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ABSTRACT 

 

 

 

 

This study examined the relations among expressive phonology, phonological sensitivity, 

and early decoding skills in children attending kindergarten through 2
nd

 grade. Extant literature 

suggests that children with disordered speech may be at additional risk for reading difficulties; 

however, due to methodological shortcomings, findings from previous research are questionable. 

A total of 140 children between the ages of 5- and 8-years of age were randomly selected from a 

pool of 392 children recruited from local schools to participate in assessments involving oral 

language, expressive phonology, phonological sensitivity, and early decoding skills. Results 

from correlational analyses revealed significant relations between most measures of phonological 

sensitivity, expressive phonology, and decoding skills, even after partialling out variance 

common to oral language. Additionally, results from simultaneous multiple regression analyses 

demonstrated that the Phonological Sensitivity, Lexical Access and Multisyllabic speech 

production jointly predicted early decoding skills (∆R2 = .34). Phonological Memory and single-

naming speech production did not. Additionally, Phonological Sensitivity, Lexical Access, and 

Multisyllabic speech production each predicted unique variance in Decoding. Finally, 

hierarchical multiple regression results indicated that whereas for the youngest group of children, 

those with poorer speech skills (as measured by multisyllabic word productions) or poorer 

phonological sensitivity skills also displayed poorer decoding skills, this relation was not found 

to be significant for the older children. Age did not moderate the relations between Lexical 

Access and Decoding. Results support extant literature suggesting that reading deficits stem from 

an underlying phonological deficit and that speech may serve as an early indicator of potential 

reading problems. Clinical implications include the need to use more sensitive, complex 

expressive phonological measures and to incorporate exposure to written language into speech 

therapy sessions. Additionally, future research should focus on extending current findings by 

examining the relations among speech and reading in a longitudinal nature. 
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CHAPTER 1 

 

INTRODUCTION 

 

 

Review of the Literature 

 

According to the National Research Council's report on preventing reading problems in 

young children (Snow, Burns, & Griffin, 1998), the majority of reading problems are 

preventable. Such prevention would include adequately preparing children in the areas of 

phonological processing, concepts about print, and vocabulary. Phonological processing refers to 

a child's developing sensitivity to the sound structure of oral language and the use of 

phonological codes in processing language. Phonological processing skills are further divided 

into phonological memory, lexical access, and phonological sensitivity (i.e., awareness of and 

ability to manipulate sound units. Concepts about print refers to a developing understanding of 

the nature and purposes of books, printed words, and letters. Vocabulary refers to the corpus of 

words in a child's expressive and receptive vocabularies. Children who possess more of these 

emergent literacy skills benefit more from reading instruction, learn to read sooner, and read 

better than do children with fewer of these skills (Whitehurst & Lonigan, 1998).  

Reading skills provide a vital foundation for children's academic success. Although many 

children learn to read without significant problems, more than one in three experience 

considerable difficulty (Adams, 1990). Children who experience early reading difficulties 

receive less practice than other children (Allington, 1984), miss opportunities to develop reading 

comprehension strategies (Brown, Palinscar, & Purcell, 1986), and may acquire negative 

attitudes toward reading (Oka & Paris, 1986). This leads to what is termed the "Matthew effect" 

(Stanovich, 1986) in which children with poor reading skills fall further behind their peers. 

Children with reading deficits often are frequently referred to special education classes (Lentz, 

1988), and 10 to 15% of those who experience the most serious reading problems may drop out 

of high school (NICHD, 2000).  

Researchers generally agree that most reading difficulties stem from problems decoding 

words (e.g., Stanovich, 1988). Ehri (1995) reported that children learn to comprehend through 

the course of learning to speak; however, to develop decoding skills, written language must 

"penetrate and gain a foothold in the central equipment used to process speech." (p. 5) 

Graphemes (i.e., written symbols used to represent speech sounds) must become attached to 

"deep" phonemes, not simply to surface sounds within words. Children must learn to decipher 

the larger structures of words as units with orthographic, phonological, and semantic identities. 

Children must acquire the alphabetic principle to make the connection between the phonemes 

they hear in speech and the graphemes they see in print. 

To better understand the process of learning to read, examination of the essential skills 

involved is necessary. Specifically, concepts regarding emergent literacy and the roles of 

phonological processing skills will be addressed.  
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Emergent Literacy 

 

 As Whitehurst and Lonigan (1998) reported, emergent literacy refers to the notion that 

acquisition of literacy is a developmental continuum beginning in early childhood rather than a 

unitary skill learned upon entry into formal education. Emergent literacy consists of the skills 

and knowledge purported to be precursors to conventional reading and writing (Sulzby, 1989). 

Whitehurst and Lonigan (1998) proposed two distinct but interdependent domains of emergent 

literacy:  (a) outside-in skills, and (b) inside-out skills.   

The outside-in units represent children’s understanding of the context in which the 

writing they are trying to read occurs. This would include such skills as language and conceptual 

knowledge. It is now well accepted that reading is a language-based skill (Kamhi & Catts, 1999). 

When first learning to read, vocabulary is an essential skill and many studies have demonstrated 

a relation between the extent of oral language skill and later reading proficiency (e.g., Bishop & 

Adams, 1990; Share, Jorm, MacLean, & Mathews, 1984; Storch & Whitehurst, 2002). In 

addition to vocabulary and oral language skills, conceptual knowledge plays a part in a child’s 

ability to understand the context within which a story occurs.     

The inside-out units represent children’s knowledge of the rules for translating writing 

into sounds. This would include such skills as phonological sensitivity and letter knowledge. 

Phonological sensitivity is defined as sensitivity to and ability to manipulate the sound structure 

of a language (Stanovich, 1988; Swank & Catts, 1994), including more than just phonemes (e.g., 

syllables, rhyme). It includes such skills as appreciation of rhyme and alliteration, synthesis (i.e., 

combining sounds into words), analysis (i.e., segmenting words into sounds), and deletion or 

substitution of phonemes or segments of words. Letter knowledge involves knowing the names 

of letters, and has been shown to be one of the strongest single predictors of short- and long-term 

literacy success (Stevenson & Newman, 1986). In addition, Bowey (1994) and Stahl and Murray 

(1994) found that letter knowledge significantly influences the acquisition of some phonological 

sensitivity skills. These findings offer support to the notion that phonological sensitivity and 

alphabetic reading are reciprocally related (Wagner, Torgesen, & Rashotte, 1994). 

These two domains, outside-in and inside-out, are essential to reading and work 

simultaneously in readers who are reading well. A child who is unsuccessful in the alphabetic 

principle cannot understand a written sentence. A child who doesn’t understand the contextual 

nature or concepts embedded within the sentence cannot understand the written sentence either. 

 

Role of Phonological Processing Skills in Literacy Development 

 

 Phonological memory. Although most of the research has examined the relations between 

phonological sensitivity and decoding, other types of phonological processing skills have been 

linked to reading (e.g., Wagner & Torgesen, 1987). Phonological coding in working memory is 

the ability to efficiently maintain phonological information in working memory until a specified 

task is completed (Baddeley, 1982; Swank, 1999). Efficient phonological coding in working 

memory should enable the reader to maintain an accurate representation of the phoneme-

grapheme correspondence. There is evidence that phonological memory is related to early 

decoding skills (e.g., Roodenrys & Stokes, 2001; Wagner et al., 1994).  

According to the working memory model, the phonological loop comprises a 

phonological store and rehearsal process (Baddeley, 1982). Incoming information is 

phonologically coded but decays if not refreshed by subvocal rehearsal (Mann & Liberman, 
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1984). Some researchers have reported that phonological memory contributes unique variance to 

decoding (Lynn, 2000; Metsala, 1999) whereas others have reported that phonological memory 

contributes jointly (with phonological sensitivity and lexical access) to decoding but does not 

provide any unique contribution to decoding when the other skills are accounted for.  A deficit in 

phonological memory does not appear to impair decoding but can constrain the ability to learn 

new written words (Gathercole & Baddeley, 1990; Gathercole, Willis, & Baddeley, 1991). 

 Lexical Access. Lexical access is the ability to rapidly retrieve phonological information 

from long-term memory (e.g., Katz, 1986; Snowling, van Wagtendonk, & Stafford, 1988). The 

efficiency with which a child is able to retrieve such codes should influence the degree to which 

phonological information is helpful in decoding (Baddeley, 1986). 

 Measures of lexical access, or rapid naming, require speed as well as processing of visual 

and phonological information. Some researchers who have investigated lexical access purport 

that rapid naming tasks assess the functioning of a timing mechanism needed for development of 

recognition of common letter patterns in printed words (Bowers & Wolf, 1993). Consequently, 

individuals who perform less well on rapid naming tasks are expected to have difficulties with 

reading fluently. 

Phonological sensitivity. While the other two phonological processing skills are 

important contributors to reading development, phonological sensitivity has been the topic of the 

majority of emergent literacy studies. Phonological sensitivity has been shown to be a strong 

predictor of literacy development (e.g., Burgess & Lonigan, 1998, Stackhouse, 1997). Previous 

research has indicated that some tasks are better predictors than others (Adams, 1990; Liberman, 

Shankweiler, Fischer, & Carter, 1974; Maclean, Bryant, & Bradley, 1987). In general, 

phonological sensitivity tasks such as syllable segmentation and knowledge of nursery rhymes 

are not as powerful in predicting literacy outcomes as are sound segmentation and sound 

manipulation. More recently, however, Anthony, Lonigan, Burgess, Driscoll, Phillips, and 

Bloomfield (2002) examined relations between phonological sensitivity skills at different 

linguistic levels (e.g., words, syllables, etc.) in a total of 258 preschool students. Confirmatory 

factor analyses of all combinations of word, syllable, rhyme, and phoneme factors found that a 

one-factor model best explained the data, indicating that tasks presented at different linguistic 

levels are actually testing the same underlying construct. 

 Several predictive studies have been conducted confirming the predictive usefulness of 

phonological sensitivity skills. It is argued that a lack of awareness of the sound structure of a 

language makes it difficult to learn the grapheme-phoneme correspondence. This, in turn, can 

result in poorly developed decoding and word recognition skills. Liberman and Shankweiler 

(1985) reported that reading success was related to the individual’s awareness of underlying 

phonological structure. These authors suggested that a relationship exists between reading 

readiness skills and the child’s metalinguistic awareness.  

Correlational and longitudinal studies have shown that performance on early measures of 

phonological sensitivity (i.e., prior to formal reading instruction) have been predictive of later 

decoding ability (Bradley & Bryant, 1983; Bryant, Maclean, & Bradley, 1990). Lundberg, 

Olofsson, and Wall (1980) examined the predictive power of phonological sensitivity skills by 

following 200 children from kindergarten to second grade. Several cognitive and metalinguistic 

assessments were administered in kindergarten. At the conclusion of second grade, it was found 

that more than half the variance in the students' reading and spelling abilities could be accounted 

for by phonological awareness skills in kindergarten. "The single most powerful determinants of 
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later reading and spelling progress turned out to be phoneme synthesis and phoneme reversal." 

(Lundberg et al., 1980, p. 171)  

In a classic longitudinal study, Bradley and Bryant (1983) examined the relationship 

between preschool children’s levels of phonological awareness and later acquisition of literacy 

skills. Results from this study indicated a high correlation between preliterate categorization 

scores and the children’s spelling and reading skills 4 years later, after removing effects for 

intelligence and memory.  

Lonigan, Burgess, Anthony, and Barker (1998) examined the development of 

phonological sensitivity skills in a group of children between the ages of 2- and 5-years. Results 

indicated that phonological sensitivity at different levels of linguistic complexity predicted word 

reading ability in older children independently of language skills and letter knowledge. Similarly, 

Lonigan, Burgess, and Anthony (2000) found that preschool phonological sensitivity uniquely 

predicted over 50% of the variance in decoding skills 12 months later. 

In a review of the literature, Stanovich (1986) concluded that phonological sensitivity is a 

more powerful predictor of reading achievement than nonverbal intelligence, vocabulary, and 

listening comprehension. “Most importantly, [phonological sensitivity tasks] are the best 

predictor of the ease of early reading acquisition.” (Stanovich, 1986, p. 405) 

Although predictive studies provide evidence in support of the relationship between 

phonological awareness skills and reading development, training studies provide the most 

compelling evidence of the causal link between reading and phonological awareness. Several 

studies show that improvements in phonological awareness skills due to participation in a 

training program resulted in enhanced decoding skills (Ball & Blachman, 1988; Yopp, 1992). 

Bradley and Bryant (1983) investigated the importance of making explicit connections 

between sound segments and written symbols. Individual instruction in sound categorization was 

provided to 65 children, 5- to 7-years of age. The children were divided into four groups: (a) 

training in sound categorization according to common sounds, (b) sound categorization training 

and also training in how to represent those sounds with plastic letters, (c) semantic categorization 

training (control group 1), and finally, (d) no intervention (control group 2). Each child received 

40, ten-minute sessions over a 2-year period. Results of this study indicated that children who 

received training in categorization of common sounds and training in letter-sound 

correspondence performed significantly better than the other groups. These findings suggest that 

the most effective, efficient phonological awareness training includes a system for connecting 

speech sounds to their corresponding orthographic symbols.  

Similarly, Ball and Blachman (1991) reported the importance of a link being established 

between phonological awareness and the correspondence between letter names and letter sounds. 

This study involved three groups of kindergarten students:  (a) training in word segmentation and 

in grapheme-phoneme correspondence, (b) training only in letter names and letter sounds, and 

(c) no intervention. The children in the first group met four times a week for 20 minutes over the 

course of a 7-week period. Each session included "say-it-and-move-it activities" (adapted from 

Elkonin, 1973), other segmentation activities, and letter name/letter-sound training. Participants 

in the second group participated in a variety of language activities (e.g., general vocabulary 

development, semantic categorization) four times a week for 20 minutes each session over a 

period of seven weeks. Finally, the control group received no intervention separate from their 

regular classroom instruction. Significant post-test differences in segmentation ability and letter-

sound knowledge were found. Results of this study support those of Bradley and Bryant (1983).  
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 Lundberg, Frost, and Petersen (1988) studied the effects the training in phonological 

awareness is a group of 235 Danish preschool students, 4- to 6-years of age. A control group of 

155 children was used as a means of comparison. The students were re-assessed in first and 

second grades to measure longitudinal effects. The authors found that the program had no 

significant effects on comprehension of oral instructions, vocabulary, or informal learning of 

letter names; however, participants in the experimental group showed significant differences on 

rhyming tasks and word/syllable manipulation tasks. The authors concluded that preschool 

children can learn phonological awareness; however, explicit instruction seems to be required. 

 Cunningham (1990) studied the effects of two forms of instruction in phonemic 

awareness: a “skill and drill” approach, which taught procedural knowledge of segmentation and 

blending of phonemes, and a “metalevel” approach that explicitly taught phonological awareness 

skills and linked the instruction to graphemes. The study utilized 42 kindergarten students and 42 

first grade students. There were two experimental groups at each grade level, as well as a control 

group for each grade. The children participating in the training programs received instruction 

twice a week for 10 weeks. Results of this study support prior research findings that 

phonological awareness is related to reading achievement at the onset of reading development. 

Cunningham (1990) pointed out that although the type of instruction (i.e., skill and drill, or 

metalevel) did not make a significant difference on performance for phonological awareness 

tasks, the type of instruction in phonemic awareness did make a significant difference in the first 

grade students’ reading achievement.  

These studies, and others (e.g., Byrne & Fielding-Barnsley, 1995; Torgesen, Morgan, & 

Davis, 1992) support the notion that children, even as young as 2-years of age, can be taught 

phonological sensitivity skills. Additionally, instruction that provides an explicit connection 

between phonemes and graphemes seems to be most effective. In summary, a large body of 

research supports the notion that phonological sensitivity skills and early reading ability are 

highly correlated and that phonological sensitivity skills of prereaders predict early reading 

achievement (e.g., Adams, 1990; van Kleek, 2003; Wagner & Torgesen, 1987). Furthermore, 

research also suggests that preliterate children can be taught such skills through explicit 

instruction that links phonemes to their respective graphemes, with a subsequent positive impact 

on early reading ability (Blachman, 1997; Lundberg et al., 1988).  

 

Development of Phonological Sensitivity Skills and Emergent Literacy 

 

There is a continuum along which phonological sensitivity develops. According to 

Caravolas and Bruck (1993), awareness of larger units is developed prior to awareness of smaller 

units. Although children do not understand the smaller units (i.e., the phonemes), they do show 

an understanding of the larger units (i.e., rhythm and melody). Phonological sensitivity develops 

in children from a level of implicit knowledge of speech sounds (e.g., recognition of rhyme 

patterns) to explicit knowledge, such as segmentation of words into syllabic and phonemic unit 

(Swank & Catts, 1994). According to Treiman and Zukowski, (1991), children first develop 

awareness of syllables, then onset and rime, and finally awareness of phonemes.  

 In a sample of 3- and 4-year olds, Chaney (1992) found that 91% of the children could 

correctly determine if a "Martian" puppet said English words correctly. In addition, she also 

found that 26% of the children could identify rhyming words reliably. In contrast, only 14% of 

the children in her study could identify words that began with a specific phoneme. These results 
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supported Treiman and Zukowski's (1991) findings that syllable and rhyme awareness develop 

prior to awareness of phonemes. 

