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ABSTRACT 
 

 

The present study investigated the dynamic developmental relations between phonological 

awareness and decoding ability in two groups of 3- and 4-year-old children (N = 2,513) from the 

Head Start Impact Study (U.S. Department of Health and Human Services, 2002-2006) who 

were followed through the end of kindergarten.  Children were randomly assigned to either 

receive Head Start or not.  Using latent change score modeling methods, I tested several 

hypotheses regarding developmental influences among these literacy skills: (1) phonological 

awareness and decoding skills are developmentally correlated but do not influence one another; 

(2) phonological awareness influences decoding ability; (3) decoding ability influences 

phonological awareness; or (4) phonological awareness and decoding ability simultaneously 

influence one another.  Results indicated that decoding ability predicted change in phonological 

awareness for 3- and 4-year-old children.  The same trend emerged when the 3- and 4-year-olds 

were examined separately.  Mixture modeling suggested no evidence for more than one latent 

class for both Head Start participants and controls, indicating an absence of differing 

developmental trajectories.  The implications of these findings are discussed. 
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CHAPTER 1 

 

INTRODUCTION 

 

As early as kindergarten and first grade, children are developing several crucial literacy-

based skills, including phonological and phonemic awareness, decoding ability, and fluency 

[National Institute of Child and Human Development (NICHD), 2000].  Two skills in 

particular—phonological awareness and decoding—are of primary interest to the current 

investigation because both have been identified as predictors of future reading achievement 

(Gough & Tumner, 1986; Melby-Lervag, Lyster, & Hulme, 2012; Pikulski & Chard, 2005). 

Children who demonstrate deficits related to either skill are at an increased risk of developing 

reading difficulties, such as dyslexia, sometime during their academic careers (Adams, 1990; 

Stanovich, 1988; Stanovich & Siegel, 1994). 

Decoding, simply stated, is the translation of printed text into its spoken form.  Although 

the Simple View of Reading (Gough & Tunmer, 1986; Hoover & Gough, 1990) is certainly not 

the first theory of reading comprehension to highlight the importance of decoding (e.g., Gough, 

1972; LaBerge & Samuels, 1974; Perfetti, 1985), it remains one of the most influential.  Reading 

comprehension has been defined as the process of actively extracting meaning from text with the 

intention of gaining understanding (Lonigan, 2015; Snow, 2002).  According to the Simple View 

of Reading framework, reading comprehension is essentially the product of an individual’s 

decoding and linguistic comprehension skills (i.e., oral language), suggesting that individuals 

with less than adequate decoding skills are likely to demonstrate subsequent impairments related 

to reading comprehension, even in the presence of strong linguistic comprehension skills.  

Although an individual’s decoding ability in and of itself is not sufficient for adequate reading 

comprehension (Oakhill, Cain, & Bryant, 2003), a substantial corpus of research supports the 

notion that it remains an essential component of the comprehension process (Adams, 1990; 

Curtis, 1980; Ehri et al., 2001; Juel, Griffith, & Gough, 1986; Kendeou, Van den Broek, White, 

& Lynch, 2009; Pardo, 2004; Perfetti & Hart, 2001; Perfetti & Hogaboam, 1975; Shankweiler et 

al., 1999; Stanovich, Cunningham, & Feeman, 1984; Zinar, 2000).  Correlations between 

decoding and reading comprehension are quite strong for young readers (r = .74) (see Garcia & 

Cain, 2013).  Further, inefficient decoding has been consistently identified as a strong predictor 
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of future reading problems (Juel, 1988; Herrman, Matyas, & Pratt, 2006; Shankweiler et al., 

1999). 

Phonological awareness is the sensitivity of and ability to manipulate the sound structure 

of language and encompasses sensitivity to words, syllables, onsets and rimes, and phonemes 

(Goswami & Bryant, 1990; Stahl & Murray, 1994).  As proposed by the lexical restructuring 

hypothesis (see Metsala, 1997a, 1997b), phonological awareness skills have a relatively stable 

developmental trajectory, with a holistic understanding of word sounds, such as whole words or 

syllables, preceding a more fine-grained awareness of smaller sound units within words, such as 

an awareness of individual phonemes (Anthony & Francis, 2005).  The mastery of this holistic 

information is further predictive of how well children continue to refine their understanding of 

smaller sounds within a language; children with strong phonological awareness skills are more 

readily able to engage in phonological matching, blending, and segmenting (Carroll, Snowling, 

Hulme, & Stevenson, 2003; Lane, Pullen, Eisele, & Jordan, 2002).  

