phonemes present). The alteration 

of phonotactics category is present when the length or shape of the 

produced word differs from the target. In the example of tyrannosaurus 

/təˈɹænəsɔɹəs/ → [ˈɹænəsɔɹəs], the errors would be coded as 4 of 5 

syllables present (word length) and 9 of 11 phonemes present (word 

shape). Note that word length and shape are analyzed regardless of the 

accuracy of the segments.  
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6. Alteration of timing (AT): including inaccuracy of stress, weak- and 

strong-onset inaccuracy, and/or presence of syllable segregation. The 

alteration of timing category is present when the timing of the produced 

word differs from the target. In the example of tyrannosaurus 

/təˈɹænəsɔɹəs/ → [ˈtæɹənəsɔɹəs], the error is coded as incorrect stress 

and incorrect weak-onset (/təˈɹæ/→ [ˈtæɹə]). Syllable segregation 

defined by Murray and colleagues (2015) as being present when there 

are “noticeable gaps between syllables” (p. 47) fits within this category. 

If the stress of each syllable is correct but the word contains syllable 

segregation/s, an alteration of timing is present. In this case, stress 

would be correct with syllable segregation present. For example, an 

alteration of timing is present in tyrannosaurus /təˈɹænəsɔɹəs/ → 

[tə.ˈɹæ.nə.sɔ.ɹəs] and the timing error would be coded as syllable 

segregation but stress would be coded as correct.  

7. Assimilation and/or alteration of sequence (ASEQ): including the 

presence of assimilation and/or alteration of the sequence of segments. 

The assimilation and/or alteration of sequence category is present in the 

example of /təˈɹænəsɔɹəs/ → [ˈtænəɹæsɔɹəs] in which the error would be 

coded as 1 instance of alteration of sequence (/ɹænə/→ [nəɹæ]). 

The WAP short form (see Appendix B) can be used to identify the 

presence of these seven main categories with any selected polysyllable word 

list. The full WAP, including all sub-categories, is available as a 

supplementary appendix to Masso, McLeod, Baker, and McCormack 

(2016)1. It is important to note that the different WAP categories are not 

mutually exclusive. For example, the example of tyrannosaurus 

                                                
1 The full WAP can be found in Appendix B at the end of this thesis.  
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/təˈɹænəsɔɹəs/ → [ˈɹænəsɔɹəs] is coded as deletions present (one instance of 

syllable initial consonant deletion, one instance of initial weak vowel 

deletion, and one instance of word-initial weak whole syllable deletion), 

alteration of phonotactics present (4/5 syllables present and 9/11 phonemes 

present), and alteration of timing present (stress incorrect and word-initial 

weak syllable incorrect). Once a polysyllable sample has been analyzed 

using the WAP, it is important to be able to interpret the sample, based on 

the errors present. One method of interpretation is to consider the 

Framework of Polysyllable Maturity (Masso, 2016b).  

The Framework of Polysyllable Maturity 

The Framework of Polysyllable Maturity (Masso, 2016b; Figure 1) 

allows SLPs to describe their clients on a continuum of polysyllable 

maturity based on the frequency of errors present on the WAP. The 

Framework is designed to consider the frequency of deletion errors, 

alterations of phonotactics, and alterations of timing. The Framework does 

not include the consideration of the frequency of children’s substitution 

errors when determining polysyllable maturity for two primary reasons: (1) 

most children with SSD produce a high number of substitution errors when 

saying polysyllables (Masso et al., 2016) so substitutions are a less useful 

determiner of difference between clinical samples of children with SSD, (2) 

the focus of the Framework is the structural maturity of polysyllables. 

Within the Framework, the three categories of interest are represented at the 

top of the table and each level of maturity is represented by a row. For a 

category to be considered present (+), it must be present in at least 40% of 

the sampled words. If the category is not present on at least 40% of the 

sampled words, the category is considered absent (-). Due to the 40% 
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criteria, it is recommended that a word list of at least 30 words is used to 

sample polysyllables if the WAP and the Framework are to be used for 

analysis and interpretation.  

Insert Figure 1 here 

 At Level A (see Figure 1), children demonstrate the least mature 

productions of polysyllables. At this level, polysyllables are characterized 

by frequent consonant and vowel deletions, frequent alterations of 

phonotactics, and alterations of timing. As children move to Level B, they 

begin to reduce the frequency of vowel deletions. At Level B, children 

continue to frequently delete consonants, alter the phonotactics, and alter the 

timing of polysyllables. By the time children reach Level C, they have 

started to improve the accuracy of their timing of polysyllables as 

demonstrated by a reduction in the alterations of timing category of error in 

their polysyllable productions. Children at Level C, however, may have 

ongoing alterations of phonotactics due to the deletion of consonants and/or 

the addition of phonemes. By Level D, children demonstrate much greater 

phonotactic accuracy and no longer demonstrate frequent deletion errors. 

However, at Level D, children may demonstrate less accurate timing than 

the children in Level C and Level E. Although counter-intuitive, this change 

in accuracy focus (from accuracy of timing to accuracy of phonotactics) 

reflects the pattern of maturity demonstrated by children with typically-

developing speech and language (James, 2006). By the time children reach 

Level E, they are demonstrating the most mature polysyllables within the 

Framework. Children at Level E do not demonstrate frequent of deletions, 

alterations of timing, or alterations of phonotactics. It is important to 

remember that the Framework does not account for the frequency of 
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children’s substitution errors, and so children who demonstrate the most 

mature polysyllable structure at Level E may still present with frequent 

substitution errors.  

A Case Study of Polysyllables in Assessment  

 To demonstrate the analysis of polysyllables, let’s examine a case 

study. The child, Emily (pseudonym) was a participant in the Sound Start 

Study (McLeod, Baker, McCormack, Wren, & Roulstone, 2013-2015). 

Emily was a girl aged 4;10 at the time of her assessment who had not had 

any previous contact with an SLP. Emily’s mother and preschool teacher 

both identified that they were concerned about how Emily “talks and makes 

speech sounds” (PEDS; Parents’ Evaluation of Developmental Status, 

Glascoe, 2000) and they did not report any history of hearing loss, cleft lip 

and palate, or developmental delay. Emily was attending preschool 3 days a 

week and was enrolled to start school in the following year. Emily’s mother 

reported that she was usually intelligible to caregivers, sometimes to 

immediate family, but was rarely intelligible to extended family, 

acquaintances, teachers, and strangers (based on the Intelligibility in 

Context Scale, ICS; McLeod, Harrison, & McCormack, 2012). Emily’s 

mean ICS score was 2.5 which fell almost three standard deviations below 

the mean of 4.4 for other children her age (McLeod, Crowe, & Shahaeian, 

2015). During the assessment, Emily completed a number of speech 

sampling tasks including the Diagnostic Evaluation of Articulation and 

Phonology – Phonology subtest (DEAP, Dodd, Hua, Crosbie, Holm, & 

Ozanne, 2002) and the Polysyllable Preschool Test (Baker, 2013). Below, 

we outline Emily’s performance on the speech production tasks based on the 

analysis methods that were identified in the literature review: (1) whole 
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word accuracy,  (2) segmental accuracy (including PCC, PVC, and systemic 

speech error patterns, based on the definitions provided by Grunwell, 1981), 

(3) SODA, and (4) structural and suprasegmental accuracy. We will also 

discuss Emily’s performance using the WAP (Masso, 2016a) by describing a 

sub-sample of her POP (Baker, 2013) productions on the WAP short form 

and describing her full sample in terms of each of the categories and sub-

categories included in the WAP.   

Whole word accuracy. Emily presented with low whole word 

accuracy with 8/50 (16.0%) words correct on the DEAP and 2/30 (6.7%) 

words correct on the POP. 

Segmental accuracy. Based on Emily’s production of words in the 

DEAP, she demonstrated PCC of 57.6, PVC of 75.9, and PPC of 64.3. 

Based on the POP, Emily demonstrated a PCC of 67.2, PVC of 73.5, and a 

PPC of 70.0. Thus, Emily’s SSD would be classified as mild-moderate using 

Shriberg and Kwiatkowski’s 1982 definitions of severity that are typically 

based on a conversational speech sample. Analysis of systemic phonological 

speech error patterns present in Emily’s 50-word DEAP sample revealed six 

occurrences of stopping (20.0% usage), six occurrences of fronting (30.0% 

usage), and six occurrences of gliding (46.2% usage). Analysis of the 30-

word POP sample, revealed two occurrences of stopping (13.3% usage), 

seven occurrences of fronting (46.6.0% usage), and four occurrences of 

gliding (25.0% usage). 

SODA Analysis. On the DEAP, Emily produced 34 (64.5%) 

substitution errors (e.g., substitution of [w] for /r/), three (5.8%) singleton 

omission errors, nine (17.3%) omissions of a cluster element (e.g., deletion 

of one consonant element from clusters with a sonority difference of 2 or 3), 
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no distortion errors, and six (11.5%) addition errors. A similar distribution of 

errors was present in the Emily’s POP sample except she demonstrated 

considerably more omission errors in the polysyllable sample. Emily 

demonstrated 40 (51.9%) substitution errors, 27 (35.1%) omission errors, 4 

(5.2%) distortion errors, and six (7.8%) addition errors during her 

production of the POP word list.  

Structural and suprasegmental accuracy. Analysis of structural 

speech error patterns present in Emily’s DEAP sample revealed two 

instances of weak syllable deletion (8.7% usage) as well as nine occurrences 

of cluster reduction (42.8% usage). Analysis of the POP sample revealed 

eight instances of weak syllable deletion (26.6% usage) and five 

occurrences of cluster reduction (35.7% usage). Emily demonstrated correct 

word shape and length in 3 polysyllables of the DEAP (60.0% correct) and 

only 10 polysyllables of the POP (33.3% correct). Emily demonstrated 

correct stress in 2 polysyllables of the DEAP (40.0% correct) and only 9 

polysyllables of the POP (30.0% correct). 

Word-Level Analysis of Polysyllables. A WAP analysis of Emily’s 

30-word POP sample was undertaken and she demonstrated substitution 

errors on 24 (80.0%) words and deletion errors on 18 words (60.0%). Nine 

(30.0%) words including a deleted vowel and 16 (53.3%) words including a 

deleted consonant. Emily also demonstrated distortions on 3 (10.0%) words, 

additions on 6 (20.0%) words, alterations of phonotactics on 20 (66.7%) 

words, alterations of timing on 21 (70.0%) words, and assimilation or 

alteration of sequence on two (6.7%) words.  

Insert Figure 2 here 
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A sample of Emily’s POP productions have been used to 

demonstrate the use of the WAP short form (Figure 2). Based on the analysis 

of 10 of the 30 polysyllables of the POP using the WAP short form, Emily 

demonstrated: 

1. Substitution of consonants or vowels (SUB): substitutions within eight 

words (including 6 consonant substitutions and 4 vowel substitutions). 

For example, one consonant and one vowel are substituted in elephant 

/ɛləfənt/  [ˈaʊwəfən]. 

2. Deletion of syllables, consonants or vowels (DEL): deletion errors 

within seven words including three whole syllable deletions, three vowel 

deletions, and 10 consonant deletions. For example, the within-word 

weak syllable was deleted in animals /ænəməlz/  [ӕˈmulz] and was 

coded as one whole syllable deletion, one consonant deletion, and one 

vowel deletion. 

3. Distortion of consonants or vowels (DIST): distortions within one word 

(one vowel distortion). For example, Emily demonstrated one vowel 

distortion in the word-initial stressed syllable of escalator /ɛskəleɪtə/  

[ˈaː.kəleɪtə]. 

4. Addition of consonants or vowels (ADD): additions (one consonant 

addition) within one word. For example, Emily demonstrated one 

consonant addition in word-final position of pajamas /pəʤaməz/  

[pəˈʤaməts]. 

5. Alteration of phonotactics (AP): alterations of phonotactics within seven 

words including three alterations to word length and 13 alterations to 
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word shape. For example, Emily produced 2 of 3 syllables, and 4 of 7 

phonemes in spaghetti /spəɡɛti/  [ˈdɛdi]. 

6. Alteration of timing (AT): alterations of timing on five words including 

three instances of stress errors, and 2 instances of syllable segregation. 

For example, Emily’s word-initial stress was incorrect in computer 

/kəmpjutə/  [ˈpjutə]. 

7. Assimilation and/or alteration of sequence (ASEQ): Emily did not 

demonstrate any occurrences of assimilation or alterations of sequence 

in the 10 word sample presented in Figure 1. 

With a comprehensive understanding of the frequency of these errors 

in Emily’s polysyllables, a clinical judgement can be made about the 

maturity of her polysyllable productions by using the Framework of 

Polysyllable Maturity (see Figure 1, Masso, 2016b). Now, considering 

Emily’s full polysyllable sample with the 30 polysyllable words using the 

POP (Baker, 2013), she demonstrated deletion of consonants (53.3%), 

alterations of timing (70.0%), and alterations of phonotactics (66.7%) on 

more than 40% of words. Emily did not reach the 40% threshold for vowel 

deletions as she only demonstrated a deletion of a vowel in 30% of the 

sampled words. Therefore, within the Framework, Emily would be 

classified as demonstrating polysyllable maturity at Level B on the sample 

of 30 polysyllabic words. Recall that Level B is characterized by the 

frequent deletion of consonants, alteration of phonotactics, and alteration of 

timing of polysyllables. This indicates that she has low polysyllable 

maturity and may require support to produce polysyllables.  
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Once SLPs establish the maturity of children’s polysyllables, the use 

of polysyllables in intervention can become more strategic to achieve the 

goals for intervention. For example, Emily demonstrated a high number of 

deletions of one element within a cluster. Through the selection of targets to 

remediate cluster reduction, within the context of polysyllables, Emily may 

begin to improve her production of polysyllables as a residual effect of the 

intervention targeting her consonant cluster accuracy. Although there has 

been some investigation into the importance of considering phonotactics 

when selecting intervention targets (e.g., Velleman, 2002), intervention 

methods for targeting children’s accurate production of polysyllables 

requires further investigation.   

Conclusions  

Current picture-naming tests designed to sample speech accuracy 

may not include an adequate number of polysyllables to establish a clear 

understanding about how children say these more complicated words. 

Further, it is also difficult to analyze the polysyllable productions of 

children, particularly children with SSD. For example, an SLP considering a 

child’s production of calculator /kælkjəleɪtə/ as [kəjeɪtə] may use a number 

of different analysis methods to identify the segmental accuracy of the 

production (e.g., PCC) but may find it more challenging to analyze the 

structural and suprasegmental features of polysyllables. Thus, the first aim 

of this tutorial was to present the results of a systematic search and review 

of the literature examining the assessment and analysis of polysyllables. The 

second aim was to describe the Word-level Analysis of Polysyllables 

(Masso, 2016a) and the Framework of Polysyllable Maturity (Masso, 
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2016b). The third aim was to present a case study comparing the different 

types of analysis and the two new tools (the WAP and the Framework). 

The systematic review of the literature revealed that both connected 

speech and single-word sampling were frequently used to examine 

polysyllables in children with and without SSD. The benefits of sampling 

polysyllables within a polysyllable-specific single word test include 

ensuring the adequate sampling of different phonotactics structures and 

stress with a known referent by which to determine children’s accuracy. The 

systematic review also highlighted the variability between papers regarding 

the methods of analysis of polysyllabic words. Reporting the accuracy of 

children’s productions based on consonants, vowels, phonemes and/or 

whole words was the most frequent analysis method with 35 (66.0%) papers 

reporting at least one of these accuracy measures. The WAP (Masso, 2016a), 

developed to assist with the analysis of polysyllabic words, consolidates 

analysis methods previously reported by researchers and allows for the 

exploration of children’s polysyllable speech accuracy based on non-

traditional measures of accuracy (i.e., phonotactics and timing). This tutorial 

has explained the development of the WAP (Masso, 2016a) as an analysis 

tool, and the Framework of Polysyllable Maturity (Masso, 2016b; Figure 2) 

as a means of interpreting the analysis. The tutorial concluded with an 

example of the application of the WAP and the Framework of Polysyllable 

Maturity to analyze and interpret the polysyllable productions of a preschool 

child with SSD.  

Use of polysyllables in assessment and intervention is an area that 

requires further investigation. It would be beneficial for future research in 

this area to investigate the assessment and analysis practices of SLPs 
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regarding polysyllables as well as their use of a comprehensive polysyllable 

analysis tool. Future research also needs to further investigate the nature of 

the relationship between polysyllable accuracy and emergent literacy skills. 

In addition, future research should explore the changes in polysyllable 

accuracy demonstrated by children with SSD over time.  
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Appendix A 

Papers Reporting Polysyllable Assessment and Analysis with Children who have Typically-Developing Speech and Language or Speech Sound 
Disorders (organized chronologically). 

Study Participants Assessment Analysis 

 
Numbers  

(age in year;month)    Segmental  
Structural and 

suprasegmental  

 TD SSDa CS SW 
No. 

PSWs 

Whole 
word 

accuracy 
Cons/Vow/Ph 

accuracy* 
Systemic 

errors SODA 
Phonotactics 

** 
Timing 
or stress Other 

Macken (1979) b 1 (1;7) -  - -        
Klein (1981) c 4 (1;8-

2;0) 
-  - -        

Klein & Spector 
(1985) c 

- 8 (5;2-6;11)   38        

Young (1986) 72 
(2;0-
4;4) 

- -  13d        

Young (1991) c 72 
(2;0-
4;0) 

- -  14 d        

Echols & Newport 
(1992) c 

3 (1;5-
1;11) 

-  - 144 e        

Lewis & Freebairn 
(1992) c 

- 20 (M = 5;1) 
fg 

-  52        

Echols (1993) 3 (1;5-
1;11) 

 -  - 147 e        

Kehoe (1995) 18 
(1;10-
2;10) 

-   16 d        
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Bradford & Dodd 
(1996) c 

51 
(3;1-
6;7) 

51 (3;2-6;7) -  9         

Goldstein & Iglesias 
(1996) b 

- 65 (3;0-4;11) -  8        

Leitão et al. (1997) c 20 
(6;0) 

17 SSD/LD 
(6;0), 19 
SSD (6;0) h 

-  19         

Lewis & Freebairn 
(1997) 

- 59 (3;0-8;8) -  10        

Kehoe (1997) c 18 
(1;10-
2;10) 

-   16 d        

Kehoe & Stoel-
Gammon (1997a) c 

18 
(1;10-
2;10) 

-   16 d        

Kehoe & Stoel-
Gammon (1997b) c 

18 
(1;10-
2;10) 

-   -        

Wolk & Meisler 
(1998) 

- 13 (4;2-5;11) -  27        

Larrivee & Catts 
(1999) c 

27 
(NR) 

30 (5;8-7;3) -  10        

Shea (1999) - 3 (3;1-3;7)   21        
Ingram & Ingram 
(2001) c 

- 1 (3;6) -  8         

James (2001a)  59 
(2;3-
7;10) 

40 (2;2-9;7) -  17        
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James (2001b) 50 
(2;3-
7;10) 

- -  17         

Shea & Tyler (2001) 
c 

- 2 (3;1-3;7) -  11        

Dodd, Holm, Hua, & 
Crosbie, (2003) c 

684 
(3;0-
6;11) 

- -  4        

Belton (2004) - 4 (4;3-5;1) -  20         
McDowell (2004) 98 

(5;2-
8;7) 

39 (5;2-8;7) -  10         

Roy & Chiat (2004) 
c 

66 
(2;0-
3;11) 

- -  6        

Bernhardt & Major 
(2005) c 

- 12 (6;1-8;5) -  12         

Sutherland & Gillon 
(2005) 

17 (M 
= 4;8) 

9 (M = 4;5) -  9        

Dodd et al. (2006) c - 1 (7;0) -  9         
Gozzard et al. 
(2006) c 

6 (4;0-
4;11) 

-   50         

Jacks et al. (2006) - 3 (4;6-5;10)  - -         
James (2006) c 283 

(3;0-
7;11) 

- -  39          

Lewis et al. (2006) - 185 (M = 
5;2) 

-  10         

Sutherland (2006) 17 (M 
= 4;8) 

9 (M = 4;5) -  23         
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Chiat & Roy (2007) 

c 
315  
(2;0-
4;0) 

- -  6         

James, van Doorn, 
& McLeod (2007)  

283 
(3;0-
7;11) 

- -  39        

Gozzard et al. 
(2008) c 

6 (4;1-
4;9) 

-   50         

James, van Doorn, 
McLeod, & 
Easterman (2008) 

283 
(3;0-
7;11) 

- -  39        

Preston (2008) c - 43 (~4;0-
5;0) 

-  25         

Peterson, 
Pennington, 
Shriberg, & Boada 
(2009) c 

37 (M 
= 5;8) 

86 (M  = 
5;8) 

-  4        

Chavez-Peon et al. 
(2011) b 

- 2 (4;9) -  32        

Ballard et al. (2012) 
c 

73  
(3;0-
7;10) 

- -  4         

Anderson & Cohen 
(2012) 

105 
(3;0-
5;05) 

- -  4        

Namasivayam et al. 
(2013) 

- 12 (M = 4;5)   3         

Masso, McCabe, & 
Baker (2014)  

- 4 (3;10–5;4) -  49        
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Phoon, Abdullah, 
Lee, & Murugaiah 
(2014) b 

325 
(4;0-
6;11) 

- -  11        

Bernhardt et al. 
(2015) b 

30 
(3;0-
5;11) 

29 (3;0-5;11) -  42         

Mason et al. (2015) a 

b 
10 
(5;4-
6;0) 

8 (3;1-4;6) -  6        

Murray et al. (2015) - 47 (M = 
5;11) 

  59         

Arciuli & Colombo 
(2016) b 

27 
(3;0-
5;11) 

- -  10 d         

James et al. (2016)  283 
(3;0-
7;11) 

- -  39         

Masso et al. (2016) c - 93 (4;0-5;5) -  30        
Note. TD = children with typically-developing speech and language, SSD = children with speech sound disorders, CS = connected speech, SW = single word sampling, PSW 
= polysyllables, cons = consonants, vow = vowel, ph = phoneme, SODA = substitution, omission, distortion, addition analysis (van Riper, 1939), a Includes children with 
inconsistent speech disorder, phonological delay, consistent phonological disorder, childhood apraxia of speech, or articulation disorder, b Polysyllables in a language other 
than English sampled, c Identified from reviewing reference list of papers identified during the systematic search, d Each polysyllable was produced more than once by each 
participant, e Total number produced across all participants, f This study also included older participants, g Study participants had a history of SSD, h 18 additional children 
were included in this study who were identified to have delayed language skills only, NR = Ages not reported, * Includes PCC, PVC, PPC, ** Includes any analysis of 
length, shape, or structural speech error patterns. 
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Appendix B. Word-Level Analysis of Polysyllables - Short Form 
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Table 1.  

Polysyllable-Specific Word Lists 

Test Name (Author, year) Language 
Total 
no. 
words 

No. of 3, 4, 5, 
and 6 syllable 
words 

   3 4 5 6 

Named polysyllable assessments 
Polysyllable Preschool Test 
(POP; Baker, 2013) 

English 30 20 8 2 0 

Single-word Test of 
Polysyllables (Gozzard et 
al., 2006) 

English 50 37 12 1 0 

Hodson Assessment of 
Phonological Patterns - 
Third Edition (HAPP-3; 
Hodson, 2004) 

English 12 3 4 3 1 

Toddler Polysyllable Test 
(T-POT, Baker, 2010) 

English 20 15 4 1 0 

10 long clinically useful 
words (James, 2006) 

English 10 7 2 1 0 

Additional polysyllable-specific word lists 
Anderson & Cohen (2012) English 4 4 0 0 0 
Arciuli & Colombo (2016) Italian 10 10 0 0 0 
Bernhardt et al. (2015) Granada 

Spanish 
42 32 9 1 0 

Catts (1986)a English 10 6 3 1 0 
Chavez-Peon et al. (2011) Spanish 32 20 11 1 0 
Chiat & Roy (2007) English 6 6 0 0 0 
Goldstein & Iglesias (1996) Spanish 8 6 2 0 0 
Gozzard et al. (2006) English 50 37 12 1 0 
Kehoe (1995) English 16 12 4 0 0 
Klein & Spector (1985) English 38 22 13 3 0 
Leitão et al. (1997) English 19 9 10 0 0 
Phoon et al. (2014) Malay 11 9 2 0 0 
Sutherland (2006) English 8 4 4 0 0 
Young (1986) English 13 9 3 1 0 
Young (1991) English 14 9 3 2 0 

Note. a Word list reported in Larrivee & Catts (1999) 
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Maturity Level 
DEL AP AT 

Vowel Cons 

Least 

 

 

 

Most 

A. Vowel and consonant deletions, alterations of phonotactics, and alterations of timing.  + + + + 

B. Alterations of phonotactics due to consonant deletions or additions, alterations of timing. - +/- + + 

C. Fewer instances of alterations of timing. Alterations of phonotactics may be present. - +/- + - 

D. Fewer instances of alterations of phonotactics. Alterations of timing present.  - - - + 

E. Fewer instances of deletions, alterations of phonotactics or alterations of timing. - - - - 

Figure 1. The Framework of Polysyllable Maturity (Masso, 2016b). Note. + indicates the presence of the feature in at least 40% of sampled 
words, - indicates the absence of the feature in at least 40% of words, +/- indicates the presence or absence of the feature, DEL = Deletion of 
syllables, consonants or vowels, AP = Alteration of phonotactics, AT = Alteration of timing (stress).  
Reprinted with permission from Sarah Masso.  
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 SUB DEL DIST ADD AP AT ASEQ 

# Word Cn Vw Syl Cn Vw Cn Vw Cn Vw Length Shape Stress SylSeg Assim Alt Seq 
1 butterfly /bʌtəflaɪ/  

[ˈbɪtəflaɪ] 

1 

2 pajamas /pəʤaməz/  [pəˈʤaməts] 1 1 

3 animals /ænəməlz/  [ӕˈmulz] 1 1 1 1 2/3 5/7 1  

4 umbrella /ʌmˈbɹɛlə/  [ʌmˈbɛlə]  1 3/3 6/7 

5 elephant /ɛləfənt/  [ˈaʊwəfən] 1 1 1 3/3 6/7 

6 computer /kəmpjutə/  [ˈpjutə]   1 2 1     2/3 5/8 1    

7 escalator /ɛskəleɪtə/  [ˈaː.kəleɪtə]  1  1   1   4/4 7/8  1   

8 banana /bənanə/  [əˈnanə]    1      3/3 5/6     

9 spaghetti /spəɡɛti/  [ˈdɛdi] 2  1 2 1     2/3 4/7 1    

10 calculator /kælkjəleɪtə/  [ˈpӕ.kəleɪtə] 1   2      4/4 8/10  1   

Total errors 6 4 3 11 3 0 1 1 0 3 14 3 2 0 0 

No. words including error 
8  SUB 7 DEL 

8 

DEL-C 

3 

DEL-V 1 DIST 1 ADD 8 AP 5 AT 0 ASEQ 

Figure 2. Example of the Word-level Analysis of Polysyllables - Short Form (Masso, 2016a) based on 10 words from the Polysyllable 
Preschool Test (Baker, 2013). Note. SUB = substitutions, DEL = deletion, DEL-C = deletion of consonants, DEL-V = deletion of vowels,  
DIST = distortion, ADD = addition, AP = alteration of phonotactics, AT = alteration of timing, ASEQ = Assimilation or Alteration of 
Sequence, Syl = syllable, Cn = consonant, Vw = vowel, SylSeg = syllable segregation, Assim = assimilation, Alt Seq = Alteration of the 
sequence of segments, shaded boxes indicate totals used for the Framework of Polysyllable Maturity (Masso, 2016b).
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Polysyllable Productions in Preschool Children  

with Speech Sound Disorders 
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This chapter (and all subsequent chapters) narrows the focus of the 

thesis to consider children of preschool-age. This chapter addresses the third 

aim of this thesis: To describe polysyllable errors made by preschool 

children with speech sound disorders (SSD) using three measures of 

polysyllables: segmental accuracy (PCC, PVC, and PPC), frequency of 

errors (based on the WAP), and polysyllable maturity (based on the 

Framework). This builds on the analysis method described in Chapter 3, the 

Word-level Analysis of Polysyllables (Masso, 2016a) and describes 

polysyllable word production by 93 preschool children with SSD analysed 

using the WAP. This chapter also describes children’s level of polysyllable 

maturity based on the Framework of Polysyllable Maturity (Masso, 2016b). 

Thus, this chapter has a focus on polysyllable production and underlying 

phonological representations (see Figure V). 

 

Figure V. The themes addressed in this chapter (shaded). 

Polysyllable
production

Emergent 
literacy skills

Phonological 
processing skills

Underlying 
phonological 

representations
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This chapter is comprised of the published paper (Paper 3) and has been included with 

permission from Speech Pathology Australia:  

Masso, S., McLeod, S., Baker, E., & McCormack, J. (2016). Polysyllable productions 

in preschool children with speech sound disorders: Error categories and the 

Framework of Polysyllable Maturity. International Journal of Speech-Language 

Pathology, 18, 272-287. 

Paper 3 had three primary aims:  

1. To determine whether there is a significant difference between consonant, vowel, and 

total phoneme accuracy between two speech sampling tasks  

2. To describe and categorise the polysyllable errors demonstrated by preschool children 

with SSD using the Word-level Analysis of Polysyllables 

3. To describe children’s errors within the Framework of Polysyllable Maturity.  
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Polysyllable productions in preschool children with speech sound disorders: 

Error categories and the Framework of Polysyllable Maturity 

 

Abstract 

Purpose: Children with speech sound disorders (SSD) find polysyllables difficult; 

however, routine sampling and measurement of speech accuracy are insufficient to describe 

polysyllable accuracy and maturity. This study had two aims: (1) compare two speech 

production tasks and, (2) describe polysyllable errors within the Framework of Polysyllable 

Maturity. Method: Ninety-three preschool children with SSD from the Sound Start Study 

(4;0-5;5 years) completed the Polysyllable Preschool Test (POP; Baker, 2013) and the 

Diagnostic Evaluation of Articulation and Phonology (DEAP-Phonology; Dodd et al., 2002). 

Result: Vowel accuracy was significantly different between the POP and the DEAP-

Phonology. Polysyllables were analysed using the seven Word-level Analysis of Polysyllables 

(WAP) error categories: (1) substitution of consonants or vowels (97.8% of children 

demonstrated common use), (2) deletion of syllables, consonants or vowels (65.6%), (3) 

distortion of consonants or vowels (0.0%), (4) addition of consonants or vowels (0.0%), (5) 

alteration of phonotactics (77.4%), (6) alteration of timing (63.4%),  and (7) assimilation or 

alteration of sequence (0.0%). The Framework of Polysyllable Maturity described five levels 

of maturity based on children’s errors. Conclusions: Polysyllable productions of preschool 

children with SSD can be analysed and categorised using the WAP, and interpreted using the 

Framework of Polysyllable Maturity.  

Keywords: speech sound disorders, speech impairment, phonology, assessment, 

polysyllables  
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INTRODUCTION 

 Children’s productions of polysyllables are associated with phonological awareness 

and literacy abilities at school-age (Larrivee & Catts, 1999), and may assist with the 

identification of preschool children with speech sound disorders (SSD) who may be at risk of 

future literacy difficulties (Preston et al., 2013). Before further research into the association 

between polysyllable accuracy and literacy development can be conducted with preschool 

children with SSD, three issues need to be investigated: (1) task/s appropriate for sampling 

polysyllable productions of preschool children, (2) methods used to analyse and categorise 

error productions, and, (3) a framework to interpret the errors and polysyllable maturity of 

preschool children with SSD. This study addresses those needs through an investigation of 

the polysyllable productions by preschool children with phonologically-based SSD of 

unknown origin. 