 Lonigan et al., (1998) also examined the development of phonological sensitivity skills in 

preschool-aged children. Multiple measures of phonological sensitivity were used as were 

measures of syllabic and intrasyllabic sensitivity as children’s sensitivity to these units might 

have served as developmental precursors to phonemic sensitivity. The pattern of results indicated 

a strong developmental trend in performance on phonological sensitivity tasks in preschool-aged 

children from middle-income families. Higher order trends suggested that the development of 

phonological sensitivity is not a continuous function represented as a steady increase in ability 

across ages, but rather, growth is accelerated in the older groups. Results also indicated that as 

children increase in age, performance increases and becomes more stable across situations. 

Similarly, Wagner, Torgesen, Laughon, Simmons, and Rashotte (1993) studied the development 

of young readers’ (i.e., kindergarten and second grade students) phonological processing 

abilities. Results indicated that phonological sensitivity skills are relatively stable across these 

grades. 

 In order to understand how phonological sensitivity fits into literacy development, it is 

necessary to examine briefly the normal development of reading and spelling skills. Frith (1985) 

proposed a three-stage model of literacy development in which a child moves from an initial 

logographic (i.e., visual whole-word-recognition) of reading to an alphabetic stage (i.e., uses 

letter-sound correspondences), and finally to an orthographic stage (i.e., dependent on 

segmentation of morphemes).  

 In the logographic stage, children’s reading is limited by the extent of their orthographic 

lexicon. They can recognize only words they know and are unable to decode novel words 

(Stackhouse, 1997). Spelling is nonphonetic in this stage and does not show letter-sound 

correspondences. Transition to the alphabetic stage occurs when the child can apply letter-sound 

rules to decode new words. The child may sound out letters in the word and then blend them 

together to produce the target. Semiphonetic spelling occurs at the beginning of this stage, with 

vowels often omitted. Gradually, vowels are added and phonetic spelling emerges. In the final 

stage, the child is able to recognize larger chunks of words and is able to read more efficiently by 

analogy with known words (Stackhouse, 1992). 

 Catts, Hu, Larrivee, and Swank (1994) revised Frith’s 1985 model by adding a preliterate 

stage prior to the logographic stage. In addition, the 1994 version provided a list of prerequisite 

skills for each stage of Frith’s (1985) model of literacy development (see Figure 1). 

 In summary, phonological sensitivity skills develop along a continuum, from larger units 

to smaller units. However, this development does not represent steady growth during the 

preschool years, but rather rate of growth is dependent upon the child’s age, with older preschool 

children experiencing more rapid growth. Finally, skills tend to stabilize during the early 

elementary school years.  

 

Phonological Sensitivity Deficits in Individuals with Reading Problems 

 

Before learning to read and spell, children have already established a phonological 

processing system to handle spoken language. This system is also the foundation for their written 

language development (Pring & Snowling, 1986). Differences in phonological sensitivity skills 

have been shown to contribute to the variation in the ease of reading acquisition (e.g., Stone & 

Brady, 1995; Werker & Tees, 1987). To help explain such differences, some researchers have 
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come to characterize the deficit as a representational problem where the phonological 

representations are thought to be indistinct, weakly established, or otherwise inefficient (Elbro, 

1998; De Gelder & Vroomen, 1991; Fowler, 1991; Snowling, Wagtendok, & Stafford, 1988). 

Elbro (1996) proposed a hypothesis concerned with the nature of the phonological 

representations in the mental lexicon. He proposed that children who become dyslexic have 

relatively poor access to the most distinct variants of spoken words. According to Elbro (1996), 

 

 

 

Stages of Literacy Development Prerequisite Skills 

 

 

 

 

 

Preliterate 

Speech and Language 

Symbolic Representations 

Communication Skills 

  

 Interest in Print 

Pretend Reading/Writing 

 

Logographic 

 

 

 

Phonological Sensitivity 

Articulatory Skills 

Alphabetic Knowledge 

Orthographic Experience 

Alphabetic  

 

 

 Morphophonology 

 

Orthographic 

 

 

Figure 1. Prerequisite Skills for Each Stage of Frith’s (1985) Model of Literacy Development 

(Catts et al., 1999) 

 

 

this poor access may have several causes:  (a) indistinct representations, (b) their prototypical 

representation of many words may be less distinct, or (c) they may have difficulties with 

associations between different levels of distinctness.  

Differences in the distinctness of phonological representation of lexical items may be a 

cause of many of the differences in phonological processing associated with difficulties in 

reading development. Distinctness is defined as the "magnitude or the difference between a 

lexical representation and its neighbors" (Elbro, 1996, p. 467). For example, in contrast to a 

complete representation of the word “submarine,” a less distinct representation would be subrine 

or sub. These are examples of syllable reduction. Other ways to reduce distinctness include 

phoneme omission (e.g., ubmarine where the initial /s/ is omitted), reduction of vowel quality 



 

 8

(e.g., submarine where the second vowel is reduced to a schwa), and voiced/voiceless fricative 

ambiguity (e.g., zubmarine; Elbro, Nielsen, & Petersen, 1994). According to Elbro (1996), the 

distinctness of a lexical representation is a determinant of the completeness and accuracy of the 

representation, the ease of access to the representation, and access to sublexical phonological 

units within the representation. 

The distinctness hypothesis concerning dyslexia proposes that children with severe 

difficulties in breaking the alphabetic code in reading possess relatively indistinct phonological 

representations or have other difficulties accessing distinct phonological representations (Elbro, 

1996; Elbro, 1998). Thus, decoding is challenging and building an adequate sight vocabulary, 

which is essential for later reading fluency, is difficult due to the vagueness of phonological 

information regarding phonemes and words represented in the mental lexicon. Children with less 

distinct phonological representations have difficulty attaching graphemes to "deep" phonemes 

(Ehri, 1995) because the deep phonologic boundaries are not distinct enough. The distinctness 

hypothesis does not specify whether the problem resides with the phonological representations 

themselves or with their accessibility.  

This hypothesis is consistent with the notion that many of the difficulties poor readers 

encounter stem from a unitary deficit found in the phonological system (e.g., Shankweiler & 

Liberman, 1989). Some researchers have even suggested that comprehension difficulties of poor 

readers may be attributed to a limitation in their processing of phonological material (e.g., 

Shankweiler, Crain, Brady, & Macaruso, 1992). Inadequate or inefficient phonological 

representations may be a possible cause. Less distinct representations equate to poorer access to 

the most distinct variants of spoken words. 

 There has been only a limited amount of research in relation to the distinction of 

phonological representation hypothesis. Swan and Goswami (1997) examined the phonological 

sensitivity deficits in four groups of children:  (a) those with dyslexia, (b) “garden variety” poor 

readers, (c) a reading age-matched controls, and (d) chronological age-matched controls. 

Children with speech and/or language disorders were excluded. They found that when 

representational quality (as assessed through picture naming) was controlled for, differences in 

performance on phonological sensitivity tasks disappeared for all linguistic levels except for the 

phonemic level. They concluded that performance on phonological sensitivity tasks differs 

according to (a) accuracy and retrieval of the phonological representation, and (b) the linguistic 

level tapped by the phonological sensitivity task. Katz (1986) and Snowling, van Wagtendonk, 

and Stafford (1988) however, would argue that the task used to assess quality of representation 

was not valid, as less distinct representations are not as easily retrieved as complete 

representations. 

 In a study of adults with dyslexia, Elbro et al., (1994) found indications of less distinct 

phonological representations when compared to those of normal adults. These differences were 

apparent in both word recognition and word production tasks. The adults with dyslexia 

performed at a typical level when administered a vocabulary test using semantically similar 

stimuli (e.g., Point to the picture of a wagon given pictures of various trains and cars) but 

performed below average in a similar test with phonologically similar stimuli (e.g., Which of the 

following words means “capital punishment”:  excursion, exclusion, or execution?), indicating 

that there is not a deficit in word retrieval, but the deficit is specific to phonological retrieval. 

 Indirect support for the distinctness hypothesis is provided within the framework of the 

neighborhood activation model of word recognition (Luce, Pisoni, & Goldinger, 1990; Metsala, 

1997). Distinctness can be thought of in terms of neighborhood density:  a word in a dense 
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neighborhood is one of many other words separated by only a phoneme. A word in a dense 

neighborhood is less separated from other words than a word in a sparsely populated 

neighborhood. Thus, for accurate access, retrieval, and production to occur, words in dense 

neighborhoods would require increasingly distinct phonological boundaries. Similarly, research 

examining the accuracy of production of multisyllabic words versus monosyllabic words 

suggests that multisyllabic word production requires a more distinct representation as the words 

contain more phonological segments (e.g., Larrivee & Catts, 1999).  

Another type of indirect support relates to the implication that indistinct representations 

result in greater difficulties with analysis tasks (i.e., segmentation and deletion) than with 

synthesis tasks (i.e., blending and addition) Elbro (1996) suggested that the reason for this is that 

analysis tasks requires a child to fill in the missing phonological features that are redundant and 

optionally left out in the context of the whole word; whereas, synthesis tasks do not require such 

a process because all the features necessary for word identification are present. Wagner et al. 

(1993) offered support to this notion when they concluded that there is an underlying similarity 

between phonological analysis tasks and memory span tasks that is not due to their common 

memory requirement. They conclude that what jointly determines individual differences on 

phonological analysis and memory span tasks is “individual differences in quality of 

phonological representations” (Wagner et al., 1993, p. 99). They compare such differences to 

one’s acquisition of Morse code by studying clear versus noisy tapes. Acquisition of Morse code 

would be more efficient through studying clear tapes (or, in this case, distinct phonological 

representations). Likewise, acquisition of reading would be more efficient when one possesses 

distinct phonological representations. 

In summary, for individuals with reading difficulties, differences in phonological 

sensitivity skills contribute to such deficits. Additionally, Elbro purports that such deficits are a 

results of indistinct underlying phonological representations. If a child has an indistinct 

underlying representation storage, retrieval, and perhaps production of phonological information 

would be challenging.  Limited research has been conducted to offer direct support to this notion. 

Indirect support stems from research related to the framework of neighborhood activation model 

as well as differential performance on synthesis and analysis tasks, with synthesis tasks being 

completed more successfully by individuals with reading deficits. One area that has received 

even less attention in the literature is the nature of these skills in individuals with speech 

impairments. 

 

Literacy Differences in Children with Expressive Phonological Deficits 

 

Children with speech and language problems often have associated difficulties with 

phonological processing skills and literacy. Previous research has found a relation between 

expressive phonology and phonological memory (e.g., Gathercole et al., 1991; Adams & 

Gathercole, 1995) in that children with phonological memory deficits performed more poorly on 

speech measures than did children with typical phonological memory skills. Speidel (1989) 

speculated that such a relation may be due to the fact that deficits in phonological memory skills 

negatively affect articulatory accuracy by limiting the planning and execution of articulatory 

gestures. No known research has been conducted on the relation between lexical access and 

decoding in children with speech impairments and no concomitant language disorders. However, 

applying Elbro’s theory, indistinct representations would be more difficult to retrieve, making 

rapid naming difficult. Finally, group studies have shown that children with speech and language 
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problems perform significantly less well than matched typically developing children on 

phonological sensitivity tasks (e.g., Bird & Bishop, 1992; Catts, 1986).  

Although a phonological distinctness deficit might be expected to affect speech 

production, few researchers have examined this relationship. Based on results from studies that 

have been conducted in this area, three patterns can be identified: (a) children with language 

impairments are more at risk for reading difficulties than children with speech impairments, (b) 

children with speech impairments are at risk for reading difficulties regardless of language 

impairment, and (c) outcomes depend on severity of speech impairment. 

Catts (1991) examined the reading achievement of 41 kindergarten children identified as 

having a speech and/or language impairment; 28 of the speech-language impaired children 

demonstrated a language impairment (LI) and 13 participants had mild to moderate speech 

articulation impairments (SI). A group of 30 children without a history of speech-language 

impairments served as a comparison group. Expressive and receptive language skills, 

phonological processing skills, reading skills (i.e., decoding skills and sight word knowledge), 

and nonverbal intelligence skills were assessed. Findings indicated that children with speech-

language impairments performed more poorly on reading measures in first grade than their 

typically developing peers. Moreover, when further divided into separate groups, children with 

LI performed significantly more poorly than children with SI. What this study failed to assess 

was whether any children with LI also had concomitant SI. Other studies have indicated that if a 

child has a language impairment and a co-existing phonological impairment, it is the 

phonological impairment that is responsible for increased risk of reading difficulties (e.g., Bird, 

Bishop, & Freeman, 1995). 

Lewis and Freebairn (1992) used a cross-sectional design to examine the performance of 

77 individuals (20 preschoolers, 23 grade school students, 17 adolescents, and 17 adults) with 

histories of expressive phonological deficits on measures of phonology, reading, and spelling. 

They found that participants with a history of concomitant language problems (i.e., those with 

both language and speech deficits) performed more poorly on such measures than those with a 

history of just phonological impairments. This finding; however, is based on visual inspection of 

data as the study lacked a large enough sample of individuals in either group to allow parametric 

statistical analysis of the data. 

In contrast to the aforementioned findings, Webster, Plante, and Couvillion (1997) 

examined phonological awareness, verbal working memory, and letter knowledge longitudinally 

in 29 children with moderate to severe productive phonological impairments and 16 children 

without impairments between the ages of 3:6 and 6:0 years of age and found that children with 

expressive phonological impairments performed significantly worse than the control children on 

tasks of verbal working memory, phoneme segmentation, and letter identification. They 

attributed this to a poorer underlying phonological system. Similarly, McGregor and Schwartz 

(1992) found concordance between perceptual and production tasks in their assessment of a 4-

year old child’s phonological skills.  

Bird, et al., (1995) compared the reading skills of 19 of the participants (5:0 to 7:4 years) 

who had expressive phonological deficits but no accompanying language impairment with a 

group of 12 children who had both expressive phonological impairments and language 

impairments. They found that children with expressive phonological disorders were at risk for 

reading disabilities, regardless of accompanying language deficits.  

Although accompanying language impairment appeared to explain the differences 

between good and poor readers with expressive phonological deficits in the studies of Catts 
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(1991) and Lewis and Freebairn (1992), this was not the case in the Bird et al. (1995) study. 

Thus, Larrivee and Catts (1999) sought to examine whether severity of expressive phonological 

disorder accounted for such differences. They found that children with expressive phonological 

disorders performed more poorly on measures of word identification and word attack skills when 

compared to typically developing peers. In addition, they reported that children with poor 

reading outcomes had more severe expressive phonological disorders, as measured by a 

multisyllabic word and nonword repetition task. 

Finally, Carroll, Snowling, Hulme, and Stevenson (2003), in a short-term longitudinal 

study, examined the effects of articulation on phoneme awareness in a group of 67 preschoolers. 

After assessing both productive phonology and receptive phonology (i.e., mispronunciation 

detection), results indicated that both skills were significantly correlated with measures of 

phonological awareness (i.e., syllable matching, phoneme completion, and letter knowledge). 

Additionally, structural equation modeling was used to test the prediction that articulation would 

predict phoneme awareness at Time 3, approximately 12 months after initial assessment. Results 

indicated that articulation accounted for significant longitudinal influences on the development 

of phoneme awareness. 

These studies have all contributed unique information about the relations among 

expressive phonological and phonological sensitivity and literacy skills. Many have reported 

similar findings; that is, children with expressive phonological deficits perform more poorly on 

measures of phonological sensitivity, decoding, and reading skills than do typically developing 

children. Only one study; however, (Bird et al., 1995) explicitly controlled for oral language 

skills. 

Although some of these studies suggest a link between expressive phonology, 

phonological sensitivity, and risk for reading difficulties, most have not controlled for the 

possibility that the overlap reflects variance shared with oral language skills rather than the 

common influence of an underlying phonological representation. Moreover, the majority of 

studies have had relatively small samples and included participants who were already engaged in 

formal reading instruction. To attempt to remedy some of the methodological shortcomings of 

the previously described studies, McDowell, Lonigan, and Goldstein (2002) examined the 

relations among expressive phonology and phonological sensitivity in 682 children between the 

ages of 2- and 5-years from lower and higher income backgrounds. A large sample was used 

with explicit control for oral language skills. Results indicated that children's articulatory 

accuracy was associated with their phonological sensitivity performance; however, a part of this 

relation was due to the overlap between articulatory accuracy, phonological sensitivity, and oral 

language skills (see Table 1). Overall, articulatory accuracy and phonological sensitivity were 

more strongly related in older children and in children from higher income backgrounds than 

they were for younger children and children from lower income backgrounds. This study, while 

adding some clarity to the extant literature, used a gross articulatory measure instead of a specific 

expressive phonological measure. In addition, although several children within the study were 

found to have expressive phonological deficits, this was determined post hoc.  

 Taking into account the literature cited, it becomes clear that to become proficient 

readers, children must master the alphabetic principle and be able to attend to and manipulate the  
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Table 1 

Partial Correlations between Standardized Articulatory Accuracy Measure and Indices of Phonological Sensitivity, Controlling for 

Oral Language 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Note. ENP=elision nonpicture, MCE=multiple choice elision, EW=elision word, BNP=blending nonpicture, MCB=multiple choice 

blending, BW=blending word, RM=rhyme matching, RD=rhyme detection 

* = p<.05, ** = p<.01, *** = p <.00

   Middle 

SES 

    Lower 

SES 

 

   Age 

Group 

    Age 

Group 

 

Age All 2 3 4 5 All  3 4      5 

Measures  (n=91) (n=145) (n=169) (n=100)  (n=53) (n=92) (n=49) 

Elision .13*   .00 .17   .20 .26**   .01         .09   .08 -.03 

   ENP .06 - .04 .06   .16* .20 -.02        -.11   .12 -.02 

   MCE .14**   .00 .15   .18* .09   .05         .12   .01 -.01 

   EW .05   .04 .10   .09 .24*  -.01         .00   .10 -.02 

Blending .16***   .12 .16   .16* .35***   .05        -.03   .10  .15 

   BNP .10*   .11 .15   .10 .30**  .02        -.09   .12  .19 

   MCB .16***   .09 .15   .12 .25*  .03        -.09   .07  .23 

   BW .05   .02 .04   .11 .21*  .03         .17   .02 -.04 

Rhyme .08   .12 .09   .10 .16 -.05        -.11   .01 -.05 

   RM .10*   .15 .03   .18* .14 .04          .00    .19 -.19 

   RD .03   .03 .12  -.01 .13 -.11        -.18 -.17  .09 
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sound structure of their language. This ability develops over time, beginning in the early 

childhood years. However, rate of growth is not steady during the preschool years as older 

preschoolers demonstrate rapid growth in their phonological sensitivity skills. Such skills tend to 

stabilize during early elementary school. Research indicates that these skills are predictive of 

ease of reading acquisition and that instruction in such skills is beneficial to subsequent reading 

development. 

If children have difficulties mastering such skills, reading acquisition may prove 

challenging. Extant literature indicates that individuals with reading deficits demonstrate poorer 

performance on tasks measuring phonological sensitivity.  Elbro (1996) proposed that such 

deficits were related to indistinct underlying phonological representations. When a word’s 

phonological boundaries are indistinct, accurate and efficient storage, access, and retrieval are 

difficult.  

Indistinct phonological boundaries might be expected to affect speech production as well. 

Existing literature examining this possibility has limited generalizability due to the use of small 

sample sizes, limited measurement protocols, and lack of consideration for the role variance 

common to oral language plays in the relation between speech and reading. The current study 

sought to remedy such shortcomings. 

 

Specific Research Goals and Hypotheses 

 

   Despite the hypothesized relation between expressive phonology, phonological 

processing, and early decoding skills, little empirical research has been conducted to investigate 

such relations. Current research is limited due to small sample sizes, lack of explicit control for 

oral language skills, and measurement issues. Therefore, this study was designed to meet two 

primary goals. 

 Goal 1. The first goal of the study was to expand upon the previous tests of Elbro’s 

distinctness hypothesis by assessing the relations between phonological processing and 

expressive phonology, independent of oral language skills. Previous work (e.g., Elbro et al., 

1994; McDowell et al., 2002) offers only partial support to the distinctness hypothesis. The 

present study attempted to offer additional support by including multiple measures of 

phonological processing as well as expressive phonology while explicitly controlling for oral 

language skills. Within this goal, the specific research questions addressed were: (a) Are 

phonological processing skills and expressive phonology related, independent of oral language?, 

(b) Do phonological processing skills predict decoding skills, independent of oral language 

skills?, (c) Does expressive phonology predict decoding skills, independent of oral language 

skills?, and (d) Do phonological processing skills and expressive phonology explain the same 

variance in performance on decoding tasks? 

To generate a hypothesis in answer to the first question, Elbro’s (1996) distinctness 

theory was revisited. According to this theory, all phonological information (whether productive 

or reading-related) stem from the same underlying construct. When this underlying construct 

contains indistinct phonological information, phonological access, retrieval, and production are 

negatively affected. Results from the few studies that have tested this hypothesis (i.e., Elbro et 

al., 1994; Swan & Goswami, 1997) indicate that individuals with indistinct representations 

perform more poorly on phonological tasks, both productive and reading-related. Therefore, it 

was hypothesized for the current study that phonological processing skills and expressive 

phonology would be significantly correlated, independent of oral language skills.  
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The hypothesis related to the second question stemmed from a large body of research that 

supports the notion that certain phonological processing skills and early reading ability are 

highly correlated and that phonological sensitivity skills of prereaders predict early reading 

achievement (e.g., Adams, 1990;  van Kleek, 2003; Wagner & Torgesen, 1987). Based on such 

research, it was hypothesized that phonological processing skills would be related to decoding 

with this sample of children, even when explicit control for oral language skills was instituted.  

The hypothesis related to the third question stemmed from existing literature regarding 

the reading ability of children with speech deficits which has indicated that expressive 

phonological deficits may be related to deficits in decoding (e.g., Bird et al., 1995; Larrivee & 

Catts, 1999). Applying Elbro’s theory, these two skills (i.e., speech and reading) should be 

related if they stem from the same underlying phonological construct. Therefore, it was 

hypothesized that expressive phonology would be related to decoding, independent of oral 

language skills.  

Finally, to answer the fourth question and based on previous research (e.g., Burgess & 

Lonigan, 1998; Larrivee & Catts, 1999; Stackhouse, 1997), it was hypothesized that both sets of 

phonological skills would jointly predict decoding ability. In terms of the amount of variance 

explained by each, based on Elbro’s theory that both skills stem from the same underlying 

construct and that deficits in both stem from an underlying indistinctness, it was hypothesized 

that phonological processing skills and expressive phonology would explain the same amount of 

variance (i.e., one phonological skill will not capture variance above and beyond that captured by 

the other). If both are equally tapping the same underlying representation, they should not 

display unique variance in decoding skills. 

Goal 2. The second goal of the current study was an exploratory extension of Elbro’s 

distinctness hypothesis and the relation between distinctness and decoding. Despite Elbro’s 

theory lacking specificity for distinctiveness changes observed in conjunction with age, evidence 

from other research suggests that the relations among phonological sensitivity skills, expressive 

phonology, and decoding skills do in fact change with age (McDowell et al., 2002; Metsala, 

1997). Research conducted by McDowell et al. (2002) demonstrated that the relation between 

expressive phonology and phonological sensitivity changed over time (i.e., the relationship 

strengthened with age). Researchers who have examined the development of phonological 

sensitivity skills have also reported that age moderates the relation between skills (e.g., Lonigan 

et al., 1998). Additionally, the neighborhood density model suggests that as a child’s age 

increases, phonological boundaries must become more distinct due to the increasing number of 

words in the mental lexicon; therefore, as age increases, so too does phonological distinctiveness. 

Finally, use of developmental speech errors decreases with age (Creaghead, Newman, & Secord, 

1989); therefore, children who continue to demonstrate use of phonological processes after the 

point at which they typically cease to be used may have deficits in the underlying representation. 

Thus the final question that this project sought to address was: (e) Do the relations among 

phonological processing skills, expressive phonology, and decoding skills change with age? 

Based on the literature, it was hypothesized that the nature of the relationship would change with 

age. That is, as children get older, the relations among phonological processing, expressive 

phonology, and decoding skills would change as a function of age. 
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CHAPTER TWO 

 

METHOD 

 

 

 

Participants, Measures, and Training 

 

 

Participants 

 

 Participants for this study were selected through a community sampling process.  

Participants were recruited from three public elementary schools from a mid-sized Florida city. 

Consent forms, found in Appendix A, were sent home to the population of all students in grades 

kindergarten through second grade at each school, for a total of 652 distributed. In all, 392 

consent forms were returned, representing approximately 60% of the potential participants. Once 

consent forms were returned, a list of the students from each school was compiled. Final 

participants were then randomly selected from the available pool.  

 Based on the number of consent forms returned by school, the final sample was 

comprised of approximately 30% from School A (n=42), 36% from School B (n=50), and 34% 

from School C (n=48). Due to the nature of this study, a sufficient number of participants with 

identified speech disorders needed to be included. Approximately 25% of each school’s sample 

was to be comprised of students with speech disorders. Once the lists of children randomly 

selected from each school were compiled, the speech-language pathologist at each school was 

contacted and asked to identify children on the list who met the inclusionary criteria (detailed 

later). Twelve children with speech disorders were in the randomly selected group from School 

A, 15 from School B, and 13 from School C. Because these numbers represented at least 25% of 

the sample, additional recruitment by the speech-language pathologists was not needed.  

 In all, 140 children were randomly selected, 100 typically developing and 40 with 

identified speech disorders. Of these, two (i.e., 2%) of the typically developing children did not 

participate because they moved from the school prior to assessment. Additionally, one (i.e., 3 %) 

of the children with speech disorders did not participate due to excessive absences.  

 The final sample of typically developing children included 53 males (54.1%) and 45 

females (45.9%). The students ranged in age from 5 years, 2 months old to 8 years, 7 months old  

(M = 6 years, 8 months, SD = 9.7 months). Thirty-four participants were in kindergarten 

(34.7%), 37 were in first grade (37.8%) and 27 were in second grade (27.6%). The participants in 

this group represented a range of ethnic backgrounds, and were 77.6% Caucasian, 8.2% African 

American, and 14.3% individuals representing Asian, Mexican, Native American, or other ethnic 

backgrounds.  

 The final sample of children with speech disorders included 22 males (56.4%) and 17 

females (43.6%). The students ranged in age from 5 years, 2 months to 8 years, 7 months (M = 6 

years, 9  months, SD = 10.3 months). Ten participants were in kindergarten (25.6%), 22 were in 

first grade (56.4%), and seven were in second grade (17.9%). The participants in this group 
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represented a range of ethnic backgrounds, and were 82.1% Caucasian, 7.7% African American, 

and 10.3% individuals representing Asian, Mexican, Native American, or other ethnic 

backgrounds.  

 Inclusionary criteria were established for both groups. In order to participate in the study, 

children needed to:  (a) use English as their primary language, (b) be between the ages 5 and 8, 

(c) have typical language skills, as demonstrated by a score that falls within 1.5 standard 

deviations of the mean on a standardized language test (e.g., Oral and Written Language Scale; 

OWLS, Carrow-Woolfolk, 1995; the Clinical Evaluation of Language Fundamentals-3; CELF-3, 

Semel, Wiig, & Secord, 1995), and (d) pass an audiological screening bilaterally at 25 dB across 

500, 1000, 2000, and 4000 Hz within the past three months. This information was gathered from 

the school nurse. If the child had not received or passed an audiological screening within the past 

three months, one was conducted prior to assessment.  

 In addition, inclusionary criteria were established for the sample of children with speech 

impairments. Speech-language pathologists were asked to identify those children on the list who 

met the previous inclusionary criteria but also demonstrated at least one of the following:  (a) a 

speech simplification rating of more than three on the Khan-Lewis Phonological Analysis-2 

(KLPA-2; Khan & Lewis, 2002), (b) a percentile rank that fell below the 30
th
 percentile on a 

standardized articulation measure (e.g., Arizona Articulation Proficiency Scale-3, Fedula, 2001; 

Goldman Fristoe Test of Articlation-2, Goldman & Fristoe, 2000), or (c) current individualized 

education plans (IEPs) with objectives targeting suppression or reduction of at least two 

phonological processes. Appendix B presents the instructions provided to the speech-language 

pathologists. The cut-off point of three for the speech simplification rating was established based 

on information reported in the KLPA-2 manual. During the standardization of the KLPA-2, the 

20
th
, 40

th
, 60

th
, and 80

th
 percentile ranks for each phonological process were determined. 

Simplification ratings were then assigned to each of the percentile intervals. A simplification 

rating of “3” equates to a percentile rank of 21-40 and a rating of “4” equates to a percentile rank 

of 1-20. Additionally, children who demonstrate moderate or excessive use of phonological 

processes are rated as more unintelligible by unfamiliar listeners (Shriberg, Austin, Lewis, 

McSweeny, & Wilson, 1997), therefore, inclusion of children with a range of levels of 

unintelligibility was justified for the current study. 

 

Measures 

 

 Oral language measure. The Oral and Written Language Scales (OWLS; Carrow-

Woolfolk, 1995) was administered to assess language skills and was chosen due to ease of 

administration, adequate reliability, and because it could be used across all age groups (in 

contrast to the CELF-3 which could not have been used with the 5-year olds). The OWLS is a 

standardized, norm-referenced test that assesses receptive and expressive language skills in 

individuals between the ages of 3 and 21 years. It was normed on a sample of 1,795 participants 

across 15 age groups, with equal numbers of males and females. Additionally, the norming 

sample’s racial and ethnic distributions closely matched those of the U. S. population. It contains 

two subtests:  (1) oral expression, and (2) listening comprehension and also yields a total 

language score. The test reports reliability coefficients of .84 for listening comprehension, .87 for 

oral expression, and .91 for the total language score. Additionally, the OWLS is highly correlated 

with the Clinical Evaluation of Language Fundamentals-Revised (CELF-R; Semel, Wiig, & 

Secord, 1987) with rs ranging from .66 to .91, demonstrating adequate criterion-related validity. 
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This test was administered according to guidelines in the OWLS manual. For the independent 

measure of oral language proficiency, a composite score, created from a sample-specific 

standardized score was used. 

 Phonological processing measure. The Comprehensive Test of Phonological Processes 

(CTOPP; Wagner, Torgesen, & Rashotte, 1998) was used to assess phonological processing 

skills. The CTOPP was chosen because it was normed on a representative sample of early grade 

school children (n=1,656). Another rationale behind this test choice was to guarantee that the full 

spectrum of children’s phonological sensitivity was assessed, as some measures tap more than 

one level of linguistic complexity.  For 5- and 6-year olds, the CTOPP has three subtests that 

assess phonological sensitivity:  Sound Matching, Elision, and Blending. For 7- and 8-year olds, 

Sound Matching is excluded. Reliabilities for these subtests are α=.91, α=.87, and α=.91, 

respectively. To have parallel testing batteries, Sound Matching was eliminated from the 5- and 

6-year old battery in this study. Because it was anticipated that sample-specific standardized 

scores would be computed and a composite score created, exclusion of this subtest did not 

negatively impact the scoring of the CTOPP. In addition to these subtests, the CTOPP also 

measures lexical access. For 5- and 6-year olds, Rapid Color Naming (α=.82) and Rapid Object 

Naming (α=.81) are the core subtests. For 7- and 8-year olds, these subtests are replaced by 

Rapid Digit Naming (α=.87) and Rapid Letter Naming (α=.82).  Again, to have a parallel testing 

battery, all lexical access measures were given to all children, with no negative impact on 

scoring due to the computation of standardized scores specific to this sample and to the creation 

of a composite variable. Finally, the CTOPP measures phonological memory through the 

Memory for Digits subtest (α=.83) and Nonword Repetition (α=.80). The CTOPP demonstrates 

adequate criterion-related validity as it is highly correlated with the Woodcock Reading Mastery 

Tests-Revised (WRMR; Woodcock, 1987) with rs among the subtests ranging from .37 to .72.  

 Decoding measures. To assess reading and decoding in kindergarten through second 

grade, subtests from the WRMR (Woodcock, 1987) were utilized. The subtests included for this 

battery were Word Identification and Word Attack. Word Identification assesses a child’s ability 

to decode true words. Word Attack assesses a child’s ability to decode nonsense words of 

varying length and complexity. These subtests comprise the Basic Skills Cluster, which 

represents basic reading skills. The WRMR was standardized on more than 6,300 individuals 

using a stratified multistage sampling process. Internal consistency coefficients indicate a test 

median of .91 (ranging from .68 to .98). Criterion-related validity coefficients ranged from .60 to 

.70 when performance on the WRMR was compared to performance on the Peabody Individual 

Achievement Test-Revised (PIAT-R; Dunn & Markwardt, 1989) and the Iowa Test of Basic Skills 

(ITBS; Hoover, Dunbar, & Frisbie, 2000). 

 Expressive phonological measures. Children’s expressive phonological skills were 

formally assessed through the use of the Goldman-Fristoe Test of Articulation-2
nd

 Edition 

(GFTA-2; Goldman & Fristoe, 2000). Informal measures of speech included a short multisyllabic 

word task (true words and nonsense words), as well as a connected speech sample. The rationale 

behind the use of different speech measures is supported by research that purports that 

individuals’ speech deficits may not be as accurately captured in a single word naming task as in 

multisyllabic tasks (e.g., Lewis & Freebairn, 1992). As the point of this study was to examine the 

relations between speech and measures of oral language, phonological sensitivity, and decoding, 

it seemed reasonable to examine the way the these relations change as a function of means of 

measurement. 
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 The GFTA-2 was designed to sample the use of phonological processes when evaluating 

articulation errors within a sample of 23 of the 25 consonant sounds recognized in Standard 

American English. Stimuli are comprised of single word naming. It is a norm-referenced, 

standardized instrument suitable for young children and reports reliability coefficients of .96 for 

females and .95 for males. The GFTA-2 reports adequate construct validity as evidenced in the 

developmental progression of total raw scores and of item scores (Goldman & Fristoe, 2000). 