Speech sound disorders are common communication difficulties in children. Children 

may have unintelligible speech based on perception, phonological and/or production-based 

difficulties (International Expert Panel on Multilingual Children’s Speech, 2012). The focus 

of the current research is preschool children with phonologically-based SSD. That is, children 

who demonstrate delayed phonological development in the absence of overt motor speech 

difficulties. The speech of preschool children with phonologically-based SSD reflects pattern-

based errors reminisent of younger children with typically developing speech and language 

(Broomfield & Dodd; 2004; Dodd, 1995; Shriberg et al., 2005). These errors may involve 

systemic substitutions such as replacing one class of phoneme for another, or structural 

simplifications such as deleting sounds or syllables in particular word positions. It is thought 

that substitution and deletion error patterns reflect poorly specified underlying phonological 

representations (Anthony, Williams, Aghara, et al., 2010). It is the lack of specified 

underlying phonological representations which has been linked to poor phonological 
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awareness skills and literacy outcomes (Anthony et al., 2011; Elbro, 1996; Fowler, 1991; 

Fowler & Swainson, 2004; Swan & Goswami, 1997). Given that between 30% and 77%  of 

school-aged children with SSD have literacy difficulties (Anthony et al., 2011), there is a 

need to be able to better identify the preschool children with SSD most at risk of future 

literacy difficulties, before they start formal literacy instruction. One way to identify these 

preschool children could be to sample and closely analyse their productions of polysyllables. 

Polysyllables are words of three or more syllables and are also known as multisyllabic words 

(Kehoe & Stoel-Gammon, 1997; Mason, Bérubé, Bernhardt & Stemberger, 2015) or 

polysyllabic words (Gozzard, Baker & McCabe, 2006; James, 2006; James, van Doorn & 

McLeod, 2008). Polysyllables are thought to be more taxing than monosyllabic words as they 

contain more information to be perceived, stored in underlying representations and produced. 

Evidence to support this idea comes from research on typical speech acquisition. When 

compared to monosyllables, polysyllables take a longer time to acquire (James et al., 2008) 

and, when sampled, may assist with the identification of children with different sub-

classifications of SSD (Vick et al., 2014). What follows is an overview of literature on 

typically developing children’ acquisition of polysyllables, and consideration of how 

polysyllables might be sampled, analysed and measured.  

Typical acquisition of polysyllabic words  

Polysyllable acquisition in typically developing children has been studied using three 

main measures: phoneme accuracy, syllable accuracy, and stress accuracy (James, 2006; 

James et al., 2008). James (2006) proposed that the least mature realisation of polysyllables, 

as demonstrated by young children, primarily contain the stressed syllable, with the correct 

vowel (i.e. children frequently delete the less-salient weak syllables). As children grow older 

and their production of polysyllables becomes more mature, children gradually develop 

phonemic accuracy of the consonants within the stressed syllables (James et al., 2008). 
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During these early polysyllable productions, non-final weak syllables are frequently omitted 

(e.g. banana [nana] for /bəˈnanə/ and elephant [ˈɛfənt] for /ˈɛləfənt/) as children develop 

vowels in context (also known as syntagmatic productions) (James et al., 2008). From the age 

of 2;4, typically developing children produce more mature polysyllables by including all the 

syllables (including weak and strong syllables) and demonstrate correct stress accuracy 

although phonemic accuracy may be reduced (e.g. elephant [ˈɛwəfənt] for /ˈɛləfənt/). In 

children aged four years and over, James (2006) observed that phonemic accuracy was 

realised to the detriment of stress accuracy (e.g. elephant [ˈɛlifənt] for /ˈɛləfənt/). James 

(2006) hypothesised that the shift in polysyllable accuracy as children grew older occurred 

because stored phonological representations became more specified. Children with more 

specified phonological representations for segmental information remained more true to the 

segmental information at the expense of stress accuracy. Thus, James’ work with children 

who have typically developing speech and language suggests that a word-level analysis of 

polysyllable productions, based on unique categories exploring phoneme accuracy, syllable 

accuracy, and stress accuracy, may provide insight into the nature of the errors and the 

maturity of the phonological systems of children with phonologically-based SSD. 

Considering that a word-level analysis appears to be important, it is necessary to determine 

how these words might be sampled.  

Assessment of polysyllabic words  

Single word picture-naming tasks are commonly used by speech-language 

pathologists (SLPs) to assess children’s speech (McLeod & Baker, 2014). An important 

component of any sampling task is the capacity to measure a range of possible phonological 

errors across a sample of word positions, in a relatively short period of time (Eisenberg & 

Hitchcock, 2010; Kirk & Vigeland, 2015). In an analysis of 22 picture-naming tests, James 
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(2006) highlighted that commonly-used speech assessments infrequently sampled 

polysyllables.  

Consequently, it has been suggested that routine speech sampling tasks be 

supplemented with polysyllable tasks (Baker & Munro, 2011; James et al., 2008). However, 

it has yet to be empirically established that such supplementation is needed to more 

comprehensively describe the nature of children’s phonological difficulties, and in particular, 

their production of polysyllables. Recent evidence suggests that children with SSD may be 

classified in to subgroups based on speech production accuracy across a number of disyllabic 

word and polysyllable tasks (Vick et al., 2014). Thus, research is needed to compare the 

information yielded from a routine speech sampling task containing relatively few 

polysyllables with a polysyllable-specific sampling task in preschool children with 

phonologically-based SSD of unknown origin. It would be expected that the children’s 

polysyllable productions would be less accurate given that children with typically developing 

speech and language demonstrate systemic (segmental) and structural phonological processes 

in polysyllables well beyond the ages previously reported based on mono- and disyllabic 

word stimuli (James, Ferguson & Butcher, 2016). In addition, it has been reported that 

children with typically developing speech and language demonstrate lower consonant and 

vowel accuracy when saying polysyllables compared with monosyllabic and disyllabic words 

(James, 2001; Vance, Stackhouse & Wells, 2005). Sampling tasks aside, consideration also 

needs to be given to how a sample of polysyllables produced by children with 

phonologically-based SSD could best be analysed. 

Analysis and measurement of polysyllables 

A common method for analysing and measuring speech production accuracy in 

children with SSD is the calculation of percentage of consonants correct (PCC) (Shriberg, 

1993; Shriberg et al., 2010), or computing a standard score based on a raw PCC value (e.g. 
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Dodd & Crosbie, 2005). Over the years, PCC has been used widely as a standard objective 

measure to demonstrate baseline speech accuracy and improvements in speech accuracy 

following intervention. PCC has also been associated with perceptual ratings of children’s 

speech intelligibility (McLeod, Harrison & McCormack, 2012) and children’s early literacy 

skills (Larrivee and Catts, 1999). Specifically, Larrivee and Catts, (1999) reported that a PCC 

based on the production of polysyllabic real and nonwords (referred to as a MULTI-PCC 

measure) accounted for the greatest independent variance in reading outcomes at the end of 

year 1 in 30 children with phonologically-based SSD. Although more helpful than a broad 

measure of PCC, it could be argued that a polysyllabic PCC score alone does not yield 

meaningful information about the different types of errors in children’s productions. Using a 

PCC measure, all consonants are considered equal, regardless of phonotactic context, 

phonetic complexity, or age of acquisition (Preston, Ramsdell, Oller, Edwards, & Tobin, 

2011).   

Qualitative differences in speech accuracy were considered in a longitudinal analysis 

of children’s speech and literacy skills at five points in time (preschool to Grade 4) in Sweden 

(Magnusson & Nauclér, 1993; Magnusson & Nauclér, 1999; Nauclér & Magnusson, 1990). 

The children in these studies (mean age in preschool = 6;4, mean age at the end of Grade 1 = 

7;11) were assessed for “phonological deviance” (Magnusson & Nauclér, 1993, p. 97) based 

on a repetition task of “long and unfamiliar words” (Nauclér & Magnusson, 1999, p. 174).  

The outcomes of these studies suggested that children who demonstrated phoneme errors in 

context (syntagmatic errors) may be less phonologically aware than children who 

demonstrate phoneme errors in isolation (paradigmatic speech errors) (Magnusson & 

Nauclér, 1990). The preliminary results of this longitudinal study highlight the need for 

further investigation in to categories of polysyllable errors, and polysyllable maturity, of 

children with SSD. 
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A more comprehensive method for analysing children’s productions of polysyllables 

was reported by Mason et al. (2015). They studied the polysyllable productions of 10 

typically developing Canadian English-speaking children aged 5-years and eight French-

speaking children with protracted phonological development (i.e. SSD) age 3- to 4-years. 

Using the basic tenets of nonlinear phonology, Mason et al. classified the children’s 

productions of six polysyllables as either matches or non-matches with the adult 

pronunciation. They then categorised and tallied the matches and non-matches on five 

different measures of a word (including foot structure, stress pattern, syllable shape, timing 

units and segments) to create a multisyllabic word metric with and without vowels. They also 

calculated phonological mean length of utterance (pMLU) and PCC. They discovered that the 

multisyllabic word metric (with and without vowels) was more valuable than PCC and 

pMLU as it more finely differentiated phonological accuracy across the six polysyllabic 

words. The multisyllabic word metric numerically captured more information about 

segmental and prosodic aspects of the words. The preliminary findings of Mason and 

colleagues (2015) support the need for more comprehensive sampling, analysis and 

measurement of a wider sample of polysyllables with a larger sample of English-speaking 

preschool children with SSD. Additionally, their findings indicate a need for more detailed 

descriptions of the types of polysyllable errors produced by preschool children with SSD. 

They also raise the need to consider the frequency of those errors.   

Frequency of errors on polysyllabic words 

Although the occurrence of an error can be quite easy to measure (e.g. an error can be 

present or absent), interpretation of the frequency of occurrence can be challenging. To date, 

there is no agreed upon criterion for determining what is and is not a problem when reporting 

the frequency of occurrence of an error for preschool children with SSD (Kirk & Vigeland, 

2015). For instance, in studies which report the presence of phonological processes in 
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children with typically developing speech and language, speech errors have been considered 

“present” based on: one instance of the use of a phonological process (Hodson & Paden, 

1981), at least five instances of a process (Dodd et al., 2003), or on 20% of opportunities to 

use the process (Haelsig & Madison, 1986; Roberts, Burchinal & Footo, 1990). In a recent 

study by James, Ferguson and Butcher (2016) with typically developing children aged 3-, 4-, 

5-, 6- and 7-years, a phonological process was considered to be in use at each year age if: (1) 

20% of the children produced the process and (2) the median percent process occurrence was 

greater than 5%. While such relatively low criterions may be useful for studying typical 

acquisition and differential diagnosis (i.e. determining if a child does or does not have a 

SSD), it has the potential to conceal differences between common and less common errors. 

One way of revealing differences in error frequency, particularly within a clinical sample of 

children with SSD, is to set a higher criterion. This approach is recommended when wanting 

to identify the dominant errors in the speech of children with SSD requiring intervention. For 

example, Hodson and Paden (1991) recommend a criterion of 40% occurrence of an error 

pattern within an adequate sample, such as a minimum of 10 opportunities for a specific error 

pattern (Hodson & Paden, 1991).  

Study aims 

In light of the extant literature highlighting the gradual maturity of polysyllables in 

typically developing children, and the potentially important role that polysyllables might play 

in identifying preschool children most at risk of future literacy difficulties, there is a need to 

study the polysyllable productions of preschool children with SSD. Specifically, there is a 

need to consider how polysyllables might best be sampled and how polysyllable errors 

produced by preschool children with SSD could be described with respect to their level of 

maturity. Thus, the first aim of this study is to determine whether there is a significant 

difference between consonant, vowel, and total phoneme accuracy between two different 
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speech sampling tasks: a routine speech sampling task, and a polysyllable-specific sampling 

task. The second aim is to describe and categorise the polysyllable errors demonstrated by 

preschool children with SSD using the Word-level Analysis of Polysyllables (WAP; Masso, 

2016a; see Supplementary Appendix A), then describe the errors within the Framework of 

Polysyllable Maturity (Masso, 2016b). In light of the literature attesting to the fact that 

polysyllables can contain segmental (consonant and vowel) and structural errors (word shape, 

length and stress), the WAP consists of seven error categories: (1) substitution of consonants 

or vowels, (2) deletion of syllables, consonants or vowels, (3) distortion of consonants or 

vowels, (4) addition of consonants or vowels, (5) alteration of phonotactics,  (6) alteration of 

timing, and (7) assimilation and/or alteration of sequence. Categories 1, 2, 3, and 4 were 

based on the SODA analysis (substitution, omission, distortion, addition) by van Riper (1939) 

and categories 1, 2, 5, 6, and 7 were informed by James’ (2006) work on polysyllable 

acquisition. Further information about the WAP is provided in the method.  

METHOD 

Context and participant recruitment 

 The children described in this study were participants in the Sound Start Study 

(McLeod, Baker, McCormack, Wren & Roulstone, 2013-2015) conducted in early childhood 

centres across Sydney, Australia. The Sound Start Study was a cluster randomised controlled 

trial exploring the effectiveness of a computer-based, first-phase phonological intervention 

program for preschool children. The Sound Start Study included six stages of data collection. 

The current study reports on data collected during stages 2 and 3 for years 1 and 2 of the 

Sound Start Study (see Figure 1). Stages 2 and 3 were designed to identify suitable 

participants for the intervention that occurred in stage 4. 

Cluster sampling, a hierarchical sampling method, was implemented to select 

participants for the study. A total of 54 early childhood centres were invited to participate in 
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years 1 and 2 of the Sound Start Study to represent a range of socioeconomic areas based on 

the Australian Bureau of Statistics, Index of Relative Socio-economic Advantage and 

Disadvantage (IRSAD, ABS, 2008) and 33 centres agreed to participate. The 

director/principal of these centres provided written consent for the involvement of their 

centre. A total of 135323 4- to 5-year-old children were enrolled at the participating centres. 

During stage 1, screening questionnaires were distributed to the parents of all 4- to 5-year-old 

children and 852 (62.9%) questionnaires were returned. Of these families, the parents of 782 

children (91.7%) provided consent for their children’s teacher to complete a similar 

questionnaire and 729 (93.2%) of the teacher questionnaires were returned.     

Eligibility for participation in stage 2 required that children’s parents or teachers 

reported concerns about their speech sound development based on the Parents’ Evaluation of 

Developmental Status (PEDS; Glascoe, 2000). Children were excluded from further 

participation if the parent and/or teacher reported that the child had a persistent hearing loss, 

cleft lip and/or palate or a developmental delay. Children were also excluded if parents 

reported that the child’s English language proficiency was less than their home language 

proficiency. Of the 852 children in stage 1, 655 were ineligible:  623 children did not meet 

the inclusion criteria for further participation (as outlined above), 24 parents did not provide 

consent for further assessment, one child did not provide assent for further assessment, two 

children were excluded due to a parent-reported prior diagnosis of childhood apraxia of 

speech (CAS), and five were unable to participate for other reasons (e.g. moving out of area).  

A total of 197 children completed assessments in stage 2. Eligibility for participation 

in stage 3 required that children had delayed phonological development (less than one 

                                                
23 Demographic data was obtained from 32 of the 33 participating sites. A total of 1340 children 

attended 32 participating sites. Demographic data was only collected from participants at the final site based on 

questionnaire returns (n=13).  
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standard deviation from the typical mean) characterised by the presence of typical, but 

ongoing phonological error patterns or processes with or without the presence of additional, 

atypical speech sound errors. Children’s speech production eligibility was determined based 

on the results of their Diagnostic Evaluation of Articulation and Phonology – Phonology 

subtest (DEAP-Phonology, Dodd, Hua, Crosbie, Holm & Ozanne, 2002) and analysis using 

the PROPH+ module of Computerized Profiling v 9.7.0 (Long et al., 2008). Children were 

excluded from stage 3 if they presented with articulation errors only (e.g. children who only 

had a lisp), had features consistent with CAS, or if they fell below 2 standard deviations from 

the mean as defined on the Preschool Test of Nonverbal Intelligence (PTONI; Ehrler & 

McGhee, 2008). Children who met all inclusion criteria, and did not meet any exclusionary 

criteria, were invited to participate in stage 3 and 97 children were identified as eligible. The 

parents of two of these children withdrew their consent for ongoing participation in the 

research. Consequently, stage 3 assessments were undertaken by 95 children. This study 

reports the results of the 93 children who completed the Polysyllable Preschool Test (Baker, 

2013) in stage 3 of the Sound Start Study (two children were unable to complete this task). 

The children reported from this study came from 29 sites (mean number of participants at 

each centre = 3.21; range = 1-10).  

Insert Figure 1 here 

Participants 

  Demographic characteristics. The 93 children in this study were aged 

between 4;0-5;5 (M = 55.6 months, SD = 4.3 months). There were 58 males (62.4%) and 35 

females (37.6%). Participants’ IRSAD deciles24 ranged from 1 to 10 with a mean decile of 

5.72 (SD = 3.3). Postcode and IRSAD information was not available for five participants. The 

                                                
24 Within the IRSAD coding system, postcodes throughout Australia are allocated a decile between 1-

10 to represent the social and economic context of residents within that postcode. Areas with a low index score 
indicate an area of least advantage whereas areas with a higher index score represent areas of most advantage. 
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parents of 88 children (94.6%) reported that English was the only language spoken by the 

child in the home whereas the parents of five children (5.4%) reported that a language other 

than English was spoken at home. All children had an identified phonologically-based SSD of 

unknown origin.  

Developmental characteristics. Receptive and expressive language, hearing, oromotor, 

nonverbal intelligence, and receptive vocabulary were assessed and characteristics are 

detailed in Appendix A. The participants demonstrated a mean receptive vocabulary score 

based on the Peabody Picture Vocabulary Test – Fourth Edition (Dunn & Dunn, 2007) of 93.9 

(SD = 14.6) and mean non-verbal intelligence of 100.3 (SD = 17.3) based on the PTONI 

(Ehrler & McGhee, 2008).  

Parent reported case history information. The parents were invited to complete a 

questionnaire during stage 2. The parents of 86 (92.5%) children returned questionnaires. 

Two (2.4%) children were reported to have a history of hearing difficulties and six (7.1%) 

children had previously failed a hearing test. Positive family histories of speech, language, 

literacy or hearing difficulties were identified: five (6.5%) had mothers, eight (10.5%) had 

fathers, 14 (18.4%) had sisters, 12 (16.2%) had brothers, and nine (12.2%) had cousins with a 

history of speech, language, literacy or hearing difficulties.  

Instruments 

Children’s speech sound production skills were assessed using the Phonology subtest 

from the Diagnostic Evaluation of Articulation and Phonology (DEAP-Phonology, Dodd et 

al., 2002). The DEAP-Phonology contains a total of 50 words; 27 x one-syllable words, 18 x 

two-syllable words, four x three-syllable words, and one x four-syllable word. The DEAP-

Phonology allows for phonological assessment of children aged 3;0-6;11 and is used by SLPs 

to assess children’s production of consonants, vowels, and use of phonological processes. 
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The DEAP-Phonology provides normative data for PCC as well as percent vowels correct 

(PVC), and percent phonemes correct (PPC).  

Children’s productions of polysyllables were measured using the Polysyllable 

Preschool Test (POP, Baker, 2013). The POP is a single-word picture-naming task that 

contains a total of 30 words: 20 x three-syllable words, eight x four-syllable words, and 2 x 

five-syllable words. The POP word list represents a variety of weak and strong onset stress 

patterns at each word length. The stimuli for the POP were presented via PowerpointTM slides 

on a computer screen with one- or two- stimuli pictures per slide.  

Procedure  

Approval to undertake this study was gained from the Charles Sturt University Ethics 

in Human Research Committee (approval number 2013/070). Consent was gained from the 

parents and assent was gained from the children prior to undertaking the assessments. Speech 

production data, including the DEAP-Phonology and the POP were collected during stage 2 

and stage 3 respectively (see Figure 1). Spontaneous production of the target words during 

the DEAP and the POP was encouraged; however, if prompting was required, cues were 

provided in the following order: (1) semantic, (2) binary choice, and (3) direct imitation.  

Each assessment during stage 2 and 3 (see Appendix A) was conducted in a quiet room within 

their early childhood centre by one of two speech-language pathologists. Assessments at 

stage 2 were completed in 30-45 minutes and assessments at stage 3 were completed in 45-60 

minutes. All assessments were completed, and scored, as described in the assessment manual, 

relevant journal article or, in terms of the POP, following training with the author of the test 

(Baker, 2013). All assessment sessions were recorded on a Panasonic HC-V700 video camera 

with external Hahnel Mk100 uni-directional microphone and speech production tasks were 

also recorded using Zoom H1 audio recorders.  
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Online broad phonetic transcription was completed for all DEAP-Phonology (Dodd et 

al., 2002) samples and checked by the assessing speech-language pathologist at the end of the 

assessment session. Transcription of the POP (Baker, 2013) was completed by the first author 

from de-identified audio recordings using Phon v 1.6.2 (Rose et al., 2006). Transcriptions 

were checked with the audio recording as many times as necessary using Sennheiser HD429 

stereo headphones. 

Reliability 

Inter- and intra-judge point-by-point reliability was completed for the DEAP-

Phonology with the two speech-language pathologists involved in data collection. Reliability 

for the POP was completed by the first and third authors. Reliability for each measure was 

based on a randomly selected 10% sample of the recorded data. Based on 2104 data points of 

the DEAP-Phonology, intra-judge agreement for broad phonetic transcription was 89.4% and 

inter-judge agreement was 88.7%. In cases of mismatches, the decision of the speech-

language pathologist who completed the initial transcription was upheld. Based on 1966 data 

points of the POP, intra-judge agreement for broad phonetic transcription was 91.3% and 

inter-judge agreement was 87.3%. In cases of mismatches, the decision of the first author was 

upheld. In a study of the sources of variance which may affect reliability in phonetic 

transcription, Shriberg and Lof (1991) described “acceptable agreement” as >85% (p. 255).  

Data analysis 

Aim 1.  Analysis of the DEAP-Phonology speech samples was undertaken using the 

PROPH+ module of Computerised Profiling v 9.7.0 (Long et al., 2008). The DEAP-

Phonology samples were analysed to identify PCC, PVC, and PPC. PPC for the DEAP 

samples was manually calculated based on PCC and PVC raw scores. A review of all 

PROPH+ output files did not highlight any words that were not analysed due to errors in 

processing. Manual PCC, PVC, and PPC calculations of the POP (Baker, 2013) were 
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completed using consistent scoring rules to those used within the PROPH+ software where 

any phoneme omission, deletion, substitution or distortion was recorded as incorrect. The 

number of correct consonants, vowels, and total phonemes were then calculated as a 

percentage of the target phonemes in the sample.  The participants’ PCC, PVC, and PPC as 

measured using the DEAP-Phonology and the POP samples were entered in to SPSS version 

21.0 (IBM, 2012). Descriptive statistics and frequency distributions for all variables were 

extracted.  

Aim 2. Analyses of children’s polysyllable productions on the POP (Baker, 2013) 

were completed manually by the first author using the WAP (Masso, 2016a; see 

Supplementary Appendix A). The WAP is an item-based analysis tool design to capture 

categories and sub-categories or error in children’s productions of polysyllables. The error 

categories were based on the frequently-identified polysyllable errors present in the speech 

production of children with typically developing speech and language (James, 2006) and 

consideration of speech errors present in children with SSD of unknown origin (i.e. 

substitution errors and distortion errors).  

The main categories and sub-categories on the WAP are as follows:  (1) Substitution 

of consonants or vowels: including number of consonants and vowels substituted (e.g. 

calculator /ˈkælkjəleɪtə/ → [ˈtætəleɪtə] was coded as 2 instances of consonant substitution), 

(2) Deletion of syllables, consonants or vowels: including the presence, and number of 

occurrences, of syllable, vowel and consonant deletion in each word position (e.g. butterfly 

/ˈbʌtəflaɪ/ → [ˈbʌflaɪ] was coded as 1 instance of within word syllable initial consonant 

deletion, and 1 instance of within word vowel deletion. The deletion of the syllable was also 

coded a 1 instance of within word weak syllable deletion), (3) Distortion of consonants or 

vowels: including number of vowels distorted (including vowels of excessive length) and 

consonants distorted (including misarticulations such as lateralisation) (e.g. tyrannosaurus 
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/təˈɹænəsɔɹəs/ → [təˈɹænəɬɔːɹəɬ] was coded as 2 instances of consonant distortion), (4) 

Addition of consonants or vowels: including number of consonants and vowels added to the 

target word (e.g. echidna /əˈkɪdnə/ → [kəˈkɪdnə] was coded as 1 instance of consonant 

addition), (5) Alteration of phonotactics: including alterations to word length (number of 

syllables) and shape (total phonemes present) (e.g. helicopter /hɛlǝˈkɒptǝ/ → [ˈhʌk.tǝ] was 

coded as 5 of 9 phonemes present), (6) Alteration of timing: including inaccuracy of stress, 

weak- and strong- onset inaccuracy, and/or presence of syllable segregation (e.g. butterfly 

/ˈbʌtəflaɪ/ → [ˈbʌ.ˈtʌ.ˈflaɪ] was coded as incorrect stress and syllable segregation). The 

definition of syllable segregation was consistent with that used by Murray, McCabe, Heard, 

and Ballard (2015). That is, syllable segregation was noted when there were “noticeable gaps 

between syllables” (p. 47), (7) Assimilation and/or alteration of sequence: included the 

presence of assimilation and/or alteration of segments within the target word. (e.g. 

tyrannosaurus /təˈɹænəsɔɹəs/ → [ˈtænəɹæsɔɹəs] was coded as 1 instance of alteration of 

sequence). 

Initial WAP analysis involved the binary identification of all seven main categories as 

being present or absent for each word of the target word list. Those who demonstrated no 

presence of the main category were defined as having “no use”, presence on 1-11 words as 

“less common” use, and presence on 12 or more words (40% of total words produced; cf. 

Hodson, 2006) as “common” use. This relatively high criterion of 40% was in keeping with 

Hodson and Paden (1991) and was used to meet the need for a criterion that identified and 

separated errors that were common from errors that were less common. Note, that the 

presence of different WAP categories of error were not mutually exclusive.  

RESULT 

All 93 participants completed the DEAP-Phonology (Dodd et al., 2002): 92 produced 

all 50 words and 1 child produced 49 words. Therefore a total of 4649 tokens from the 
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DEAP-Phonology were analysed. The 93 participants were required to produce 30 

polysyllables from the POP (Baker, 2013) and while 70 produced all 30 words, 13 produced 

29 words, and 10 produced between 25-28 words. Therefore a total of 2749 tokens from the 

POP were analysed. 

Percentage of consonants, vowels, and total phonemes correct 

The first aim was to determine whether there was a significant difference between 

PCC, PVC, and PPC between a routine measure of speech production and a measure of 

polysyllable production. The PCCs across the DEAP and the POP ranged from 29.1- 86.5 and 

28.1-85.9 respectively. A similar pattern was observed based on the PVC across the DEAP 

and the POP (range = 67.9-100; 61.8-99.0) and the PPC across the DEAP and the POP (range 

= 47.3-90.9; 43.9-88.7). Wilcoxon signed-rank tests were conducted to determine whether 

there was a significant difference between PCC, PVC, and PPC based on the two speech 

production assessment tasks. Wilcoxon signed-rank tests were selected because the PCC, 

PVC, and PPC from the DEAP-Phonology was not normally distributed, with PCC skewness 

of -0.97 (SE = 0.25) and kurtosis of 0.94 (SE = 0.50), PVC skewness of -1.22 (SE = 0.25) and 

kurtosis of 1.88 (SE= 0.50), and PPC skewness of -1.06 (SE = 0.25) and kurtosis of 1.27 (SE= 

0.50). The results of the Wilcoxon signed-rank test are presented in Table I. Table I 

demonstrates that there was no significant difference between PCC, Z = -0.28, p = 0.78 and 

PPC, Z = -1.70, p= 0.09. However, a statistically significant difference in PVC was identified 

between the two speech production tasks, Z = -7.39, p<0.00. The participants demonstrated 

lower vowel accuracy on the POP compared to the DEAP-Phonology. 

Insert Table I here 

Analysis of seven categories of polysyllable error 

The second aim was to categorise polysyllable errors made by children with 

phonologically-based SSD and describe children’s polysyllable maturity considering these 
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errors. The participants’ productions of 30 words from the POP (Baker, 2013) were analysed 

using the WAP (Masso, 2016a) to identify the presence of seven categories of error. The 

occurrence of each error category is outlined in Table II and was measured as present or not 

present in each word. The most commonly occurring error category across the 30 words was 

substitutions (M= 20.19, SD = 4.06). In order, the next most commonly occurring error 

categories were: alteration of phonotactics (M= 16.33, SD = 5.33), deletions (M= 15.18, SD = 

5.58), alteration of timing (M= 13.26, SD = 5.29), assimilation and/or alteration of sequence 

(M= 3.73, SD = 2.29), additions (M= 1.97, SD = 1.5), and distortions (M= 0.83, SD = 1.38). 

Within the analysis structure of the WAP, each word was analysed based on the presence or 

absence of the main category and then, the occurrence of each subcategory for any present 

main category.  

Insert Table II here 

Category 1: Substitution of consonants or vowels (SUB)  

Main category analysis. Substitution of consonants or vowels was a frequent pattern 

across the participants, with 91/93 (97.8%) participants demonstrating common use of this 

pattern. The mean occurrence of the substitution of consonants or vowels across the 

participants’ productions of 30 words was 20.19 (SD = 4.06, range = 10-28). The top two 

words that most frequently included the substitution of consonants or vowels were: 

tyrannosaurus and thermometer (see Table II).  

Subcategory analyses. Substitution of consonants or vowels was further analysed in 

two different ways by considering the number of consonant substitutions (mean = 25.8) and 

vowel substitutions (mean = 9.46).  

Category 2: Deletion of syllables, consonants or vowels (DEL)  

Main category analysis. Deletion of syllables, consonants or vowels was a frequent 

pattern across the participants, with 61/93 (65.6%) demonstrating common use of this pattern. 
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Deletion of syllables, consonants or vowels was initially measured as a binary variable 

(present or not present in each word). The mean occurrence of the deletion of syllables, 

consonants or vowels across the participants’ productions of 30 words was 15.18 (SD = 5.58, 

range = 5-28). The top two words that most frequently included the deletion of syllables, 

consonants or vowels were: computer and barbeque (see Table II). 

Subcategory analyses. Deletion of syllables, consonants or vowels was further 

analysed in 20 different ways by considering the number and type of syllables deleted (six 

subcategories), consonants deleted (six subcategories) and vowels deleted (eight 

subcategories) (see Table III). Consonants were deleted more frequently than vowels with 

syllable position and stress playing a role in the frequency of deletion. Non-final weak 

syllables were most frequently deleted. This was reflected in the frequency of word-initial 

(mean = 2.43) and within word (mean = 2.15) weak syllable deletion as well as word-initial 

(mean = 3.27) and within word (mean = 2.84) weak vowel deletions. Syllable-initial 

consonants of weak syllables were the most frequently deleted consonants (mean = 9.12). 

Category 3: Distortion of consonants or vowels (DIST)  

Main category analysis. Distortion of consonants or vowels was an infrequent pattern 

across the participants, with none of the participants demonstrating common use of this 

pattern. The mean occurrence of the distortion of consonants or vowels across the 

participants’ productions of 30 words was 0.83 (SD =1.38, range = 0-7). The top two words 

that most frequently included the distortion of consonants or vowels were: koala and animals 

(see Table II).  

Subcategory analyses. Distortion of consonants or vowels was further analysed in two 

different ways by considering the number of distortions of vowels (more frequent) and 

consonants (less frequent) specifically (see Table III).  

Category 4: Addition of consonants or vowels (ADD)  
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Main category analysis. Addition of consonants or vowels was an infrequent pattern 

across the participants, with none of the participants demonstrating common use of this 

pattern. Addition of consonants or vowels was initially measured as a binary variable (present 

or not present in each word). The mean occurrence of the addition of consonants or vowels 

across the participants’ productions of 30 words was 1.97 (SD = 1.57, range = 0-8). The top 

two words which most frequently included the addition of consonants or vowels were: 

hippopotamus and spaghetti (see Table II).  

Subcategory analyses. Addition of consonants or vowels was further analysed in two 

different ways by specifically considering the number of consonants added (more frequent) 

and the number of vowels added (less frequent) (see Table III).  

Insert Table III here 

Category 5: Alteration of phonotactics (AP)  

Main category analysis. Alteration of phonotactics was a frequent pattern across the 

participants, with 72/93 (77.4%) demonstrating common use of this pattern. Alteration of 

phonotactics was initially measured as a binary variable (present or not present in each word). 