For the current study, the Sounds in Words subtest was used. 

  Additionally, multisyllabic word production tasks have been used to measure variability 

in phonological skill over and above that measured by tasks involving simple-word naming 

(Catts, 1986; Lewis & Freebairn, 1992). For this task, children were asked to listen to a tape 

recording of ten multisyllabic true words and ten multisyllabic nonsense words and then repeat 

them back to the tester. The stimuli are presented in Appendix C (Larrivee & Catts, 1999). A 

percentage of consonants correct (PCC; Shriberg & Kwiatkowski, 1982) was computed for 

production of true words as well as production of nonsense words. A PCC analysis appears to be 

more sensitive to changes within a child’s phonological system than a single naming task 

(Ingram, 2000) as it allows for the observation of the pervasiveness of each phonological pattern 

evident in the child’s system. No distinction was made between omissions and substitutions in 

the scoring. PCC has also been shown to be highly correlated with other speech measures 

(Gordon-Brannan, 1994).  

 Finally, a connected speech sample, elicited from a picture book was used to obtain a 

connected speech PCC. The speech samples ranged from 104 words to 426 words. Grunwell 

(1985) suggests a connected speech sample size of at least 100 words, citing research indicating 

that samples smaller than 100 words contain too few opportunities for production. The speech 

sample was obtained using a standardized story retelling format. The children’s responses were 

audio-taped for later analyses.  

Children listened to a tape-recorded narration of the picture book The Whale’s Song 

(Sheldon, 1997). This book contains 32 pages with colorful illustrations. Each child was 

instructed to “listen to a story called The Whale’s Song. Listen carefully to the story because I 

want you to tell it back to me.” The instructions are presented in Appendix D. The child then 

listened to the tape-recording and was instructed to retell the story using the pictures in the book. 

As the point of this task was to gather a speech sample of at least 100 words, the child needed to 

produce an average of 4 words per page. If the child did not produce an adequate number of 

words, the testers followed the prescribed protocol: (a) use an open-ended phrase to generate 

more speech (i.e., “Tell me more”), (b) if step 1 does not result in an adequate response, ask an 

open-ended question (i.e., “And then what?), and finally (c) if the child still produced an 

insufficient number of words, the tester asked a specific question about the page (e.g., “What’s 

happening here?” or “What is she going to do?”). If, after the three levels of prompting, the child 

still produced an insufficient number of words, the tester turned the page and proceeded onto the 

next illustration within the book. If this process occurred over three consecutive pages, test 

administration ceased and was attempted one additional time. This occurred with two of the 137 

children and the second attempt was successful in obtaining an adequate speech sample size.  

  

Research Assistant Training 

 

 A total of 12 research assistants helped collect data. The research assistants met the 

following minimum requirements: (a) graduate student in either psychology or communication 
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disorders, (b) spoke English as their primary language, and (c) had previous experience working 

with young children.  

Before being allowed to independently assess participants, the research assistants 

proceeded through a four-step training process:  (a) orientation, (b) training on each assigned 

instrument, (c) “test-out” with student investigator, and (d) “test-out” with child under the 

supervision of the student investigator. The first step in the training process was an orientation 

meeting during which all testers were present. The purpose of the orientation was to provide the 

testers with an overview of the rationale and goals of the project. This meeting covered such 

topics as:  timeliness, professionalism, dress-code, etc. The second phase of training was 

individualized instruction on administration of each experimental measure (i.e., some testers only 

administered the language measure while others may only have administered the phonological 

sensitivity measure). The testers met individually with the student investigator to review their 

assigned measure. For the standardized tests, the following information was covered:  (a) 

purpose of the test, (b) standardized administration procedures, (c) scoring procedures, and (d) 

conversion of raw scores to standard scores. The information for this training session came from 

the instructions provided within each manual. For the speech sampling processes, the following 

information was covered: (1) purpose of the task, (2) standardized administration procedures, (3) 

and scoring procedures.  

After receiving individualized training on their assigned measures, the testers received 

the actual test materials and were instructed to familiarize themselves with each one. After 

approximately one week, each tester met again with the student investigator for a “test-out” 

session. This session involved the tester administering the test to the student investigator. The 

student investigator monitored the administration for accurate presentation and scoring. If the 

tester successfully completed the test-out, she proceeded to the final stage of training. If the 

tester was unable to administer the test accurately (i.e., unable to establish basal or ceiling, 

unable to follow standardization procedures, or unable to accurately score and convert scores) 

then another test-out session was scheduled and held approximately one week later, with 

feedback provided. The tester was then given additional training on the areas that proved 

difficult and had the week to review before testing-out again. At the second test-out session, the 

tester successfully completed the test administration; therefore, she proceeded to the final stage. 

This was required for only one of the testers. 

 The final stage in the training process was another test-out session, held with a child for 

whom consent had been received, with the student investigator supervising and co-scoring the 

test. This session was to ensure accurate, reliable test administration and scoring with a child 

instead of with an adult as with the first test-out session. If the tester was successful in accurately 

and reliably administering the test to the child, she was allowed to begin administration 

independent of the student investigator. This occurred in 11 out of 12 final test-out sessions. One 

tester, different from the one that required the additional training session, required reinstruction. 

The student investigator intervened and provided direction for correct administration. The tester 

was required to perform a successful test-out with a different child prior to being allowed to test 

independent of the student investigator. Upon her second attempt at a final test-out, the tester 

was successful and was allowed to begin independent administration of the test.  

 Finally, after each tester passed the independent phase of test administration, the student 

investigator continued to provide supervision 50% of the time for each child assessed for two 

purposes: (a) for students needing graduate diagnostic hours to meet the American Speech 

Language Hearing Association’s supervision guidelines, and (b) to continue to monitor for 
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accuracy and reliability. During these supervised sessions, the student investigator independently 

scored a randomly selected 25% of the test protocols while the tester administered the test. This 

information was used to determine inter-rater agreement. 

 

Procedure 

 

 Following informed consent, children were tested individually by trained research 

assistants in their schools. Testing took place during the months of October, November, and 

December 2003 and occurred during the school day, or in the extended day program as indicated 

by the parent on the consent form. Test administration for individual children was conducted 

over two to four sessions within a two-week period to ensure optimal performance on all tasks. 

Children completed one standardized test of oral language, eight tests of phonological sensitivity, 

three expressive phonological measures, and two measures of word decoding abilities. The 

measures were counterbalanced to control for order effects. Each phonological sensitivity task 

was preceded by practice trials to teach children the task (e.g., blending or deleting word 

sounds). Several items on the phonological sensitivity tasks utilized pictures to reduce memory 

demands.  

 

Scoring 

 

 Oral language, phonological processing, and decoding measures. Each tester was 

responsible for on-line coding of responses for the standardized measures. Tests were scored 

according to protocol. The student investigator double-scored every measure to assess for 

accuracy of scoring.  

 Multisyllabic word scoring procedures. After listening to the tape-recorded stimuli, the 

children were asked to repeat each word. If the child made errors, these errors were then 

recorded on the test form with errors indicated by slashes. As with the story retelling, no 

distinction was made between errors representing substitutions or omissions.  For each child, the 

total number of errors were subtracted from the total number of consonantal productions possible 

(i.e., 50 for true words, 42 for nonsense words) to obtain an overall percentage of consonants 

correct. Scoring of errors was conducted on-line. The student investigator co-scored a randomly 

selected 25% of the samples concurrently to ensure inter-rater agreement.  

 Connected speech sample scoring procedures. The student investigator listened to the 

tape recordings of each story telling and orthographically transcribed each retelling verbatim. 

Each consonant within the word was coded as “1” for correct and “0” for incorrect. The 

percentage of correct consonants was calculated. The children’s story retellings varied greatly in 

word length, M = 182.6, SD = 68.3. To keep the scoring process as standardized as possible, 

only the first 50 and the last 50 words of each sample were coded. This allowed for constant 

sample size (although the number of consonants per each 100 word sample still varied, with a 

mean of 200.5 and a standard deviation of 18.5). Due to the nature of the story retelling, many of 

samples contained similar or identical words such as character names or setting locations, 

allowing for more direct comparison across participants. 
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Inter-rater Agreement 

 

 Inter-rater agreement was calculated for scoring of the three speech production measures 

(i.e., GFTA-2, and PCC in multisyllabic words and in connected speech). Separate reliability 

values were determined for each of these independent measures.   

GFTA-2. Each child’s responses on the GFTA-2 were recorded on-line by the research 

assistant testing that child. The student investigator supervised 50% of all data collection 

sessions and also recorded the child’s responses from a randomly selected 25% of the samples at 

the time of data collection. Thus, 25% (i.e., 35/137) of all GFTA-2s administered were used to 

calculate inter-rater agreement. The research assistant’s and student investigator’s entries were 

compared consonant by consonant for agreement. Inter-rater agreement was then determined by 

dividing the total number of consonant agreements by phoneme agreements plus disagreements. 

Inter-rater agreement for scoring of the GFTA-2 was 93%.  

 Multisyllabic PCC. Each child’s responses on the multisyllabic word productions were 

recorded on-line by the research assistant testing that child. The student investigator supervised 

50% of all data collection sessions and also recorded the child’s responses from a randomly 

selected 25% of the samples at the time of data collection. Thus, 25% (i.e., 35/137) of all 

multisyllabic PCCs administered were used to calculate inter-rater agreement. The research 

assistant’s and the student investigator’s entries were compared consonant by consonant for 

agreement. Inter-rater agreement was then determined by dividing the total number of consonant 

agreements by phoneme agreements plus disagreements. Inter-rater agreement for scoring of the 

multisyllabic PCCs was 90%. 

 Connected speech PCC. Prior to conducting agreement analysis, a reliability coder was 

chosen and trained to score PCC using the first 10% (i.e., 14) of the story retellings obtained in 

the study. Training procedures initially involved joint transcription of a story retelling, 

comparison and discussion regarding any disagreements, and review of the tape to resolve any 

disagreements. Once the reliability coder’s and the student investigator’s scoring reached 85% 

agreement, training proceeded to an independent transcription phase. The reliability coder’s and 

the student investigator’s entries were compared consonant by consonant for agreement. Once 

agreement reached 85%, training ceased and the reliability coder was allowed to independently 

transcribe and code samples. Following training, a random sample of 25% of all retellings (i.e., 

35/137) were used to conduct agreement analyses. Inter-rater agreement for the connected 

speech PCC was 87%.   

 

Power Analysis 

 

 Because the question of age moderating the relation between the sets of skills was an 

exploratory one, the first two series of questions were the ones upon which the power analysis 

was based. In order to test for individual predictors, assuming a medium effect size, an alpha 

level of .05, and a power level of at least .80, a sample size of 104 + m is required, where m is the 

number of independent variables (Green, 1991). Therefore, for this study, 110 participants were 

required for sufficient power.  

 



 

 22

 

 

CHAPTER THREE 

 

RESULTS 

 

 

 

Preliminary Analyses 

 

Descriptive Statistics 

 

 Descriptive statistics for age and all measures are presented in Table 2. Descriptive 

statistics are arranged by group. There was substantial variability in all measures for the children 

in the speech impaired group. With a few exceptions, girls and boys had similar scores on 

measures of phonological processing, oral language, expressive phonology, and decoding skills 

(all ps > .13). Girls (M = 44.72, SD = 8.61) scored higher on the expressive portion of the OWLS 

than boys (M = 37.10, SD = 7.58), F (1, 37) = 8.353, p= .006. Girls (M = 9.44, SD = 3.58) also 

scored higher on Blending than boys (M = 7.10, SD = 2.64), F (1, 37) = 4.384, p= .04.  

 The children in the typically developing group showed substantial variability in all 

measures except the speech measures. With one exception, girls and boys had similar scores on 

measures of phonological processing, oral language, expressive phonology, and decoding skills 

(all ps >.05). There was a significant difference between the sexes on multisyllabic nonsense 

word production, F (1, 96) = 5.64, p = .02, with means revealing that girls (M = 96.2, SD = 3.70) 

scored higher than boys (M = 94.1, SD = 4.92),. Although a few gender differences were noted, 

subsequent analyses were conducted with boys and girls combined. Extant literature (e.g., 

Burgess & Lonigan, 1998) supports the combination of data from boys and girls. 

 Preliminary inspection of the data indicated that some of the variables deviated from 

normality. For the group of children with speech impairments, word attack was positively 

skewed. This variable was subjected to the square root transformation, rending the skewness 

nonsignificant. Rapid digit naming, rapid color naming, and rapid object naming all displayed 

positively skewness and positive kurtosis. They were transformed with the natural log, rendering 

the normality violations nonsignificant. 

 For the group of typically developing children, scores from the GFTA-2, the GFTA-2    

PCC, the multisyllabic true word and multisyllabic nonsense word PCCs, and the story retelling 

PCC were all negatively skewed and displayed positive kurtosis. This was expected as children 

in kindergarten through second grade typically display adult-like speech, leading to high scores 

on all speech measures. Following Tabachnick and Fidell (2001), these variables were first 

reflected and then subjected to natural log transformations. The reflection was accomplished by 

subtracting the score from the highest achieved plus one. This transformation rendered all 

skewness and kurtosis for these variables nonsignificant. The tasks of elision and rapid object 

naming were positively skewed. These variables were subjected to square root transformation. 

This transformation was effective in rendering the skew nonsignificant. Finally, rapid color 

naming was positively skewed and displayed positive kurtosis. This variable was transformed 

with the natural log to render the skew nonsignificant. Whereas transformation of these variables 

improved their distributions, it did not change the pattern of correlations between variables or the  
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Table 2 

 

Means, Standard Deviations, and Ranges for Children’s Ages and Indices of Oral Language, Phonological Processing, Expressive 

Phonology, and Decoding Skills 

 

Typically Developing Speech Impaired  

Variable Mean SD Range Mean SD Range 

 

Fa 

   Min     Max   Min     Max  

ROWLS      52.02        9.08 33           75      51.44        9.93 35           70 .11 

EOWLS      45.71        9.52 21           73      40.62        8.84 19           62   8.33** 

GF      75.76        2.27 65           77      66.64        5.79 50           74 176.44*** 

GFPCC      98.85        1.85 89         100      90.36        5.51 77           98 182.39*** 

CSPCC      97.58        2.67 79.5      100      89.99        3.94 79.5        98.5 169.42*** 

MPCC      97.36        3.04 82         100      86.51        6.32 66           96 183.45*** 

NWPCC      95.08        4.50 81         100      81.21        8.50 50           97 154.05*** 

WordID      29.02      23.43   0           73      17.21      14.24   0           56   8.63** 

WordATT      10.85      10.75   0           36        4.85        5.60   0           21   10.03*** 

Elision        7.17        4.93   0           19        5.62        4.16   0           17        3.03 

Blending        9.17        4.08   1           19        8.18        3.34   1           15        1.83 

MFD      10.96        2.79   2           18      10.85        2.35   5           15          .05 

RDN      58.89      25.80   0         144      68.51      25.70 38         160        3.89 

RLN      68.12      37.73   0         224      71.46      27.45   0         161          .25 

RCN      78.13      24.33   0         180      85.67      35.55   0         231        2.03 

RON      89.14      29.60 48         196    107.38      43.33 59         257        8.02** 

NWR        8.01        2.56   1           14        6.62        2.75   3           15        7.93** 

CA      80.29        9.67 62         103      81.26      10.34 62         103          .27 

Note:Typically Developing (n = 98) Speech Impaired (n = 39) ROWLS=Receptive OWLS, EOWLS=Expressive OWLS, 

GF=Goldman Fristoe Score, GFPCC=PCC from GF, CSPCC=Connected Speech PCC, MPCC=Multisyllabic True word PCC, 

NWPCC=multisyllabic nonsense word PCC, WordID=Word Identification, WordATT=Word Attack, MFD=Memory For Digits, 

RDN=Rapid Digit Naming, RLN=Rapid Letter Naming, RCN=Rapid Color Naming, RON=Rapid Object Naming, NWR=Nonword 

Repetition, CA=Chronological Age 
a=F with 1, and 135 degrees of freedom; * = p<.05, ** = p<.01, *** = p<.001
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pattern of results for the multiple regression analyses reported later. Therefore, all analyses were 

carried out using untransformed variables. 

 All variables were then inspected for significant univariate outliers. To aid in this 

process, the variables were transformed to standardized scores by regressing children’s 

chronological age onto their raw scores for each variable.This allowed for the statistical removal 

of the reliable variance that was due to the children’s chronological age from the scores on the 

variables. A few outliers were detected. Any standardized score greater than an absolute value of 

3.29 (Tabachnick and Fidell, 2001) was considered an outlier and was recoded as positive or 

negative 3.28 to remove significant outliers. All subsequent analyses were conducted using these 

standardized variables. 

 After examining for violations of normality, the reliability of the measures used within 

the study was calculated. Internal consistency reliability refers to whether or not a test or theory 

assesses a single construct (e.g., all test items measure productive speech errors). This is usually 

assessed by examining how well the subset of items in a test correlate with each other. Internal 

consistency values that exceed .70 are considered to be adequately reliable (Cohen & Cohen, 

1975). The OWLS yielded an internal consistency value of .81. The tasks of elision and blending 

created the Phonological Sensitivity composite score on the CTOPP and yielded internal 

consistency values of .90 and .87, respectively. The tasks of rapid letter naming, rapid digit 

naming, rapid color naming, and rapid letter naming comprised the Lexical Access composite 

score on the CTOPP and yielded internal consistency values of .79, .85, .89, and .88, 

respectively. The tasks of memory for digits and nonword repetition created the Phonological 

Memory composite score for the CTOPP and yielded internal consistency values of .70 and .72, 

respectively. The GFTA-2 yielded an internal consistency value of .85. Finally, the Word 

Identification and Word Attack subtests yielded internal consistency values of .87 and .83, 

respectively. 

 In addition to inter-rater agreement of the speech samples, split half reliabilities for the 

connected speech PCC and multisyllabic word PCC were computed. For the connected speech 

sample, the first half of each sample was compared to the last half of each speech sample (i.e., 

first 50 words compared to last 50 words) to assess for internal consistency of the measure, 

yielding a coefficient alpha of .60. When corrected for attenuation using Spearman-Brown 

correction, the coefficient increased to .70. For the multisyllabic PCC, the first half of each 

multisyllabic task was compared to the last half. Multisyllabic true word repetition yielded an 

internal consistency value of .78 and multisyllabic nonsense word repetition yielded an internal 

consistency of .77. Again, when corrected for attenuation, the coefficients increased to .81 and 

.80, respectively. 

To examine both groups together (i.e., those in the typically developing group and those 

with speech impairments), preliminary analyses were conducted to determine similarity of 

performance on measures of oral language, phonological processing, expressive phonology, and 

decoding skills. Analysis of Variance (ANOVA) indicated that the children in the typically 

developing group performed significantly better than the children with speech impairments on all 

measures except receptive language, elision, blending, memory for digits, rapid digit naming, 

rapid letter naming, and rapid color naming (see Table 2). Bivariate correlations were computed 

across all measures for each group separately (see Table 3). Examination for any differences in 

the strength of correlations for each group was conducted through the Independent Correlation z 

test. This tests the hypothesis that two correlation coefficients obtained from independent 

samples are equal. The correlation coefficients were converted into z-scores using Fishers r-to-z 
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Table 3 

Bivariate Correlations among Measures of Oral Language, Decoding, Phonological Processing, and Expressive Phonology 

 

Measures 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 
1.ROWLS   --  .39*  -.19  -.25  -.04 -.20 -.13  .15 -.09  .20  .33*  .14 -.17  .02 -.01 -.16  .02 

2.EOWLS  .59***   --   .06  -.10   .25 -.05  .09  .12 -.27  .13  .54*** -.08 -.51*** -.07 -.24 -.45** -.06 

3.GF  .21*  .31**     --   
.86***

  .60*** .75***  .46**  .10 -.07 -.06  .02  .22 -.14  .24  .03 -.09  .16 

4.GFPCC  .13  .19   

.62***  

    --   .47**  .74***  .43** -.08 -.02 -.15 -.10  .14  .06  .40*  .11  .10  .09 

5.CSPCC  .18  .29**   

.68*** 

  

.52***

    --  .45**  .38*  .15  .03 -.21 -.04 -.04 -.07  .21 -.32* -.18 -.02 

6.MPCC  .30**  .37***   

.38*** 

  

.61***

 .32***    --  .54***  .13  .03 -.16 -.15  .23  .11  .33*  .12 -.23  .14 

7.NWPCC  .38***  .38***   .12   .23*  .15  .66***    --  .19 -.13 -.18 -.20 -.06  .15  .17 -.10  .04  .11 

8.WordID  .40***  .36***   .17   .17  .18  .55***  .55***    --  .51***  .12  .06  .02 -.13 -.20 -.06 -.06 -.08 

9.WordATT  .44***  .43***   .13   .10  .14  .42***  .48***  .84***    --  .33*  .03  .09 -.03 -.17 -.06 -.03  .21 

10.Elision  .46***  .43***   .21*   .19  .26**  .38***  .30**  .55***  .60***    --  .57***  .38* -.37** -.07  .18 -.12  .51***

11.Blending  .20*  .21*   .13   .16  .21*  .30**  .42***  .41***  .39***  .31**    --  .29 -.54*** -.22  .04 -.41**  .21 

12.MFD  .02  .27**   .10   .05  .13  .13  .10  .18  .08  .06  .08    --  .11  .30  .35*  .16  .51***

13.RDN -.14 -.16  -.15  -.10 -.07 -.34*** -.23* -.42*** -.31** -.15 -.17 -.10    --  .22  .42**  .60***  .06 

14.RLN -.16 -.10   .01   .06 -.06 -.19 -.21 -.43*** -.32*** -.18 -.24* -.01 -.06    -- -.03  .36*  .21 

15.RCN -.14 -.16   .18   .25*  .14 -.02 -.28** -.26** -.21* -.01 -.27** -.11  .28**  .37***    --  .41**  .23 

16.RON -.37*** -.35***  -.11   .01 -.05 -.31 -.42*** -.35*** -.28** -.16 -.27** -.19  .43***  .31**  .67***    --  .10 

17.NWR  .23**  .30**   .15   .12  .12  .29**  .27**  .35***  .27**  .29**  .28**  .37***  .64*** -.02 -.20 -.24*    -- 

Note:Typically developing children (n = 98) displayed below diagonal and children with speech impairments (n = 39) displayed above 

the diagonal. ROWLS=Receptive OWLS, EOWLS=Expressive OWLS, GF=Goldman Fristoe Score, GFPCC=PCC from GF, 

CSPCC=Connected Speech PCC, MPCC=Multisyllabic True word PCC, NWPCC=multisyllabic nonsense word PCC, WordID=Word 

Identification, WordATT=Word Attack, MFD=Memory For Digits, RDN=Rapid Digit Naming, RLN=Rapid Letter Naming, 

RCN=Rapid Color Naming, RON=Rapid Object Naming, NWR=Nonword Repetition 

* = p<.05, ** = p<.01, *** = p<.001 



 

 26

 

transformation (Cohen & Cohen, 1983). Of the 136 pairs of correlation coefficients subjected to 

this test, a total of 11 were deemed as significantly different. Given that seven significant 

differences would be expected by chance alone, the 11 significant differences suggest that there 

were few reliable differences between the group of typically developing children and the group 

of children with speech impairments. Therefore, the group data were collapsed and analyzed 

together.  However, to ensure that the process of collapsing the data did not impact the analyses 

and results, the analyses were conducted in two different ways, with the collapsed data set and 

with only the typically developing group.  

 

Primary analyses 

 

After the data were pooled, examination of the relation between the multiple measures of 

each skill (i.e., phonological processing, decoding, and expressive phonology) was conducted to 

assess for practicality and reasonability of the formation of composite variables. Bivariate 

correlations between the variables are shown in Table 4. The oral language measures correlated 

highly with each other (r=.53) as did the two decoding measures (r=.75). Because of these high 

correlations and because of conceptual appropriateness, the two oral language measures were 

used to create an Oral Language composite variable. Likewise, the two decoding measures were 

used to create a Decoding composite variable.  

 When examining the relations between the variables measuring phonological processing, 

several intercorrelations among the variables were evident. This may indicate that some of these 

variables relate to phonological processing at a more fundamental level; therefore, a principal 

component analysis was conducted to determine if the larger set of variables could be accounted 

for by a smaller set of components. The eight phonological processing tasks were submitted to a 

principal component analysis with direct Oblimin rotation and Kaiser normalization. The three 

components together accounted for 66% of the total variance. The loadings of the eight variables 

on the three components are shown in Table 5. The information was reorganized by loading to 

facilitate interpretation. Variables were chosen for inclusion within a component on the basis of 

having the fewest cross-loadings and conceptual appropriateness. Additionally, a cutoff point of 

.45 was employed and loadings with values of less than .45 were replaced with zeros 

(Tabachnick & Fidell, 1983). All communalities for the three-component solution were at or 

above .5, with five of the seven being above .75, indicating that the variables were well 

accounted for by the three-component model (Tabachnick & Fidell, 1983). 

Component 1 accounted for 32% of the variance in the data set. The four variables with 

strongest loadings on Component 1 were rapid digit naming, rapid color naming, rapid letter 

naming, and rapid object naming. These four variables all represent means of measuring lexical 

access. They were used to create the Lexical Access composite variable. 

 Component 2 accounted for 21% of the variance in the data set. The two variables with 

strongest loadings on Component 2 were memory for digits and nonword repetition. These tasks 

both purport to measure phonological memory and were used to create the Phonological Memory 

composite variable. 

 Finally, Component 3 accounted for 13% of the total variance in the data. The two 

variables with strongest loadings on Component 3 were elision and blending. These variables 

both represent means of measuring Phonological Sensitivity skills and were used to create the 

Phonological Sensitivity composite variable.  
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Table 4 

Bivariate Correlations among Measures of Oral Language, Phonological Processing, Decoding, and Expressive Phonology:  

Combined Data 

 
Measure 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

1.ROWLS --                

2.EOWLS   .53*** --               
3.GF   .09   .24** --              

4.GFPCC   .01   .10  .70*** --             

5.MPCC   .16   .25**  .50*** .65*** --            
6.NWPCC   .24**   .30***  .22* .29*** .63*** --           

7.CSPCC   .11   .27***  .65*** .50*** .36*** .22** --          

8.WordID   .33***   .30***  .15  .09 .43*** .45***  .17** --         
9.WordATT  .30***   .23**  .07  .06 .31*** .31***  .10  .75*** --        

10.Elision   .38***   .34***  .13  .09 .23** .17*  .11  .43***  .52*** --       

11.Blending   .24**   .31***  .10  .08 .18* .25**  .13  .31***  .29c  .38*** --      

12.MFD   .06   .17*  .14  .08 .16 .06  .07  .14  .09  .15  .14 --     
13. RDN  -.15  -.26** -.15 -.05 -.21* -.12 -.07 -.34*** -.24b -.21* -.27*** -.04 --    

14. RLN - .11  -.09  .08  .16 -.05 -.12  .02 -.37*** -.28c -.15 -.24**  .08  .53*** --   

15. RCN  -.10  -.18*  -13  .20*  .23 -.23** -.02 -.20* -.17  .04 -.18*  .02  .32***  .26** --  
16. RON  -.31***  -.38*** -.10  .04 -.23** -.29** -.09 -.27*** -.21a -.15 -.31*** -.09  .48*** .32*** .59*** -- 

17. NWR  .18*   .20*  .15  .11  .25**  .23**  .08  .23**  .25b  .36***  .26**  .41*** -.03  .04 -.08 -.14 

Note: n = 137, ROWLS=Receptive OWLS, EOWLS=Expressive OWLS, GF=Goldman Fristoe Score, GFPCC=PCC from GF, 

CSPCC=Connected Speech PCC, MPCC=Multisyllabic True word PCC, NWPCC=multisyllabic nonsense word PCC, WordID=Word 

Identification, WordATT=Word Attack, MFD=Memory For Digits, RDN=Rapid Digit Naming, RLN=Rapid Letter Naming, 

RCN=Rapid Color Naming, RON=Rapid Object Naming, NWR=Nonword Repetition 

* = p<.05, ** = p<.01, *** = p<.001 
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Table 5 

Loadings and Variance for Principal Component Analysis on Pphonological Processing  

Measure 

 

Variable Component 1 

Lexical Access 

Component 2 

Phonological Memory 

Component 3 

Phonological 

Sensitivity 

Elision .00 .00 .77 

Blending .00 .00 .70 

Memory for digits .00 .76 .00 

Nonword repetition .00 .78 .00 

Rapid digit naming .62 .00 .00 

Rapid color naming .86 .00 .00 

Rapid letter naming .49 .00 .00 

Rapid object naming .85 .00 .00 

Variance 32% 21% 13% 

All values less than .45 were replaced with zeros (Tabachnick & Fidell, 1983) 

 

 

 When examining the relations between the multiple speech measures, several 

intercorrelations were again noted. The process of data reduction via oblique principal 

component analysis described previously was also conducted on the speech measures. Two 

components were selected based on the Kaiser criterion (eigenvalues greater than 1.0). The two 

components together accounted for 80% of the total variance in the data. The loadings of the five 

variables on the three components are shown in Table 6. The information was again reorganized 

by loading to facilitate interpretation. Variables were chosen for inclusion within a component on 

the basis of having the fewest cross-loadings and on conceptual appropriateness. Again, a cut-off 

point of .45 was employed and loadings with values less than .45 were replaced with zeros 

(Tabachnick & Fidell, 1983). All communalities for the two component-solution were above .75, 

indicating that the variables were well accounted for by the two-component model (Tabachnick 

& Fidell, 1983). 

 

Table 6 

Loadings and Variance for Principal Component Analysis of Speech Measures 

 

Variable Component 1 

Simple-Word Naming 

Component 2 

Multisyllabic Words 

GFTA-2 score .91 .00 

GFTA-2 PCC .84 .00 

Connected Speech PCC .83 .00 

True Word PCC .00 .87 

Nonsense Word PCC .00 .92 

Variance     59%     21% 

All values less than .45 were replaced with zeros (Tabachnick & Fidell, 1983) 
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Component 1 accounted for 59% of the variance in the data. The three variables with 

strongest loadings on Component 1 were the GFTA-2 standardized score, the GFTA-2 PCC, and 

the connected speech PCC. These are all measures of articulatory accuracy, primarily through 

the use of monosyllabic words or words of simple phonological structure. These were used to 

create the PCC composite variable. Component 2 accounted for 21% of the variance in the data. 

The two variables with strongest loadings on Component 2 were the multisyllabic true word 

repetition PCC and the multisyllabic nonsense word repetition PCC. These tasks both measure 

articulatory accuracy through the use of multisyllabic words and were used to create the 

MultiPCC composite variable. 

 Before examining the inter-relatedness of the composite variables, the composite 

variables were examined for outliers (i.e., any value greater than positive or negative 3.29). A 

few were detected and were changed to either positive or negative 3.28 (Tabachnick & Fidell, 

2001). Next, bivariate correlations among composite variables and the individual tests were 

conducted. Each of the individual measures was highly correlated with their respective 

composite variable (see Table 7). Finally, bivariate correlations among the composite variables 

were conducted (see Table 8). With the exception of PCC, all of the composite variables were at 

least modestly correlated with decoding (rs ranged from .18 to .44). Results were the same when 

the bivariate correlations were computed using only the group of typically developing children. 

 

Relations among variables 

 

 The first research questions addressed were (a) Are phonological processing skills and 

expressive phonology related to each other, independent of oral language skills, (b) Are  

phonological processing skills related to decoding, independent of oral language skills, and (c) Is 

expressive phonology related to decoding, independent of oral language skills? Partial 

correlations controlling for oral language were computed and are shown in Table 9. Once 

variance common to oral language was removed, Phonological Sensitivity and Phonological 

Memory, were correlated with MPCC (rs = .20 and .19, respectively), albeit at low levels. 

Lexical Access was not significantly correlated with MPCC (r = -.16). None of the phonological 

processing composite variables were significantly related to the PCC composite variable.  