The mean occurrence of the alteration of phonotactics across the participants’ productions of 

30 words was 16.33 (SD = 5.33, range = 5-28). The top two words that most frequently 

included the alteration of phonotactics were: kangaroo and caterpillar (see Table II).  

Subcategory analyses. Alteration of phonotactics was further analysed in two ways by 

considering the length and shape of the words (see Table III). Overall, children’s word shape 

was less accurate than word length. 

Category 6: Alteration of timing (AT)  

Main category analysis. Alteration of timing was a frequent pattern across the 

participants, with 59/93 (63.4%) demonstrating common use of this pattern. Alteration of 

timing was initially measured as a binary variable (present or not present in each word). The 

mean occurrence of the alteration of timing across the participants’ productions of 30 words 
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was 13.26 (SD = 5.29, range = 1-23). The top two words that most frequently included the 

alteration of timing were: hippopotamus and computer (see Table II).  

Subcategory analyses. Alteration of timing was further analysed in four ways by 

considering the stress accuracy, weak onset accuracy, strong onset accuracy, and syllable 

segregation of the words (see Table III). Overall, children produced stress incorrectly more 

frequently on weak-onset syllables (mean = 4.97) compared to strong-onset syllables (mean 

=2.54). 

Category 7: Assimilation and/or alteration of sequence (ASEQ) 

Main category analysis. Assimilation and/or alteration of sequence was an infrequent 

pattern across the participants, with none of the participants demonstrating common use of 

this pattern. Assimilation and/or alteration of sequence was measured as a binary variable 

(present or not present in each word). The mean occurrence of assimilation and/or alteration 

of sequence across the participants’ productions of 30 words was 3.73 (SD = 2.29, range = 0-

10). The top two words that most frequently included this category were: hippopotamus and 

vegetables (see Table II).  

Subcategory analysis. The category of assimilation and/or alteration of sequence 

(ASEQ) was further analysed in two ways by considering the presence of assimilation and the 

presence of an alteration of the sequence of segments within the word (see Table III). Both 

subcategories were represented occasionally with assimilation present more frequently (mean 

= 2.12) than alteration of sequence (mean = 0.86) (see Table III). 

The Framework of Polysyllable Maturity 

The Framework of Polysyllable Maturity (Masso, 2016b; see Table IV) describes five 

levels of polysyllable maturity for the children in this sample. Substitutions were not included 

as an element of the Framework due to the high prevalence of substitution errors among the 

participants and the need for a parsimonious scaffold to describe polysyllable maturity in 

children with phonologically-based SSD. The inclusion of substitutions as a component did 
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not add meaningful variance to the levels as all the children at each level demonstrate 

frequent substitution errors. The Framework accounts for all children (n = 91) who 

demonstrated a high frequency of substitution errors (that is, common use of substitutions). 

The Framework documents five levels of polysyllable maturity based on the presence and/or 

absence of the remaining three most frequent error categories demonstrated by children with 

phonologically-based SSD: deletions (with specific interest in the divide between the 

presence of vowel deletion and consonant deletion), alteration of phonotactics, and alteration 

of timing. Within the Framework, children were deemed to demonstrate that a category was 

present when they demonstrated common use of that category. That is, they demonstrated the 

use of the category on at least 40% of the sampled words. Levels were determined based on 

previous evidence exploring phonotactic and stress accuracy during the typical development 

of polysyllables (James, 2006).  In Level A, 17/91 (18.7%) children presented with frequent 

deletion, phonotactic, and timing errors. In Level B, 37/91 (40.7%) children demonstrated 

phonotactic and timing errors. In Level C 17/91 (18.7%) children demonstrated phonotactic 

errors and fewer timing errors. The five (5.5%) children in Level D presented with more 

accurate phonotactics but ongoing alterations of timing. In Level E, 15 (16.5%) children did 

not demonstrate deletion, phonotactic or timing errors and only demonstrated substitution 

errors. Thus, 71/91 (78.0%) children who presented with common substitution errors also 

presented with frequent errors in phonotactic structure. 

Insert Table IV here 

DISCUSSION 

This study aimed to explore the polysyllable productions of preschool children with 

phonologically-based SSD of unknown origin through a comparison of speech accuracy on a 

routine measure of speech production (DEAP; Dodd & Dodd, 2002) and a polysyllable task 

(POP; Baker, 2013) as well as a comprehensive analysis of the categories of error present in 
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children’s speech. Results from this study indicate that the use of PCC alone as a measure of 

speech accuracy, particularly when based on a routine speech sampling task with few 

polysyllables, may mask qualitative differences between children in a heterogeneous sample 

of children with phonologically-based SSD of unknown origin. The results will be discussed 

in the following sections with regard to each of the research aims and within the context of 

the broader literature.  

Consonant, vowel and total phoneme accuracy 

The analysis presented in this study highlights that children have lower vowel accuracy 

when saying polysyllables compared to a routine speech sampling task which includes few 

polysyllables. This finding suggests that vowel accuracy may be underestimated when using 

picture naming tasks that predominantly consist of mono- and disyllables. Thus, this finding 

demonstrates the contribution of polysyllable sampling tasks to tax children’s phonological 

system, particularly for vowels, beyond what is possible based on routine speech sampling 

tasks. Therefore, polysyllables could be considered an essential component of any assessment 

battery to explore the range of possible phonological errors in preschool children with SSD. 

This confirms and extends the work of previous authors who have advocated for the use of 

polysyllables in assessment (Baker & Munro, 2011; Gozzard et al., 2006; James, 2006; James 

et al., 2008, Kehoe & Steol-Gammon, 1997; Mason et al., 2015; Young, 1991). In addition to 

the importance of sampling polysyllables, the results also highlight the importance of 

polysyllable measures moving beyond PCC, PVC, and PPC alone to account for qualitative 

difference in children with SSD.  

Children’s PCC was not significantly different between the DEAP-Phonology (Dodd et 

al., 2002) and the POP (Baker, 2013) in this study. A lack of significance is surprising, 

particularly because previous reports suggested that polysyllables are more prone to error 

than mono- and di-syllables (James, 2006). Thus, based on these PCC or PPC data alone, we 
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run the risk of concluding that there is no significant advantage in completing a polysyllable 

sampling task with children who have SSD. However, the significant difference in vowel 

accuracy between the DEAP-Phonology and the POP demonstrates the value of polysyllable 

sampling with children who have SSD of unknown origin.  

It is widely agreed that children’s paradigmatic production of vowels (that is, vowels 

produced in isolation) is achieved by approximately 3 years of age (Allen & Hawkins, 1980; 

Smit, Hand, Freilinger, Bernthal, & Bird, 1990). Whereas, children’s syntagmatic productions 

(that is, vowels produced in context) continue to develop beyond the preschool years, 

particularly in non-final weak syllables (James et al., 2008; James et al., 2016). The 

prominent vowel errors demonstrated by our sample of children were to those vowels within 

non-final weak syllables. This highlights the need for polysyllables to be sampled in 

assessment to allow for an adequate number of opportunities for children to produce, or 

attempt, non-final weak syllables. Kirk and Vigeland (2015) suggested that a minimum of 

four opportunities for each error pattern should be sampled when assessing the phonological 

capabilities of children. Through polysyllable sampling, there are an increased number of 

possible occurrences of non-final weak vowel and/or total syllable deletion, as well as 

atypical structural errors (e.g. deletion of stressed vowels). 

Seven categories of error are present in the polysyllable productions of preschool 

children with SSD of unknown origin 

In this study, we demonstrated a comprehensive method of analysis of children’s 

productions of polysyllables (using the WAP; Masso, 2016a) that was developed after 

consideration of categories of error identified in children with typically developing speech 

and language (James, 2006) in addition to two categories of error (distortions and 

substitutions) which frequently occur in the speech of children with SSD (van Riper, 1939). 

In the following sections, the errors made by children in the POP will be discussed in order of 
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frequency. Errors are discussed in terms of the observations of this analyses compared with 

previous literature based on children’s speech accuracy and ongoing considerations regarding 

how each category may reflect the specification of children’s underlying phonological 

representations.   

 Using the WAP, the most frequent category of polysyllable error present within this 

sample of children was substitution of consonants or vowels. This is not surprising due to the 

frequency of substitution errors in typically developing preschool children (Dodd, Holm, Hua 

& Crosbie, 2003; Hodson & Paden, 1981; James et al., 2016) and children with SSD 

(McLeod, Harrison, McAllister, & McCormack, 2013; Shriberg et al., 2010) as well as the 

number of systemic phonological processes that affect segmental accuracy (e.g. fronting and 

stopping). The high frequency of substitution errors in this sample does further highlight that 

children with phonologically-based SSDs are likely to have poor underlying phonological 

representations of polysyllables which is supported by the previous observations of Anthony 

and colleagues (2011). The high frequency of this category highlights the importance of 

ongoing consideration for the substitution errors demonstrated in children’s speech, whether 

speech is sampled in mono-, di- or polysyllables.  

The second most frequent category present within this sample was alteration of 

phonotactics (i.e. addition or deletion of singleton consonants, consonant clusters or vowels). 

This work extends previous research by Mason et al. (2015) about the phonotactic accuracy 

on a sample of polysyllables produced by children with SSD. The high frequency of this 

category reflects the significant number of deletion errors demonstrated by the children in 

this sample and thus, may also be a measure of the accuracy/inaccuracy of children’s 

phonological representations due to deletions. Shriberg et al. (2005) theorised that deletion 

errors may be indicative of weak or missing phonological representations for the target 

consonant. The use of a phonotactic measure of polysyllables may be useful to monitor 
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overall improvement in word length and shape, in addition to the reduction of deletion errors 

following intervention. The frequency of this category of error highlights the importance of 

word-level analysis for children with SSD (e.g. using the WAP, Masso, 2016a, or the method 

of polysyllable measurement grounded in non-linear phonological theory presented by Mason 

et al., 2015) in addition to analyses based on phonological processes.  

The third most frequent error category demonstrated was the deletion of syllables, 

consonants or vowels. The current research quantifies the high frequency of polysyllable 

deletion errors in children with SSD of unknown origin (65.6% of all children demonstrating 

common use). This high rate of deletion errors is consistent with previous research reporting 

deletion frequency of preschool-aged children with SSD (e.g. Rvachew et al., 2007). As 

mentioned previously, children’s deletion of syllables, consonants or vowels in polysyllables 

may imply poorly specified underlying representations (Anthony et al., 2011). Thus, the 

children in this sample who demonstrated deletions, particularly of whole syllables, may have 

more poorly specified stored representations than those who did not demonstrate deletions. 

These data also support the notion that children’s phonological system may be more taxed 

during the production of polysyllables and may manifest as a larger number of deletion and 

substitution errors in children with poorer phonological representations. Thus, children who 

present with fewer polysyllable errors, particularly fewer non-final weak syllable deletions, 

have more mature polysyllable productions than those children with frequent non-final weak 

syllable deletions. These data lay the foundation for further exploration of the maturity of 

children’s polysyllable productions and the possible relationship between polysyllable 

maturity, phonological processing and emergent literacy skills.  

Alteration of timing was the fourth most frequent error category and implies the ongoing 

challenges that children with SSD face achieving stress accuracy in polysyllables. Until now, 

very little was known about the accuracy of stress within the polysyllable productions of 
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preschool children with SSD. Interestingly, the sample presented in this study demonstrated 

more prominent stress inaccuracy than the clinical population of younger children with SSD 

(mean age of 3;10 years) reported by Vick and colleagues (2014). The sample of younger 

children demonstrated stress inaccuracy of 29.5% on a sample of five repetitions of six 

disyllabic words. The stress inaccuracy reported by Vick et al. (2014) represents markedly 

less stress inaccuracy than the 45.2% demonstrated by this sample although this discrepancy 

is likely due to the increased stress complexity of polysyllables over disyllables, and the 

larger speech sampling task used in the current study. Interestingly, children with typically 

developing speech and language who demonstrate more phonotactic accuracy (as measured 

by fewer consonant and vowel deletions) may temporarily achieve reduced stress accuracy as 

their polysyllable productions mature (James, 2006; James et al., 2008).  

The three other error categories that were identified within the POP speech samples 

occurred infrequently: addition of consonants or vowels, distortion of consonants or vowels, 

and assimilation and/or alteration of sequence. The infrequent or less common occurrence of 

vowel and consonant additions (e.g. epenthesis) and alterations in sequence (e.g. metathesis) 

are in line with previously reported infrequency of these error patterns in children with 

typically developing speech and language (James et al., 2016; James, 2006; McLeod, van 

Doorn & Reed, 2001) and children with SSD (McLeod, van Doorn & Reed, 1997). Similarly, 

the infrequent demonstration of distortion of consonants or vowels was also unsurprising as 

distortions are more characteristic of children with articulation-based SSD (Shriberg et al., 

2010).  

The Framework of Polysyllable Maturity highlights qualitative difference in children 

with SSD 

Substitution errors featured prominently in the polysyllable productions of children 

with phonologically-based SSD. Ninety-one of the 93 (97.8%) children in this sample 
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presented with frequent substitution errors. The Framework (Table IV) was developed to 

describe, interpret, and classify the polysyllable productions of these children. The 

Framework highlights the qualitative differences that exist within a sample of children with 

phonologically-based SSD when polysyllable maturity is considered based on deletion errors, 

alterations of phonotactics, and alterations of timing. Substitution errors can mask analysis 

and clinical judgement about children’s polysyllables when considering broader phonological 

development. Clinically, comprehensive word-level analysis of polysyllables may assist with 

ongoing monitoring of polysyllable maturity and generalisation of intervention targets across 

to non-treatment linguistic elements.  

Polysyllable acquisition described by James (2006), and James and colleagues (2008), 

accounted for changes to the frequency of deletion errors, alterations of phonotactics, and 

alterations of timing, but did not explicitly account for substitution errors (beyond those 

expected in typical development and those which demonstrate the preservation of 

phonotactics). Thus, the Framework can be used to classify polysyllable accuracy observed in 

children with typically developing speech and language (James, 2006; James et al., 2008) as 

well as for children with SSD.  

When considering the children in this study, a large proportion of children described 

within the Framework (71/91 children; 78.0%) demonstrated common errors in phonotactic 

structure. This high frequency of phonotactics errors highlights the wide-spread inadequacy 

in the polysyllable productions of children with SSD and the possible insight that 

polysyllables may provide in understanding children’s phonological representations. For 

example, that children in Level A, who demonstrate the least mature realisation of 

polysyllables (in addition to frequent substitutions), may have more poorly specified 

phonological representations than those represented in the later levels of polysyllable 

maturity. Thus, if stored phonological representations form part of the foundations for 
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children’s phonological awareness and emergent literacy development, these children with 

the poorest specified polysyllables (those in Level A) may be at most risk of emergent 

literacy difficulties. This idea requires more investigation and evidence-based support.  

Future research  

Based on this preliminary work, further research using the WAP and the Framework is 

indicated to determine whether children’s polysyllable maturity may also be linked to long-

term speech prognosis, severity of disorder, response to treatment or considerations for 

treatment planning. More work is required before polysyllables could be used as a primary 

diagnostic tool for preschool children with suspected SSD. The recent findings of James et al. 

(2016) suggest that children with typically developing speech and language present with 

frequent cluster reduction and substitution errors (i.e. fricative simplification) within 

polysyllables up until at least the age of seven years old. Thus, in preschool, children with 

typically developing speech and language also demonstrate high frequency of errors when 

saying polysyllables (James et al., 2016). The findings of the current investigation pave the 

way for future research regarding the diagnostic value of polysyllable sampling and analysis 

in identifying preschool children with poor polysyllable maturity and those who may be most 

at-risk of future literacy difficulties. Further research should examine the clinical profiles of 

preschool children with respect to their level of polysyllable maturity and emergent literacy 

abilities in preschool as well as children’s literacy acquisition during the school years. In light 

of previous research (e.g. Preston et al., 2013; Rvachew et al., 2007), future research should 

also consider children’s atypical speech errors when exploring links between polysyllable 

accuracy and literacy development. The data analysed using the WAP (Masso, 2016a) was 

only based on one single-word assessment task at one point in time. It may also be valuable 

to complete the WAP on children’s polysyllable samples across a number of time-points to 

explore the development of polysyllable accuracy and maturity in preschool children with 
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SSD and later development when children reach school age. It would also be valuable to 

compare children’s abilities to produce polysyllables in single-word versus connected speech 

contexts and changes in their polysyllable accuracy between sampling contexts, over time.  

Limitations 

There are three primary limitations to this study. First, many of the children in our 

sample performed poorly on the oromuscular function task. Eighty-eight (96.7%) participants 

demonstrated oromotor function outside the typical range based on the protocol described by 

Robbins and Klee (1987). This poor performance is likely due to the co-ordinated speech 

movement component of the test (including the repetition of real words) that accounted for 

most of the variance in the original reported sample (Robbins & Klee, 1987) and targets 

speech production accuracy. Children with delayed phonological development, as represented 

in our sample, perform poorly on single-word repetition tasks and this is reflected in their 

oromuscular function scores. Future studies should consider the bias of the Robbins and Klee 

(1987) protocol for children with phonologically-based difficulties in the absence of motor 

planning or motor control difficulties.  

A further limitation of the current method of analysis is the implementation of a 

consistent criterion for the presence of each main error category. In this case, a threshold of 

40% was selected to indicate when children demonstrated the common use of an error (or 

category of error). This consistent criterion, used across all categories regardless of expected 

frequency of errors, may reduce the sensitivity of the WAP to identify children who 

demonstrate certain types of low-frequency errors (e.g. metathesis).   

The polysyllable sampling task (POP; Baker, 2013), and analysis method (WAP; 

Masso, 2016a), have not been tested in any other contexts to date. The use polysyllable 

sampling tasks with more robust item selection (i.e. reaching a threshold item discrimination 

score as described by James, 2001) and tested content validity may produce varying results to 
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those presented here. Similarly, without a normative sample of the POP, it is difficult to 

determine the threshold at which errors present on this test may indicate clinically meaningful 

data. Finally, the, deletion errors (Category 2, Deletion of syllables, consonants or vowels), 

addition errors (Category 4, Addition of consonants or vowels) and phonotactic errors 

(Category 5, Alteration of phonotactics) occurrences are not mutually exclusive. That is, 

through the deletion of syllables and/or the addition or deletion of consonants and vowels, 

children change the phonotactic structure of polysyllables. It was reasoned that identification 

of all three categories would be helpful in discerning whether individual children demonstrate 

poor phonotactic structure in general, or, if they have more specific issues involving addition 

or deletion. Further research would be needed to determine if and/or how each of these three 

measures offer unique insights into children’s productions of polysyllables. 

Conclusion 

 The current research has clinical implications for the routine assessment and analysis 

of the speech production abilities of preschool children with SSD of unknown origin. These 

data highlight the usefulness of polysyllables when assessing children with SSD to gain a 

broader understanding of children’s speech production accuracy in different speech contexts. 

Through comprehensive polysyllable analysis of children’s polysyllable errors (e.g. using the 

WAP), greater insight into the maturity of children’s phonological systems beyond segmental 

accuracy can be gained and interpreted using the Framework.  

Different methods of sampling and analysing speech production result in different 

conclusions about the severity of children’s speech difficulties and the importance of 

different types of errors within children’s speech. This study confirms the recommendations 

of previous authors that polysyllables be included in assessments of children’s speech, 

because they are clinically valuable to tax children’s phonological systems. Measures of 

PCC, PVC, and PPC alone may mask broader phonological differences between preschool 
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children with SSD. Further, greater insight into children’s polysyllable errors and level of 

polysyllable maturity can be gained through more in-depth qualitative analysis of error types.  
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Appendix A. Characteristics of the children based on developmental assessments (n = 93) 

Note. S2 = Stage 2 of the Sound Start Study; S3 = Stage 3 of the Sound Start Study; WNL = Within normal limits; a Achieved the pass criteria for age – total raw score of 4 or 
more (4-year-olds) or 5 or more (5-year-olds), b Achieved a standard score of 70 or above (within 2 SD of mean) 

Aspect of 
communication 

Assessment task 
 

Subscale Stage  Mean (SD) Range WNL  
n (%) 

Not WNL  
n 

(%) 

Valid 
data 

Expressive and 
Receptive Language 

Preschool Language Scales – 
Screening test (PLS-5; 
Zimmerman et al., 2013) 

Language total raw score (out of a 
possible 6) 

S2 2.8 (1.6) 0-6 35a 
(38.5%) 

56 (61.5%) 91 

Receptive Vocabulary Peabody Picture Vocabulary Test 
– fourth edition (PPVT, Dunn & 
Dunn, 2007) 

Form A – standard score (possible 
standard score between 20-160) 

S3 93.9 (14.6) 45-123 88b 
(94.6%) 

5 (5.4%) 93 

Hearing Pure-tone audiometry (1.5, 1, 2, 
4kHz at 40dB) 

 S2/3 - - 91 
(97.8%) 

2 (2.2%) 93 

Oromotor skills 
 

Robbins & Klee (1987) Structure (out of a total possible 
of 24) 

S2 22.3 (1.9) 
 

13-24 74 
(81.3%) 

17 (18.7%) 91 

Function(out of a total possible of 
112) 

S2 91.7 (11.0) 29-110 3 (3.3%) 88 (96.7%) 91 

Nonverbal 
intelligence 

Primary Test of Nonverbal 
Intelligence (PTONI, Ehrler & 
McGhee, 2008) 

Nonverbal index (possible 
standard score between 46-149) 

S2 100.3 (17.3) 70-146 93 
(100.0%) 

0 (0.0%) 93 

The supplementary material for this paper is available as 
Appendix B of this thesis 
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Table I.  
Percentage of Consonants, Vowels, and Phonemes (total) Correct on Two Speech Assessments (n = 93) and results of the Wilcoxon 
signed-rank test. 
Measure
  

DEAP POP Z Sig. (2-tailed) 

 Mean Median Range Mean Median Range   
Percentage of consonants correct 
(PCC) 

 64.8 66.2 29.1-86.5  64.6 64.1 28.1-85.9 -0.28 0.78 

Percentage of vowels correct 
(PVC) 

91.1 92.4  67.9-100 82.9 83.8 61.8-99.0 -7.39 0.00* 

Percentage of phonemes correct 
(PPC) 

 74.2 75.0  47.3-90.9 72.7 73.5 43.9-88.7 -1.70 0.09 

Note. DEAP = Diagnostic Evaluation of Articulation and Phonology – Phonology subtest (Dodd et al., 2002); POP = Polysyllable Preschool Test 
(Baker, 2013); * significant p<.001 
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Table II.  

Mean Number of Words Displaying an Error Per Category (n = 93), and the Number of Participants Showing the Presence of Each 
Error Category on the Polysyllable Preschool Test. 
Category  Mean number of words 

displaying an error  
(max. words = 30)  

Number of children showing the presence of each 
error category 

Top 2 words 
affected 

 Mean   SD Range No use (%)a Less common 
use 1-11 (%)b 

Common use 
12(%)c 

 

1. Substitution of 
consonants or 
vowels  

20.19 4.06 10-28 0 (0.0%) 2 (2.2%) 91 (97.8%) tyrannosaurus, 
thermometer 

2. Deletion of 
consonants or 
vowels  

15.18 5.58 5-28 2 (2.2%) 22 (23.7%) 61 (65.6%) computer, 
barbeque 

3. Distortion of 
consonants or 
vowels 

0.83 1.38 0-7 53 (57.0%) 40 (43.0%) 0 (0.0%) koala, animals 

4. Addition of 
consonants or 
vowels 

1.97 1.57 0-8 80 (86.0%) 13 (14.0%) 0 (0.0%) hippopotamus, 
spaghetti 

5. Alteration of 
phonotactics 

16.33 5.33 5-28 0 (0.0%) 15 (16.1%) 72 (77.4%) kangaroo, 
caterpillar  

6. Alteration of timing 13.26 5.29 1-23 0 (0.0%) 31 (33.3%) 59 (63.4%) hippopotamus, 
computer 

7. Assimilation and/or 
alteration of 
sequence 

3.73 2.29 0-10 3 (3.2%) 90 (96.8%) 0 (0.0%) hippopotamus, 
vegetables 

Note. a The number of participants (and percentage of total) who demonstrated the no use of the error category, b The number of 
participants (and percentage of total) who demonstrated less common use of the error category (presence on 1-11 words), c The 
number of participants who demonstrated common use of the error category (presence on at least 12 words; at least 40% of words). 
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Table III.  

Mean Occurrence, SD and Range Of Errors on the Polysyllable Preschool Test for Each WAP Subcategory across All Participants (N = 93), the Number 
of Participants Demonstrating the Error At Least Once and the Top Two Words Affected. 

Main category and subcategory  
Mean 
Occurrence 

SD Range 
Maximum 
opportunitiesa 

Participantsb  Top 2 words affected 

1. Substitution of consonants or vowels (SUB)       
a) Substitution of consonant/s  25.8 8.99 8-54 128 93 (100%) spaghetti, tyrannosaurus 
b) Substitution of vowel/s  9.46 4.50 0-20 102 92 (98.9%) calculator, cauliflower  

2. Deletion of syllables, consonants or vowels (DEL)       
Total syllable deletion 

      

a) Word-initial stressed syllablesc 0.29 0.56 0-2 18 22 (23.7%) avocado, escalator  

b) Word-initial weak syllablesc 
2.43 2.57 0-11 

12 
67 

(72.0%) 
thermometer, hippopotamus 

c) Within word stressed syllablesc 0.18 0.49 0-3 21 14 (15.1%) thermometer, tyrannosaurus 
d) Within word weak syllablesc 2.15 2.50 0-11 21 61 (65.6%) hippopotamus, animals 
e) Word-final stressed syllablesc 0.04 0.20 0-1 13 4 (4.3%) spaghetti, potato 
f) Word-final weak syllablesc 0.27 0.59 0-3 17 19 (20.4%) thermometer, cauliflower 
Consonant deletion       
g) Presence of consonant deletiond 14.2 5.54 4-28 30 93 (100%) computer, calculator 
h) Total number of consonants deleted 18.8 8.50 5-41 128 93 (100%) computer, calculator 
i) Syllable-initial consonant/s of stressed syllablesc 4.18 2.46 0-13 52 90 (96.8%) barbeque, computer 
j) Syllable-initial consonant/s of weak syllablesc 9.12 5.20 2-26 47 93 (100%) calculator, ambulance 
k) Syllable-final consonant/s of stressed syllablesc 3.61 1.89 0-8 15 92 (98.9%) vegetables, calculator 
l) Syllable-final consonants of weak syllablesc 2.08 1.60 0-8 12 81 (87.1%) computer, elephant 
Vowel deletion       
m) Presence of deletion of vowelsd 6.69 5.19 0-20 30 91 (97.8%) tyrannosaurus, thermometer 
n) Total number of vowels deleted  7.24 5.70 0-22 102 91 (97.8%) tyrannosaurus, thermometer 
o) Word-initial stressed vowelc 0.38 0.67 0-3 18 27 (29.0%) avocado, hippopotamus 
p) Word-initial weak vowelc 3.27 2.85 0-11 12 78 (83.9%) tyrannosaurus, thermometer 
q) Within word stressed vowel/sc 0.24 0.56 0-3 21 17 (18.3%) tyrannosaurus, thermometer 
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r) Within word weak vowel/sc 2.84 2.96 0-12 21 73 (78.5%) animals, hippopotamus 
s) Word-final stressed vowelc  0.09 0.28 0-1 13 8 (8.6%) koala, barbeque 
t) Word-final weak vowelc 0.43 0.68 0-3 17 32 (34.3%) cauliflower, thermometer 

3. Distortion of consonants or vowels (DIST)       
a) Distortion of consonants  0.22 0.76 0-5 128 9 (9.7%) echidna, ambulance 
b) Distortion of vowels  0.66 1.14 0-6 102 35 (37.6%) koala, barbeque 

4. Addition of consonants or vowels (ADD)       
a) Addition of consonants  1.7 1.50 0-7 - 71 (76.3%) spaghetti, echidna 
b) Addition of vowels  0.7 1.0 0-4 - 42 (45.2%) echidna, thermometer 

5. Alteration of phonotactics (AP)       
a) Length incorrect  7.88 5.64 0-22 102 91 (97.8%) medicine, tyrannosaurus 
b) Shape incorrect  25.8 13.7 6-60 230 93 (100%) calculator, ambulance 

6. Alteration of timing(AT)       
a) Stress incorrect 12.2 5.14 1-23 30 93 (100%) thermometer, echidna 
b) Weak onset incorrectc  4.97 2.79 1-11 12 91 (97.8%) tyrannosaurus, echidna 
c) Strong onset incorrectc  2.54 2.01 0-8 18 84 (90.3%) calculator, butterfly 
d) Syllable segregation  3.75 3.07 0-13 30 83 (89.2%) calculator, hippopotamus 

7. Assimilation and/or Alteration of sequence (ASEQ)      
a) Assimilation  2.12 1.98 0-11 30 77 (82.8%) hippopotamus, vegetables 
b) Alteration of sequence 0.86 1.11 0-4 30 43 (16.1%) spaghetti, escalator 

Note. aMaximum number of possible occurrences of each category (except ADD) based on the POP word list, there was no maximum number of opportunities for the main category of 
‘addition of consonants or vowels (ADD)’, bNumber of participants demonstrating the pattern on at least one occasion, cThis variable was only present for words which included this 
linguistic element, hence the lower number of opportunities for this error type, dIn the main category of ‘deletion of syllables, consonants or vowels (DEL)’ consonant/vowel deletion 
was identified as both present or absent per word, as well as the number of across all vowels/consonants in the POP word list.  
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Table IV.  

The Framework of Polysyllable Maturity (Masso, 2016b) applied to Children in the Present Study who Demonstrated Substitution Errors (SUB) on at 
Least 40% of Words (n = 91) 

Maturity Description 
DEL AP AT 

Number of 
children 

Vowel Cons    
Least 

 
 
 
 
 
 
 
 
 
 

 
Most 

A. Vowel and consonant deletions, alterations of 
phonotactics, and alterations of timing.  

+ + + + 17 (18.7%) 

B. Alterations of phonotactics due to consonant deletions or 
other (e.g. additions) although some vowel deletions may 
be present. Alterations of timing are ongoing. 

- +/- + + 37 (40.7%) 

C. Fewer instances of alterations of timing. Alterations of 
phonotactics due to consonant deletions or other (e.g. 
additions) are ongoing.  

- +/- + - 17 (18.7%) 

D. Fewer instances of alterations of phonotactics. Alterations 
of timing present.  

- - - + 5 (5.5%) 

E. Fewer instances of deletions, alterations of phonotactics 
or alterations of timing. 

- - - - 15 (16.5%) 

Framework of Polysyllable Maturity, © Sarah Masso, 2016b 
Note. + indicates the presence of the feature in at least 40% of words, - indicates the absence of the feature in at least 40% of words, +/- indicates the 
presence or absence of the feature, DEL = Deletion of syllables, consonants or vowels, AP = Alteration of phonotactics, AT = Alteration of timing (stress). 
Progression of maturity based on James, 2006.  
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Chapter 5 

Longitudinal Changes in Polysyllable Maturity  

of Preschool Children with Speech Sound Disorders
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This chapter addresses the fourth aim of this thesis: To investigate 

the progression of polysyllable maturity in children with speech sound 

disorders (SSD) over time, including factors that influence improvements in 

maturity. Thus, this chapter focuses on children’s polysyllable productions 

(see Figure VI). 

 

Figure VI. Themes addressed in this chapter (shaded). 

This chapter is comprised of the following paper (Paper 4) that has 

been submitted for publication:  

 Masso, S., McLeod, S., Baker, E., Wang, A., & McCormack, J. 

(2016). Longitudinal changes in polysyllable maturity of preschool 

children with speech sound disorders. Manuscript in submission. 

Paper 4 has a primary aim and a secondary aim. The primary aim of this 

study was to investigate children’s polysyllable productions over three 

points in time to determine changes in: (1) consonant and vowel accuracy, 

(2) error category frequency, and (3) levels of maturity. A secondary aim 

was to explore factors influencing improvement in polysyllable maturity 

over time.  