The next question asked was whether measures of phonological processing and expressive 

phonology were related to early reading skills independent of oral language skills. Results are 

reported in Table 9. Again, partial correlations were used and revealed that Phonological 

Sensitivity and Lexical Access were both significantly related to Decoding (rs =.36 and -.30, 

respectively). Phonological Memory; however, was not (r = .14). MPCC was moderately 

correlated with Decoding (r=.36); however, PCC was not (r =.07). Because Phonological 

Memory and PCC were not related to Decoding after removing variance common to oral 

language skills, they were removed from subsequent analyses. Results did not change when these 

analyses were conducted only using the typically developing group.  
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Table 7 

Bivariate Correlations among Composite Variables and Individual Tasks 

 

Variable PS LA PM PCC MPCC DE OL 

Elision  . 69***   -.15   .25**   .12   .23**   .52***   .42*** 

Blending   .93***   -.31***   .21*   .11   .22**   .31***   .29*** 

RDN  -.30***    .81***  -.04  -.11  -.20*  -.29***  -.21* 

RLN  -.24**    .76***   .07   .12  -.08  -.33***  -.12 

RCN  -.12    .70***  -.02   .16  -.07  -.19*  -.14 

RON  -.30***    .67***  -.13  -.05  -.28***  -.25**  -.37*** 

NWR   .35***  -.04   .71***   .14   .27**   .26**   .21* 

MFD   .17    .01   .94***   .11   .14   .11   .10 

GF   .13    .01   .16   .93***   .44***   .10   .15 

GFPCC   .09    .13   .10   .90***   .57***   .07   .04 

CSPCC   .15  -.04   .09   .72***   .34***   .13   .18* 

MultiPCC   .23**  -.12   .22**   .61***   .95***   .37***   .21* 

NWPCC   .26**  -.22***   .13   .28***   .83***   .38***   .29*** 

WordID   .41***  -.40***   .20*   .14   .48***   .88***   .36*** 

WordATT   .43***  -.30***   .17   .08   .34***   .97***   .31*** 

ROWLS   .34***  -.18*   .11   .06   .20**   .32***   .95*** 

EOWLS   .37***  -.26***   .21*   .20*   .29***   .27***   .77*** 

Note: n = 137, ROWLS=Receptive OWLS, EOWLS=Expressive OWLS, GF=Goldman Fristoe 

Score, GFPCC=PCC from GF, CSPCC=Connected Speech PCC, MPCC=Multisyllabic True 

word PCC, NWPCC=multisyllabic nonsense word PCC, WordID=Word Identification, 

WordATT=Word Attack, MFD=Memory For Digits, RDN=Rapid Digit Naming, RLN=Rapid 

Letter Naming, RCN=Rapid Color Naming, RON=Rapid Object Naming, NWR=Nonword 

Repetition, PS=Phonological Sensitivity Composite, PM=Phonological Memory Composite, 

LA=Lexical Access Composite, DE=Decoding Composite, OL=Oral Language Composite, 

MPCC=Multisyllabic speech Composite, PCC=Speech Composite 

* = p<.05, ** = p<.01, *** = p<.001 

 

Table 8 

Bivariate Correlations among Composite Variables 

Variable 1 2 3 4 5 6 7 

1. PS --       

2. PM  .26** --      

3. LA -.34*** -.04 --     

4. OL  .38***  .15  -.24** --    

5. MPCC  .328***  .22**  -.22* .28*** --   

6. PCC  .11  .14   .01 .10 .48*** --  

7. DE  .44***  .18*  -.38*** .31*** .44*** .11 -- 

Note: n = 137, PS=Phonological Sensitivity Composite, PM=Phonological Memory Composite, 

LA=Lexical Access Composite, DE=Decoding Composite, OL=Oral Language Composite, 

MPCC=Multisyllabic speech Composite, PCC=Speech Composite 

* = p<.05, ** = p<.01, *** = p<.001 
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Table 9 

Partial Correlations, Controlling for Oral Language Skills, Among Composite Variables 

 

Composite 

Variable 

1 2 3 4 5 

1. PS --     

2. PM  .23** --    

3. LA -.28**  -.00 --   

4. PCC  .08   .13   .03  --  

5. MPCC  .20*   .19*  -.16  .47***  -- 

6. DE  .36***   .14  -.33***  .08  .38*** 

Note: n = 137, PS=Phonological Sensitivity Composite, PM=Phonological Memory Composite, 

LA=Lexical Access Composite, DE=Decoding Composite, PCC=Speech Composite, 

MPCC=Multisyllablic Speech Composite  

* = p<.05, ** = p<.01, *** = p<.001 

 

Predicting Decoding Skills 

 

 To answer the fourth question regarding the amount of variance in Decoding explained 

by expressive phonology and phonological processing, multiple regression analysis was used. 

Multiple regression analysis allows for the inclusion of multiple independent variables in the  

same model for an outcome. The use of multiple independent variables provides statistical 

control in the estimation of the unique effect of each independent variable on the outcome 

 (Cohen & Cohen, 1975). Simultaneous multiple regression was performed to examine the 

relations between the predictor variables of Phonological Sensitivity, Lexical Access, and MPCC 

and the dependent variable, Decoding. 

Visual inspection of a plot of the model residuals versus the predicted outcomes did not 

suggest any violations of the regression assumptions of correct fit, constant variance, or 

normality. Further, there were no conditions suggesting the possibility of a violation of the 

independence assumption, and the reliabilities of the independent variables were high enough to 

assume robustness to the slight violation that all independent variables were known exactly. 

Issues of multicollinearity were ruled out by examining the squared multiple correlations among 

the independent variables (where perfect or very high values would indicate multicollinearity).  

A series of regression analyses examined the extent to which individual differences in 

performance on the predictor variables explained subsequent individual differences in decoding, 

once variance attributable to oral language skills was taken into account (Table 10). The first 

regression model (Regression 1) examined the simultaneous influence of all of the composite 

variables (i.e., Oral Language, MPCC, Phonological Memory, Lexical Access, Phonological 

Sensitivity, and PCC). The model was statistically significant, F (6, 130) = 11.63, p = .001, and 

accounted for 34.9% of the variance in Decoding. Of the included variables, Phonological 

Sensitivity, Lexical Access and MPCC contributed significant amounts of unique variance to the 

model. This finding is supported by the fact that neither Phonological Memory nor PCC were 

correlated with Decoding after Oral language was partialed out. Additionally, Oral Language did 

not contribute unique variance to the model. The second regression model (Table 10, Regression 

2) examined the simultaneous influence of only the three predictor variables that were 
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Table 10 

Predicting Decoding from Phonological Sensitivity, Lexical Access, and Expressive Phonology 

 

Predictor Variable R ∆R2 β F ratio 

Regression 1 .591 .349                . 11.63a*** 

     OL  .005                .084                  1.01 

     PCC  .007               -.083                 -1.18 

     PM  .001                .036                    .46 

     LA  .033               -.140                 -2.56*** 

     PS  .044                .264                  2.95** 

     MPCC  .078                .385                  3.94* 

Regression 2 .580 .336                 22.44b*** 

     MPCC  .089                .353                  4.22*** 

     LA  .040              -.152                 -2.83** 

     PS  .063                .296                  3.54*** 

Regression 3 .544 .296                 28.18c*** 

     PS                   .106                .367                  4.49*** 

     MPCC  .107                .385                  4.52*** 

Regression 4 .497 .247                 22.01c*** 

     PS  .106                .376                  4.35*** 

     LA  .058               -.182                 -3.22** 

Regression 5 .523 .273                  25.21c*** 

     MPCC  .132                 .421                   4.95*** 

     LA  .083                -.209                  -3.91*** 

Note. n = 137, OL=Oral Language Composite, PCC=GF, GFPCC, and Connected Speech PCC Composite, PM=Phonological 

Memory Composite, LA=Lexical Access Composite, PS=Phonological Sensitivity Composite, MPCC=Multisyllabic PCC Composite 

a=F with 6, and 130 degrees of freedom 

b=F with 3 and 133 degrees of freedom 

c=F with 2 and 134 degrees of freedom  

* = p<.05, ** = p<.01, *** = p<.001 
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significantly correlated with Decoding (i.e., Phonological Sensitivity, MPCC, and Lexical 

Access). The overall model was statistically significant, F (3, 133) = 22.44, p = .001, and 

accounted for 33.6% of the variance in Decoding. Each of the three predictor variables 

contributed significant unique variance to the model. Phonological Sensitivity accounted for 

6.3% unique variance in Decoding. MPCC accounted for 8.9% and Lexical Access accounted for 

4.0% unique variance in Decoding.  

To determine whether a more parsimonious model would explain equivalent amounts of 

variance in Decoding, three other regression models were examined (Table 10, Regressions 3, 4, 

and 5) with pairings of only two of the three predictor variables. In all of the additional models,  

each predictor variable contributed unique variance to the specific model. In Regression 3, the 

model accounted for 29.6% of the variance in Decoding. Phonological Sensitivity accounted for 

10.6% of the unique variance in Decoding and MPCC accounted for 10.7% of the unique 

variance in Decoding. In Regression 4, the model accounted for 24.7% of the variance in  

Decoding. Phonological Sensitivity accounted for 10.6% of the unique variance in Decoding and 

Lexical Access accounted for 5.8%. Finally, in Regression 5, the model accounted for 27.3% of  

the variance in Decoding, MPCC accounted for 13.2% of the unique variance and Lexical 

Access accounted for 8.3%. However, of the four regression models limited to the predictor 

variables that correlated with Decoding, the model used in Regression 2 explained the most 

variance in Decoding, indicating that inclusion of all three predictor variables was most 

appropriate. Results of these analyses did not change when conducted using only the typically 

developing group. 

 

Age as a moderator 

 

Hierarchical multiple regression analyses were performed to test the prediction that age 

moderates the relation between Decoding, MPCC, Lexical Access, and Phonological Sensitivity 

(i.e., to determine if the addition of information regarding age and then the predictor variables 

improved prediction of Decoding beyond that afforded by differences in predictor variables 

alone). An advantage to the hierarchical multiple regression analysis of data is that once the 

order of the independent variables has been specified, a unique partitioning of the total Y 

variance accounted for by the independent variables may be made. This is important when 

independent variables are correlated. 

To determine whether age moderated the relations among expressive phonology, 

phonological processing, and decoding, examination of the effects of an interaction term on the 

significance of the model occurred. The analyses determined whether the product of age and 

measures of phonological sensitivity or age and expressive phonology added anything to the 

model after phonological processing measures and expressive phonology were already in the 

equation. 

Two regression models were examined (Table 11). Model 1 examined the simultaneous 

influence of chronological age, Phonological Sensitivity, Lexical Access, and MPCC. The 

overall model significantly accounted for 33.7% of the variance in Decoding, F (4, 132) = 16.76, 

p = .001.  Chronological age did not contribute significant unique variance to Decoding. 

Phonological Sensitivity accounted for 6.3% of the unique variance. Lexical Access accounted 

for 4.0% and MPCC accounted for 8.9% of the unique variance in Decoding. Interaction terms 

were then created and entered into the model as a second block (Table 11, Model 2). Again, the 

overall model significantly accounted for a substantial amount of the variance in Decoding (i.e.,  
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Table 11 

Predicting Decoding from Age, Phonological Sensitivity, Lexical Access, and Speech 

 

Predictor Variable R ∆R2 β F ratio 

Model 1          .581           .337               16.76a*** 

     CA            .001                .004                  .39 

     PS            .063                .300                3.53*** 

     MPCC            .089                .354                4.21*** 

     LA             .040               -.151               -2.83** 

Model 2 .629           .395                12.05b** 

     CA            .004                 .009                   .97 

     PS            .011              -1.175               -1.56 

     MPCC            .011                -.929               -1.54 

     LA            .000                -.018                 -.07 

     Age*PS            .018                 .018                 1.97* 

     Age*MPCC            .023                 .017                 2.20* 

     Age*LA            .000                -.002                 -.30 

Note. n = 137, CA=Chronological Age, PS=Phonological Sensitivity Composite, 

MPCC=Multisyllabic PCC Composite, LA=Lexical Access Composite 
a= F with 4 and 132 degrees of freedom, b= F with 3 and 129 degrees of freedom 

* = p<.05, ** = p<.01, *** = p<.001 

 

 

40%), F (3, 129) = 12.05, p = .008. In this model, only the interaction terms of chronological age 

and MPCC and chronological age and Phonological Sensitivity were significant and accounted 

for an additional 2.3% and 1.8% of the unique variance in Decoding after age, Phonological 

Sensitivity, Lexical Access, and MPCC were already in the model, respectively. 

Because the tests of the interactions were significant, the affect of MPCC on Decoding is 

then described as a function of chronological age. Additionally, the affect of Phonological 

Sensitivity on Decoding is also described as a function of chronological age. To graphically 

represent the interaction, Tabachnick and Fidell (2001) recommend taking the mean age of the 

participants (i.e., 80.56) and either subtracting or adding one standard deviation (i.e., 9.82) to the 

mean to create a dummy variable to use for graphing the interactions. Using this method, the  

three age groups formed were: (a) Group 1 (62 months to 70.74 months, n=23), (b) Group 2 

(70.75 months to 90.38 months, n=90), and (c) Group 3 (90.39 months to 103 months, n=24).  

Figure 2 illustrates the relation between multisyllabic speech production and Decoding, 

moderated by age.  It is evident that for the youngest children, age affected the relationship. For 

this group of children, having poor MPCC scores translated to poorer Decoding skills.  
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Figure 3 illustrates the relation between Phonological Sensitivity and Decoding, moderated by 

age. Again, for the youngest group of children, having poor Phonological Sensitivity skills 

predicted poor Decoding skills. Age did not moderate the relation between Lexical Access and 

Decoding as shown in Figure 4. Results for these analyses changed when computed using only 

the typically developing group. For those analyses, age was a significant moderator only between 

MPCC and Decoding. Age did not moderate the relations between Lexical Access and Decoding 

or between Phonological Sensitivity and Decoding. 
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CHAPTER FOUR 

 

DISCUSSION 

 

 

 

Hypotheses Revisited 

 

 

 

Overview 

 

 The first goal of this study was to expand upon previous tests of Elbro’s distinctness 

hypothesis by answering the following questions: (a) Are phonological processing skills and 

expressive phonology related, independent of oral language skills?, (b) Do phonological 

processing skills predict decoding skills, independent of oral language skills?, (c) Does 

expressive phonology predict decoding skills, independent of oral language skills?, and (3) Do 

phonological processing skills and expressive phonology explain the same variance in decoding 

skills? It was hypothesized that phonological processing and expressive phonology would be 

related, even after partialing out variance common to oral language and that both sets of skills 

would predict decoding, independent of oral language skills.  It also was hypothesized that 

phonological processing skills and expressive phonology would account for joint variance in 

decoding but not unique variance, as they purportedly stem from the same underlying construct. 

Overall, these results provided support for some, but not all, of the study hypotheses.  

 Expectations associated with the relation between phonological processing skills and 

expressive phonology were largely met. Additionally, findings regarding the relations of 

phonological processing skills and expressive phonology with decoding, independent of oral 

language skills were supportive of the aforementioned hypotheses. Findings for the use of 

phonological processing skillsand expressive phonology as predictors of decoding were mixed. 

Results indicated that the composite variables of Phonological Sensitivity (i.e., elision and 

blending) and Lexical Access (i.e., rapid naming tasks) were predictive of the composite variable 

of Decoding (i.e., word attack and word identification). The composite variable Phonological 

Memory (i.e. memory for digits and nonword repetition) was not predictive of Decoding. 

Although articulatory accuracy on measures involving multisyllabic word structures predicted 

performance on Decoding, the speech measure involving assessment of single-word naming or 

simple syllabic structures (i.e., PCC composite variable) was not predictive of Decoding.   

 One of the study’s hypotheses was that phonological processing and expressive 

phonology would jointly predict Decoding, but not contribute significant unique variance to the 

model (as they theoretically stem from the same underlying construct). This hypothesis was not 

supported. Results indicated that both of the predictor phonological processing composite 

variables (i.e., Phonological Sensitivity and Lexical Access) and the predictor speech composite 

variable (i.e., MPCC) contributed unique variance to Decoding (6.3%, 4.0%, and 8.9%, 

respectively). 

 The second goal of this study was an exploratory extension of Elbro’s hypothesis 

regarding the relation between age, phonological processing, expressive phonology, and 
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decoding skills (Elbro, 1996). Based on previous research and on developmental trends, it was 

hypothesized that age would moderate the relation between such skills (i.e., the relation between 

phonological processing and decoding and the relation between expressive phonology and 

decoding would change with age). This hypothesis received only partial support from these 

analyses. Results indicated that age did not moderate the relation between Lexical Access and 

Decoding but did moderate the relation between MPCC and Decoding as well as Phonological 

Sensitivity and Decoding when using the collapsed data set. Whereas for the youngest group of 

children, those with poorer speech skills or poorer phonological sensitivity skills also displayed 

poorer decoding skills, this relation was not found to be significant for older children. 

When the analyses were conducted with only the typically developing group, MPCC and 

Decoding were the only skills moderated by age.  

 

Relations between Phonological Processing and Expressive Phonology 

 

 Results of these analyses were consistent with the theory posited by Elbro that indistinct 

phonological boundaries affect both speech accuracy and phonological processing. Results from 

this study indicated that phonological processing (divided in this study into Phonological 

Sensitivity, Lexical Access, and Phonological Memory) and expressive phonology (as measured 

by MPCC) are related, independent of oral language skills. When speech was measured by PCC 

(i.e., single word naming task or simple syllabic structures), however, these sets of skills were 

not related. Previous research supports these findings. When researchers measured speech in a 

single-word naming task or with words of simple syllabic structure (e.g., Catts, 1991; Catts, 

1993) results indicated that children’s speech skills were not related to their reading skills. When 

speech was measured in alternative ways (e.g., multisyllabic word productions, nonsense word 

repetitions), researchers found that speech skills were related to reading skills (e.g., Bird et al.,  

1995; Larrivee & Catts, 1999).  

 Differences in the two speech measurement tasks may account for the difference in 

relatedness between PCC and Decoding and MPCC and Decoding. First, in terms of 

phonological memory, single-word naming tasks or producing words of simple syllabic structure 

require a child to hold less phonological information in memory than does a longer, more 

complex word. Previous research has found a link between speech production and phonological 

memory (e.g., Gathercole, et al., 1991; Adams & Gathercole, 1995), namely, that children with 

poor phonological memory displayed more inaccuracies in their articulation skills. Whether this 

is a uni-directional relation or a bi-directional relation is unknown. There is evidence that the 

memory deficit associated with reading difficulties is attributable to the functioning of the 

phonological loop (Roodenrys & Stokes, 2001). As aforementioned, according to the working 

memory model, the phonological loop comprises a phonological store and rehearsal process. 

This store holds phonologically coded, or speech-based, information that decays if not refreshed 

by a process of subvocal rehearsal (Mann & Liberman, 1984). If a child is unable to hold onto 

the information long enough to rehearse it, accurate retrieval or production would be difficult. 

 Second, previous research has suggested that tasks involving complex phonological 

structures may be more sensitive to individual differences in phonological abilities (e.g., Lewis 

& Freebairn, 1992). These individual differences purportedly stem from quality of phonological 

representation. To accurately produce phonemes in multisyllabic words, children must encode 

the speech sound components of the words and then be able to retrieve the phonological 
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information. If the underlying phonological representation is indistinct, accurate production is 

difficult.  

 Additionally, both phonological memory and phonological distinctness may play roles in 

the differences between PCC and MPCC as they relate to phonological processing. Differences 

in distinctness may explain deficits in phonological short-term memory (e.g., Gathercole & 

Baddeley, 1989; Elbo, 1996). A low level of distinctness may hinder both encoding and retrieval 

of phonological information. With true words, encoding would be impeded because the words 

are less easily recognized and less unambiguously stored. In nonsense words, representation 

would be made even more challenging due to the presence of few distinctive features (Elbro, 

1996).  

 In summary, phonological processing skills and expressive phonology appear to be 

related, when measured in specific ways. These findings offer support to the Elbro’s distinctness 

hypothesis but also speak more broadly to the issue of phonological processing deficits and 

subsequent deficits in reading. The distinctness hypothesis is congruent with and aims at an 

extension of the theories about a unity phonological deficit advanced by members of the Haskins 

group, especially Shankweiler, Crain, Brady, and Macaruso (1992) and Fowler (1991). Hulme 

and Snowling (1992) and McDougall, Hulme, Monk, and Ellis (1994) have suggested that if the 

integrity of an individual’s output phonological representations are compromised, the individual 

would experience difficulty performing segmental operations (i.e., blending, elision) on those 

representations. Findings from the current study offer support to this notion. When a child’s 

output phonological representation was compromised, or inaccurate, difficulties in phonological 

sensitivity skills emerged. 

 

Prediction of Decoding 

  

 Phonological processing. Phonological Sensitivity and Lexical Access were 

significantly correlated with Decoding, even after removing variance common to oral language. 

These skills predicted Decoding, independent of Oral Language, explaining 6.3% and 4.0% 

unique variance, respectively. These results are consistent with the large body of literature that 

has found that certain phonological processing skills predict early reading achievement (e.g., 

Wagner & Torgesen, 1987; Adams, 1990; Burgess & Lonigan, 1998, van Kleek, 2003). 

However, Phonological Memory was not related to Decoding after partialing out Oral Language 

skills and did not account for unique variance in Decoding. This finding is in contrast to other 

research that supports a relation between verbal short-term memory and reading. Torgesen and 

Burgess (1998) found that development of phonological memory made a distinct contribution to 

word reading independent of phonological awareness.  Additionally, Roodenrys and Stokes 

(2001) reported that children with reading impairments performed more poorly on measures of 

phonological memory than did the children in the control groups and that phonological memory 

accounted for unique variance in decoding. However, Roodenrys and Stokes (2001) did not take 

into account oral language skills. This finding supports the research of Lynn (2000) and Metsala 

(1999) who both found that once phonological awareness and age were entered into the 

prediction equation, phonological memory did not account for significant variance in decoding 

skills. 

 The lack of a significant correlation between Phonological Memory and Decoding in this 

study may be a function of measurement. Although deemed adequately reliable by 

aforementioned guidelines (Cohen & Cohen, 1975), the two subtests that were used in the 



 

 40

creation of the Phonological Memory composite variable had the lowest reliabilities of all formal 

measures for this sample. Furthermore, when examining the variance for the memory for digits 

and nonword repetition tasks, there appears to be restricted range, which would attenuate the 

correlation. To obtain significant external relations, ample variance is needed. 

 Expressive phonology. The results of the current investigation provide additional 

support to previous research linking expressive phonology and early reading skills. Importantly, 

this is one of only a few studies that have examined this relation using multiple measures of 

speech and explicitly controlling for variance common to oral language, and the only known 

study that has done so with adequate power. An important finding of this study was that the 

relatedness of speech and decoding skills depended upon the way in which speech was 

measured. Decoding was related to speech when measured in a multi-syllabic environment (i.e., 

MPCC) but was not related to speech when measured in simple syllabic structures (i.e., PCC). 

Additionally, MPCC accounted for significant independent variance in Decoding (i.e., 8.9%), 

whereas PCC did not. Other studies that have employed single-word naming tasks (e.g., GFTA-

2) have found limited relations between speech and reading. For example, Catts (1993) found 

that speech was unrelated to reading in first and second grades. However, speech was measured 

in a single-word naming task. Perhaps such speech measures do not show such a relation because 

by the time a child reaches school age, phonological deficits may be more subtle, thereby 

requiring a more sensitive, more complex measure (Larrivee & Catts, 1999; Lewis & Freebairn, 

1992).  

 Multisyllabic word productions may be tapping the quality of underlying phonological 

representation. Kamhi, Catts, and Mauer (1990) found that poor readers who mispronounced 

novel multisyllabic words often had difficulties recognizing these words correctly in subsequent 

assessment. Likewise, Rvachew and Jamieson (1989) found that a group of children with deficits 

in expressive phonology had difficulty making phonemic distinctions related to their error 

sounds. This appears to be consistent with Elbro’s theory of distinctness. Poor quality and 

efficiency of encoding and retrieval would then lead to challenges in decoding. If a child has 

indistinct phonological representations, encoding and subsequent retrieval would prove 

challenging. If phonological information is inaccurately encoded or indistinctly represented, 

retrieval and thus, production would prove challenging.  

 Single-word naming tasks may not allow investigators to adequately assess deficits in the 

distinctness of underlying phonological representations. Many words on such assessments are 

high frequency, familiar words (e.g., frog, duck). Metsala (1997) found that frequently heard 

words were more easily recognized and produced by children than infrequent words. This 

finding was attributed to the fact that frequent words have the opportunity to become 

segmentally based over time (i.e., represented in memory as segments or phonemes rather than 

whole units). Similarly, Landauer and Streeter (1973) found that high-frequency, monosyllabic 

words that contained phonemic patterns found in common words were recognized more easily 

than words containing atypical phonemic patterns or multisyllabic words. Roodenrys and Stokes 

(2001) reported that more frequent phoneme sequences were produced more quickly and 

accurately because they were more practiced and relied on the child’s knowledge of the 

phonotactic structure of English. If an assessment tool used more novel words or words that were 

more phonological complex, the child’s knowledge of phonotactic structures would not 

necessarily facilitate accurate production, requiring production to rely upon underlying 

phonological representations. 
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 Oral language. An interesting finding from these analyses is that oral language skills did 

not contribute unique variance to the first simultaneous regression model predicting decoding. 

However, bivariate correlations indicated that Oral Language and Decoding were related. 

Additionally, Oral Language was significantly correlated with Phonological Sensitivity, Lexical 

Access, and MPCC (i.e., multisyllabic word productions). Further, these are the three composite 

variables that contributed unique variance to Decoding. One possible explanation for why Oral 

Language did not contribute unique variance to the model could be a function of the order of 

entry into the model. In simultaneous regression models, the order of entry is not specified and 

all independent variables are entered into the regression equation at once. Each independent 

variable is evaluated in terms of what it adds to the prediction of Decoding that is different from 

the predictability afforded by all other independent variables (Tabachnick & Fidell, 2001). In 

simultaneous multiple regression, it is possible for a variable like Oral Language to appear 

unimportant in the solution when it actually is highly correlated with Decoding. If the area of 

correlation is reduced by the other independent variables, the unique contribution of Oral 

Language would be small, despite a moderate correlation with Decoding. If Oral Language were 

assigned first entry, its apparent importance would likely increase. 

 Another possible explanation could be that the relation between oral language and 

decoding is an indirect one in school-age children. Storch and Whitehurst (2002) examined the 

relations among phonological sensitivity, decoding, and oral language skills in a group of 626 

children, following them from preschool through fourth grade. They found that the relation 

between oral language and code-related skills (e.g.., phonological sensitivity, letter knowledge) 

was strongest in the preschool years, with oral language predicting 48% of the variance in code-

related skills. This relation declined with age, as oral language predicted only 10% of the 

variance in code-related skills in kindergarten. In 1
st
 and 2

nd
 grade students, the relation between 

the two skills became nonsignificant. They also found that oral language had a significant 

indirect effect on kindergarten through fourth grade reading accuracy (i.e., decoding skills) as 

well as on third and fourth grade reading comprehension. They concluded that code-related skills 

mediated the relationship between preschool and kindergarten oral language skills and 

elementary school reading accuracy.  

 Likewise, Roth, Speece, and Cooper (2002) investigated the relation between oral 

language and early reading development in a group of 39 children followed from kindergarten 

through secondgrade. They found that phonological awareness skills, but not oral language 

skills, measured in kindergarten predicted single-word reading in 1
st
 and 2

nd
 grade students. Oral 

language skills played a predictive role in second grade reading comprehension.  

 Based on the findings from the aforementioned studies, it appears as though oral 

language skills contribute to the development of early reading skills through their influence on 

the development of phonological sensitivity skills. That is, oral language seems to play more of 

an indirect role in the development of decoding skills rather than a direct role. It is through its 

relationship with phonological sensitivity skills that oral language affects decoding skills.  

 In summary, results from this study provide support for extant literature regarding the 

relation between phonological processing and decoding skills (e.g., Adams, 1990; Burgess & 

Lonigan, 1998; Wagner & Torgesen, 1987) and adds to the limited body of research that has 

examined the relation between expressive phonology and reading. The findings from this study 

lend support to the notion that reading deficits stem from an underlying phonological processing 

deficit. Although Elbro (1996) suggested that such deficits stem from indistinct underlying 

representations, many others have purported that poor, underspecified, incomplete, faulty, or 
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impoverished (e.g., de Gelder & Vroomen, 1991; Fowler, 1991; Katz, 1986; Snowling, van 

Wagtendonk, & Stafford, 1988) phonological representations are responsible for such deficits. 

Therefore, findings from the current study offer support to Elbro’s distinctness hypothesis but 

also apply to more broadly-based research. 

 

 

Joint and Unique Variance in Decoding 

 

 These analyses did not provide support for the hypothesis that expressive phonology and 

phonological processing skills would jointly but not uniquely predict decoding skills. If both 

skills stem from the same underlying phonological construct, they should not explain variance in 

decoding skills above and beyond each other. When entered into regression analyses, both 

predictor phonological processing variables (i.e., Phonological Sensitivity and Lexical Access) 

and the predictor expressive phonology variable (i.e., MPCC) each accounted for unique 

variance in Decoding (6.3%, 4.0%, and 8.9%, respectively). One possible explanation for this is 

that the results are a function of measurement differences among the variables. When examining 

the stimuli for each task, differences become apparent. The words for each task appeared to 

differ in their familiarity as well as in their frequency of occurrence. The phonological sensitivity 

measures utilized more familiar and frequently occurring words than did the multisyllabic speech 

tasks. Previous research (e.g., Metsala, 1997; Storkel & Morrisette, 2002) reported that familiar, 

more frequently occurring words were more readily accessed and produced than unfamiliar, less 

frequently occurring words. This is attributed to the fact that familiar words have representations 

in long term memory (Gathercole & Adams, 1994). Tasks that use nonwords or unfamiliar 

stimuli do not have a phonological representation in long term memory (Bruck, 1992). The 

speech stimuli may not have had such a representation, leading to less stable representations of 

phonological segments. Less stable representations equate to greater difficulties in access and 

production, giving the stimuli for the phonological sensitivity measures an advantage over the 

stimuli chosen for the expressive measures in familiarity, frequency, and representation in long 

term memory.  

 Therefore, in summary, it may be that Phonological Sensitivity, Lexical Access, and 

expressive phonology actually stem from the same underlying construct but were measured in 

different ways and at different linguistic levels. Perhaps Phonological Sensitivity and Lexical 

Access were tapping into one level of Decoding, through their use of real, familiar words, 

whereas, the multisyllabic speech tasks may have been tapping into a related, but different level 

of Decoding, through their use of more complex, less familiar words and nonwords. This does 

not necessarily mean that the skills stem from different underlying constructs (although 

additional research is needed). It could indicate that they stem from the same underlying 

construct and share overlapping components, but that they also have their own individual 

components within the construct. That is, they all may come from the same phonological skill 

base, which would be reflected in their relatedness as well as the fact that they jointly predict 

Decoding, but the tasks may have actually measured different levels of such skills, as is 

evidenced in their unique contributions to Decoding. This would offer support to existing 

literature that suggests that performance on phonological tasks depends upon the accuracy of the 

underlying phonological representation as well as the linguistic level tapped by the task (Swan & 

Goswami, 1997). 
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Age as a Moderator 

 

 In the present study, it was hypothesized that age would act as a moderator between the 

variables measuring phonological processing skills and decoding and those measuring speech 

and decoding. This hypothesis was based on existing literature that reports that age moderates 

the development of phonological sensitivity skills (e.g., Lonigan, Burgess, Anthony, & Barker, 

1998) and that developmental speech errors decrease with age (Creaghead, Newman, & Secord, 

1989). This hypothesis was only partially supported. Results indicated that age did not moderate 

the relation between Lexical Access and Decoding. A likely explanation for this lack of 

moderation is that there was excessive error variance among the rapid naming tasks across all 

age groups. The means for the tasks of rapid digit naming, rapid letter naming, rapid color 

naming, and rapid object naming ranged from 58.6 seconds (for rapid digit naming in the 

typically developing group) to 107.4 seconds (for rapid object naming in the group with speech 

impairments). The standard deviations for these tasks ranged from 24.3 seconds (for rapid color 

naming in the typically developing group) to 37.7 seconds (for rapid letter naming in the 

typically developing group). With such large amounts of variation across participants, regardless 

of age, it is unlikely that age would be identified as a significant moderator. 

  In contrast, age moderated the relation between speech and Decoding and Phonological 

Sensitivity and Decoding. For the youngest group of children, having poor speech skills or poor 

Phonological Sensitivity skills predicted poor Decoding skills. The question then becomes, why 

is this the case for only the youngest group of children? A few explanations are plausible. First, 

studies have indicated that an individual’s phonological system undergoes changes throughout 

early- and mid-childhood, allowing the individual to continue to acquire the phonological rule 

system (Vihman, 1980). Perhaps as the children become older, their ability to apply the 

phonological rule system improves, leading to better phonological sensitivity and production.  

 Another more likely explanation is that the effect of acquisition of written language may 

account for the improvement in phonological production, processing, and subsequent decoding 

(Lewis & Freebairn, 1992). Distinctness of phonological representation seems to play a direct 

role in reading development to the extent that orthography is mapped directly onto phonological 

representations during the development of reading (e.g., Rack, Hulme, Snowling, & Wightman, 

1994). Exposure to orthography has been shown clinically to improve children’s speech 

productions (Harber, Paden, & Halle, 1999) and more quantitative research has shown that 

explicitly connecting the phoneme to the grapheme facilitates phonological growth 

(Cunningham, 1990). Previous research also has shown that orthographic knowledge affects the 

explicit analysis of spoken words. For example, Seidenberg and Tanenhaus (1979) found that the 

time taken to decide that two spoken words rhyme was shorter when their spellings were similar 

than when they were not (e.g., toast-roast and toast-ghost). More recently, Treiman, Tincoff, and 

Richmond-Welty (1996) found an influence of letter names on children’s ability to connect print 

and speech. As children become older, they are exposed to more print and are explicitly taught 

orthographical rules. Perhaps such exposure and knowledge facilitates improvement in 

expressive phonology and phonological sensitivity, leading to more accurate decoding skills.  

 When analyses were conducted using only the typically developing group (done to ensure 

that collapsing the data did not impact the analyses), MPCC and Decoding were the only skills 

moderated by age. One possible reason for why this relation changed as a function of collapsing 

the data could be that in the combined data set, the children with speech impairments had an 

over-representation in the oldest groups. Given the predictive relation between Phonological 
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Sensitivity and Decoding, it is likely that much of the predictive variance for those children (i.e., 

those with speech impairments) was covered by Phonological Sensitivity. Once the children with 

speech impairments were removed from analyses, there was likely less variability within the 

phonological sensitivity data, thus attenuating the relations among age, Phonological Sensitivity, 

and Decoding. 

In summary, results from the current study offer support to studies that report age as a 

moderator between the development of phonological sensitivity skills and decoding skills (e.g., 

Lonigan et al., 1998). The current results also offer a starting point for such research related to 

expressive phonology and decoding, as no known studies exist that have examined such a 

relation.  Previous research regarding lexical access and decoding has not specifically addressed 

the possibility of age as a moderator between lexical access and decoding but has suggested that 

such a relation is relatively stable across grade levels (e.g., Wagner et al., 1994). 

 

Limitations and Future Research 

 

 There are a few limitations to this study. Although representative of the schools from 

which the sample was drawn, the sample was primarily Caucasian. Future research should 

attempt to conduct a similar study with a more diverse sample. Additionally, although larger than 

those used in most other studies related to this topic, the sample size was relatively small for 

some of the analyses. Future research following the same lines with a larger sample would add 

further support to the current findings. One other possible limitation to this study is that no 

distinction was made between motor-based speech deficits and phonologically-based speech 

deficits. If some of the children in the group of children with speech impairments were identified 

as having a motor-based speech deficit, removing them from the sample would have actually 

increased the relations found in this study. 