Polysyllable
production

Emergent 
literacy skills

Phonological 
processing skills

Underlying 
phonological 

representations



POLYSYLLABLES OVER TIME    
 

172 
 

 

Longitudinal changes in polysyllable maturity of preschool 

children with speech sound disorders 

Sarah Masso 

Sharynne McLeod 

Cen Wang 

Charles Sturt University, Australia 

Elise Baker 

The University of Sydney, Australia 

Jane McCormack 

The University of Sheffield, UK 

Charles Sturt University, Australia 

 

Correspondence: 

Sarah Masso 

Charles Sturt University  

Locked Bag 450, Silverwater NSW 2128, Australia 

Tel: +61-2-9752 9031 

Email: smasso@csu.edu.au 

 

Keywords: phonology, speech, children, assessment  

 

The authors do not have any conflicts of interest to disclose. 



POLYSYLLABLES OVER TIME    
 

173 
 

Abstract 

Background: Polysyllables, words of three or more syllables, may contribute 

to speech and language therapists’ knowledge of the speech production and 

phonological processing skills of children with speech sound disorders 

(SSD). Children who demonstrate poor polysyllable accuracy before they 

start school may be at greater risk of literacy difficulties. A longitudinal 

investigation of polysyllable accuracy of children with SSD may identify 

children who require additional support, and highlight the impact of child 

and family factors on the progression of children’s polysyllable maturity. 

Aims: The primary aim of this study was to investigate children’s 

polysyllable productions over three points in time to determine changes in: 

(1) consonant and vowel accuracy, (2) error category frequency, and (3) 

levels of maturity. A secondary aim was to explore factors influencing 

improvement in polysyllable maturity over time. Methods and procedures: 

Participants were 80 children (aged 4;0-5;4) with SSD who participated in 

the Sound Start Study and completed the Polysyllable Preschool Test 

(Baker, 2013) three times over a mean of 18.9 weeks (range = 14-22 weeks). 

Percentage of consonants correct (PCC) and percentage of vowels correct 

(PVC) were calculated, and repeated measures ANOVA was used to 

determine changes in PCC and PVC over time. Polysyllable errors were 

categorised according to the Word-level Analysis of Polysyllables (WAP, 

Masso, 2016a); and polysyllable maturity was analysed using the 

Framework of Polysyllable Maturity (Framework, Masso, 2016b), which 

describes five maturity levels (Levels A-E). Binary logistic regression 

identified child and family factors associated with whether children’s 

polysyllable maturity improved over time. Outcomes and results: Children 
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demonstrated a statistically significant increase in consonant and vowel 

accuracy over time as well as a reduction in the use of all categories of 

polysyllable error identified on the WAP. Children who demonstrated the 

lowest level of maturity (Framework Level A) had frequent deletion errors, 

alterations of phonotactics, and alterations of timing. Children in the second 

lowest level of polysyllable maturity (Level B) were 8.62 times more likely 

to improve than children who demonstrated the least mature polysyllables 

(Level A) at Time 1. Conclusions and implications: Children who present 

with frequent deletion errors may be less likely to improve their polysyllable 

accuracy over time.  

 
What this paper adds 

What is already known. Children with speech sound disorders 

(SSD) may find polysyllables particularly difficult to say. If speech errors 

persist to school age, some children may find literacy acquisition 

challenging. Although previous research has suggested that some children 

spontaneously improve their speech production over time, no research has 

explored the progression of children’s polysyllable productions over time.  

What this study adds. The present study explores changes in the 

production of polysyllables over time by children with SSD. Factors 

associated with the progression of children’s polysyllable maturity over 

time are also examined. The results indicate that error frequency reduces 

over time and that the biggest impact on children’s progression of 

polysyllable maturity is children’s starting level of maturity.  
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Clinical implications of this study. The results of this study 

support the use of polysyllables in assessment of children with SSD to 

describe and monitor speech production and development.  
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Longitudinal changes in polysyllable maturity of  

preschool children with speech sound disorders 

INTRODUCTION 

The year before children commence formal literacy instruction 

(typically at 4- to 5-years) is a critical period in which children develop 

fundamental cognitive, linguistic, and social skills required for school. 

Some children who have early speech difficulties may spontaneously 

recover without formal intervention (Roulstone, Peters, Glogowska, & 

Enderby, 2003). However, children who have ongoing speech difficulties 

(Nathan, Stackhouse, Goulandris, & Snowling, 2004) or resolved speech 

sound difficulties (Raitano, Pennington, Tunick, Boada, & Shriberg, 2004) 

may be at greater risk of literacy difficulties than children with no history of 

speech difficulties. Polysyllables (words of three or more syllables) may be 

more sensitive to error in children with speech sound disorders (SSD) 

(Masso, McLeod, Baker, & McCormack, 2016). Poor polysyllable 

production may be one way to identify children at risk of literacy difficulties 

(Larrivee & Catts, 1999) due to the shared cognitive processes that store the 

phonological information required for speech and literacy functions, known 

as phonological representations (Shriberg et al., 2005). Young children with 

SSD have more difficulty saying polysyllables than children without SSD, 

and these difficulties may continue into adolescence and adulthood (Lewis 

& Freebain, 1992). Given the links between polysyllable accuracy and 

literacy development, an investigation of polysyllable production over time 

may assist with the identification of children who are less likely to 

spontaneously improve, and those most at risk of literacy difficulties.  
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Polysyllable production and evaluation 

The polysyllable accuracy of children with SSD has most frequently 

been reported in cross-sectional studies (e.g., James, 2001; Lewis & 

Freebairn, 1992; Preston & Edwards, 2007). Lewis and Freebairn (1992) 

explored the polysyllable production of four groups of individuals who had 

a positive history of SSD including: 20 preschool children (M = 5.19 years), 

23 school-aged children (M = 9.52 years), 17 young adolescents (M = 14.01 

years) and 17 adults (M = 23.15 years), and compared all participants to 

peers who were matched according to age, sex, and socioeconomically 

status. They reported that participants with a history of SSD performed more 

poorly on a polysyllabic word task than their peers at each age which 

suggested that residual effects of early SSD may have an ongoing impact on 

complex speech production skills. Further, Larrivee and Catts (1999) 

reported that children with SSD who demonstrated poor consonant accuracy 

on a polysyllable task also performed more poorly on literacy tasks a year 

after commencing school. Larrivee and Catts did not, however, follow 

changes in children’s polysyllable accuracy over time. Thus, the use of a 

sensitive measure of speech, like polysyllables, may reveal more about the 

nature of underlying speech processing and production difficulties than can 

be determined via routine speech sampling tasks.  

Children with SSD may find polysyllables particularly challenging 

compared to monosyllabic, and di-syllabic words (Masso et al., 2016). In a 

recent study of polysyllable productions of preschool-aged children with 

SSD (Masso et al., 2016), the sampling and measurement of polysyllables 

was explored using the Word-level Analysis of Polysyllables (WAP, Masso, 

2016a) and classified using the Framework of Polysyllable Maturity 
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(Framework, Masso, 2016b). Development of the WAP was informed by the 

work of James (2006) and incorporates van Riper’s (1939) substitutions, 

omissions, distortions, additions (SODA) analysis. The WAP aims to 

determine the frequency with which children demonstrate seven categories 

of error when saying polysyllables: (1) substitution of consonants or vowels, 

(2) deletion of syllables, consonants or vowels, (3) distortion of consonants 

or vowels, (4) addition of consonants or vowels, (5) alteration of 

phonotactics, (6) alteration of timing, and (7) assimilation or alteration of 

sequence. The WAP, when used with a sample of children with 

phonologically-based SSD, highlighted that four categories of error occur 

most frequently: substitutions, alterations of phonotactics, deletions, and 

alterations of timing (Masso et al., 2016).  

The Framework (Masso, 2016b) enables meaningful interpretation 

of the WAP data and classification of children’s polysyllable maturity. Due 

to the high frequency of substitution errors demonstrated by children with 

SSD, substitution errors are not included in the Framework. Instead, the 

Framework classifies children based on the other three categories commonly 

noted: presence of deletion errors, alterations of phonotactics, and 

alterations of timing. The Framework represents a continuum of five 

possible maturity levels and is based on a model of typical polysyllable 

acquisition described by James (2006). Level A identifies children who have 

the poorest polysyllable productions characterised by frequent consonant 

and vowel deletions, alterations of phonotactics, and alterations of timing. 

Level B represents children who have fewer vowel deletions but ongoing 

consonant deletions, alterations of phonotactics and alterations of timing. 

Level C represents children who have ongoing alterations of phonotactics 
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with no prominent alterations of timing. Level D represents children who 

have fewer deletion errors and alterations of phonotactics but renewed errors 

in timing. Level E represents children who have no frequent use of 

deletions, alterations of phonotactics or alterations of timing. Application of 

the WAP and Framework at different time points may provide insight in to 

the longitudinal changes in polysyllable accuracy. 

Factors associated with polysyllable production and changes in 

polysyllable maturity 

 Researchers have shown that a range of child and family factors may 

be associated with polysyllable production and may provide insight into 

understanding changes in children’s polysyllable maturity over time. Older 

children with SSD may demonstrate more accurate polysyllables (i.e., Lewis 

& Freebairn, 1992) and thus, it is important to consider children’s age when 

exploring progressions of polysyllable maturity. Sex has long been 

considered a risk factor for persistent speech sound difficulties (e.g., Wren, 

Roulstone, & Miller, 2012). Children’s language skills are also important to 

consider with some authors suggesting that children with SSD who 

demonstrate more deletion errors may also demonstrate poorer receptive 

language skills (Macrae & Tyler, 2014) due to the underspecification of 

phonological representations required to understand spoken language and 

express spoken language through speech (Shriberg et al., 2005). Children 

with concomitant speech and language difficulties are likely to present with 

more pervasive disruption to their linguistic and phonological systems as 

well as difficulties storing, encoding, or accessing the phonological 

representations required for speech, language, and literacy (MacRae & 

Tyler, 2014; Raitano et al., 2004; Shriberg et al., 2005).  
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In addition to child related factors, family factors such as 

socioeconomic status (SES) and positive family history of speech, language, 

and literacy difficulties may influence speech accuracy. SES, and the impact 

of SES on speech sound development, is contentious. In children with SSD, 

Wren et al. (2012) reported little to no effect of SES on children’s speech 

development in a community sample of 7,390 children followed up at aged 

8;6. However, Roulstone and colleagues (2003) reported a marginal result 

when SES (as measured by maternal level of education) was considered as a 

factor when exploring the speech and language outcomes for 24-42 month 

old children with early speech and language delays. Positive family history 

of speech, language, and literacy difficulties has also been identified as a 

risk factor for speech difficulties in many studies (i.e., Shriberg et al., 2005). 

In the study by Roulstone and colleagues (2003), almost one third (21 out of 

a sample of 69) of children aged 24-42 months with speech and language 

difficulties had a positive family history of speech and language difficulties. 

Further, Shriberg and colleagues (2005) suggest that cognitive-linguistic 

processing difficulties, characterised in speech by a high frequency of 

omission errors, may have a genetic basis. The possible influence of positive 

family history of speech, language and/or literacy difficulties has not yet 

been considered in the context of polysyllable development in preschool 

children with SSD. 
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Aims 

The purpose of this study was to investigate changes in polysyllable 

accuracy and maturity over time. The primary aim of this study was to 

investigate children’s polysyllable productions over three points in time to 

determine changes in: (1) consonant and vowel accuracy, (2) error category 

frequency, and (3) levels of maturity. A secondary aim was to explore 

factors influencing improvement in polysyllable maturity over time.  

With respect to the primary aim, we hypothesise that children will 

improve their consonant and vowel accuracy, error frequency, and level of 

polysyllable maturity over time. However, given the heterogeneous nature 

of SSD, we anticipate that children who demonstrate the most frequent 

deletion errors (i.e., those with the lowest level of polysyllable maturity) 

will demonstrate fewer gains than children with more mature polysyllable 

productions. Through investigating the factors that influence progression, 

we hypothesise that children who present with known risk factors for 

ongoing speech difficulties will be less likely to improve their polysyllable 

maturity over time. Specifically, male children who have a positive family 

history of speech, language, and communication difficulties, poorer 

receptive vocabulary, and lower socioeconomic status may demonstrate 

lower rates of improvement than children with none of these factors. 

METHOD 

The study was approved by the Charles Sturt University Ethics in 

Human Research Committee (approval number 2013/070) and the NSW 

Department of Education and Communities ethics committee (2013267). 

The parents of all participants provided consent for participation in the study 

and all participants provided assent at each assessment session.  
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Context and participant recruitment 

The Sound Start Study was a cluster randomised controlled trial 

conducted in early childhood education centres in Sydney, Australia to 

investigate the effectiveness of the Australian version of the Phoneme 

Factory Sound Sorter software (Wren & Roulstone, 2013) in supporting the 

development of speech and emergent literacy skills of preschool children 

with SSD. The Sound Start Study was completed in three waves over three 

years and included data collection in six stages for each wave. The current 

paper reports on the data from participants who completed all six stages of 

the study in year 1 and year 2 (see Figure 1). The first stage was the 

screening phase, stages 2 and 3 included pre-intervention assessments, stage 

4 was a phase of intervention, and stages 5 and 6 were the post-intervention 

follow-up assessments. This study reports on stage 3 (Time 1) pre-

intervention assessment data, stage 5 (Time 2) immediate post-intervention 

follow-up data, and stage 6 (Time 3) delayed post-intervention follow-up 

data (see Figure 1). 

Insert Figure 1 here 
Participants 

The participants in the current study were 80 children aged 4;0-5;4 

years (M = 55.6 months, SD = 4.2) at Time 1 and aged 4;5-5;9 (M = 59.9 

months, SD = 4.3) at Time 3 who attended 28 early childhood centres. All 

participants demonstrated delayed phonological development based on the 

Diagnostic Evaluation of Articulation and Phonology (DEAP; Dodd, Hua, 

Crosbie, Holm, & Ozanne, 2002), typical nonverbal intelligence based on 

the Primary Test of Nonverbal Intelligence (PTONI; Ehrler & McGhee, 

2008), no history of persistent hearing loss, developmental delay or cleft lip 
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and/or palate, and English language skills which were as good as, or better, 

than their home language skills (based on parent report). There were 50 

males (62.5%) and 30 females (37.5%) who came from a range of 

socioeconomic backgrounds as defined by the Australian Bureau of 

Statistics, Index of Relative Socio-economic Advantage and Disadvantage 

(IRSAD; ABS, 2008) (IRSAD25 deciles M = 5.54, SD = 3.28, range = 1-10). 

The parents of 68 (85.0%) participants reported that English was the only 

language spoken at home, five (6.3%) reported that English and another 

language were spoken at home, and seven (8.8%) reported that only a 

language other than English was spoken at home. Further details can be 

found in Masso et al. (2016). 

At Time 1 the 80 participants demonstrated a mean percentage of 

consonants correct (PCC) of 64.51 (SD = 12.16, range = 29.1-86.5), and a 

mean percentage of vowels correct (PVC) of 91.29 (SD = 6.24, range = 

67.9-100) on the Diagnostic Evaluation of Articulation and Phonology – 

Phonology subtest (DEAP; Dodd et al., 2002), representing classifications 

of mild through to severe based on Shriberg, Kwiatkowski, Best, Hengst, & 

Terselic-Weber (1986). All participants demonstrated receptive vocabulary 

within two standard deviations of the mean, with a mean receptive 

vocabulary raw score of 70.66 (SD = 18.32; range = 34-111) based on 

Peabody Picture Vocabulary Test - 4th Edition (PPVT-4; Dunn & Dunn, 

2007). All participants passed a hearing screening based on pure tone 

audiometry at 1.5, 1, 2, and 4 kHz at 40dB and 66 (84.6%) demonstrated 

                                                
25 IRSAD index scores, ranging from 1-10, are decile ranks allocated to postcodes 
throughout Australia and were used to report socioeconomic status. An IRSAD index score 
of 1 represents postcodes in areas of least advantage and 10 represents postcodes of most 
advantage. 
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oromuscular structure within normal limits for their age (Robbins & Klee, 

1987). 

The participants were divided into two groups based on whether or 

not they received intervention. The 47 participants in the Intervention group 

either received community-based intervention by a speech and language 

therapist (SLT) (n = 6 based on parent report) and/or computerized 

intervention in their preschool using Phoneme Factory Sound Sorter (PFSS) 

(n = 41) (Wren & Roulstone, 2013) as part of the Sound Start Study. The 33 

participants in the No Intervention group included all participants who had 

received neither of these interventions (n = 23) and participants whose 

parents did not respond to the question related to attendance at community-

based SLT services (n = 10). The PFSS intervention, like most frequently-

reported interventions for children with SSD (McLeod & Baker, 2014), was 

not designed to target polysyllable production. Thus, it is unlikely that 

participants who accessed additional SLT services received intervention to 

target polysyllables because interventions targeting polysyllable accuracy 

are infrequently used by Australian SLTs (McLeod & Baker, 2014). 

Instruments 

Participants produced the 30 words of the Polysyllable Preschool 

Test (POP, Baker, 2013) across three time points (see Figure 1). The mean 

time between Time 1 and Time 2 was 11.9 weeks (range = 7-15 weeks), 

between Time 2 and Time 3 was 7.0 weeks (range = 5-10 weeks), and 

between Time 1 and Time 3 was 18.9 weeks (range = 14-22 weeks). The 

POP is a polysyllable speech sampling task which includes words of three or 

more syllables (e.g., elephant and escalator) as well as words of varying 

phonotactic shapes and stress patterns. Participants’ PCC, PVC, and 
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frequency of seven categories of polysyllable errors were based on the 

Word-level Analysis of Polysyllables (WAP, Masso 2016a).  

Procedure 

All assessments for this study were completed by one of two 

experienced SLTs in a quiet room at the participants’ early childhood centre 

with Time 1 taking 45-60 minutes, Time 2 taking 45-60 minutes, and Time 3 

taking 30-45 minutes. All sessions were video recorded using a Panasonic 

HC-V700 video camera and Hahnel Mk100 external uni-directional 

microphone. The POP (Baker, 2013) samples were also recorded using a 

Zoom H1 audio recorder. Spontaneous production was encouraged. If 

prompting was required, a consistent hierarchy of verbal prompts were 

presented: first, a semantic prompt, then a binary choice, and finally 

imitation. Online broad phonetic transcriptions were completed, and 

checked from audio recordings. Transcription of the POP was completed 

from blinded audio recordings by the first author.  

Reliability 

The reliability of broad phonetic transcriptions of the POP (Baker, 

2013) was completed by two experienced SLTs using inter- and intra-judge 

point-by-point reliability protocol. Inter-judge reliability was completed by 

the fourth author for 1,966 data points and reached an agreement of 87.3%. 

Intra-judge reliability was completed by the first author for 1,966 data 

points and reached agreement of 91.3%. Shriberg and Lof (1991) suggested 

that reliability for transcription of a speech sample was acceptable above 

85%. 

The reliability of the Word-level Analysis of Polysyllables (WAP, 

Masso, 2016a) analysis method was determined using intra-class correlation 
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coefficient (ICC) using a two-way mixed model. A sample of nine 

randomly-selected POP samples were re-analysed by the first author (intra-

judge reliability) and an SLT (inter-judge reliability) and the total number of 

errors demonstrated by each participant within each sample were combined 

to produce a total error score. ICC for intra-judge reliability was 1.0 (95% 

confidence interval: 1.0-1.0) and inter-judge reliability was 0.99 (confidence 

interval: 0.99-1.0). 

Data analysis 

Missing data for all variables ranged from 3.8%-7.5% of the total 

dataset. Little’s Missing Completely at Random test (MCAR, Little, 1988) 

was not significant indicating that the missing values were missing 

completely at random, χ2(248) = 59.79, p = 1.00. Therefore, expectation 

maximisation (EM) imputation was conducted to provide a complete dataset 

to produce unbiased parameter estimates (Enders, 2013; Shin, Davison, & 

Long, 2009).  

Consonant and vowel accuracy for all participants was determined 

for the POP samples across each point in time. PCC and PVC values for the 

POP were calculated manually using scoring rules that were consistent with 

the PROPH+ protocol (Long, Fey, & Channell, 2008). All data were entered 

in to SPSS version 21.0 (IBM, 2012) and descriptive statistics were 

extracted for key variables. Independent sample t-tests were conducted to 

determine whether the participants who received an intervention differed at 

each time point to the participants who did not receive any intervention. 

Repeated measures ANOVAs were conducted to determine changes over 

time based on PCC, PVC, and each category of error within the WAP. Effect 

size was estimated using partial eta square (p
2). An effect of .01 is 
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small, .06 is medium and .14 is large. Further pairwise contrasts between 

different time points were conducted using Bonferroni method to account 

for potential experiment-wise Type I error from multiple statistical testings.   

Manual analysis of the POP samples was completed at each point in 

time using the WAP (Masso, 2016a). The frequency of the seven categories 

on the WAP was identified. The maturity of participants’ polysyllables at 

each time point was determined based on the Framework (Masso, 2016b). 

Using the Framework, the participants’ productions of polysyllables were 

classified along into one of five levels based on the presence or absence of 

three categories of error (identified by the WAP). Participants with the least 

mature polysyllables (Level A) demonstrated frequent consonant and vowel 

deletions, frequent alterations of phonotactics, and frequent alterations of 

timing whereas participants with the most mature polysyllables (Level E) 

did not present with frequent deletions, alterations of phonotactics or 

alterations of timing.  

Participants’ progression was classified according to five possible 

outcomes based on the change in Framework level across the three points in 

time: (1) Improved – participants who demonstrated net improvement from 

Time 1 to Time 3, (2) Temporarily improved – participants who 

demonstrated an improvement from Time 1 to Time 2 but then a regression 

back to their original Level at Time 3, (3) Maintained – participants who 

maintained their Level across the three points in time, (4) Temporarily 

regressed – participants who demonstrated an regression from Time 1 to 

Time 2 but then an improvement back to their original Level at Time 3, and 

(5) Regressed – participants who demonstrated net regression from Time 1 

to Time 3.  
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To explore the factors associated with the progression of 

polysyllable maturity over time, participants were deemed to have Improved 

or Did not improve. Participants were coded as Improved if they improved 

over time. Participants were coded as Did not improve if they temporarily 

improved, maintained, temporary regressed, or regressed across the three 

points in time. Categories were combined due to issues of singularity and to 

have a more accurate estimate of odds ratio and statistical significance. 

Binary logistic regression was conducted to understand the relationships 

between factors and participants’ polysyllable improvement status 

(improved versus did not improve) across the three time points. Odds ratios 

were determined for each of the factors where an odds ratio greater than 1 

indicated a higher chance of improvement and an odds ratio less than 1 was 

an indicator of a lower chance of improvement.  

RESULTS 

Independent samples t-tests were conducted to compare the speech 

accuracy of participants in the Intervention group with participants in the No 

intervention group, as measured by PCC and PVC at each time point. The 

results of each individual t-test indicated that the groups were not 

significantly different at any time point on either PCC or PVC (Table 1). 

Given that intervention status did not appear to influence change in 

consonant and vowel accuracy over time, the results for the primary aim are 

reported for the sample as a whole group.  

Insert Table 1 here 
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Changes in polysyllable productions over time 

Consonant and vowel accuracy. The assumptions of multivariate 

homogeneity of variances were met for both PCC and PVC variables. The 

total sample demonstrated a significant increase in PCC over the three time 

points Wilks’ Lambda = .56, F(2, 78) = 31.14, p < .001, partial η2 = .444 

(see Table 2). Further contrast showed that participants’ PCC was 

significantly higher at Time 2 compared to Time 1, and that the participants’ 

PCC was significantly higher at Time 3 than Time 2, ps <.001.  

At Time 3, most of the participants demonstrated a PCC severity that 

would be considered clinically meaningful with nine (11.3%) demonstrating 

mild errors, 49 (61.3%) demonstrating mild-moderate, 19 (23.8%) 

demonstrating moderate-severe, and 3 (3.8%) demonstrating severe SSD 

(based on PCC severity definitions reported by Shriberg et al., 1986).  

The total sample demonstrated a significant increase in PVC over 

the three time points Wilks’ Lambda = .61, F(2, 78) = 25.08, p < .001, 

partial η2 = .391 (see Table 2). Further contrast showed that participants’ 

PVC was significantly higher at Time 2 and Time 3 compared to Time 1, 

ps< .001. Although PVC was higher at Time 3 than Time 2, this difference 

was not statistically significant, p = .185.  

 Insert Table 2 here 

Error category frequency. The seven error categories of the WAP 

were identified at each point in time and there were four categories which 

occurred frequently (Table 2). Substitution errors were the most frequent 

errors at each point in time with a mean of 20.34 (SD = 4.08) at Time 1, 

18.70 (SD = 5.18) at Time 2, and 17.03 (SD = 5.42) at Time 3 

demonstrating a significant decrease in substitution errors over time, Wilks’ 



POLYSYLLABLES OVER TIME    
 

190 
 

Lambda = .66, F(2, 78) = 20.17, p < .001, partial η2 = .341 (see Table 2). 

Alterations of phonotactics errors were the next most frequent errors at each 

time point with a mean of 16.26 (SD = 5.40) at Time 1, 13.92 (SD = 6.70) at 

Time 2, and 12.57 (SD = 6.45) at Time 3 demonstrating a significant 

decrease in alterations of phonotactics over time, Wilks’ Lambda = .55, F(2, 

78) = 31.63, p < .001, partial η2 = .448 (see Table 2). Deletion errors were 

the third most frequent errors at each time point with a mean of 15.00 (SD = 

5.65) at Time 1, 13.89 (SD = 6.74) at Time 2, and 12.36 (SD = 6.32) at 

Time 3, demonstrating a significant decrease in deletion errors over time, 

Wilks’ Lambda = .72, F(2, 78) = 15.53, p < .001, partial η2 = .285 (see Table 

2). The fourth most frequent errors at each time point was alterations of 

timing errors with a mean of 13.24 (SD = 5.26) at Time 1, 10.68 (SD = 

5.78) at Time 2, and 9.21 (SD = 5.59) at Time 3 demonstrating a significant 

decrease in alterations of timing errors over time, Wilks’ Lambda = .59, F(2, 

78) = 26.95, p < .001, partial η2 = .409 (see Table 2).  Assimilation or 

alteration of sequence, additions, and distortions occurred much less 

frequently at each point in time (see Table 2).  

Level of Maturity. At Time 1, a total of 14 (17.5%) participants 

demonstrated the lowest level of polysyllable maturity (Level A), 32 

(40.0%) participants demonstrated Level B, 15 (18.8%) participants 

demonstrated Level C, five (6.3%) participants demonstrated Level D, and 

14 (17.5%) participants demonstrated Level E (see Table 3). At Time 2, 

most of the children demonstrated either the lowest or the highest level of 

maturity with 21 (26.3%) and 34 (42.5%) at Level A and Level E 

respectively. At Time 3, most of the children were represented in Level C (n 

= 22, 27.5%) and Level E (n = 35, 43.8%). 
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Insert Table 3 here 

Factors that influence participants’ progression of polysyllable maturity 

over time 

Participants’ progression of polysyllable maturity was considered 

based on their level of polysyllable maturity at Time 1 (see Table 3). 

Overall, 36 (45.0%) improved, six (7.5%) temporarily improved, 26 

(32.5%) maintained, six (7.5%) temporarily regressed, and six (7.5%) 

regressed.  For example, the participants who demonstrated polysyllable 

maturity at Level A in Time 1 (n = 14) progressed in two different ways 

across three points in time. Most of the participants maintained Level A 

across the three time points (n = 11). Three participants improved their level 

of polysyllable maturity over time with two participants ending at Level C 

and one participant ending at the highest level (Level E).  

Due to issues of singularity, some of the categories of progression 

(i.e., improved, temporarily improved, maintained, temporarily regressed 

and regressed) in combination with explanatory variables had a count of 

zero. Therefore, the improved group remained as a single category 

(Improved, n = 36) and the categories of temporarily improved, maintained, 

regressed and temporarily regressed were combined in to one category (Did 

not improve, n = 44) before additional analyses were completed. Due to the 

small sample size and issues of singularity due to a ceiling effect (i.e., Level 

E cannot improve further), Level D and Level E were combined for further 

analysis.  

Binary logistic regression results showed that the overall model 

including age, sex, socioeconomic status, receptive vocabulary, immediate 

family history, intervention status, and the level of polysyllable maturity at 
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Time 1 was significant in predicting participants’ improvement status, χ2 (9) 

= 21.85, p = .009. Hosmer and Lemeshow Goodness of Fit Test indicated 

that the model was a good fit of the data, χ2 (8) = 12.102, p = .147. There 

was one significant predictor of participants’ improvement status (see Table 

4). Participants who started at Level B were 8.62 times more likely to 

improve compared with participants who started at Level A, OR = 8.62 (p 

= .022). There was no difference in improvement between participants who 

started at Level C or Level D/E and participants who started at Level A (see 

Table 4). The whole model of child and family predictors explained 25.9% 

(Cox and Snell R square) to 34.6% (Nagelkerke R Square) of the variance in 

participants’ polysyllable maturity progression.  

Insert Table 4 here 

DISCUSSION 

This study explored one primary aim to examine changes in 

polysyllable productions demonstrated by children with SSD over time with 

a secondary aim to determine the factors that influence progression of 

polysyllable maturity. Results addressing the primary aim indicate that 

participants demonstrated significant improvement in polysyllable PCC and 

PVC in the year before school. The results also highlight that the frequency 

of participants’ polysyllable errors, as measured by the seven categories of 

the WAP, decreased over time with substitutions, alterations of phonotactics, 

deletions, and alterations of timing remaining the four most common errors 

over time. The results addressing the secondary aim highlight the impact of 

starting level of polysyllable maturity on participants’ likelihood to improve 

their polysyllable maturity over time. The results will be discussed in more 

detail to address the primary and secondary research aims.  
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Changes in polysyllable productions over time 

The results of the first aim of this study highlighted that participants 

demonstrated a significant improvement in polysyllable accuracy over time. 

The participants demonstrated significant improvement in consonant and 

vowel accuracy and a reduction in error frequency. Although improved, the 

participants still demonstrated low consonant and vowel accuracy when 

saying polysyllables with 71 (88.8%) participants demonstrating a severity 

of mild-moderate to severe (Shriberg et al., 1986) requiring intervention. 

This result also mirrors previous research where some children improved 

their speech accuracy over time (e.g., Roulstone et al., 2003) with only nine 

(11.3%) participants demonstrating mild consonant errors by the end of the 

study.  

The results also suggest that the frequency of errors demonstrated by 

children with SSD follow a natural progression over time with an overall 

reduction in error frequency as participants mature. The relative frequency 

of the errors present in participants’ polysyllables remained stable across the 

three time points with substitution errors occurring most frequently followed 

by alterations of phonotactics, deletion errors, and alterations of timing. 

Although substitution errors were prominent in the productions of 

participants, some of these errors may be due to typical phonological 

processes (i.e., gliding or fricative simplification) which, arguably, are still 

typical for young children (Dodd, Holm, Hua, & Crosbie, 2003; James, 

Ferguson, & Butcher, 2016).  However, the high frequency of errors present 

at the end of the study represent the ongoing classification of SSD of the 

participants. Of particular interest was the ongoing high frequency of 

deletion errors at Time 3. Previous researchers have suggested that deletion 
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errors highlight weak, underspecified, or missing phonological 

representations (Shriberg et al., 2005) that may, with time, manifest in 

poorer performance on literacy tasks (Sutherland & Gillon, 2005). Shriberg 

and colleagues (2005) suggested that deletion errors represent a “cognitive-

linguistic processing delay” (p. 847) that may have a familial link. In this 

study, the frequency of children’s deletion errors have been considered 

within the Framework of Polysyllable Maturity. Through monitoring 

children’s progression of polysyllable maturity, and the factors that 

influence improvement, we may gain further insight into the impact that 

deletion errors have on children’s phonological development.  

Factors that influence children’s progression of polysyllable maturity 

over time 

When considering the child and family factors that may have an 

impact on the progression of polysyllable maturity, participants’ own 

performance on the polysyllable task at Time 1 was the only factor that 

significantly influenced participants’ likelihood to improve. Previously, 

polysyllable speech accuracy has been linked to literacy performance at 

school (Larrivee & Catts, 1999) with children who have the most severe 

speech sound difficulties often considered at the greatest risk (e.g., Bird et 

al., 1995). However, some types of errors have been found to be more 

sensitive markers of risk than a broad measure of consonant accuracy. For 

example, the presence of atypical speech errors may be used to identify 

children who will have difficulty learning literacy (Preston & Edwards, 

2010). The present study has identified the importance of sampling 

polysyllables in identifying another type of error, deletion errors that are 

particularly sensitive to error in polysyllables. The participants who 
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presented with the second lowest level of maturity (Level B) were 8.62 

times more likely to improve than children who demonstrated the lowest 

level of maturity (Level A).  

A surprising finding was the lack of unique contribution that other 

child and family factors had on the progression of maturity. Previous 

researchers have explored the influence of socioeconomic status on 

children’s speech and language outcomes (Roulstone et al., 2003) but each 

has reported different outcome measures to the current study. The lack of 

significance of receptive vocabulary was another surprising result due to 

previous work that has suggested that children who demonstrate more 

deletion errors demonstrate poorer receptive vocabulary (MacRae & Tyler, 

2014). In addition, although intervention was not identified as a significant 

factor in determining participants’ likelihood to improve, this result is not 

surprising considering the intervention that most of the participants in this 

study received Phoneme Factory Sound Sorter (Wren & Roulstone, 2013)  

was not designed to target polysyllable structures.  

Clinical implications 

This research has clinical implications supporting the use of 

polysyllables in the assessment of children with SSD to identify those 

children who may have frequent deletion errors and may be less likely to 

spontaneously improve over time. Previous researchers have also suggested 

that even children with resolved SSD can have difficulty learning literacy 

(e.g., Raitano et al., 2004) and so polysyllable sampling may highlight early 

inadequacies that may be monitored as children’s overall speech accuracy 

appears to improve. The use of polysyllables in assessment may help 

identify, and monitor, children who have poor polysyllable maturity 
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including increased deletion errors, possible underspecified phonological 

representations, and poor later literacy acquisition. Previous researchers 

have suggested that children with SSD may improve their phonological 

awareness skills in addition to speech production skills when phonemic 

awareness is a specific target of intervention (Gillon, 2005).  

Future research and limitations 

In this study, we considered child and family factors that may 

influence children’s progressions of polysyllable maturity in the year before 

school. One limitation of the present study is the lack of testing of the 

Framework with children who do not have SSD. The threshold for 

membership in to each Framework level for the current study is the presence 

of a deletion, alteration of phonotactics, or alteration of timing error on at 

least 40% of opportunities. This high threshold, while suitable for a clinical 

population of children with SSD, may not capture progress in children with 

typically-developing speech and language. Further testing of the Framework 

is required with a normative sample of children.  In addition, although 

socioeconomic status was not a significant predictor of children’s 

improvement status, there are other factors that can be used to measure 

socioeconomic status that warrant further investigation.Preliminary 

evidence suggests that there may be a link between poor polysyllable 

accuracy and later literacy development (e.g., Larrivee & Catts, 1999). 

Further, children with more severe errors (e.g., Bird et al., 1995), or 

different types of errors (e.g., atypical errors, Preston & Edwards, 2010) 

may be at a greater risk of literacy difficulties. The results of this study 

suggest that children’s early polysyllable speech accuracy, and the 

frequency of different types of errors (especially omissions), should be 
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followed up with measures of later literacy performance. Future research 

should also investigate the emergent literacy skills of children with different 

profiles of polysyllable accuracy to determine whether a relationship exists 

between children’s polysyllable accuracy and emergent literacy in the year 

before school. The primary limitation of this research is that the analysis 

method (WAP) and the classification system (Framework) are not 

standardized. The polysyllable profiles of children with typically developing 

speech and language using these tools are unknown.  

Conclusion 

The results of this study support the use of polysyllables in 

assessment with children who have SSD and the use of the WAP and 

Framework to describe children’s changes in maturity over time. The 

participants demonstrated a significant improvement in consonant and 

vowel accuracy over the duration of the study. However, an in-depth 

analysis of children’s polysyllable maturity revealed children with the 

poorest polysyllable productions at the start of the study, were less likely to 

improve. This reveals the importance of an in-depth analysis of 

polysyllables to identify those children who may demonstrate persistent 

speech sound difficulties.  
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Table 1.  
Independent Samples T-Tests Comparing the Intervention and No 
Intervention Groups on Percentage of Consonants Correct (PCC) and 
Percentage of Vowels Correct (PVC) at Three Points in Time 

Measure: 

Time 

Intervention (n 

= 47) 

No 

Intervention (n 

= 33) 

t-test 

 M (SD) M (SD) t df p 

PCC    

Time 1 65.7 (10.1) 63.0 (14.6) -0.94 53 0.351 

Time 2 70.4 (10.9) 66.4 (16.1) -1.24 52 0.223 

Time 3 72.8 (10.8) 71.1(14.2) -0.59  78 0.557 

PVC    

Time 1 83.0 (8.1) 83.0 (8.4) -0.01 78 0.992 

Time 2 88.0 (7.8) 84.9 (10.3) -1.50 56 0.148 

Time 3 88.7 (7.0) 86.9 (9.7) -0.987 78 0.327 



 

205 
 

Table 2.  
Occurrence of Each Category of Polysyllable Error Across Three Points in Time 

Category of polysyllable error  

(based on the Word-level Analysis of Polysyllables) 

Time 1 Time 2  Time 3  ANOVA 

M SD M SD M SD F (2, 78) partial 

η2 

p 

Percentage of consonants correct (PCC) 80 64.60 12.14 68.72 13.36 72.10 12.23 31.14 .444 < .001 

Percentage of vowels correct (PVC) 80 83.02 8.20 86.68 8.97 87.96 8.21 25.08 .391 < .001 

Substitutions  80 20.34 4.08 18.70 5.18 17.03 5.42 20.17 .341 < .001 

Deletions 80 15.00 5.65 13.89 6.74 12.36 6.32 15.53 .285 < .001 

Distortions  80  0.86 1.47 0.09 0.32 0.10 0.33 11.02 .220 < .001 

Additions  80 2.04 1.62 0.98 1.15 1.06 1.18 16.85 .302 < .001 

Alterations of timing 80 13.24 5.26 10.68 5.78 9.21 5.59 26.95 .409 < .001 

Alteration of phonotactics  80 16.26 5.40 13.92 6.70 12.57 6.45 31.63 .448 < .001 

Assimilation or alteration in sequence  80 3.74 2.35 2.21 1.89 0.95 1.23 47.04 .547 < .001 
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Chapter 6 

Identifying Phonological Awareness Difficulties 

in Preschool Children with Speech Sound Disorders 
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This chapter partially addresses the fifth aim of this thesis: to 

explore the relationship between polysyllable speech accuracy, 

phonological processing, and emergent literacy skills in preschool 

children with speech sound disorders (SSD). This chapter provides a 

systematic search and overview of the literature regarding the assessment 

of phonological awareness of preschool children with SSD. Thus, this 

chapter focuses on phonological processing and emergent literacy skills 

(see Figure VII). 

 

Figure VII. Themes addressed in this chapter (shaded).  
 

This chapter is derived in part from an article (Paper 5) published 

in Speech, Language and Hearing on 3rd January, 2014, available online: 

http://wwww.tandfonline.com/ 10.1179/2050572813Y.0000000028. Used 

with permission: 

Masso, S., Baker, E., McLeod, S., & McCormack, J. (2014). 

Identifying phonological awareness difficulties in preschool 

children with speech sound disorders. Speech, Language and 

Hearing, 17(1), 58-68.  

Polysyllable
production

Emergent 
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Paper 5 had two aims:  

1. To explore the literature on the assessment of phonological awareness 

skills in preschool children with speech sound disorders 

2. To examine the relationship between SSD and phonological 

awareness in preschool-age children 

 

Abstract 

Phonological awareness is one type of phonological processing ability 

and is considered to be particularly important for early literacy 

development. Specific phonological awareness skills include: syllable-

level awareness, onset-rime awareness, and phonemic awareness. 

Children with speech sound disorders are at a high risk of difficulties 

with phonological awareness and literacy. There is a body of literature 

reporting both composite scores and task-specific phonological 

awareness scores from the assessment of children with typically-

developing speech and school-age children with speech sound disorders.  

In this study we completed a systematic overview of the available 

literature regarding the assessment of phonological awareness in 

preschool-age children with speech sound disorders. A systematic search 

of literature databases yielded 777 articles which were screened. The full 

text of 30 articles was read and 12 articles met all specified criteria.  Ten 

of the 12 articles reported composite scores for the phonological 

awareness of participants. The studies rarely reported the profile of 
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specific phonological awareness skills. Of the final 12 articles, eight were 

case-control studies (Level III) and four were case-series or cross-

sectional studies without a control reference (Level IV) (Merlin, Weston 

& Tooher 2009). There is a need for more research reporting task-

specific phonological awareness abilities in preschool-age children with 

speech sound disorders in order to understand the relationship between 

specific skills and literacy development in this population.  

  

Keywords: phonological awareness, speech sound disorders, phonemic 

awareness, assessment 
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Introduction 

Preschool-age children who have speech sound disorders are at 

significant risk of literacy difficulties (Lewis et al., 2002). Accurate 

identification of those children who will go on to have literacy 

difficulties is fundamental to providing targeted early intervention. An 

important skill associated with literacy acquisition is phonological 

awareness (Wagner & Torgesen, 1987). Tools have been developed to 

assess preschool children’s phonological awareness abilities and a range 

of skills involving different levels (e.g., rhyming, syllabification, onset 

identification, segmenting, and blending of phonemes) and tasks (e.g., 

identification, segmenting, blending) in different modes (e.g., 

receptive/pointing, verbal expression) can be examined. In this paper we 

provide an overview of phonological awareness and how it can be 

assessed. We also provide a systematic overview of research on the 

phonological awareness abilities of preschool children who have speech 

sound disorders in an effort to distil the specific skills that may be 

important to consider with these children. 

What is phonological awareness?  

Phonological awareness is one type of phonological processing 

ability (see figure 1 based on Wagner & Torgeson, 1987). Other 

components include phonological access to lexical store and 

phonological working memory (Anthony, 2003). Phonological access to 

lexical store is best assessed using rapid automatic naming tasks 
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(Anthony et al., 2010);  whereas phonological working memory is best 

assessed through nonword repetition (e.g., Gathercole & Baddeley, 1993; 

Sutherland & Gillon, 2005) as well as word and digit span tasks (e.g., 

Gathercole & Pickering, 2000; St Clair-Thompson, 2010). Phonological 

awareness is the focus of this current paper.  

  Phonological awareness refers to children’s knowledge of the 

sound structure of a language as well as the ability to manipulate this 

sound structure (Burt et al., 1999).  Phonological awareness is typically 

described as comprising three levels: syllable-level awareness, onset-rime 

awareness, and phonemic awareness (Rvachew & Grawburg, 2006) (see 

figure 1). When engaging in phonological awareness tasks, it is possible 

to identify, delete, blend or segment, syllables, units of rhyme or 

phonemes in words.  

The development of phonological awareness skills occurs in the 

years prior to, and during, formal literacy instruction (Carroll et al., 

2003). In a series of developmentally predictable, and yet overlapping, 

stages children initially begin to identify and manipulate large units (e.g., 

whole syllables) and then progress to the identification and manipulation 

of smaller units (e.g., individual phonemes) (Anthony et al., 2003). The 

skill of identifying phonological information (e.g., individual phonemes) 

develops earlier than the ability to delete, blend, or segment phonological 

information (Anthony et al., 2003). Specifically, children demonstrate 

awareness of rhyming words around three years of age (MacLean et al., 
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1987). Around four years of age, children demonstrate similar 

competence on syllable awareness and onset-rime awareness tasks 

(Carroll et al., 2003). Phoneme identification is the next skill to develop 

and children typically demonstrate this skill during their first year of 

formal literacy instruction (Paulson et al., 2003). However, as Ukrainetz 

et al. (2011) have shown, preschoolers are capable of developing 

phonemic awareness with explicit instruction, without prior instruction 

on syllable awareness. Once children have developed an awareness of 

phonemes, they learn to blend onsets with rimes (e.g., /b/ +/it/), blend 

phonemes (e.g., /b/ + /i/ + /t/), segment words into phonemes (e.g., /bit/ > 

/b/ - /i/ - /t/), and master the deletion of phonemes (e.g., /bit/ without /b/ 

is /it/) (Anthony et al., 2003). The described developmental pattern is 

debated, particularly in the context of phonological awareness and the 

development of orthographic awareness (Seymour & Duncan, 1997). The 

acquisition of age-appropriate phonological awareness skills appears to 

be related to a number of additional factors including socioeconomic 

status (Burt et al., 1999), competence with other phonological processing 

tasks (Lonigan et al., 2009) and expressive speech sound development 

(Raitano et al., 2004).    

Insert Figure 1 

Syllable, onset-rime, and phonemic awareness: What is most 

important for literacy acquisition? 
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 Research with school-age children examining the relationship 

between phonological awareness and literacy acquisition suggests that 

some levels (i.e., syllable, onset-rime and phoneme awareness) and tasks 

(i.e., identification, blending, segmentation, deletion/elision and 

manipulation), are more important for literacy than others. For example, 

phoneme identification and deletion have been correlated with reading 

outcomes after one or two years of reading instruction (Mann & Foy, 

2003). In research studying children with dyslexia, phonemic awareness 

abilities during the first year of school have also been identified as a 

useful measure for later risk of reading difficulties (e.g., Elbro et al., 

1998). In contrast, onset-rime and syllable level skills have been less 

predictive of reading outcomes (Mann & Foy, 2003; Muter & Snowling, 

1998).  

Phonemic awareness (not to be confused with the broader term 

phonological awareness) focuses on children’s abilities to reflect on and 

manipulate speech sounds in words (National Institute of Child Health 

and Human Development, 2000). Children rely on phonemic awareness 

skills to read a word they have not seen before. It takes a level of 

metalinguistic knowledge for a child to successfully apply this skill and 

apply it to a written word (Gombert, 1993). For example, for a child to 

read a nonword such as ‘dop’, they must have been taught the alphabetic 

principle, engage in grapheme-phoneme conversion, say the sounds of 

the letters then blend the sounds together to say the word. The U.S. 
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National Reading Panel Report (2000) discussed the importance of 

phonemic awareness instruction in tandem with four other critical skills 

for literacy development: phonics, oral reading fluency, vocabulary and 

text comprehension. Phonemic awareness is considered important 

because, unlike syllable and onset-rime level awareness, phonemic 

awareness has a special reciprocal relationship with literacy acquisition—

it can be triggered via formal orthographic literacy instruction (Morais, 

1987; Morais & Kolinsky, 1994) which in turn can facilitate literacy 

acquisition.  

Tools for assessing phonological awareness  

There are four types of assessments that can be used to assess 

phonological awareness skills: norm-referenced tools, criterion 

referenced tools, curriculum-based measurements, and dynamic 

assessments (Gillam & Ford, 2012; Thatcher Kantor et al., 2011; Sodoro 

et al., 2002; Spector, 1992).   

 Norm-referenced assessment tools are considered to be the most 

useful to determine a child’s ability compared to other children their age 

(Sodoro et al., 2002). Norm-referenced tools to assess phonological 

awareness include the Comprehensive Test of Phonological Processing –

second edition (CTOPP-2; Wagner et al., 2013) and the Preschool and 

Primary Inventory of Phonological Awareness (PIPA; Dodd et al., 2000). 

Designed for children as young as 4;0, the CTOPP-2 includes: elision of 

syllables and phonemes, blending syllables and phonemes, sound 
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matching, phoneme identification, and blending of realwords and 

nonwords. The PIPA (Dodd et al., 2000) is designed for children aged 

3;6-6;11 and includes subtests for: syllable segmentation, alliteration 

identification, rhyme identification, phoneme isolation, phoneme 

segmentation and letter knowledge.  

 Criterion-referenced assessment tools are used to measure a 

child’s ability on particular tasks to assist with therapy planning and/or 

measure the acquisition of specific skills (Sodoro et al., 2002). For 

example, the Phonological Awareness Test (Bird et al., 1995) was 

designed for children between 5;0-7;4 years and includes rime matching, 

onset matching and onset segmentation and matching tasks.  

 The third category of assessments is curriculum-based 

measurements. These tools have been reported to be useful to assess a 

child’s progress on specific, curriculum-based tasks (Sodoro et al., 2002). 

One tool which is frequently used to initially screen and then continue to 

monitor children is the Dynamic Indicators of Basic Early Literacy Skills 

(6th ed.) (DIBELS; Good & Kaminski, 2002). DIBELS is designed to 

monitor children’s development from their first year of school and 

includes phoneme level tasks (identification and production), blending 

nonwords and segmenting real words. An adjunct to the DIBELS is the 

Individual Growth and Development Indicator which was designed to 

screen 3- to 5-year-old children using alliteration and rhyming tasks only 
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(Early Childhood Research Institute on Measuring Growth & 

Development, 1998–2000).  

 The fourth category of assessment is dynamic assessment of 

phonological awareness. These assessments are useful to determine the 

level of prompting and/or cueing children require to achieve a set goal 

(Carlson & Wiedl, 1992; Spector, 1992). The nonverbal, dynamic 

phoneme deletion task presented by Gillam and colleagues (2011; 2012) 

was designed for school-aged children (6;0-8;5 years) and has been used 

to assess children with typically-developing speech sound skills (Gillam 

et al, 2011) and school-aged children with speech sound disorder (Gillam 

& Ford, 2012). Thatcher Kantor et al. (2011) describe another two types 

of dynamic phonological awareness assessment specifically for 

preschool-aged children: one involves scaffolding and modifying items in 

response to errors (dynamic-supported assessment), and the other direct 

instruction on phonological awareness tasks (dynamic-instruction 

assessment). Based on composite measures (including initial sound 

matching in addition to word, syllable and phoneme level tasks involving 

elision and blending), Thatcher Kantor et al. reported that the dynamic 

assessments yielded similar results to the standardized static assessment 

with typically developing preschoolers.   

Phonological awareness abilities of children with speech sound 

disorders 
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 Speech sound disorders are 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) that may impact 

speech intelligibility and acceptability… of both known… and presently 

unknown origin” (International Expert Panel on Multilingual Children’s 

Speech 2012, p. 1). Many (but not all) preschool-age children with 

speech sound disorders have difficulties with phonological awareness and 

are at risk of future literacy difficulties (Holm et al., 2008; Larrivee & 

Catts, 1999). Although some factors have been identified as increasing a 

child’s risk of literacy difficulties, such as atypical speech errors (Holm 

et al., 2008), persistent speech sound disorders (Raitano et al., 2004)  and 

concomitant language impairment (Raitano et al., 2004), children who 

only have a mild speech sound disorder can still find literacy acquisition 

challenging (Anthony et al., 2011; Rvachew, 2007). What is equally 

puzzling is that children with a history of a severe speech sound disorder 

can have no literacy difficulties. Recent research has suggested that like 

children with dyslexia, the phonological awareness abilities of children 

who have speech sound disorders may be an important key to better 

identifying children most at risk of future literacy difficulties (Anthony et 

al., 2011; Rvachew, 2007). The appropriate assessment and identification 

of children with phonological awareness difficulties is important to 
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ensure that appropriate phonological awareness intervention is provided 

to children both before they start school (e.g., Gillon, 2005) and after 

they commence formal literacy instruction at school (e.g., Gillon, 2002). 

The assessment, identification, and description of phonological 

awareness abilities of preschool-age children who have speech sound 

disorders is the focus of this paper.  

In this paper, we review literature regarding the assessment of 

phonological awareness in preschool-age children with speech sound 

disorders via a systematic overview. A systematic overview includes a 

systematic search, review and synthesis of available literature to describe 

the characteristics of available evidence (Grant & Booth, 2009). A 

systematic overview contrasts with a systematic review which aims to 

evaluate available evidence for a particular intervention strategy or 

diagnostic test accuracy (Higgins & Green 2011). The aims of our 

systematic overview were to: 1) explore the current state of the literature 

on the assessment of specific phonological awareness skills in preschool 

children with speech sound disorders and 2) examine the relationship 

between speech sound disorders and phonological awareness abilities in 

preschool-age children. Of particular interest were peer reviewed studies 

that included published or commercially-available assessment tools 

which could be used by speech-language pathologists and early 

childhood educators.    

Method 
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Protocol 

A systematic search of available evidence regarding the 

phonological awareness skills of children with speech sound disorders 

was conducted. Online database searches were completed using the 

search terms presented in Table 1 with no restrictions placed on the years 

of publication. The selected databases included literature for education, 

speech pathology, allied health, and medicine.  The terms presented in 

Table 1 were selected to capture the range of articles available which 

explored the assessment of phonological awareness in paediatric 

populations. The focus of this review, however, was specifically on 

phonological awareness in the year/s prior to starting formal literacy 

education.  

Insert Table 1 

Eligibility criteria 

Articles for inclusion in this review met a strict set of inclusion 

and exclusion criteria. For inclusion in this review, it was required that 

the articles: 

 1) reported the direct assessment of phonological awareness skills using 

a published or replicable assessment protocol. An assessment protocol 

was deemed replicable if it was published by an independent supplier or 

available as an appendix to a published article,  

2) included participants who were of preschool-age children at the 

beginning of the data collection. The search terms did not include a 
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parameter for age due to the large variability in labels for the year before 

school around the world (e.g., preschool, preparatory school or early 

childhood education). In Australia, New Zealand, the United States and 

the United Kingdom, children are required to commence formal 

schooling around five years of age.  Thus, if the level of schooling was 

not reported in an article, the mean age of participants was required to be 

under 5 years of age,  

3) included at least one group of children with speech sound disorders of 

unknown origin,  

4) included monolingual children of any language. The searches were not 

limited to English titles.  

Intervention studies, studies that did not specify the source of their 

phonological awareness tasks and, studies that included children older 

than a mean age of five were all excluded. Also, studies that included 

children who had diagnoses of speech sound disorders secondary to 

another condition (e.g., hearing loss, dysarthria due to cerebral palsy) 

were also excluded.  

Study selection 

The search of each database was completed and a list of the total number 

of articles was created (n= 777). At each stage of the process, the articles 

were reviewed for relevance and articles which met one or more of the 

exclusion criteria were rejected (figure 2). The reference lists of the final 

10 papers were scanned for any missed articles which fit the inclusion 
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criteria and one more paper was identified. A final paper was published 

after the review was completed. This article (Preston et al., 2013) met all 

the inclusion criteria and was also included in the review. The final 12 

papers were reviewed in detail. Insert Figure 2 

Reliability 

Inter judge reliability was undertaken for the selection of articles 

to be included in the review. An SLP who was blinded to the purpose of 

the review and was not an author, reviewed titles and abstracts (where 

appropriate) of 152 (19.5%) articles against the exclusion criteria. There 

was a 99.3% match with the first author indicating a high level of 

reliability. In cases of mismatches, the first author’s decision was upheld. 

Study characteristics  

Twelve papers were identified that met all the inclusion criteria. 

When reported individually, these 12 papers included 684 children (n = 

435 with speech sound disorders). However, these 12 papers reported the 

results of six unique studies. This means that the total number of 

individual children assessed in these studies was 439 children (n = 257 

with speech sound disorders). Due to the high variability in methodology 

and statistical analysis between the articles, quantitative meta-analysis of 

the presented data was not completed. A synthesis of results is presented 

in Appendix A.  

Data analysis process 
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Data were extracted from each article based on the Strengthening 

the Reporting of Observational Studies in Epidemiology (STROBE) 

protocol (von Elm et al., 2008). This protocol highlights 22 areas to assist 

with standard reporting of observational research. These areas include the 

theoretical rationale for the study, the methodology of the study 

(including study design), risk bias, results and statistical analysis, and 

interpretation, limitations and generalizability of the results. Features of 

each article were tabulated following the STROBE protocol and key 

features relating to the research aims of the current paper were extracted.  

Evaluation of levels of evidence 

The quality of each study was defined using The National Health 

and Medical Research Council of Australia’s four levels of evidence for 

studies of diagnostic accuracy (Merlin et al., 2009).  These levels assist 

with the critical evaluation of research to inform clinical practice. Each 

study that met all the inclusion criteria was evaluated following these 

levels of evidence and guidelines.  

Results 

Of the 12 papers, six reported results from the Phonological 

Awareness Test (Bird et al., 1995), two reported results from the 

Preschool and Primary Inventory of Phonological Awareness (Dodd et 

al., 2000), one reported results from the Preschool Comprehensive Test 

of Phonological and Print Processing (Lonigan et al., 2002), one reported 

results from the Comprehensive Test of Phonological Processing 
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(Wagner et al., 1999) and two reported on stimuli developed by 

MacLean, Bryant and Bradley (1987). Of these, 10 papers only provided 

the children’s composite scores and did not provide details about 

individual phonological awareness skills (i.e., task types at specific levels 

and in specific modes).  

Building an evidence-base 

The National Health and Medical Research Council of Australia 

(NHMRC) identified three key parameters which can be used to evaluate 

the quality of an evidence base: the quantity of evidence, the level of 

evidence available, and the quality of the evidence available (Hillier et 

al., 2011). See Appendix A for comparative analysis of these results.  

Quantity of evidence. Due to the small number of papers which met each 

of the inclusion criteria, study design was not controlled. As a result, 

cross-sectional (n = 5), case series (n = 2) and cohort (n = 5) studies were 

identified and included in analysis.  

Level of evidence. Eight papers were classified as providing Level 3 

evidence. That is, well-designed case-control studies. The remaining four 

papers demonstrated Level 4 evidence; namely, a case-series or cross-

sectional study without a control reference.  Study design also varied in 

terms of the presence, or absence, of a control group of children with 

typically-developing speech and language. Two studies reported 

additional comparative data (Anthony et al., 2011; Rvachew, 2007). 

Anthony et al. (2011) observed the phonological processing skills 
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(including receptive and expressive measures of phonological awareness 

and measures of the distinctiveness and accessibility of phonological 

representations) of children with speech sound disorders and matched 

these participants with two additional groups: children matched on 

receptive and expressive language tasks and a control group of children 

with typically-developing speech and language. Rvachew (2007) reported 

data on two sub-groups of children with speech sound disorders: children 

with low phonological processing and children with high phonological 

processing, and a group of typically developing children. Rvachew’s 

(2007) phonological processing measure was a composite of a measure of 

speech perception and two receptive measures of phonological awareness 

(onset awareness and rime awareness). 

Quality of evidence. The 12 papers reviewed explored a variety 

phonological awareness skills of preschool children with speech sound 

disorders (see Appendix A). However, none of the studies reported 

blinding of assessors or researchers involved in the data collection, 

analysis and interpretation of results. The participants in all of the studies 

were referred at some point, by a qualified speech-language pathologist 

or concerned parent, to the research team.  

To synthesise the results, two primary features of this evidence 

base have been identified: 1) limited evidence exists related to specific 

phonological awareness skills in preschool-age children with speech 

sound disorders and 2) discussion about the features of children’s 
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expressive phonology which may correlate to phonological awareness 

ability remains ongoing. 

The assessment of specific phonological awareness skills in preschool 

children with speech sound disorders  

The first key finding during the analysis of this evidence was the 

limited reporting of specific phonological awareness skills for preschool 

children with speech sound disorders (see Appendix A). Specifically, 

there was limited discussion about relationships between specific 

phonological awareness skills, speech sound errors, and literacy 

outcomes. Nine of the 12 papers reviewed reported phonological 

awareness skills as a combined composite score (Anthony et al., 2011; 

Mortimer & Rvachew, 2008; Preston & Edwards, 2010; Preston et al., 

2013; Rvachew, 2007; Rvachew et al., 2007; Rvachew et al., 2003; 

Sutherland & Gillon, 2005, Sutherland & Gillon, 2007) and one study 

reported a smaller composite score for phonemic awareness and 

segmentation skills (Rvachew & Grawburg, 2006). Only one research 

group reported data related to specific phonological awareness skills 

(Webster & Plante, 1995; Webster et al., 1997).    

Speech sound disorders and phonological awareness skills  

In preschool children with a speech sound disorders, phonological 

awareness skills appear to be correlated with morphosyntactic ability 

(Mortimer & Rvachew, 2008) and other phonological processing skills 

(Anthony et al., 2011; Rvachew, 2007; Sutherland & Gillon, 2005, 
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Sutherland & Gillon, 2007). Debate continues over whether speech sound 

error types predict competence on phonological awareness tasks. 

Rvachew et al. (2007) reported that types of speech sound errors were not 

significantly correlated to phonological awareness skills in preschool. In 

contrast, other researchers have indicated that atypical sound errors in 

preschool may correlate with phonological awareness ability in preschool 

(Preston & Edwards, 2010) and after literacy instruction (Foy & Mann, 

2012; Preston et al., 2013). Further, there is evidence to suggest that there 

is no formal link between phonological awareness skills and severity of 

disorder (Rvachew et al., 2007). What does seem to be clear is that the 

phonological awareness abilities of children who have a speech sound 

disorder can vary; some have good awareness while others have poor 

(Rvachew, 2007). Rvachew (2007) found that preschoolers with poor 

phonological processing (including speech perception and phonological 

awareness) had difficulty with nonword decoding in the early school 

years. The children’s performance on specific phonological awareness 

skills (different levels and task types) was not reported.  

Discussion 

Preschool-age children with speech sound disorders are at risk of 

literacy difficulties. Through a systematic overview of the evidence 

exploring the assessment of phonological awareness abilities in 

preschool-age children with speech sound disorders, a number of findings 

emerged. Firstly, the evidence suggests that phonological awareness 
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skills can be assessed in preschool-age children with speech sound 

disorders. Secondly, available evidence has demonstrated links between 

speech sound disorders and phonological awareness ability in preschool-

age children. What remains to be identified are the specific phonological 

awareness difficulties that place preschool-age children at risk of future 

literacy difficulties. In the final section of this paper, we discuss the issue 

of the assessment of phonological awareness in preschool-age children, 

outline the limitations of our study and offer future directions for 

research.  

The development of phonological awareness has been more 

widely studied in the early years of education with typically-developing 

populations. Based on research with early school-age children, it is clear 

that phonological awareness skills and more specifically, phonemic 

awareness skills are important for literacy development (Gersten et al., 

2007). Age-appropriate phonological awareness skills for preschool 

children however include the identification, blending and elision of larger 

units of words (Anthony et al., 2003; Thatcher Kantor et al., 2011). These 

skills, however, are less directly correlated to later literacy development 

than phonemic-level skills (Muter & Snowling, 1998). Thus, we 

considered whether there were specific, age-appropriate phonological 

awareness skills which may be predictive of sensitivity to phonemic-level 

instruction and/or whether phonemic-level awareness could be reliably 

assessed with this age group.  
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 The studies identified in this review reported primarily on 

composite scores of phonological awareness ability among participants. 

Due to the composite nature of reporting phonological awareness in 

preschool children with speech sound disorders, it is difficult to 

determine which phonological awareness skills are most sensitive for 

identifying and differentiating those children at particular risk of literacy 

difficulties from those who will not have literacy difficulties. Three 

suggestions are offered for future research. First, research is needed to 

identify developmentally appropriate static assessments which are 

sufficiently sensitive to capture subtle variability in the developing 

phonological awareness skills of children with speech sound disorder. 

Second, given that phonemic awareness does not naturally develop, but 

can be taught to preschoolers (Ukrainetz al., 2011), dynamic assessment 

of phonemic awareness may prove valuable. A measure of phonemic 

awareness may help address the current quandary of trying to assess a 

skill triggered by formal orthographic instruction with preschool children 

not routinely exposed to such instruction.   Thirdly, it would also be 

important to consider the role of phonological awareness in the context of 

other phonological processing abilities such as the perception and 

creation of phonological representations, phonological working memory 

and phonological access to lexical store .  

Limitations 
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The focus of this overview was on reporting outcomes which 

could be replicated by speech-language pathologists and early childhood 

educators. For this reason, a number of studies were not included as they 

did not meet this criterion. The two inclusion criteria that excluded the 

most studies were participant age, and reporting of phonological 

awareness tasks. A lack of high quality, cohort studies which included a 

control group also limited the scope of this review.  

Although the original search was not restricted by language type, 

all the eligible papers were based on English-speaking children. Thus, 

additional issues based on the development of orthographies without 

direct grapheme-phoneme correspondence have not been explicitly 

discussed, although the variation is acknowledged.  