Additionally, there are several other directions future research could take regarding the 

results of this study. One possible direction for future research would be to further examine 

whether expressive phonology and phonological sensitivity stem from the same underlying 

construct. A study that utilizes equivalent assessment stimuli might yield different results. If both 

sets of stimuli (i.e., phonological sensitivity stimuli and expressive phonology stimuli) were 

comprised of unfamiliar, phonologically complex words (i.e., stimuli tapping similar linguistic 

levels), perhaps the two would not explain unique variance in decoding, providing support for 

the theory that they stem from one underlying construct.  

 Secondly, due to the existing literature that has examined the nature of nonword 

repetition (e.g., Metsala, 1999), it would be interesting to compare two different types of 

multisyllabic word productions (i.e., true words compared to nonsense words) to see if one is 

more predictive of decoding than the other. Metsala (1999) found that for 4- and 5-year olds and 

a sample of first grade students, children performed better on phonological awareness tasks for 

word versus pseudoword (i.e., nonsense word) stimuli and for highly familiar versus less familiar 

words. Metsala (1999) argued that it is the underlying structure of representations that 

determines performance on nonword repetition scores because it is only possible to maintain 

temporary representations of unfamiliar words if the words can be robustly created in the first 

place. If phonological sensitivity and expressive phonology stem from the same underlying 

phonological construct, results of future investigations should indicate that children are better 

able to accurate produce true words versus nonsense words. Consistent with these findings, 

Dollaghan, Biber, and Campbell (1995) reported that children repeated multisyllabic nonwords 



 

 45

that had a true word in the position of the stressed syllable better than matched nonwords without 

the lexical component. Metsala (1999) and Dollaghan et al. (1995) attribute this to the fact that 

lexical knowledge intrudes on performance in nonword repetition.  

 Additionally, one could examine the effects of wordlikeness on the predictiveness of 

nonword repetition. This would follow the research lines of Gathercole and Adams (1993) and 

Metsala (1999) who found that nonsense words that were more word-like were repeated more 

accurately and retrieved more efficiently than nonsense words that were not word-like.  Metsala 

(1999) suggested that repetition of nonwordlike nonwords is more sensitive to segmental 

structures in lexical memory than for that of wordlike nonwords. That is, if performance on 

nonword repetition is related to underlying representations in long term memory, then the 

demands on segmental recombinations would be greatest for nonwordlike nonwords. Although 

these studies have examined the repetition of nonwords (wordlike and nonwordlike) as measures 

of either short term memory or phonological processing, if coded differently (i.e., instead of 

correct or incorrect) to reflect the articulatory accuracy of each production (e.g., PCC), future 

research should indicate that children’s productions of wordlike nonwords yield higher PCCs 

than productions of nonwordlike nonwords. Such findings would offer further support to the 

notion that expressive phonology and phonological sensitivity stem from one unitary construct. 

Elbro might also argue that such findings would offer support to his distinctness hypothesis, as 

wordlike nonwords should be more distinctly represented than nonwordlike nonwords due to 

increased exposure and opportunity to develop distinct boundaries. 

  Given that this study indicated that both expressive phonology and phonological 

sensitivity made independent contributions to the prediction of decoding, another study that 

would be useful clinically would be to examine the effects of combining typical speech therapy 

with explicit instruction in written language for young children (i.e., in kindergarten or under the 

age of 6 years, 6 months). Possible outcomes might be improved reading-related skills and 

improved production. Perhaps earlier exposure to and instruction in written language would 

facilitate growth in phonological sensitivity and subsequent decoding skills as well as in 

production.  

 Clearly needed as well is more longitudinal research on the relations among expressive 

phonology, phonological processing, and decoding. Results from the present study indicated that 

oral language skills did not contribute unique variance to decoding when all variables were 

entered into the regression equation. As previous research has reported (e.g., Storch & 

Whitehurst, 2002), oral language may have indirect effects on decoding through its relation with 

phonological sensitivity with direct effects on reading comprehension possibly evidenced in later 

elementary school years. If examined from early childhood through middle elementary school, 

perhaps a more complete picture of the ways in which oral language contributes to literacy 

would emerge.  

 The relation between expressive phonology and decoding also needs to be examined 

longitudinally. Results from this study indicate that for young children, having poor expressive 

phonological skills predicted poor decoding skills. Perhaps this relation emerges at even younger 

ages. Following a group of children from preschool through middle elementary school would 

allow for a more in-depth examination of the changes the relation between expressive phonology 

and reading undergoes over the course of childhood.  
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Clinical Implications 

 

 Increasingly, investigators and practitioners have become concerned with the early 

identification of reading difficulties (e.g., Catts, 1991; Lonigan et al., 1998). Several clinical 

implications for prognosis, educational planning, and measurement of phonology follow from 

this study. The results of the present study suggest that deficits in expressive phonology may 

serve as early signs of potential reading difficulties. Results of this study also indicate that 

methods of measurement may play a role in research outcomes as well as in diagnosis. It appears 

as though assessment involving single-word naming or words of simple syllabic structures may 

not adequately sample the child’s phonological system. In contrast, multisyllabic words (both 

true and nonword) appear to be more sensitive measures of the underlying phonological 

representation and, in conjunction with phonological sensitivity tasks, allow for a more complete 

assessment of a child’s potential for developing reading-related problems. These findings bring 

into question the accuracy of previous research that found no relation between speech and 

reading as measured through single-word naming tasks (e.g., Catts, 1991).  

 Another clinical implication that stems from the exploratory question of age as a 

moderator of the relations between decoding and speech and phonological sensitivity skills. This 

was an important question to address as some investigators have concluded that speech is not 

related to reading, but have included older children (e.g., Bishop & Adams, 1990; Lewis & 

Freebairn, 1992). Results from the current study indicate that for children younger than 6 years 

of age, poor expressive phonological skills or poor phonological sensitivity skills related to 

poorer decoding skills. This was not the case for older children, perhaps due to increased 

exposure to written language. One clinical implication of this finding is that therapy provided to 

children with speech impairments may be most beneficial when combined directly to written 

language, as results would likely transfer from speech to reading-related skills as well. 

 

Conclusion 

 

In conclusion, this study offers some support to the literature that characterizes reading 

deficits as a representational problem where the underlying phonological representations are 

thought to be indistinct, weak, or inefficient. Expressive phonology and phonological processing 

were related when expressive phonology was measured in multisyllabic word structures. 

Additionally, expressive phonology and phonological processing (i.e., Phonological Sensitivity 

and Lexical Access) were predictive of decoding. However, each contributed unique variance to 

decoding, indicating that they are stimuli-specific or stem from related but different underlying 

constructs. Finally, results indicated that the relation between speech and phonological 

sensitivity and decoding is moderated by age. For younger children, having poor speech or 

phonological sensitivity skills meant having poorer decoding skills. 

In terms of existing research, it appears as though current literature examining the 

relations between expressive phonology and decoding has two primary shortcomings:  (a) most 

have assessed speech in a single-word naming context or with words of simple syllabic structure, 

and (b) several have assessed such skills in older children, after acquisition of written language 

skills.  These two shortcomings, if remedied, could dramatically change the process of early 

identification and intervention for children with speech impairments. 

Overall, this study provides a good starting point for future research. This study suggests 

that the method of measurement of expressive phonology directly affects the results and that 
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more work is needed to solidify the notion that speech and phonological sensitivity skills stem 

from the same underlying construct. Such efforts would be worth the effort in terms of the 

benefit they might have on the prognosis of children with speech or reading-related deficits. 
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Appendix A:  Parental Consent Form 

 

Dear Parents, 

 

  

 Attached you will find a consent form requesting permission for your child to participate 

in a research project sponsored by Florida State University. The purpose of the study is to 

examine the relations between speech and reading. 

 

 Participation will involve approximately three assessment sessions, each lasting twenty to 

thirty minutes. We will assess language, speech, and reading skills. These sessions will be 

coordinated with your child’s teacher so that instructional time is not interrupted. You will be 

provided with a summary of the assessment results. Your child will be given a sticker or pencil 

upon completion of each assessment session. 

 

 Your permission is sincerely appreciated and while the benefit to you and your child 

directly is minimal, this study will greatly contribute to our understanding of reading-related 

processes. 

 

 

Sincerely, 

 

Kimberly McDowell, MA, CCC-SLP 
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AGREEMENT TO PARTICIPATE IN RESEARCH PROJECT 

 

Project Title:  Relations between Expressive Phonology, Phonological Sensitivity, and Early 

Decoding Skills in Children 

 

Principal Investigator:  Howard Goldstein, PhD 

Contact Information:  644-2238 or howard.goldstein@comm.fsu.edu 

 

Student Investigator:  Kimberly McDowell, MA, CCC-SLP 

Contact Information:  644-2238 or kdk8023@fsu.edu 

 

Institutional Review Board contact information:  644-9694 

 

Your child is being asked to participate in a research project described below. All such research 

carried out at the University is governed by the rules of both the federal government and Florida 

State University. These rules require that you give your signed consent agreement for your child 

to participate in this project. 

 

The investigator will explain to you, in detail, the purpose of the project, the procedures to be 

used, and the potential benefits and possible risks of participation. You may ask any questions 

you have to help you understand the project. A basic explanation of the project is written below. 

Please read this explanation and discuss with the investigator any questions you might have. 

 

If you then decide that your child may participate in this project, please sign this form on the line 

below, in the presence of a witness. You should be given a copy of this form to keep. 

 

1. Purpose of the Project:  The primary focus of the study is to determine if speech skills are 

related to preliteracy skills (e.g., rhyming, alliteration). These preliteracy skills are highly 

related to later reading achievement. Consequently, by studying ways these skills are related, 

we may be better able to reduce reading problems in at-risk children, especially children with 

delayed speech and language development. 

 

2. Explanation of Procedures:  Your child will be asked to participate in a number of 

assessment sessions as part of this project. These assessment sessions will be conducted by 

the Student Investigator or trained research assistants at your child’s school. Each of the 2 or 

3 sessions will last approximately 20 to 30 minutes. This assessment time will be pre-

approved by the classroom teacher so that the child does not miss instructional time. A tape-

recorder will be used to audiotape the speech assessment to help us score the speech 

productions accurately. You will be provided with a summary of the assessment results at the 

end of the project (or sooner if desired). In addition, parent conferences can be scheduled as 

desired. 
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3. Discomforts and Risks:  All of the procedures to be used are commonly used with young 

children. Therefore, they do not involve activities that would cause discomfort to your child 

or put your child at risk in any way. However, if your child should become upset for any 

reason, the intervention can be stopped. With your permission, they may be resumed. 

 

4. Benefits:  You and your child may benefit from involvement in this project in a number of 

ways. First, you will be provided information about your child’s communication and pre-

reading skills (which are predictors of the ease of reading acquisition). Second, the results of 

this study will help with the early identification and intervention of reading difficulties in 

children with expressive phonological deficits (a population of children who may be at risk 

for later reading difficulties). This information should lead to earlier and more appropriate 

services for young children and their families. 

 

5. Confidentiality:  All records relating to this project will be handled and safeguarded 

according to standard professional policy for all student records and will remain confidential, 

to the extent allowed by law. Codes will be used in place of names to ensure anonymity. 

 

6. Refusal/Withdrawal:  At any time during your participation in this study, you and/or your 

child will have the opportunity to refuse to participate in any procedure or withdraw from the 

study at any time without prejudice or effect on you and your child. 

 

7. Risks:  We do not expect any unusual risks as a direct result of participation in this project, as 

all procedures are part of standard preschool assessments. 

 

8. Audiotaping:  Your child will be audiotaped during the assessment session in which the 

speech sample is gathered. Audiotapes will be kept by the Student Investigator in a locked 

room and will be saved until 2010, at which point, they will be destroyed. No names will be 

on the tapes. These tapes will be accessible only to project staff, unless otherwise specified 

by you. 

 

I ACKNOWLEDGE THAT I HAVE READ AND FULLY UNDERSTAND THE ABOVE 

EXPLANATIONS OF THE PROJECT, ALL OF MY QUESTIONS HAVE BEEN 

SATISFACTORILY ANSWERED, AND I GIVE PERMISSION FOR ME AND MY CHILD 

TO PARTICIPATE IN THE RESEARCH PROJECT. 

 

 

Signature of Parent      Date 

 

______________________________________________________________________________ 

Name of Child       Date of Birth 

 

Assess during school day _____   Assess at After School _____ 
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Appendix B:  SLP Letter 

 

Dear Colleague, 

 I am in need of your assistance. I am in the process of recruiting participants for a 

dissertation research project regarding the relations between expressive phonology, phonological 

sensitivity, and decoding skills in young children. Please review the list of children randomly 

selected to participate and indicate any who meet the following criteria. The child must meet all 

of the criteria listed from 1-4, but only needs to demonstrate one of criterion from 5-7 to be 

eligible to participate. 

Inclusion Criteria: 

(Must meet all of 1-4) 

1. English as the primary language, 

2. Between the ages of 5- and 8-years, 

3. Typical language skills (scores that fall within 1.5 standard deviations of the mean on a 

standardized language measure), 

4. Passed hearing screening bilaterally at 25 dB across 500, 1000, 2000, and 4000 Hz within the 

last 3 months, 

(Needs to meet only one of the following): 

5. A speech simplification rating of 3 or more on the Khan-Lewis Phonological Analysis, 

6. A percentile rank of less than 40
th

 percentile on a standardized articulation measure (e.g., 

Arizona Articulation Proficiency Scale-2, Goldman-Fristoe Test of Articulation), or  

7. Current IEP goals of suppression or reduction of at least 2 phonological processes. 

 

 

Appendix B continued 

 The children recruited for this study will participate in assessments involving oral 

language, expressive phonology, phonological sensitivity, and decoding skills. Upon written 

parental consent, the results of the assessments can be made available to you. Thank you for you 

assistance in identifying potential participants.  

 

Sincerely, 

 

Kimberly McDowell, MA, CCC-SLP 
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Appendix C: Multisyllabic Word Production 

 

Materials:  tape and tape player 

Procedure:  Place the tape in the tape player and instruct the child: “We are going to play a 

copy-cat game with words. I want you to listen to this tape and repeat the words you hear.” 

Press play. Pause the tape player after each taped word is heard. Have the child repeat the word 

back to you. Score each production by slashing through any phonemes that are incorrectly 

produced. After the child has repeated all of the true words. Repeat the process with the nonsense 

words. Instruct the child: “We are now going to listen to some more words and repeat them. 

These words, though, are silly words.  Try your best to repeat them, even if they are 

funny.” Press play. Pause the tape player after each taped word is heard. Have the child repeat 

the word back to you. Score each production by slashing through any phonemes incorrectly 

produced.  

 

True Words       Nonsense Words 

1.  animal       1. sapukul 

2. hospital       2. fudishis 

3. spaghetti       3. gudakick 

4. kindergarten      4. dusibus 

5. thermometer      5. chufastitch 

6. probably       6. shubafudee 

7. aluminum       7. manumun 

 

Appendix C continued 

 

8. specific       8. sukisip 

9. vegetables       9. fathusis 

10. Colorado       10. tribublee 
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Appendix D:  Speech Sample Protocol and Sample Scoring 

Speech Sample Protocol 

 

Materials:  The Whale’s Song (book and cassette), tape recorder, audiotape, microphone 

Procedure:  Place the story cassette in the tape player and place the book in front of the child. 

Instruct the child:  “Listen to the story called The Whales’ Song. Listen carefully to the story 

because I want you to tell it back to me when we’re done listening to it.” 
 

Press play. The tape will signal when it is time to turn the page. When the tape has ended, 

instruct the child:  “Now you’re going to tell me the story. I’m going to tape-record the story 

you tell me so I can listen to it again. I’m going to put this microphone on your shirt so that 

I can record your story. OK?”  Place the microphone on the child shirt, approximately 6 inches 

from his/her mouth. Place the audiotape in the tape recorder. Press record and state the child’s 

name, grade, and school. Then tell the child “Ok, now you tell me the story” and allow them to 

turn the pages of the book while proceeding with their version. 

 

Nonverbal cues are permitted throughout the story retelling (e.g., head nods, smiles, etc). The 

goal is for the child to produce an average of 4 words per page to allow for an adequate sample 

size. If the child doesn’t produce 4 words per page, follow these steps in prompting: 

1. use an open-ended phrase:  “Tell me more.” 

2. If step 1 doesn’t result in an adequate response, ask an open-ended question:  “And then 

what?” 

 

Appendix D continued 

 

3. If the child still produces an insufficient number of words, ask a specific question about the 

page:  “What is happening here?” or “What is she going to do?” 

 

If after the 3 levels of prompting, the child still produces an insufficient number of words, turn 

the page and proceed with the next illustration within the book. If this process occurs over 3 

consecutive pages, cease test administration and attempt again on the next testing day.  

 

Once the child has finished retelling the story, thank him/her and proceed with next assessment. 
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