Source bias (Schlosser et al., 2007) was reduced through the 

systematic search of seven electronic databases (see Table 1). These 

databases covered literature for education, speech pathology, allied 

health, and medicine but not specifically for linguistics. Possible 

publication bias is also acknowledged as the systematic search for 

evidence only occurred through online databases. However, the reference 

lists for all eligible studies were also reviewed.  

Clear limitations also exist regarding the studies reported in this 

overview. The data from six different studies was reported across the 12 

papers. Sample size between the papers was also varied between the 



 

233 
 

largest (n = 68; Anthony et al., 2011) and the smallest (n = 9; Sutherland 

& Gillon, 2005, Sutherland & Gillon, 2007) data sets. 

Across the studies, there was a large variability in the 

phonological awareness skills reported in children with speech sound 

disorders (Appendix A). It may be argued some studies did not select 

tasks that were sensitive enough for a preschool population (e.g., Webster 

& Plante, 1995; Webster et al., 1997). The noted ceiling effect highlights 

the need for valid assessment tools for this population. The large 

variability in performance (e.g., Sutherland & Gillon, 2007) and limited 

analysis of variability (Rvachew, 2007) were also limitations within the 

presented evidence. The definition of speech sound disorders was also 

variable. The most common criteria for speech sound disorders was low 

percentage consonants correct (PCC). In addition, although most of the 

studies reported children with speech sound disorders as a homogeneous 

group, the variable phonological processing abilities of participants 

reported in some studies (e.g., Rvachew, 2007; Anthony et al., 2011) 

suggests an element of heterogeneity. 

Conclusions 

Phonological awareness is a difficult skill to assess in preschool-

aged children with speech sound disorders. The importance of accurate 

assessment and subsequent intervention is acknowledged throughout the 

presented literature. However, our systematic overview of the literature 

highlighted two issues which require further investigation. First, 
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phonological awareness assessments are needed to allow clinicians and 

researchers to assess and report specific age-appropriate phonological 

awareness abilities in preschool-age children with speech sound 

disorders. Such assessments could be both static—assessing 

developmentally appropriate skills involving larger phonological units, 

and dynamic—assessing phonemic level abilities via instruction or 

support (Thatcher Kantor et al., 2011).  . Secondly, assessment and 

analysis of the features of children’s expressive phonology, including the 

presence of atypical speech errors and/or concomitant delayed 

morphosyntactic skills, may also be valuable.. Through the development 

of more sensitive diagnostic tools, clinicians and educators will be in a 

better position to accurately identify preschool children with speech 

sound disorders most at risk of future literacy difficulties. 
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Appendix A. Reported results of the identified studies  
 

Reference Study 
design 

Level of 
Evidencea 

Participant 
ages 

Number of 
participants 

Test Phonological awareness skills assessed and reported 

Composite Syllable 
level 

Onset-rime 
levelb 

Phonemic 
level 

Anthony et al. 
(2011)  

Cross-
sectional 
with 
control 
group 

Level III-2 Mean age 
at baseline 
was 4;8 
(range: 3;5-
5;6) 

204 Preschool 
Comprehensive 
Test of 
Phonological 
and Print 
Processing 
(Lonigan et al. 
2002) 

 only 
reported 
composite 

   elision and 
blending 

Mortimer and 
Rvachew (2008) 

Case-
series 
study 

Level IV Mean age 
at baseline 
was 4;8 
(range: 53-
66 months) 

38 Phonological 
Awareness 
Test (PAT; 
Bird et al., 
1995).  

 only 
reported 
composite 

  rime 
matching  
 onset 
matching 

 onset 
segmentation 
 onset 
matching 

Preston and 
Edwards (2010) 

Cross-
sectional 

Level IV All 
participants 
were 
between 
4;0-5;9 at 
baseline 

43 Phonological 
Awareness 
Test (PAT; 
Bird et al., 
1995). 

 only 
reported 
composite 

  rime 
matching  
 onset 
matching 

 onset 
segmentation 
 onset 
matching 

Preston, Hull and 
Edwards (2013) 

Cohort 
study 

Level III-2 All 
participants 
were 
between 
4;0-5;9 at 
baseline  

25 Comprehensive 
Test of 
Phonological 
Processing 
(Wagner, R. 
K., Torgesen & 
Rashotte 1999) 

 only 
reported 
composite 

   elision and 
blending 

Rvachew, Chiang 
and Evans (2007) 

Case-
series 

Level IV Mean age 
at baseline 
was 4;8 

58 Phonological 
Awareness 
Test (PAT; 
Bird et al., 
1995). 

 only 
reported 
composite 

  rime 
matching  
 onset 
matching 

 onset 
segmentation 
 onset 
matching 
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Rvachew et al. 
(2003) 

Cross-
sectional 
study 
with 
control 
group 

Level III-2 Mean age 
in both 
groups was 
4;7 (range: 
4;0-4;11) 

26 Phonological 
Awareness 
Test (PAT; 
Bird et al., 
1995). 

 reported 
composite 
phonemic 
scores 

  rime 
matching  
 onset 
matching 

 onset 
segmentation 
 onset 
matching 
 

Rvachew (2007) Cohort 
study 
with 
control 
group 

Level III-2 Between 53 
to 67 
months at 
time of 
initial 
assessment 

68 Phonological 
Awareness 
Test (PAT; 
Bird et al., 
1995). 

 only 
reported 
composite 

  rime 
matching  
 onset 
matching 

 onset 
segmentation 
 onset 
matching 

Rvachew and 
Grawburg (2006) 

Cross-
sectional 
study 

Level IV Mean age 
at baseline 
was 4;8 
(range: 48-
67 months) 

95 Phonological 
Awareness 
Test (PAT; 
Bird et al., 
1995). 

 only 
reported 
composite 

  rime 
matching  
 onset 
matching 

 onset 
segmentation 
 onset 
matching 

Sutherland and 
Gillon (2005) 

Cross-
sectional 
study 
with 
control 
group 

Level III-2 Mean age 
at baseline 
was 4;5 
(speech 
sound 
disorder 
group) and 
4;7 
(control)  

26 Preschool and 
Primary 
Inventory of 
Phonological 
Awareness 
(Dodd et al. 
2000) 

 only 
reported 
composite 

 syllable 
segmentation 

rhyme 
awareness 

alliteration 
awareness 
phoneme 
isolation 
phoneme 
segmentation 

Sutherland and 
Gillon (2007) 

Cohort 
study 
with 
control 
group 

Level III-2 Mean age 
at baseline 
was 4;5 
(speech 
sound 
disorder 
group) and 
4;7 
(control) 

26 Preschool and 
Primary 
Inventory of 
Phonological 
Awareness 
(Dodd et al. 
2000) 

 only 
reported 
composite 

 syllable 
segmentation 

rhyme 
awareness 

alliteration 
awareness 
phoneme 
isolation 
phoneme 
segmentation 

Webster and Plante 
(1995) 

Cohort 
study 

Level III-2 Mean age 
at baseline 
was 3;6 

45 modified from 
MacLean, 
Bryant and 
Bradley (1987) 

   rhyme 
idntification 

 alliteration 
identification 
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Webster, Plante 
and Couvillion 
(1997) 

Cohort 
study 

Level III-2 Mean age 
at baseline 
was 3;6 

30 modified from 
MacLean, 
Bryant and 
Bradley (1987) 

   rhyme 
idntification 

 alliteration 
identification 
 
segmentation 
of nonwords 

aMerlin, Weston and Tooher (2009), bthe use of onset-rime/rhyme terminology is consistent with Holm, Farrier and Dodd (2008)  
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Table 1.  

Databases searched, inclusionary terms and exclusionary terms for this review. 
Databases searched Terms included Terms excluded 
EbscoHOST 
Education Resources 

Information Centre 
(ERIC) 

ProQuest 
Medline 
ScienceDirect 
Cumulative Index to   

Nursing and Allied 
Health Literature 
(CINAHL) 

Web of Science 
 
 

Each of the following  
articulation OR 
phonolo* OR 
speech* 

therap* 
intervention* 
 treatment* 
 narrative* 
 stutter* 
fluency* 
voice* 

assess* OR 
test* OR 
evalu* OR 
measu* OR 
screen* 

child* OR 
pediat* OR 
paediat* 

phonological awareness 
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Figure 1. Phonological processing abilities (based on Anthony, 2003; Bird & Bishop, 1995;  Sutherland & Gillon, 2005; Wagner  & 

Torgesen, 1987; Wagner et al., 2013).   

Phonological 

processing 

Phonological 

awareness 

Phonological access to  

lexical store 

Phonological 

working  
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awareness 
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awareness 

Assessment examples:  

rapid object, colour, number, 

and letter naming 

Assessment examples:  

real and nonword repetition 

 

Assessment examples:  

detection, deletion, blending, and segmenting of phonological units 
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Figure 2. Systematic database search and selection of articles which met all inclusion criteria

Total number of articles – combined from all searches (n=777)

Citations screened for relevance 

Abstracts for 64 articles were reviewed 

Full text of 30 papers were read and analysed

10 articles identified to meet all inclusion criteria. 

20 articles eliminated based on full text review as they met one or more 
of the exclusion criteria

34 articles excluded following abstract review as they met one or more of 
the exclusion criteria

713 articles excluded as they met one or more of the exclusion criteria
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Chapter 7 

Relationship between Polysyllable Accuracy,  

Phonological Processing, and Emergent Literacy 
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Learning to read is probably the most difficult and revolutionary 
thing that happens to the human brain 

― John Steinbeck 
 

This chapter addresses the fifth and final aim of this thesis: To 

explore the relationship between polysyllable speech accuracy, phonological 

processing, and emergent literacy skills in preschool children with speech 

sound disorders (SSD). This chapter builds on the analysis within Chapter 6 

that identified the complexity of assessing phonological awareness skills in 

preschool children with SSD and considered phonological processing skills 

more broadly. Thus, this chapter focuses on discussing all themes of this 

thesis (see Figure VIII).  

 

Figure VIII. Themes addressed in this chapter (shaded). 
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production
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This chapter is comprised of the following paper (Paper 6) that has 

been submitted for publication:  

Masso, S., Baker, E., McLeod, S., & Wang, A. (2016). Polysyllable 

speech accuracy, phonological processing, and emergent literacy in 

preschool children with speech sound disorders. Manuscript in 

submission. 

Paper 6 had two primary aims:  

1. To explore the profiles of preschool children with SSD based on the 

errors present in their polysyllable productions. 

2. To determine whether polysyllable accuracy is related to children’s 

performance on phonological processing tasks and emergent literacy 

tasks. 
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Abstract 

Purpose: Children with speech sound disorders (SSD) find polysyllables, 

words of three or more syllables, challenging. Further, children with SSD in 

preschool may be at risk of literacy difficulties when they start school. 

Children who demonstrate poor phonological processing skills (particularly 

phonological awareness) and delayed emergent literacy may be at particular 

risk of having difficulty learning literacy. The aim of this study was to 

determine whether children’s polysyllable accuracy was related to children’s 

phonological processing and emergent literacy skills. Method: Participants 

were 93 children with SSD from the Sound Start Study. Participants 

completed the Polysyllable Preschool Test (Baker, 2013), phonological 

processing tasks, and emergent literacy tasks. Results: Cluster analysis was 

completed and two unique clusters were identified: (1) low polysyllable 

accuracy and (2) moderate polysyllable accuracy. The clusters were 

significantly different based on two measures of phonological awareness, 

and measures of receptive vocabulary, rapid naming, and digit span. The 

clusters were not significantly different on sound matching accuracy, 

letter/sound or print concept knowledge. Conclusions: Children’s poor 

performance on emergent literacy tasks suggests all children with SSD may 

be at risk of literacy difficulties but that risk is compounded by poor 

performance on a polysyllable task and associated poor phonological 

processing.   

 

Keywords: speech sound disorders, phonology, polysyllables, multi-

syllables, children, literacy, phonological awareness  
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Polysyllable Speech Accuracy, Phonological Processing, and Emergent 

Literacy in Preschool Children with Speech Sound Disorders 

Introduction 

Children with speech sound disorders (SSD) may have delayed 

emergent literacy development (Anthony et al., 2011) and thus, be at risk of 

literacy difficulties at school (Elbro, 1996; Fowler, 1991; Swan & Goswami, 

1997). Specifically, children with SSD may have underspecified, or absent 

underlying phonological representations which may hinder the development 

of phonological processing skills (Snowling, 2012) and, specifically, 

phonological awareness skills (e.g., Anthony et al., 2011; Preston & 

Edwards, 2010; Preston, Hull, & Edwards, 2013; Rvachew, 2006). What 

remains to be determined is the best way to identify those children who may 

be at the greatest risk of literacy difficulties.  

One approach to exploring the factors, which may place children with 

SSD at risk of literacy difficulties, is through the analysis of speech 

accuracy. Children’s speech production accuracy is often determined based 

on a sample of mono-, di- and occasionally, polysyllabic words and the 

calculation of consonant accuracy based on those productions. Percentage of 

consonants correct (PCC; Shriberg, 1993; Shriberg et al., 2010) and/or a 

computed standard score based on a raw PCC value (e.g., Dodd & Crosbie, 

2005) are commonly reported as primary outcome measures of speech 

accuracy. These measures may also be used to reflect the severity of a 

child’s SSD (Shriberg & Kwiatkowski, 1982).   

Previous researchers have suggested that it is highly unreliable to 

identify children who may be at risk of literacy difficulties based on the 

severity of their SSD in the preschool years (Rvachew, Chiang, & Evans, 
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2007). However, the classification of children as presenting as “mild”, in 

contrast to “moderate” or “severe” is primarily dependent on the stimili used 

to sample speech and the analysis of that speech sample. Children with SSD 

who present with mild speech sound difficulties as measured using a sample 

of primarily monosyllabic real words may present differently on a measure 

that includes polysyllabic real words (Masso, McLeod, Baker, & 

McCormack, 2016). Polysyllables, words of three or more syllables, have 

been used as stimuli to determine the relationship between children’s speech 

production accuracy and literacy development. In fact, the consonant 

accuracy of a sample of children with SSD who produced a sample of 

polysyllabic real- and non-words has been found to account for the greatest 

variance in reading skill after a year of formal literacy instruction (Larrivee 

& Catts, 1999). Similarly, Turunen (2003) determined that young Finnish-

speaking children who were identified as late talkers produced fewer, and 

less phonologically accurate polysyllables at 30 months.  Then, these same 

late talkers demonstrated poorer reading skills when they started school than 

children who used more, and more phonologically accurate, polysyllables. 

Interestingly, Turunen (2003) analysed speech production based on 

measures of whole word, syllable, phonotactic, and phoneme-level accuracy 

and reported results that would not be captured by a broad measure of PCC 

alone. One reported limitation of PCC as a measurement tool is that all 

consonants are considered equal, regardless of phonotactic context, phonetic 

complexity, or age of acquisition (Preston, Ramsdell, Oller, Edwards, & 

Tobin, 2011). The value of considering measures of speech production 

beyond PCC have been supported by previous work exploring the possible 

association between speech production accuracy, emergent literacy skills, 
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and later literacy development (e.g., Preston et al., 2013; Rvachew et al., 

2007). The limitations of PCC were also reflected in the findings of Turunen 

(2003) who highlighted that children aged 30 months demonstrate distinctly 

different word length and syllable structure accuracy and, in turn, 

demonstrate notable differences in early literacy outcomes. Given that the 

small amount of research using polysyllable stimuli has focused on 

consonant accuracy of school-aged children (i.e., Larrivee & Catts, 1999), 

further investigation in to the relationship between the nature of children’s 

speech production errors and children’s risk of literacy difficulties before 

they start school is needed.  

A growing body of research has explored the nature of children’s 

speech production errors and highlighted that atypical speech errors may be 

a possible marker for risk of literacy difficulties (Leitão & Fletcher, 2004; 

Leitão, Hogben, & Fletcher, 1997; Mann & Foy, 2007; Preston et al., 2013; 

Rvachew et al., 2007). Preston and colleagues (2013) sampled children’s 

productions of 125 words with varying complexity (including consonant 

clusters and polysyllables) in a picture-naming task in an effort to determine 

whether speech production in preschool predicted school-aged phonological 

awareness skills. The analyses of speech accuracy were based on the 

presence of three types of errors (distortions, typical sound errors, and 

atypical sound errors). Preston and colleagues (2013) concluded that 

children who demonstrated a high frequency of atypical speech sound errors 

in preschool demonstrated lower school-aged performance on phonological 

awareness tasks. The method of analysis was comprehensive; however, it 

did not account for the proportion of typical and atypical errors that were 

due to the deletion of consonants and vowels compared to the proportion 
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that were due to the substitution of phonemes. The identification of atypical 

errors as a possible speech production marker for risk of literacy difficulties 

is interesting. A deficit in speech production, which is characterised by 

frequent atypical errors, may indicate underspecified phonological 

representations (Dodd, 2005; Leitão & Fletcher, 2004). However, the 

potential influence of polysyllables may be concealed within a 

comprehensive speech sample. Although Preston and colleagues’ (2013) 

research suggests that the presence of atypical errors may be valuable to 

identify preschool children most at risk of literacy of difficulties, not all 

children have atypical errors. According to Broomfield and Dodd (2004), 

57.5% of children with phonological difficulties have delayed rather than 

disordered phonologies. If we are to better identify children most at risk of 

literacy difficulties, an investigation is required to consider two issues: (1) 

the phonotactic complexity of words and (2) the nature of the errors on 

those words. Thus, further investigation of children’s productions of 

polysyllables the year before children start school may be particularly 

insightful.  

To consider the possible role of polysyllables in assessment, a 

comprehensive method of analysis is required to identify qualitative 

differences between children within a sample of children with SSD. 

Shriberg and colleagues (2005) proposed that deletions actually mark 

children’s lack of capacity to store, encode or access phonological 

representations. In addition, Anthony and colleagues (2010) suggest that 

children’s deletion errors represent insufficient, underspecified stored 

phonological representations. Frequent deletion errors have marked the 

difference between children with SSD only, and children with SSD and a 
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concomitant language disorder (Macrae & Tyler, 2014). In light of this 

research, it is important that deletions are considered within any analysis 

method of children’s speech sound production and, that sampled words are 

sensitive to deletion errors. Thus, a measure of polysyllables is required to 

identify those children who demonstrate frequent deletion errors and low 

phonotactic accuracy (Masso et al., 2016). To date, there is limited empirical 

support for the use of polysyllables in assessment as a marker for 

underspecified representations, or to assist with the identification of children 

who may be at risk of literacy difficulties.  

Preliminary evidence to support the identification of children at risk of 

literacy difficulties based on deletion errors (i.e., Anthony et al., 2011; 

McRae & Tyler, 2014) is inconclusive. The varied sampling, and reporting 

of speech production errors makes conclusions about the contribution of 

speech sampling to identify children at risk challenging. Further, there has 

been limited evaluation of the unique contribution of phonological 

complexity to identify children at risk of literacy difficulties. Children with 

SSD demonstrate different levels of polysyllable maturity when the type, 

and frequency of errors are analysed (Masso et al., 2016). Seven categories 

of errors in the production of polysyllables are identified in the Word-level 

Analysis of Polysyllables, (Masso, 2016). Masso and colleagues (2016) 

determined that preschool children with SSD could be classified within five 

levels of polysyllable maturity. These levels, based on the expected 

progression of polysyllable maturity (James, van Doorn, & McLeod, 2008), 

included the frequency of three of the four most frequent polysyllable 

errors: children’s deletion errors, alterations of phonotactics, and alterations 

of timing. Further analysis of the accuracy of children’s polysyllable 
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productions is indicated to determine whether children with poor 

polysyllable accuracy are at a greater, or lesser, risk of literacy difficulties 

than those children who demonstrate more mature polysyllables.  

One outcome used to study and identify preschool children most at 

risk of literacy difficulties is children’s skills related to phonological 

processing. Phonological processing represents a set of core functional skills 

required to develop appropriate literacy across the lifespan (Wagner & 

Torgesen, 1987). Specifically, phonological processing refers to children’s 

ability to create, store, manipulate, and access underlying representations. 

The ability to phonologically process information can be studied in children 

via phonological awareness tasks (Anthony et al., 2011; Mortimer & 

Rvachew, 2008; Preston & Edwards, 2010; Preston et al., 2013; Rvachew, 

2007; Rvachew et al., 2007; Rvachew & Grawberg, 2006; Rvachew, 

Ohberg, Grawberg, & Heyding, 2003; Sutherland & Gillon, 2005, 2007; 

Webster & Plante, 1995; Webster, Plante, & Couvillion, 1997), rapid naming 

(Anthony et al., 2010), digit span (Anthony et al., 2010), nonword repetition 

(Larrivee & Catts, 1999; Munson, Edwards, & Beckman, 2005; Shriberg et 

al., 2009), and speech perception tasks (Rvachew, 2006). Phonological 

processing skills are important for the life-long development of literacy and 

have been found to be impaired in school-aged children (Park & 

Lombardino, 2013) and adults with reading difficulties (Morais, Content, 

Cary, Mehler, & Segui, 1989; Ramus & Szenkovits, 2011; Trecy, Steve, & 

Martine, 2013).  

Recent research exploring the phonological processing skills of 

preschool children with SSD have focused on children’s ability to complete 

phonological awareness tasks (e.g., Preston et al., 2013; Rvachew et al., 
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2007; Sutherland & Gillon, 2007) and rapid naming (Leitão et al., 1997; 

Preston, 2008; Raitano, Pennington, Tunick, Boada, & Shriberg, 2004). In 

terms of phonological awareness, children with SSD may perform more 

poorly than children with typically-developing speech and language on 

phonological awareness tasks. Children with concomitant SSD and language 

delay perform more poorly than both groups when compared (Nathan, 

Stackhouse, Goulandris, & Snowling, 2004; Raitano et al., 2004). The 

impact of SSD on children’s capacity to complete rapid naming tasks 

remains inconclusive with some studies reporting poorer performance than 

controls (i.e., Leitão et al., 1997; Preston, 2008) and some reporting no 

significant difference between children with SSD and controls (i.e., Raitano 

et al., 2004). Preston (2008) concluded that further research is required in to 

the relationship between the nature of children’s speech sound errors and 

their performance on rapid naming tasks. The research in to the capacity of 

children with SSD to complete digit span tasks has not been 

comprehensively investigated and requires further investigation.  

What also requires investigation is those children with weaker 

language skills and SSD. It has long been established that children with 

concomitant speech and language delays may be at greater risk of literacy 

difficulties (Nathan et al., 2004; Raitano et al., 2004). Specifically, some 

children with SSD may have poor receptive vocabulary (Gernand & Moran, 

2007; Rvachew, 2006) placing them at risk of further literacy difficulties. 

McRae and Tyler (2014) determined that deletion errors were one key 

marker of difference between children with SSD-only and children with 

SSD and concomitant language delay. McRae and Tyler’s study included a 

total of 28 children with SSD aged 3;6-5;5. Fifteen of the children studied 
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had a concomitant language delay. Although MacRae and Tyler reported a 

significant finding based on children’s deletion errors, only 7-12% of the 

words produced by each group were polysyllables. Polysyllables may be 

more sensitive to deletion errors, particularly of vowels (Masso et al., 2016) 

and so further replication of this finding is required.  

The role of phonological processing in literacy acquisition is 

interesting, particularly in light of the implication that underlying 

phonological representations may play a crucial role in the development of 

literacy. Although it is clear that children with SSD may find phonological 

processing tasks challenging, these skills are just one element which 

children bring to reading acquisition. If we consider the development of 

literacy within a wider context of a model of reading which includes many 

components, a wider set of skills need to be considered when determining 

those children who may be at risk of difficulties.  

Within the Component Model of Reading (Aaron, Joshi, Gooden, & 

Bentum, 2008), cognitive skills (i.e., decoding and comprehension) are 

considered essential to the development of appropriate reading skills in 

addition to psychological (i.e., motivation and learning style) and ecological 

(i.e., home literacy environment and peer influence) factors. Given that 

literacy development is thought to occur though the continual mastery of 

overlapping skills (as opposed to distinct stages of development), emergent 

literacy represents the early stages of literacy development (Cabell, Justice, 

Logan, & Konold, 2013; Whitehurst & Lonigan, 1998). Emergent literacy 

may be defined as the foundation skills upon which later literacy develops. 

Within the Component Model of Reading, there are two primary areas 

which are considered essential to the development of later literacy (Aaron et 
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al., 2008): (1) word recognition (including decoding accuracy and fluency) 

and (2) comprehension (including listening comprehension). The 

fundamental precursors to developing these two elements of the Component 

Model of Reading are developed during emergent literacy (National 

Institute for Literacy, 2008). Namely, children demonstrate emergent word 

recognition skills through code-related emergent literacy tasks (i.e., 

phonological awareness, letter/sound knowledge, and print awareness) and 

comprehension skills through oral language based tasks (i.e., receptive 

vocabulary) (Cabell et al., 2013; Cabell, Justice, Konold, & McGinty, 2011, 

Storch & Whitehurst, 2002; Whitehurst & Lonigan, 1998). Code-related 

skills are those which are required to decode written, or phonological 

information, for the purposes of applying literacy knowledge (Justice, 

Invernizzi, & Meier, 2002). Code-related emergent literacy skills include 

alphabetic knowledge (i.e., letter-name and letter-sound knowledge), print 

concept knowledge (i.e., print and book directionality, print function, and 

letter concepts), and phonological awareness (i.e., elision, blending, and 

sound matching). In contrast, oral language skills, including receptive 

vocabulary, lay the foundations for children’s comprehension of literacy 

instruction and written texts (Cabell et al., 2013).  

There is a distinct overlap between the literature related to 

phonological processing and emergent literacy with phonological awareness 

and vocabulary knowledge represented within both frameworks and, 

unsurprisingly, these two areas have received the most attention in research 

with children who have SSD. What has been overlooked is investigations of 

alphabetic and print concept knowledge of children with SSD. Few studies 

have highlighted that children with SSD may know fewer letter names, and 
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letter sounds (i.e., the phoneme related to each grapheme) than children with 

typically-developing speech and language (Eadie et al., 2014; Raitano et al., 

2004). To date, no researchers have explored the print awareness skills of 

preschool children with SSD. Although the research in to children with SSD 

is limited, research with children who have a specific language impairment 

(i.e., Justice, Bowles, & Skibbe, 2006) has highlighted that children with 

language difficulties perform more poorly on measures of letter name/sound 

and print concept knowledge. 

As children commence formal literacy instruction, they utilise their 

emergent literacy and phonological processing skills to make sense of the 

new requirements for literacy: learning to write their name, accessing 

phonological information to decode and spell words, understanding the 

content of written information, and developing new ideas to express in 

written form. Pennington et al. (2012) suggested that children’s risk of 

literacy difficulties is exactly that, a measure of risk, of probability, that 

children will or will not have difficulty learning literacy. To understand 

children’s risk, it is important to consider a broad scope of factors which 

may place them at risk including factors with strong relationships to 

underlying phonological representations (i.e., phonological awareness, rapid 

naming, digit span), and emergent literacy (i.e., receptive vocabulary, 

letter/sound knowledge and print concept knowledge). When considering 

the relationship between speech production accuracy and emergent literacy 

development it is important to consider analysis methods beyond consonant 

accuracy alone. 

Aims 

The aims of this study were:  
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1. to explore the profiles of preschool children with SSD based on the 

errors present in their polysyllable productions, based on frequency of 

consonant deletions, vowel deletions, alterations of phonotactics, and 

alterations of timing.  

2. to determine whether children’s polysyllable accuracy is related to their 

performance on phonological processing tasks (including phonological 

awareness, rapid naming and digit span tasks) as well as emergent 

literacy tasks (including receptive vocabulary, letter/sound knowledge, 

and print concept knowledge).  

With regard to aim 1, we make a tentative hypothesis due to the lack 

of prior literature and the exploratory nature of cluster analysis. We 

hypothesize that there will be profiles of children with distinctively different 

levels of polysyllable speech accuracy. With regard to aim 2, we hypothesise 

that children who demonstrate poor polysyllable maturity characterised by 

high frequency of deletion errors and reduced phonotactic accuracy 

(arguably, both markers of poorly-specified phonological representations) 

will display poor phonological processing skills due to the reliance that 

phonological processing has on robust phonological representations. 

Further, we hypothesise that children with SSD will perform poorly on tasks 

related to letter/sound and print awareness as has previously been reported 

in children with specific language impairments.  

Method 

Context and Participant Recruitment 

The participants of this study were children who participated in the 

Sound Start Study, a 3-year cluster-randomised controlled trial, which was 

conducted in early childhood centres in Sydney, Australia. The Sound Start 
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Study was completed over six stages and explored the effectiveness of 

Phoneme Factory Sound Sorter (Wren & Roulstone, 2013) for preschool 

children with SSD.  The current paper reports on the pre-intervention 

assessment data (stages 2 and 3) collected during year 1 and year 2 of the 

Sound Start Study (see Figure 1).  

Insert Figure 1 here 

The participants from this study were from 29 sites representing a 

range of socioeconomic backgrounds26 (based on the Australian Bureau of 

Statistics, Index of Relative Socio-economic Advantage and Disadvantage, 

IRSAD, ABS, 2008). The director of each site provided consent for their 

centre to be involved in the research. During stage 1 of the study, a total of 

852 (62.9% of all children at the participating centres) were screened using 

the parent-report tool, the Parents’ Evaluation of Developmental Status 

(PEDS, Glascoe, 2000). Comparable questionnaires were completed by the 

teachers of 729 participants (85.6%) following parent consent.     

A total of 197 participants completed assessments in stage 2. 

Children were eligible for assessment at stage 2 if their parent and/or teacher 

indicated that they had concerns for the child’s expressive speech and 

language skills but children were excluded if they had a history of cleft lip 

and/or palate, developmental delay or persistent hearing loss. Children who 

demonstrated delayed phonological development (based on Diagnostic 

Evaluation of Articulation and Phonology – Phonology subtest, Dodd, Hua, 

Crosbie, Holm, & Ozanne, 2002) and typical nonverbal intelligence (based 

                                                
26 Socioeconomic status is reported based on IRSAD scores. Postcodes throughout 
Australia are allocated an IRSAD decile between 1-10 to represent the economic and social 
environments of residents within that postcode. Areas with a high index score (i.e., 10) 
indicate areas of most advantage whereas areas with a low index score (i.e., 1) indicate an 
area of least advantage. 
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on Preschool Test of Nonverbal Intelligence, Ehrler & McGhee, 2008) in 

stage 2 were offered an assessment in stage 3. A total of 97 participants were 

eligible for an assessment in stage 3 and polysyllable assessments were 

completed with 93 participants (the parents of two participants withdrew 

their consent for ongoing participation, one child did not assent to 

assessment at stage 3, and one child did not complete the polysyllable task 

at stage 3). See Masso et al. (2016) for further details of the inclusion and 

exclusion criteria for participants. 

Participants 

The participants of this study were the 93 children (aged 4;0-5;5, M 

= 55.6 months, SD = 4.3) who completed the Polysyllable Preschool Test 

(Baker, 2013) in stage 3 of the Sound Start Study. Full demographic 

information, participant characteristics, and parent-reported case-history 

information can be found in Masso et al. (2016). The sample included 58 

males (62.4%) and 35 females (37.6%), and the majority (n = 80, 86.0%) 

spoke English only at home. The mean IRSAD for the participants was 5.72 

(SD = 3.3) which included a range of index scores from 1-10. The IRSAD 

spread indicates wide range of socionomic variability within the sample.   

Instruments 

Assessment of speech sound production. Participants completed 

the Diagnostic Evaluation of Articulation and Phonology – Phonology 

subtest (DEAP-Phonology, Dodd et al., 2002) and the Polysyllable 

Preschool Test (POP, Baker, 2013) (see Figure 1). Both measures of speech 

production were picture naming tasks; the DEAP-Phonology includes a list 

of 50 words whereas the POP includes a list of 30 words (all of three or 

more syllables).  
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Assessment of Phonological Processing 

Children completed six subtests of  the Comprehensive Test of 

Phonological Processing – Second Edition (CTOPP-2; Wagner, Torgesen, & 

Rashotte, 2013) which are related to phonological processing; (1) elision, 

(2) blending words, (3) sound matching measured phonological awareness 

skills, (4) rapid colour naming and (5) rapid object naming measured 

phonological access to lexical store, and (5) digit span measured verbal 

working memory. Scores based on children’s performance on all subtests 

were converted to scaled scores from the manual according to age. A 

composite measure of phonological awareness (comprised of composite 

score and percentile rank) was calculated based on the sum of children’s 

scaled scores for each phonological awareness subtest. The CTOPP-2 has 

been normed and validated based on a sample of 1,900 children in the 

United States.  

Assessment of Emergent Literacy 

Receptive vocabulary. Participants completed the Peabody Picture 

Vocabulary Test – fourth edition (PPVT-4, Dunn & Dunn, 2007). The PPVT-

4 task requires that participants select the target word (spoken by the 

assessing SLP) when provided with four visual options on a single page. 

The PPVT-4 was standardised on a total population of 3,540 participants 

(aged 2;6-90 years) with children aged 4;0-5;11 making up a total of 210 

children within sampled participants.  

Code-related skills. Participants completed three tasks related to 

code-related emergent literacy skills (print awareness, letter name 

knowledge, and letter sound knowledge). Participants’s print awareness was 

assessed using the Preschool Word and Print Awareness (PWPA; Justice et 
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al., 2006) which is a shared book-reading task exploring participants’ 

knowledge of print concepts (e.g., book and text directionality, print 

function, and letter concepts).  A total raw score was calculated (max = 17) 

and converted to a Print-Concept Knowledge estimate based on the 

published conversion table (Justice et al., 2006). Letter-name knowledge 

and letter-sound knowledge was assessed using the protocol described by 

Anthony and colleagues (2011). Participants were shown upper and lower 

case letters side-by-side on 2 occasions: (1) children were asked to name the 

letter presented, (2) children were asked to say the sound for each letter. 

Internal consistency of the letter-name and sound knowledge tasks were 

reportedly high (Cronbach’s α = .97 for both tasks) (Anthony et al., 2011). 

Procedure 

This study was approved by the Charles Sturt University Ethics in 

Human Research Committee (approval number 2013/070) and the New 

South Wales Department of Education and Communities ethics committee 

(2013267). The parents and children provided consent and assent 

respectively to participate in all assessment stages of the research. The 

assessments for this study were completed at stage 2 (30-45 minutes) and 

stage 3 (45-60 minutes) in a quiet room at each child’s early childhood 

centre. Assessments were completed by one of two experienced speech-

language pathologists (SLPs). During the speech production tasks, 

consistent prompting cues were provided. If prompting was required, 

participants were prompted by semantic cue, then binary choice and finally, 

direct imitation. Broad phonetic transcriptions were completed online for the 

DEAP-Phonology task and checked using audio recordings. The POP 

(Baker, 2013) transcriptions were completed by the first author from blinded 
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audio recordings. Each assessment session was recorded using a video 

camera (Panasonic HC-V700 video camera with external Hahnel Mk100 

uni-directional microphone). Additional audio recordings were also 

collected for the speech production tasks using Zoom H1 audio recorder. 

Administration and scoring guidelines were followed as per the scoring 

protocol in the assessment manual or related journal article. Participants’ 

raw scores were converted to percentile ranks and standard scores where 

possible using norms provided in the test manual.  

Reliability 

Reliability for the inter- and intra-judge point-by-point reliability for 

both speech production tasks was completed.  For the DEAP-Phonology, 

intra-judge reliability was completed by the initial SLP who completed the 

participant’s assessment and inter-judge reliability was completed by the 

alternate assessing SLP. Intra-judge agreement for broad phonetic 

transcription of the DEAP-Phonology was 89.4% and inter-judge agreement 

was 88.7%. For the POP, intra-judge reliability was completed by the first 

author and inter-judge reliability was completed by the third author. Intra-

judge agreement for broad phonetic transcription of the POP was 91.3% and 

inter-judge agreement was 87.3%. Transcription reliability was deemed 

acceptable for the sample as it was above 85% reliable (Shriberg & Lof; 

1991). 

Data Analysis 

The total percentage of consonants correct (PCC), percentage of 

vowels correct (PVC), and percentage of phonemes correct (PPC) were 

calculated for the DEAP-Phonology and POP speech samples. DEAP PCC 

and PVC calculations were completed in the PROPH+ module of 
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Computerized Profiling (Long, Fey, & Channell, 2008) and DEAP PPC 

calculations were manually completed using the raw consonant and vowel 

accuracy scores. PCC, PVC, and PPC scores based on the POP samples 

were completed manually using the same protocol described in the 

PROPH+ software. Participants’ POP samples were further analysed using 

the Word-level Analysis of Polysyllables (Masso, 2016) to identify the 

frequency of seven error categories: (1) substitutions of consonants or 

vowels, (2) deletion of syllables, consonants or vowels, (3) distortion of 

consonants or vowels, (4) additions of consonants or vowels, (5) alteration 

of phonotactics, (6) alteration of timing, and (7) assimilation and/or 

alteration of sequence (see Masso et al., 2016). Analyses of the DEAP-

Phonology and POP speech samples were described in detail by Masso and 

colleagues (2016).  

All speech production data (PCC, PVC, PPC, and frequency of 

polysyllable errors) as well as results from all phonological processing and 

emergent literacy tasks were entered in to SPSS version 21.0 (IBM, 2012). 

Descriptive statistics and frequency distributions for all variables were 

extracted.  

The optimal number of clusters were identified using SAS 9.1 (SAS 

Institute, 2004). Cluster analysis was completed using Ward’s method 

(Ward, 1963) to determine children’s membership in to the optimum number 

of clusters based on four polysyllable variables: consonant deletion, vowel 

deletion, alterations of phonotactics, and alterations of timing. Ward’s 

method is a hierarchical clustering method which clusters cases based 

initially on those cases which are most similar and continues until the 

specified number of clusters appear within the dataset. Following the 
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definition of different clusters, one-way ANOVAs were conducted to 

compare the clusters based on the clustered variables. One-way ANCOVAs 

were then conducted to determine whether the was a statistically-significant 

difference between the clusters on the measures of phonological processing 

(phonological awareness, rapid naming, digit span) and emergent literacy 

(receptive vocabulary, print awareness, letter name knowledge, letter sound 

knowledge) when controlling for age and socioeconomic status (as 

measured by IRSAD). 

Results 

Speech Accuracy  

The participants (n = 93) demonstrated a mean PCC of 64.8 on the 

DEAP (range = 29.10-86.50) and 64.6 on the POP (range = 28.13-85.94) 

representing a wide range of severity (mild-severe) and an average severity 

across the sample of moderate-severe SSD (Shriberg & Kwiatkowski, 

1982). As a single group, the participants most frequently demonstrated 

substitution errors (M = 20.2; SD = 4.06) followed by alterations of 

phonotactics (M = 16.3; SD = 5.33), deletion errors (M = 15.2; SD = 5.58) 

and alterations of timing (M = 13.3; SD = 5.29). 

Insert Table 1 here 

Cluster Analysis based on Polysyllable Errors 

Cluster analysis was conducted based on polysyllable errors, namely, 

consonant and vowel deletions, alterations of phonotactics, and alterations 

of timing as identified by the Word-level Analysis of Polysyllables (Masso, 

2016). Four fit indices (R2, root mean squared standard deviation 

(RMSSTD), Pseudo-F and Pseudo-t2were consulted) were consulted to 

determine the optimal number of clusters for a given sample (Milligan & 
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Cooper, 1985). See Table 2 for the definitions of fit indices and the value of 

fit indices for each cluster solution.  

Insert Table 2 here 

Selecting the number of clusters to be included in analysis relies, in 

part, on the theoretical basis for the clusters and whether the additional 

cluster/s make a meaningful contribution to the result. An examination of 

the fit indices for each cluster and the mean occurrence of polysyllable 

errors indicates the two-cluster solution as being the most optimal cluster 

solution. The three- and four-cluster solutions did not produce additional 

meaningful clusters and led to rather small cluster size. All further analyses 

were conducted based on the two-cluster solution.  

A one-way ANOVA was conducted to compare the cluster 

differences on the clustered variables and measures of PCC and PVC (see 

Table 3). Cluster 1 (n = 61) is characterised by low polysyllable production 

accuracy on all measures whereas Cluster 2 (n = 32) is characterised by 

moderate polysyllable production accuracy on all measures. The low 

accuracy cluster demonstrated high frequency of vowel deletions (M = 9.8; 

SD = 5.37), consonant deletions (M = 23.3; SD = 7.02), timing errors (M = 

15.3; SD = 4.23), and phonotactic errors (M = 19.4; SD = 3.63). In contrast, 

the moderate accuracy cluster demonstrated lower frequency of vowel 

deletions (M = 2.3; SD = 1.64), consonant deletions (M = 10.2; SD = 2.17), 

timing errors (M = 9.3; SD = 4.90), and phonotactic errors (M = 10.5; SD = 

2.24). The clusters were significantly different on all clustered variables, 

vowel deletions F(1, 91) = 59.34, p = <.001, consonant deletions, F(1, 91) = 

105.76, p = <.001, alterations of timing F(1, 91) = 38.09, p = <.001, and 

alterations of phonotactics F(1, 91) = 159.26, p = <.001 (see Table 3). 
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Although PCC (F(1, 91) = 71.35, p = <.001), PVC (F(1, 91) = 42.24, p = 

<.001), and the frequency of substitution errors (F(1, 91) = 17.24, p = 

<.001 ) were not included as cluster variables, the two clusters did differ 

significantly based on each of these measures. The low accuracy cluster 

demonstrated a mean PCC of 59.1 (SD = 9.61), mean PVC of 79.5 (SD = 

7.54) and mean frequency of substitution errors of 21.36 (SD = 3.58). The 

moderate accuracy cluster demonstrated a mean PCC of 75.2 (SD = 6.80), 

mean PVC of 89.3 (SD = 5.55) and mean frequency of substitution errors of 

17.97 (SD = 4.04) (see Table 3). 

Insert Table 3 here 

Comparison between Clusters: Phonological Processing and Emergent 

Literacy 

A one-way ANCOVA analysis was conducted to determine whether 

there was a statistically significant difference between the two clusters on 

measures of phonological processing (phonological awareness, rapid 

naming, digit span) and emergent literacy (receptive vocabulary, print 

awareness, letter name knowledge, letter sound knowledge) when 

controlling for age and socioeconomic status (as measured by IRSAD) (see 

Table 4).  

Phonological processing. There was a significant difference 

between the clusters in three of four measures of phonological awareness 

after controlling for age and IRSAD: elision F(1, 89) = 5.38, p = 0.023 

partial η2 = 0.058, blending words F(1, 90) = 5.94, p = 0.017, partial η2 = 

0.063, and the composite of all phonological awareness scores F(1, 91) = 

7.70, p = 0.007, partial η2 = 0.081. One measure of phonological awareness, 

sound matching, was not significant F(1, 90) = 2.89, p = 0.093, partial η2 = 
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0.032. In terms of rapid naming and digit span, participants demonstrated 

varying results. Participants demonstrated significantly different 

performance between clusters on rapid colour naming F(1,87) = 4.21, p = 

0.043, partial η2 = 0.047 but there was no significant difference between 

clusters on rapid object naming F(1,89) = 2.72, p = 0.103, partial η2 = 0.030. 

Participants in the lower accuracy cluster demonstrated significantly poorer 

digit span compared with the participants in the moderate accuracy cluster 

F(1,90) = 11.11, p = 0.001, partial η2 = 0.112. 

Emergent literacy. There was a significant difference in receptive 

vocabulary between the two clusters after controlling for age and IRSAD, 

F(1, 91) = 5.39, p = 0.023, partial η2 = 0.057. There was no significant 

difference between the clusters on measures of print awareness F(1, 89) = 

0.47, p = 0.497, partial η2 = 0.005, letter name knowledge F(1, 70) = 2.48, p 

= 0.120, partial η2 = 0.035, or letter-sound knowledge F(1, 70) = 0.525, p = 

0.471, partial η2 = 0.008 (see Table 4). 

Insert Table 4 here 

Discussion 

The results presented here demonstrate that there were two distinct 

profiles based on measures of polysyllable error in a sample of 93 

participants with phonologically-based SSD. The two clusters were: (1) 

participants with low polysyllable accuracy characterised by low consonant 

(PCC) and vowel (PVC) accuracy, and high substitution, deletion, alteration 

of timing and alteration of phonotactic errors, and (2) participants with 

moderate polysyllable accuracy characterised by higher PCC and PVC 

accuracy, and fewer substitutions, deletions, alterations of timing, and 

alterations of phonotactics. Further, when the performance of participants in 
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each cluster based on measures of phonological processing and emergent 

literacy are considered, an interesting pattern develops.  

With regard to our first aim, we hypothesised that it would be 

possible to define distinct groups of children, within a sample of children 

with SSD, based on polysyllable speech accuracy. With regard to our second 

aim, we hypothesised that children who demonstrated poorer polysyllable 

accuracy would perform poorly on phonological processing tasks and that 

those same children with poor polysyllable accuracy would perform poorly 

on measures of emergent literacy (including receptive vocabulary, print 

concept knowledge, and letter/sound knowledge). Both hypotheses were 

supported. In the following sections, we will discuss each of the results in 

turn and consider how these results contribute to our understanding of 

children with SSD who may be at risk of literacy difficulties.  

Defining Two Clusters based on Polysyllable Speech Accuracy 

The participants in this research were clustered based on the 

frequency of measures of polysyllable accuracy: (1) consonant deletions, (2) 

vowel deletions, (3) alterations of phonotactics, and (4) alterations of 

timing. These measures have previously been identified as indicating 

polysyllable maturity over time (Masso et al., 2016). That is, participants 

who demonstrated frequent deletion errors demonstrated the least mature 

polysyllable productions whereas participants who demonstrated fewer 

deletion errors were deemed to represent a more mature polysyllable 

realisation (James, 2006; Masso et al., 2016). Thus, the participants in the 

first cluster in this study (n = 63) demonstrated less accurate polysyllable 

productions characterised by frequent deletion errors, alterations of timing, 

and alterations of phonotactics. In contrast, the participants in the moderate 
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polysyllable accuracy cluster (n = 31) demonstrated fewer deletion errors, 

and arguably, more structurally mature polysyllables. The clusters were 

significantly different to one another based on the polysyllable features of 

the cluster. The participants in the low accuracy cluster may have had poorer 

stored phonological representations compared to the participants in the 

moderate accuracy cluster, as demonstrated by more frequent deletion errors 

when saying polysyllables (Anthony et al., 2011; Macrae & Tyler, 2014; 

Shriberg et al., 2005).  

Differences between Two Clusters on Phonological Processing Tasks 

The poorer phonological representations demonstrated by the low 

accuracy cluster may account for participants’ poorer performance on 

phonological awareness tasks, memory for digits and rapid naming. This is 

the first time that children’s accuracy saying polysyllables has been used as 

the speech production measure when considering phonological processing 

and emergent literacy skills in a population of children who are at risk of 

literacy difficulties. The importance of polysyllables has been suggested in 

previous work which has explored the unique contribution of structural 

errors (e.g., deletion errors) to identify children who have poor concurrent 

literacy skills (Gernand & Moran, 2007; Rvachew & Grawberg, 2006;). 

However, the structural errors of these children were not explored in any 

detail and, instead, were considered as a function of atypical errors 

(Rvachew & Grawbery, 2006) or general phonological deviancy (Gernand 

& Moran, 2007).  

The lack of difference between the low accuracy cluster and the 

moderate accuracy cluster on the CTOPP-2 measure of sound matching was 

surprising. The lack of difference in sound matching capacity may be due to 
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participants’ exposure to phoneme-level phonological awareness teaching 

including explicit instruction about the matching of sounds in words, or due 

to the additional visual support provided in the sound matching task. In 

preschool, children can learn core phoneme-level phonological awareness 

skills (Gillon, 2005). Participants’ exposure to explicit phonological 

awareness instruction in the participating centres was not controlled in this 

study. Thus, a replication of the current study controlling for children’s 

access to explicit phonological awareness teaching is indicated.  

Comparison between the Clusters based on Emergent Literacy Tasks 

Although clusters were significantly different on receptive vocabulary 

performance, the mean of both clusters remained within the normal limits 

for preschool-aged children based on the norms of the PPVT-4 (Dunn & 

Dunn, 2007). Although all the participants in this study demonstrated 

receptive vocabulary skills within the typical range for their age, the results 

of this study do support previous findings that children who demonstrate 

more frequent deletion errors also demonstrate poorer language skills 

(Macrae & Tyler, 2014; Rvachew, 2007). This suggests that, although still 

typical, weaker vocabulary may be identified in children with frequent 

deletions when saying polysyllables.  

All of the children in this sample performed poorly on a letter/sound 

knowledge task and a task measuring print concept knowledge. This 

research highlights that poor polysyllable productions in our sample of 

participants with SSD did not explain greater differences in children’s 

emergent literacy skills (sound matching skills, letter/sound knowledge or 

print awareness). Children’s print concept knowledge was not related to the 

accuracy of their polysyllable productions. This result may indicate the 



 
 

281 
 

possible influence of home literacy environment, direct literacy teaching and 

exposure to print concepts (e.g., McGinty & Justice, 2009) which were not 

controlled in this study. The participants in the current study demonstrated 

markedly less print awareness than the sample of 30 children reported by 

Justice and colleagues (2006). The children in Justice’s sample had a mean 

age of 4;6 (SD = 4 month) and typical language development. No speech 

production measures were reported. The children in Justice’s sample 

demonstrated an average print concept accuracy of 55%; whereas, the 

participants in the current study demonstrated 18.0% and 23.7% in the low 

polysyllable accuracy, and moderate polysyllable accuracy clusters 

respectively. Awareness of print and book concepts may be due, wholly or in 

part, to children’s exposure to books and meta-linguistic conversations 

about book reading (Byrne et al., 2009; Justice et al., 2006). The distinct 

difference in these results may be due to uncontrolled environmental factors 

in children’s literacy environments.  

Many participants in this sample (across both clusters) had very poor 

knowledge of letter names and letter sounds. Although participants’ 

awareness of the names and sounds associated with letters may be 

influenced by other cognitive processes (e.g., visual distinction and/or 

attention) which has not been controlled for in this research, this result 

remains interesting. The participants described in this study demonstrated 

lower letter and sound knowledge that other reported studies with children 

who have SSD (e.g., Anthony et al., 2011; Eadie et al., 2014). In 2014, 

Eadie and colleagues reported that 20.8% of children with SSD 

demonstrated no knowledge of letter names and/or sounds. In the current 

study, 35.5% of the total sample had no knowledge of letter names and/or 
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sounds (55.3% of the low accuracy cluster and 28.0% of the moderate 

accuracy cluster). Similarly, the children described by Anthony and 

colleagues (2011) demonstrated better letter and sound knowledge than all 

the participants in this sample. It is difficult to know what this is due to – 

whether it’s due to differences in exposure to letter/sound teaching in the 

early childhood education system within Australia and between Australia 

and the USA or whether it is more broadly due to the likely more severe 

SSD sample reported in the current study or differences in elicitation 

procedures. Anthony et al. (2011) excluded children who were deemed to 

have “unintelligible speech” but no quantification of this was provided. 

Thus, further investigation is required in to the capacity of children with 

SSD to learn letter-names and letter-sounds when controlling for associated 

cognitive skills. 

The research presented in this study supports an interaction between 

polysyllable accuracy, as demonstrated by low- or moderate-polysyllable 

accuracy, phonological processing, and emergent literacy. What this 

research also contributes is a way to identify those children who may require 

further assessment of emergent literacy skills (particularly receptive 

vocabulary and phonological awareness) through the initial assessment of 

speech production skill on a polysyllable sampling task. 

Clinical Implications 

These results of this research add to the growing body of research 

which supports the use of polysyllables in assessment (e.g., James et al., 

2008). This research highlights the clinical application of polysyllables to 

identify children who have difficulty producing complex words and 

specifically supports the comprehensively sampling and analysis of 
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polysyllables (beyond a simple measure of PCC alone). This research also 

supports the need to identify those children may be at risk of phonological 

processing difficulties and those who require further investigation about 

their receptive language and code-related emergent literacy skills in the year 

before starting school.  

Future Research and Limitations  

Further research is required to investigate the role of other factors 

(e.g., family-based risk and protective factors) in the development of 

literacy in children with SSD. An interaction between different factors may 

place children at most, or least risk of literacy difficulties. Poor polysyllable 

productions, and inadequate phonological processing skills may be essential 

factors when considering children’s risk of literacy difficulties but, are 

unlikely to be the only factors which require consideration. Similarly, the 

interaction between input (i.e., articulation judgement) and output (speech 

production) of polysyllables requires considerably more investigation. In 

school-aged children with specific language impairment, Claessen and 

Leitão (2012) reported poorer input identification of polysyllables, but 

adequate speech production of polysyllables. Thus, further exploration of 

input processing as well as production is indicated for preschool children 

with SSD who are at risk of finding polysyllables challenging. Further 

investigations in to the outcomes of children with preschool-aged 

polysyllable difficulties and their reading outcomes at school-age are also 

required.  

There were two primary limitations of this research. The first is that 

the sample presented in the current study was not compared against a 

control group of children who did not present with any speech production 



 
 

284 
 

difficulties. The second limitation of the research is based on the lack of a 

normative sample of children’s polysyllable productions using the Word-

level Analysis of Polysyllables (Masso, 2016). Thus, these results can only 

be interpreted within the context of children with SSD of differing levels of 

maturity, rather than applied more broadly to identify children with 

seemingly typical speech production accuracy who may perform poorly on a 

polysyllable sampling task.  

Conclusion 

In this study, the severity of SSD, when measured based on 

polysyllable accuracy, did relate to performance on phonological processing 

tasks. However, when considering emergent literacy within the context of a 

Component Model of Reading poor phonological processing is only one of 

many factors that require consideration during clinical assessment. Although 

polysyllables are difficult for children with phonologically-based SSD, 

children with different levels of polysyllable accuracy can be identified 

based on the frequency of children’s deletion errors, alterations of timing, 

and alterations of phonotactics. Specifically, two different clusters were 

identified which reflect children with poor polysyllable accuracy and 

moderate phonological accuracy. These clusters demonstrated meaningful 

differences in skills, particularly with regard to phonological processing. 

The clusters were significantly different based elision and blending words 

tasks as well as measures of receptive vocabulary, rapid naming, and digit 

span. The clusters were not significantly different on sound matching 

accuracy, letter/sound or print concept knowledge. The poor performance of 

all the children on emergent literacy tasks suggests all children with SSD 
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may be at risk of literacy difficulties but that risk may be compounded by 

poor phonological processing.    
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Table 1. 
Speech Accuracy of the Total Sample of Participants (n = 93) based on the 
Diagnostic Evaluation of Articulation and Phonology – Phonology (Dodd et 
al., 2002) and the Polysyllable Preschool Test (Baker, 2013) 
Assessment Measure Total sample  Total sample range 

   M SD Min Max 

DEAP    

 PCC 64.8 12.00 29.10 86.50 

 PVC 91.1 6.17 67.90 100 

POP    

 PCC 64.6 11.63 28.13 85.94 

 PVC 82.9 8.34 61.76 99.02 

   

 SUB (max = 30) a 20.2 4.06 10 28 

 DEL (max = 30) a 15.2 5.58 5 28 

 AP (max = 30) a 16.3 5.33 5 28 

 AT (max = 30) a 13.3 5.29 1 23 

Note. DEAP = Diagnostic Evaluation of Articulation and Phonology – Phonology (Dodd et 
al., 2002), POP = Polysyllable Preschool Test (Baker, 2013), a Abbreviations based on the 
Word Level Analysis of Polysyllables (Masso, 2016) are used; SUB = Substitution of 
consonants or vowels, DEL = Deletions of syllables, consonants or vowels, AP = 
Alterations of Phonotactics, AT = Alterations of Timing 
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Table 2. 
Fit Indices for the Cluster Analysis of Deletion of Consonants and Vowels, 
Alterations of Timing and Alterations of Phonotactics 

Clusters  R2 RMSSTD  Pseudo F Pseudo t2 

2 0.58 0.63 125 37.3 

3 0.68 0.69 93.8 36.7 

4 0.77 0.54 99 34.7 

Note. R2 is the measured variance between each cluster, RMSSTD is the root mean squared 
standard deviation; the combined standard deviation for all variables included in each 
cluster, Pseudo F reports the between-cluster to within-cluster variance ration (Calinski & 
Harabasz, 1974), Pseudo t2 reports the difference between two merged clusters. A larger 
value of R2 and Pseudo F, and a smaller value of RMSSTD and Pseudo t2 indicate a good 
cluster solution.  
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Table 3. 
A Comparison of Each Cluster on Measures Speech Accuracy on the 
Polysyllable Preschool Test (Baker, 2013) 

 

Low 

accuracy  

(n = 61) 

Moderate 

accuracy  

(n = 32) ANOVA 

Measure M SD M SD F df p 

PCC 59.1 9.61 75.2 6.80 71.35 1, 91 <.001 

PVC 79.5 7.54 89.3 5.55 42.24 1, 91 <.001 

Substitutions 21.4 3.58 18.0 4.04 17.24 1, 91 <.001 

Vowels 

deleteda 

9.8 5.37 2.3 1.64 59.34 1, 91 <.001 

Consonants 

deleteda 

23.3 7.02 10.2 2.17 105.76 1, 91 <.001 

Alterations of 

timinga 

15.3 4.23 9.3 4.90 38.09 1, 91 <.001 

Alterations of 

phonotacticsa 

19.4 3.63 10.5 2.24 159.26 1, 91 <.001 

Note. a Variable included in the cluster analysis 
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Table 4. 
Comparison between Two Clusters on Measures of Phonological Processing 
and Emergent Literacy Controlling for Age and Socioeconomic Status 

 

Cluster 1 

Low accuracy 

Cluster 2 

Moderate accuracy ANCOVA 

  n M SD n M SD F df p. 

Phonological Processinga  

Elisionb 59 7.6 1.95 32 8.7 2.19 5.38 1, 89 0.023 

Blending 

Wordsb 

60 7.0 1.63 32 7.5 1.98 5.94 1, 90 0.017 

Sound 

Matchingb 

60 7.9 2.19 32 8.6 2.24 2.89 1, 90 0.093 

  

Rapid 

colour 

namingb 

58 5.3 5.0 31 7.7 4.74 4.21 1, 87 0.043 

Rapid 

object 

namingb 

60 7.1 3.93 31 8.9 3.65 2.72 1, 89 0.103 

  

Memory for 

digitsb 

60 7.9 2.82 32 10.0 2.04 11.1 1, 90 0.001 

  

Emergent literacy   

Receptive 

vocabularyc 

61 91.4 13.1 32 98.9 16.1 5.39 1,91 0.023 

Print 

Awarenessd  

59 5.4 2.83 32 7.1 3.79 0.47 1, 89 0.497 

Letter 

namese 

47 4.4 7.11 25 8.9 9.41 2.48 1, 70 0.120 

Letter 

soundse 

47 0.7 2.84 25 2.0 5.05 0.53 1, 70 0.471 

Note: a Based on the Comprehensive Test of Phonological Processing – Second edition 
(CTOPP-2), b Reported mean is based on the CTOPP-2 scaled score. CTOPP-2 scaled score 
normal distribution has a mean of 10 (SD = 3), cPeabody Picture Vocabulary Test – Fourth 
edition (PPVT-4). PPVT-4 standard score is based on normal distribution with a mean of 
100 (SD = 15). d Print awareness task described by Justice et al. 2006. Maximum score for 
the print awareness task was 17. e Based on the letter knowledge task described by Anthony 
et al. (2011). Maximum score for the letter name and letter sound tasks was 26
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Chapter 8 

Conclusions and Contributions of this Thesis 
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The impetus for this thesis was my own clinical curiosity about the 

polysyllable productions of preschool children with speech sound disorders 

(SSD). As a speech-language pathologist (SLP) with a diverse clinical 

caseload, it was clear that different children with SSD said polysyllables in 

very different ways. Some children appeared to have few systemic 

phonological processes (e.g., fronting) but frequently omitted one or more 

of the syllables in words. Whereas, other children presented with a high 

frequency of systemic phonological processes but, when presented with a 

polysyllable task, produced all the syllables and frequently achieved the 

correct stress pattern. Although this was an interesting clinical observation, 

it was the differing outcomes achieved by different children that spurred my 

interest to investigate polysyllables further. Through working as a part of the 

Sound Start Study team, Polysyllable speech samples from 93 preschool 

children with SSD from 29 early childhood centres in Sydney, Australia 

were analysed. These data were used to complete a multi-faceted 

investigation of the polysyllable productions of preschool children with SSD 

within this doctoral thesis. A number of different research techniques 

including the systematic review of the literature, direct assessment, 

comprehensive speech analysis, inferential statistical analyses, and critical 

evaluation, were used to address five research aims within six individual 

papers (see Table VI). The final result of this thesis has been to provide new 

knowledge and clinical tools to support the assessment, analysis, and 

interpretation of the polysyllable productions of preschool children with 

SSD. 



 

304 
 

Table VI 
Summary of Research Aims, Thesis Chapters, and Paper Titles included in this Thesis 
Research aim(s) addressed Chapter 

of thesis 
Paper title 

Overview 1  
Literature review 2 1. Speech: Phonology (Masso & Baker, 2015) 
Aim 1: To develop a method of analysing polysyllables 

suitable for children with SSD. 
Aim 2: To present a framework for interpreting polysyllable 

maturity of children with SSD. 

3 2. Assessment and analysis of polysyllables in young 
children (Masso, McLeod, & Baker, 2016, in submission) 

Aim 3: To describe polysyllable errors made by preschool 
children with SSD using three measures of 
polysyllables: segmental accuracy (PCC, PVC, and 
PPC), frequency of errors (WAP), and polysyllable 
maturity (Framework). 

4 3. Polysyllable productions in preschool children with speech 
sound disorders: Error categories and the Framework of 
Polysyllable Maturity (Masso, McLeod, Baker, & 
McCormack, 2016) 

Aim 4: To investigate the progression of polysyllable 
maturity in children with SSD over time, including 
factors that influence improvements in maturity. 

5 4. Longitudinal changes in polysyllable maturity of preschool 
children with speech sound disorders (Masso, McLeod, 
Wang, Baker, McCormack, 2016, in submission) 

Aim 5: To explore the relationship between polysyllable 
speech accuracy, phonological processing, and 
emergent literacy skills in preschool children with 
SSD. 

6 5. Identifying phonological awareness difficulties in 
preschool children with speech sound disorders (Masso, 
Baker, McLeod, & McCormack, 2014) 

7 6. Polysyllable speech accuracy, phonological processing, 
and emergent literacy in preschool children with speech 
sound disorders (Masso, Baker, McLeod, Wang, 2016, in 
submission) 

Conclusions 8  
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Synopsis of this Thesis (revisited) 

 The first chapter of this thesis provided an overview of the topic, 

themes, purpose, research aims, context, and methodology. The second 

chapter provided an introduction to the historical and theoretical context of 

this research to lay the foundations for the rest of the thesis. In scouring the 

literature for the second chapter of this thesis (and the associated book 

chapter, Paper 1), it emerged that a multitude of different phonological 

theories informed an even larger number of approaches to analysis of 

children’s speech. Viewing the analysis of polysyllables within a historical 

context, it was evident that the analysis of individual components of 

polysyllables has evolved with changes in phonological theory. This 

overview of the literature also highlighted the need for finer-grained 

measures to provide insight in to the quality of children’s phonological 

representations. 

 The synthesis of literature in Chapter 2 and Chapter 3 informed the 

development of the Word-level Analysis of Polysyllables (WAP, Masso, 

2016a). The WAP was developed as a part of this doctoral research to 

facilitate the comprehensive analysis of polysyllable samples. Through the 

development of the WAP, it became apparent that the interpretation of 

polysyllable samples remained a clinical challenge, particularly when faced 

with a comprehensive analysis of a polysyllable sample. Thus, the 

associated interpretation tool, the Framework of Polysyllable Maturity 

(Framework, Masso, 2016b) was also developed to support SLPs to 

interpret polysyllable maturity in children with SSD. Chapter 3 provided a 

tutorial about the use of the WAP and the Framework to analyse and 
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interpret polysyllable samples. The complete WAP and Framework are 

Appendices B and C of this thesis.  

 Once the WAP and the Framework had been developed, there was a 

need to test them by exploring the polysyllable errors demonstrated by 

preschool children with SSD. The investigation of children’s polysyllable 

errors occurred within three research studies (Chapters 4, 5, and 7). In 

Chapter 4, the range and frequency of errors produced by children with 

phonologically-based SSD when saying polysyllables were reported. 

Chapter 4 also tested the feasibility of the Framework of Polysyllable 

Maturity to interpret the maturity of children’s polysyllables. In Chapter 5 

children’s productions were investigated further by considering changes 

over time in children’s productions of polysyllables. Once it was apparent 

that children demonstrated different profiles of polysyllable errors, with 

some children demonstrating a high frequency of omission errors, there was 

a need to investigate children’s polysyllable errors with respect to emergent 

literacy skills. Chapter 6 presented a systematic search and overview of 

assessment techniques for children with SSD regarding one essential 

component of emergent literacy, phonological awareness. Chapter 6 

highlighted that there are challenges in the assessment of phonological 

awareness in preschool children with SSD. The final research study was 

developed to consider children’s phonological awareness as well as broader 

phonological processing and emergent literacy skills. Consequently, Chapter 

7 explored the application of the WAP to consider the accuracy of children’s 

polysyllables with regard to their associated emergent literacy and 

phonological processing skills.  
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This thesis has made a number of key contributions to the literature 

that have implications for SLPs and researchers working in the area of child 

phonology. Discussions about the results of individual research studies has 

occurred in the preceding chapters (Chapters 3, 4, 5, 6, and 7). This final 

chapter will summarise these discussions by outlining each of the key 

contributions of this thesis and discussing the implications in terms of our 

understanding of children with SSD and the use of polysyllables in 

assessment. Chapter 8 will also summarise the limitations of the research, 

propose directions for future research, and demonstrate the impact of this 

research to date.  

Key Contributions of this Thesis 

 The composition of polysyllables, as words that contain complex 

segments, syllable shapes, and stress patterns, make them difficult for 

children to say correctly. Through the chapters of this thesis, a strong case 

has been presented for the use of polysyllables in assessment to build SLPs’ 

clinical knowledge about children with SSD. Specifically, this thesis has 

made five key contributions, associated with each of the research aims that 

will support SLPs’ knowledge and use of polysyllables in assessment for 

children with SSD. Each of the research aims and unique contributions will 

be addressed in the following sections.  

Aim 1: To develop a method of analysing polysyllables suitable 

for children with SSD. 

A method of analysing polysyllables that is suitable for children with 

SSD has been presented and applied across a number of studies. The WAP 

(Masso, 2016a), as described in Chapter 3 and found in Appendix B, is an 

item-based polysyllable analysis tool that was designed to capture seven 
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categories of error. Grounded in the previous work of van Riper (1939) and 

James (2006), the WAP has been presented within a tutorial paper 

(embedded within Chapter 3) that has been written for SLPs. Included in the 

tutorial paper within Chapter 3, a short-form of the WAP was provided to 

support SLPs’ use of the WAP in clinical assessment.  

Aim 2: To present a framework for interpreting polysyllable 

maturity of children with SSD. 

As a companion to the WAP, the Framework of Polysyllable 

Maturity (Framework, Masso, 2016b) was developed to assist with the 

interpretation of polysyllable maturity based on polysyllables produced by 

children with SSD. The Framework was described in Chapter 3 and is 

available in Appendix C. The Framework described five levels of maturity 

that were based on previous research investigating the typical acquisition of 

polysyllables in children with typically-developing speech and language 

(James, 2006). Children at polysyllable maturity Level A demonstrated the 

least mature realisations of polysyllables including frequent deletions of 

consonants and vowels, alterations of phonotactics, and alterations of 

timing. Children at Level B demonstrated increased maturity with fewer 

vowel deletion errors but ongoing consonant deletion errors, alterations of 

phonotactics, and alterations of timing. At Level C, children demonstrated 

greater accuracy of timing with ongoing errors in phonotactics due to 

consonant deletions. At Level D, children demonstrated greater phonotactic 

accuracy but reduced timing accuracy. By Level E, children realised both 

timing and phonotactic accuracy.  

 One important consideration during the development of the WAP 

and the Framework was the treatment of the high frequency of substitution 
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errors demonstrated by children with SSD.  The development of the 

Framework incorporated the need to capture errors that may indicate 

underspecified phonological representations, beyond substitution errors. 

Thus, the focus of the Framework was on capturing changes in deletion 

errors and realisations of phonotactic structure. Changes in stress accuracy 

were also included within the Framework due to the observation by James, 

van Doorn, and McLeod (2008) of changes in prosodic accuracy as 

children’s polysyllables mature. Thus, the Framework represents an initial 

evaluation of polysyllable maturity aside from children’s segmental 

accuracy. 

Aim 3: To describe polysyllable errors made by preschool 

children with SSD using three measures of polysyllables: 

segmental accuracy (PCC, PVC, and PPC), frequency of errors 

(WAP), and polysyllable maturity (Framework). 

This doctoral research explored polysyllables in a sample of 93 

children with SSD using three measures of polysyllables: segmental 

accuracy (PCC, PVC, and PPC), frequency of errors (based on the WAP), 

and polysyllable maturity (based on the Framework). The findings of 

Chapter 4 highlight that polysyllables may be particularly sensitive to vowel 

errors, and that four categories of error are particularly prominent in the 

polysyllable samples of preschool children with SSD. Wilcoxon signed-rank 

tests were used to determine differences in percentage of consonants correct 

(PCC) and percentage of vowels correct (PVC) between a routine measure 

of speech production (Diagnostic Evaluation of Articulation and Phonology, 

DEAP; Dodd, Hua, Crosbie, Holm, & Ozanne, 2002) and a polysyllable 

sampling tasks (Polysyllable Preschool Test, POP; Baker, 2013). There was 
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no significant difference between PCC scores on the two tests (p = 0.78). 

However, a statistically significant difference was identified based on PVC 

scores (p<0.00). The participants demonstrated lower vowel accuracy on the 

POP compared to the DEAP-Phonology. As a whole group, children with 

SSD demonstrated four primary categories of errors: (1) substitution of 

consonants and vowels (97.8% of participants demonstrated common use1), 

(2) alteration of phonotactics (77.4%), (3) deletion of syllables, consonants, 

or vowels (65.6%), and (4) alteration of timing (63.4%). Of the 91 (97.8%) 

participants who demonstrated common use of substitutions, polysyllable 

maturity was evaluated using the Framework with 17 (18.7%) at Level A 

(least mature), 37 (40.7%) at Level B, 17 (18.7%) at Level C, 5 (5.5%) at 

Level D, 15 (16.5%) at Level E (most mature).  

Aim 4: To investigate the progression of polysyllable maturity in 

children with SSD over time, including factors that influence 

improvements in maturity. 

In order to consider the changes in polysyllable accuracy and 

maturity in preschool children with SSD, this thesis presented a longitudinal 

study of 80 children’s polysyllable productions with regard to three 

measures of speech accuracy: (1) segmental accuracy (PCC and PVC); (2) 

frequency of errors (based on the WAP); and (3) polysyllable maturity 

(based on the Framework). Eighty children with SSD produced the 30 

words of the Polysyllable Preschool Test on three occasions and were 

described in Chapter 5. Over time, children demonstrated improvements in 

polysyllable accuracy with regard to each of the measures of accuracy 

(PCC, PVC, error categories, and maturity level). An important finding 

                                                
1 Common use = the presence of the error on at least 40% of words sampled.  
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related to this research aim was the identification of children’s starting level 

of polysyllable maturity as a significant factor in the likely progression of 

children’s maturity. Specifically, children who started at Framework Level 

B (the second lowest level of polysyllable maturity) were 8.62 times more 

likely to improve compared with participants who started at the lowest level 

(Framework Level A), (OR = 8.62, p = .022).  

Aim 5: To explore the relationship between polysyllable speech 

accuracy, phonological processing, and emergent literacy skills in 

preschool children with SSD. 

The findings of the final experimental study of this thesis (Chapter 7) 

highlighted that children who demonstrated low polysyllable accuracy 

demonstrated significantly poorer phonological awareness (p = 0.007, 

partial η2 = 0.081), rapid colour naming (p = 0.043, partial η2 = 0.047), and 

digit span (p = 0.001, partial η2 = 0.112) than children who demonstrated 

moderate polysyllable accuracy. All of the children in the study 

demonstrated low print awareness and letter name/sound knowledge 

compared with the previous studies that have investigated emergent literacy 

skills in preschool children with SSD (e.g., Anthony et al., 2011; Eadie et 

al., 2014). Although all of the children in the sample demonstrated receptive 

vocabulary skills that were typical for their age, the children who had low 

polysyllable accuracy demonstrated significantly lower receptive vocabulary 

than children with moderate polysyllable accuracy. The final study 

presented in this thesis identified that all of the children demonstrated poor 

emergent literacy skills. Children’s performance on a polysyllable speech 

production task may provide insight in to their phonological representations. 
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Those who exhibit poor speech accuracy on a polysyllable task may also 

have difficulty processing phonological information. 

Implications of this Research 

This doctoral research has implications for the understanding of 

children with SSD and the use of polysyllables in assessment for children 

with SSD. 

Understanding Children with SSD 

Considering a representation-based account of phonology, there is a 

need to consider the skills of children with SSD beyond broad measures of 

speech accuracy (e.g., PCC and PVC) or even traditional approaches to 

phonological process analysis (e.g., Grunwell, 1987; Hodson, 1980; 

Shriberg & Kwiatkowski, 1980; Weiner, 1979). Finer-grained methods of 

analysis may provide insight in to the quality of children’s representations. 

This thesis has contributed to the ongoing discussion in this field to advance 

our understanding of children with SSD.  

The results described in this thesis support the use of polysyllables to 

gain insight in to children’s phonological representations, and associated 

phonological processing and emergent literacy skills (see Figure IX).  

 

Figure IX. Four themes addressed throughout this thesis including the three 
themes that were directly measured (shaded). 
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In the first chapter of this thesis, polysyllable productions of three 

children were presented (see Table VII) to establish the need for 

polysyllable-specific methods of speech analysis. To demonstrate the 

implications of the research outlined in this thesis, consider these three 

children again: Lachlan (4;11), Emily (4;10), and Thomas (4;5). 

Table VII 
Polysyllable Productions by the Children with Speech Sound Disorders 
Presented in Chapter 1 
Orthography Target 

production 
Child (age) 

Emily  
(4;10) 

Thomas 
(4;5) 

Lachlan  
(4;11) 

Umbrella /ʌmbɹelə/ [ʌmbelə] [ʌnvʌlə] [ʌmbɹewə] 
Calculator /kælkjəleɪtə/ [pækəleɪtə] [pəweɪtə] [kætəwəleɪtə] 
Pyjamas /pəʤaməz/ [pəʤaməts] [əwəz] [bəʤaməz] 
Spaghetti /spəɡeti/ [dedi] [ɡeti] [spə.ɡeti] 

Note. The children represented here were participants of the Sound Start Study. Names are 
pseudonyms. 

 

The children presented in Table VII demonstrated different types of 

errors when saying polysyllables. Emily’s speech was described in detail in 

Chapter 3. To consider the implications of this thesis on our understanding 

of children, Lachlan and Thomas will be discussed. Recall that the accuracy 

of children’s speech may provide insight in to the quality of their 

phonological representations (Anthony et al., 2010; Edwards et al., 1999; 

Macrae & Tyler, 2014; Fowler & Swainson, 2004; Foy & Mann, 2001; 

Shriberg et al., 2005; Swan & Goswami, 1997). Also consider that 

polysyllables may be valuable to determine the quality of children’s 

representations based on speech accuracy (Baker & Munroe, 2011; James, et 

al., 2008; Larrivee & Catts, 1999; Sutherland & Gillon, 2005). When a full 

sample of Thomas’ polysyllables (Table VII) were analysed using the WAP 

and interpreted using the Framework, he demonstrated the least mature 
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polysyllables of the three children presented. Thomas demonstrated frequent 

deletions of whole syllables (both weak and stressed syllables), frequent 

alterations of phonotactics, and poor stress accuracy. Thomas demonstrated 

polysyllable maturity in Framework Level A at Time 1. The research 

presented in this thesis supports this interpretation of Thomas’ polysyllable 

speech production during his initial assessment. When an SLP is provided 

this information in an initial assessment, hypotheses may now be formed as 

to the quality of Thomas’ phonological representations. Using polysyllables 

as a finer-grained measure of speech accuracy it may be hypothesised that 

Thomas has poorly specified phonological representations, may be less 

likely to improve his polysyllable speech accuracy over time, and may be 

more likely to have difficulty completing phonological processing tasks 

(including phonological awareness) than peers who produce more accurate 

polysyllables. In Thomas’ case, these predictions were supported by the data 

collected from him over the course of this research. Thomas did not improve 

his polysyllable maturity over time. Thomas also demonstrated phonological 

awareness, verbal working memory, rapid naming ability, and letter 

name/sound knowledge that were below expected for his age. Each of these 

factors put Thomas at risk of having difficulties learning literacy (Mann & 

Foy, 2003; Sutherland & Gillon, 2005) and will require monitoring as he 

transitions in to his first year of school.  

Consider now, the third child presented in Table VII, Lachlan. 

Lachlan demonstrated the most accurate polysyllable productions of the 

three children presented in Chapter 1. Although Lachlan continued to 

demonstrate phoneme errors that were not appropriate for his age, he was 

beginning to realise appropriate stress and phonotactic accuracy. Lachlan 
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demonstrated polysyllable maturity in Framework Level E at Time 1. When 

an SLP is provided this information in an initial assessment of Lachlan, it 

may now be hypothesised that he has more specified phonological 

representations than his peers with lower polysyllable accuracy. In 

Lachlan’s case, these predictions were supported by the data collected from 

him over the course of this research. Lachlan also performed better than 

Thomas, and within the typical range, on measures of phonological 

awareness, verbal working memory, and rapid naming. Lachlan also 

demonstrated greater print awareness and letter name/sound knowledge than 

Thomas but remained below expected for his age for these tasks. Moreover, 

Lachlan reached the ceiling of the Framework indicating that his speech 

sound errors are primarily segmental in nature. Although Lachlan’s 

emergent literacy skills may still be lower than his peers with typically-

developing speech and language (as discussed in Chapter 7), his ability to 

process phonological information will support his ongoing vocabulary and 

emergent literacy development. Thus, Lachlan may be at a lower risk of 

literacy difficulties when he commences school.  

The results of this thesis extend the earlier work of Larrivee & Catts 

(1999) who demonstrated that a broad measure of PCC on a polysyllable 

sampling task explained a significant amount of the variance in reading 

outcomes of school-aged children after a year of literacy instruction. Early 

assessment and analysis of polysyllable speech accuracy may assist with the 

identification of children in preschool who have poorly specified 

phonological representations. Thus, an analysis of polysyllables may 

identify those children who have difficulty processing phonological 

information and developing emergent literacy.  
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Emergent literacy is the foundations upon which later literacy 

acquisition develops (Cabell, Justice, Logan, & Konold, 2013; Whitehurst & 

Lonigan, 1998). The analysis in Chapter 7 of this thesis demonstrated that 

children with SSD may have poorer emergent literacy skills than previously 

reported (e.g., Anthony et al., 2011; Eadie et al., 2014; Justice, Bowles, & 

Skibbe, 2006). Children with poorer demonstrated phonological processing 

skills (likely due to underspecified phonological representations) are 

therefore already at risk of difficulty learning literacy but this risk is 

compounded by difficulty processing phonological information.  

The research presented in this thesis demonstrates how SLPs may 

begin to embrace Edwards’ (2012) call to action and consider new ways to 

understand the nature of children’s speech sound difficulties. A 

comprehensive analysis of a polysyllable sample may contribute to SLPs’ 

knowledge of children’s speech production accuracy, phonological 

processing, and emergent literacy.  

Understanding the Use of Polysyllables in Assessment of Children with 

SSD 

One of the main challenges facing SLPs working in clinical practice 

is the ability to implement new evidence into their clinical practice. In 2005, 

Zipoli noted that the use of evidence-based practice reduced over time by 

SLPs working in the United States and that time-pressures were one of the 

biggest barriers to the implementation of new evidence into practice. Other 

barriers included a lack of consolidation of research for clinicians, limited 

time available to read about new, evidence-based clinical practices, and 

limited understanding of statistical methods and analyses (Metcalfe et al., 

2001; Zipoli, 2005). The limited time available to clinicians highlights the 
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need to make new evidence-based practices readily accessible. One way to 

do this is through tutorial-based articles that explain new clinical techniques 

in detail and provide case studies to reduce the time commitment required 

for SLPs to learn new clinical skills for practice (Vallino-Napoli & Reilly, 

2004). Throughout this thesis, the need for clinically-relevant knowledge of 

children’s polysyllable productions has been addressed. It has also been 

demonstrated that additional clinical knowledge can be extracted from a 

polysyllable sample that may be missed on a primarily mono- and di-

syllabic sampling task. This thesis has implications for SLPs working in 

clinical practice with regard to their assessment and analysis of 

polysyllables.  

Implications for assessment. 

 A number of findings have been presented that support the use of 

polysyllables in assessment to collect specific information about children’s 

speech accuracy, and phonological representations, that may be missed by 

using a routine speech sampling tool. A number of previous researchers 

have advocated for the use of polysyllables in assessment (e.g., Baker & 

Munro, 2011; Gozzard, Baker, & McCabe, 2006; James, 2006; James et al., 

2008, Mason, Bérubé, Bernhardt, & Stemberger, 2015; Young, 1991) but 

this thesis presents the first body of work that has explored the unique 

contribution that polysyllables can make to clinical decision-making for 

children with SSD. This thesis also challenges an assertion by Macrae 

(2016) that polysyllables are too complex and should only be considered for 

older children. Polysyllables may assist with the identification of preschool 

children who may be at risk of demonstrating limited improvement in their 

speech accuracy over time and children who may have poorer emergent 
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literacy and phonological processing skills than their peers. SLPs clinical 

judgement of vowel and phonotactic accuracy may be insufficient without 

sampling polysyllables.  

Beyond the recommendation of completing polysyllable assessment 

to gain an initial understanding about children’s speech accuracy, this thesis 

also supports the use of polysyllables as a tool to monitor children’s 

phonological development. Although some children with SSD will 

spontaneously improve their polysyllable productions without targeted 

intervention for polysyllables, some children will not.  

In addition to the findings that will impact clinicians’ use of 

polysyllables in assessment, this thesis also supports the usefulness of 

assessing children’s emergent literacy skills and phonological processing 

skills beyond phonological awareness only. Phonological awareness is a 

strong predictor of later literacy outcomes (e.g., Elbro et al., 1998; Gillon, 

2005; Mann & Foy, 2003). However, phonological awareness can be 

challenging to assess in preschool children with SSD.  

Implications for analysis. 

Polysyllable analysis is challenging. This thesis addressed the 

clinical need for a method of analysis that can yield clinically-valuable 

information about children’s polysyllable accuracy. Previous methods of 

analysis have addressed whole word accuracy (e.g., James, 2001; Lewis & 

Freebairn, 1992), consonant and/or vowel accuracy (e.g., Gozzard, Baker, & 

McCabe, 2008; Larrivee & Catts, 1999), phonotactics (e.g., Kehoe & Stoel-

Gammon, 1997a; Roy & Chiat, 2004; Young, 1986), and stress accuracy 

(e.g., Ballard et al., 2012; Kehoe & Stoel-Gammon, 1997b). To this end, 

through the development of the WAP (Masso, 2016a), a full analysis method 
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was devised as well as a short-form version. The short-form may be less 

time-intensive than the full analysis without losing the clinically-relevant 

components of the analysis. 

Speech accuracy measures (e.g., PCC, PVC, and PPC) based on a 

routine speech sampling task with few polysyllables may mask qualitative 

differences between children with phonologically-based SSD of unknown 

origin. Through the use of the WAP, children can be identified who have 

different profiles of errors. This thesis also presented the Framework 

(Masso, 2016b) that allows for the initial interpretation of the maturity of 

children’s polysyllables. The WAP and the Framework can be used to gain 

greater insight into children’s speech accuracy beyond the segmental 

accuracy that is measured with a traditional measure of PCC or PVC.  

 Limitations of this Research 

There were five limitations to the research studies reported in this 

thesis. First, due to the context of this research (the Sound Start Study), it 

was not possible to collect polysyllable samples from age-matched peers 

with typically-developing speech and language. The WAP and Framework 

have not been trialled on a sample of children with typically-developing 

speech and language. Thus, there are no normative data about the frequency 

of errors demonstrated by children with typically-developing speech and 

language and a level of caution must be brought to the interpretation of the 

research findings. In this vein, children’s polysyllable maturity as classified 

using the Framework can only be interpreted within the context of children 

with SSD. Further testing of the Framework is required with a sample of 

children who have typically-developing speech and language to investigate 
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the reliability to Framework Level membership across different speech 

samples and over time.  

The second limitation was also a residual limitation due to the 

constraints of the data collection occurring within the context of the Sound 

Start Study there was no opportunity to test the consistency of children’s 

polysyllable speech accuracy. In previous research considering the 

polysyllable speech accuracy of preschool children with typically-

developing speech and language (Gozzard, Baker, & McCabe, 2008) and 

children with SSD (e.g., Masso, McCabe, & Baker, 2014), some children 

were able to improve their productions of polysyllables following requests 

for clarifications containing polysyllables. For example, the study 

completed by Masso and colleagues in 2014 reported data from four 

children with SSD who were asked to say a list of 12 polysyllables in single 

word and connected speech contexts. When a participant said a polysyllabic 

word incorrectly, they were presented with one of two types of requests for 

clarification: (1) a request containing a correct model of the target word, or 

(2) a request containing an incorrect model of the target. Following a 

request containing an incorrect model of the target most (3 out of 4) 

participants were able to improve their production of polysyllables. Masso 

and colleagues suggested that some children may have more detailed 

underlying phonological representations than they initially accessed when 

saying polysyllables. It was not possible to test this hypothesis within the 

current thesis.The third and fourth limitations of this research refer to 

decisions that were made during the development process of the WAP and 

Framework. The WAP was designed to capture the breadth of polysyllable 

errors demonstrated by children with SSD. Thus, there were limitations to 
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the specificity of the phonological analysis that was completed. For 

example, there is limited examination of the substitution errors 

demonstrated by the sample of children. It has long been known that 

children with SSD demonstrate phonological processes at older ages than 

children with typically-developing speech and language. The value in an 

investigation about polysyllables was the ability to contribute new 

knowledge about children’s errors, particularly with regard to phonotactic 

and stress errors that are not captured with by traditional phonological 

process analyses. Examination of substitution errors in more detail may 

provide further insight into children’s difficulties saying polysyllables and 

will be investigated in future research.  

The fourth limitation of this research is the criteria placed on the 

Framework to delimit whether children demonstrated the presence of a 

pattern of error. For this research, there was a need to identify relative 

differences in error frequency in a clinical sample of children with SSD. To 

do this, recommendations from previous research (Hodson, 1991) were 

implemented in which the criterion of 40% was used to identify dominant 

errors in children’s speech.  It is acknowledged that this high criterion may 

cause the loss of some of the variability within the sample. Preliminary 

considerations of different thresholds were considered for this thesis. For 

example, when the threshold criteria was lowered from 40% to 26.6% (or, 8 

occurrences of an error across a 30 word sample), there was less distinction 

within the sample levels. Considering this lower threshold in the sample of 

80 participants described in Chapter 5, 27 (33.8%) demonstrated Level A 

maturity, 41 (51.3%) Level B maturity, 10 (12.5%) Level C maturity, 1 

(1.3%) Level D maturity, and 1 (1.3%) Level E maturity. As previously 
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mentioned, the higher threshold (40%) is suitable to identify the presence of 

error in a clinical sample. Further testing of the upper and lower thresholds 

are required to ensure the reliability of Framework level membership and 

changes in polysyllable maturity over time. Similar to the first identified 

limitation, the 40% criterion demonstrates that these data can only be 

interpreted within the context of the clinical sample of children with SSD. 

The fifth limitation to this research was the lack of comprehensive 

nonword repetition task to measure phonological working memory of 

children with SSD. Due to the time constraints of the Sound Start Study and 

the limitations of the Comprehensive Test of Phonological Processing – 

Second Edition (CTOPP-2, Wagner, Torgesen, Rashotte, & Pearson, 2013), 

a comprehensive measure of nonword repetition accounting for children’s 

known phonological errors was not collected. The nonword repetition data 

were collected as per the guidelines of the CTOPP-2 manual. As such, no 

credit was received for known speech errors and so the results of the 

nonword repetition task were deemed invalid for the purposes of this thesis.  

Future Directions 

This thesis has presented two tools that may be used in the 

assessment, analysis, and interpretation of polysyllable productions of 

preschool children with SSD: (1) the WAP, and (2) the Framework. Further 

research is required in to the use of these tools to analyse the polysyllable 

accuracy of children with typically-developing speech and language. 

Currently, there is no normative data about the frequency of WAP errors 

demonstrated by children with typically-developing speech and language or 

the ages in which children demonstrate polysyllable maturity at the levels 

defined by the Framework. To ensure the clinical viability of the WAP and 
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the Framework, further research exploring typical polysyllable acquisition 

using these tools is required2.  

The data collected and analysed for this thesis included rich samples 

of children’s polysyllable accuracy over three points in time. Although 

extensive, the current thesis provides preliminary investigations about the 

overall polysyllable maturity of preschool children with SSD. Future 

research could utilise this dataset to comprehensively investigate children’s 

substitution errors and explore the segmental accuracy of children’s 

polysyllables in more detail.  

Given the considerable differences in the accuracy of polysyllable 

productions in children with SSD there is a need to investigate the role of 

children’s motor skills in polysyllable productions. Although children with 

overt oromotor difficulties were excluded from this doctoral research, there 

may be subtle differences in the oromotor skills of children with 

phonologically-based SSD that influenced the results reported throughout 

this thesis. Future research should include sensitive measures of oromotor 

skills when exploring the polysyllable speech accuracy of children with 

phonologically-based SSD.  

Future research exploring polysyllables as a tool to identify the 

quality of children’s phonological representations should also consider 

children’s input processing of phonological information. Although one task 

was completed with a sub-sample of children from the Sound Start Study 

(based on Sutherland & Gillon, 2005), the analysis of children’s input 

                                                
2 A pilot normative study is currently being conducted by the developer of the Polysyllable 
Preschool Test using the Word-level Analysis of Polysyllables (WAP, Masso, 2016a) and 
the Framework of Polysyllable Maturity (Masso, 2016b) with a sample of preschool 
children with typically-developing speech and language. Results of this pilot study are not 
yet available.  
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processing of phonological information was beyond the scope of this 

research. It is recommended that future research consider the accuracy of 

children’s input processing of polysyllables in addition to their speech 

production accuracy. 

The impetus for this research was a need to develop greater 

understanding of polysyllables in children with SSD. It was the need to 

identify children who may have an underspecified phonological 

representation and find phonological processing and emergent literacy tasks 

challenging. Further research should compare the clinical profiles of 

children in the preschool year with measures of literacy development after 

literacy instruction at school. It would also be beneficial for future research 

to extend the assertions in previous studies (e.g., Preston, Hull, & Edwards, 

2013; Rvachew, Chiang, & Evans, 2007) that children who demonstrate 

atypical errors may have literacy difficulties when they reach school-age.  

It would also be beneficial to explore the assessment and analysis 

practices of SLPs with regards to polysyllables as well as clinicians’ use a 

polysyllable sampling tools to inform clinical decision-making. Finally, 

considering that 44 (55.0%) of the participants in this thesis had ongoing 

alterations of phonotactics at the end of the research period: 15 (18.8%) 

were at Level A, 7 (8.8%) were at Level B, 22 (27.5%) were at Level C, 

there is a need to consider intervention targeting polysyllables. The research 

presented in this thesis highlights the need to build on previous research that 

has recommended polysyllables as stimuli in intervention (e.g., Velleman, 

2002). Intervention considering polysyllables could beneficial in supporting 

children to develop more intelligible speech, and in developing more robust 

underlying phonological representations.  
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Impact of this Research 

This thesis contributes to the literature by providing information and 

empirical evidence for the use of polysyllables in assessment for children 

with SSD. This thesis has explored a range of issues surrounding the 

assessment, analysis, and interpretation of polysyllable productions in 

preschool-age children with SSDs to support the practical implementation of 

polysyllable sampling and interpretation in SLPs’ clinical practice. This 

thesis has resulted in the development of an analysis tool, the WAP (Masso, 

2016a) and an interpretation framework, the Framework (Masso, 2016b) for 

SLPs to begin to interpret the maturity of children’s polysyllable 

productions. Further, the findings of this thesis support the use of 

polysyllables in assessment as a method of monitoring progress and 

identifying children who may be at risk of literacy difficulties.  

The impact of my research has already been seen within the research 

and SLP communities. In 2016, Serry, commented on my work as a part of 

her editorial and noted that “this study provides further empirical support 

and confirmation for the important role of polysyllabic word sampling when 

completing a comprehensive assessment of children’s speech” (p. 214). 

Further, my research has been presented within workshops for SLPs at 

community health centres (Masso, 2014, 2015) and the Speech Pathology 

Australia-supported Preschool Interest Group (Masso, 2015). The impact of 

this research has been further demonstrated by SLPs in Australia contacting 

me via phone or email to discuss the research findings and implications for 

clinical practice. The catalyst of these conversations has been varied 

including in response to my conference presentations, workshops, 

publications, or Twitter exchanges. One example of the impact of this 
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research was demonstrated in an email received from an SLP working in a 

private practice in Sydney, Australia (email dated 16th June, 2016). In this 

email, the SLP referred to Paper 3 of this thesis: “The point I found most 

interesting was about vowel errors in PSW3 being the major difference in 

assessment between regular DEAP4 and PSW assessments. Given that most 

of these occur in non-final unstressed syllables, this is most commonly 

going to be the schwa vowel. Is that true? This could be helpful as an 

intervention strategy to practice sets: e.g., potato, pyjamas, 

piranhas...remember, remind, repair, reverse, relax, record... between, 

beside, behave, banana, belong, before, believe, begin...butterfly, platypus, 

caterpillar, battery .. etc” The importance of my research has also been 

recognized by Speech Pathology Australia awarding me a Higher Degree 

Research Grant (2015) to complete the longitudinal analysis reported in this 

thesis (Paper 4) which was greatly appreciated.  

Final Summary and Concluding Remarks 

There is in every child at every stage a new miracle of vigorous unfolding. 

- Erik Erikson 

Children with SSD are a heterogeneous group that require careful 

clinical evaluation and consideration. This thesis presents important new 

knowledge regarding the usefulness of polysyllables in the assessment of 

preschool children with SSD. The findings of this research will inform 

future research about children’s speech productions, phonological 

representations, and emergent literacy skills and will inform SLP’s 

assessment practices with regard to polysyllables. This thesis presents both 

                                                
3 PSW: Polysyllabic words 
4 DEAP: Diagnostic Evaluation of Articulation and Phonology (DEAP, Dodd et al., 2002) 
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practical tools for use by SLPs and empirical evidence for the use of 

polysyllables in assessment.  
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Appendix A: Masso, S., & Baker, E. (2015). Speech: Phonology. In S. McLeod & J. McCormack 
(Eds.) Introduction to speech, language, and literacy (pp. 134-177). Melbourne, Australia: 
Oxford University Press. 
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Word-level Analysis of Polysyllables 
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Note. + indicates the presence of the feature in at least 40% of sampled words, - indicates the absence of the feature in at least 40% of words,  
+/- indicates the presence or absence of the feature, DEL = Deletion of syllables, consonants or vowels, AP = Alteration of phonotactics,  
AT = Alteration of timing (stress). © Sarah Masso 2016b 

 Maturity Level 
DEL AP AT 

Vowel Cons 

Least 

 

 

 

Most 

A. Vowel and consonant deletions, alterations of phonotactics, and alterations of timing.  + + + + 

B. Alterations of phonotactics due to consonant deletions or additions, alterations of timing. - +/- + + 

C. Fewer instances of alterations of timing. Alterations of phonotactics may be present - +/- + - 

D. Fewer instances of alterations of phonotactics. Alterations of timing present.  - - - + 

E. Fewer instances of deletions, alterations of phonotactics or alterations of timing. - - - - 

Appendix C.  
Framework of Polysyllable Maturity 