Despite the fact that phonological awareness does not necessarily have an independent 

direct effect on reading comprehension in the absence of other language and literacy skills, the 

average reported correlations between phonological awareness and reading comprehension are 

moderate for kindergarteners and first graders (r = .41 to .54) (Bishop, 2003; Dufva, Niemi, & 

Voeten, 2001; Hogan, Catts, & Little, 2005; Hulme, Snowling, Caravolas, & Carroll, 2005; 

Swanson, Trainin, Necoechea, & Hammill, 2003).  It is most likely the case that phonological 

awareness indirectly influences reading comprehension via decoding because children’s 

phonological awareness skills are significantly predictive of tasks purported to measure reading 

ability, such as word identification and word reading skills in addition to reading comprehension 

(Bus & IJzendoorn, 1999; Deacon & Kirby, 2004; Demont & Gombert, 1996; Dufva et al., 2001; 

Hulme et al., 2002; Juel et al., 1986; Larrivee & Catts, 1999; Stahl & Murray, 1994; 

Schatschneider, Fletcher, Francis, Carlson, & Foorman, 2004; Torgesen, Wagner, Rashotte, 

Burgess, & Hecht, 1997; Wagner & Torgesen, 1987).  For example, Kirby and colleagues (2003) 

examined relations between phonological awareness and reading achievement in children who 

were assessed once per year from age 5 to age 10.  Phonological awareness was indexed by 

measures that tapped phonological segmentation (i.e., sound isolation and phoneme elision tasks) 

and blending (i.e., phoneme blending and onset-rime blending tasks), and reading achievement 

was assessed using the word identification, word attack, and passage comprehension subtests of 
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the Woodcock Mastery Reading Tests-Revised (Woodcock, 1987).  Regression results indicated 

that even after naming speed, letter recognition, general IQ, and prior achievement were 

controlled for, phonological awareness was a unique predictor of performance on the word attack 

and word identification subtests in kindergarten, first, and second grades.  Phonological 

awareness was also predictive of children’s passage comprehension scores in first and second 

grade, and overall, children with weaker phonological awareness skills tended to have associated 

weaknesses in reading ability over time, especially during first and second grade.  These findings 

only add to a growing body of research that suggest that children with weak phonological 

awareness skills are at an increased risk of developing reading problems in the future (Blachman, 

1991; Catts, 1993; Catts, Fey, Zhang, & Tomblin, 1999; Gilbert, Compton & Kearns, 2011; 

NICHD, 2000; Puolakanaho et al., 2004, 2007; Snow, Burns, & Griffin, 1998).   

 
Relations between Phonological Awareness and Decoding Ability 

 

The ability to decode words in alphabetic scripts relies quite heavily on alphabet and 

letter-sound correspondence knowledge (Ehri, 2013, 2014); hence the concept of phonological 

decoding (i.e., using grapheme-phoneme correspondences to sound out unfamiliar words), which 

implies that phonological information can be used to aid the decoding process.  Phonological 

awareness and decoding ability are related skills.  More specifically, phonological awareness 

predicts variability in children’s word recognition skills (Bishop, 2003; Bradley & Bryant, 1983; 

Catts 1991, 1993; de Jong & van der Leij, 2002; Goswami & Bryant, 1990; Hester & Hodson, 

2004; Larrivee & Catts, 1999; Plaza & Cohen, 2003; Rack et al., 1994; Rothou, Padeliadu, & 

Sideridis, 2013; Sprugevica & HØien, 2003; Vellutino & Scanlon, 1987; Wagner, 1988).   

Decoding ability and phonological awareness are related skills in English (see Lepola, 

Poskiparta, Laakkonen, & Niemi, 2005; Näslund & Schneider, 1991; de Jong & van der Leij, 

2002; Lervåg, Bråten, & Hulme, 2009 for evidence of relations in non-English languages).  

However, the precise developmental relations between these literacy skills in early readers have 

yet to be determined.  There are four possible hypotheses regarding the longitudinal relations 

between phonological awareness and decoding ability: (1) phonological awareness and decoding 

skills are developmentally correlated but do not influence one another; (2) phonological 

awareness influences decoding ability; (3) decoding ability influences phonological awareness; 

or (4) phonological awareness and decoding ability simultaneously influence one another.  I 
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provide a rationale for each of these potential relations below. 

 

Phonological Awareness and Decoding Ability Are Developmentally Correlated Skills That 

Do Not Influence One Another 

 

For kindergartners and first graders, the correlations between phonological awareness and 

decoding are moderate to strong, oftentimes depending on the specific phonological tasks 

administered (r = .28 to .81) (Bishop, 2003; Byrne & Fielding-Barnsley, 1993; Hecht, Burgess, 

Torgesen, Wagner, & Rashotte, 2000; Swanson et al., 2003; Wagner et al., 1997).  This suggests 

that when teased apart, the individual component skills of phonological awareness vary in their 

predictive contributions to printed word decoding (e.g., Swank & Catts, 1994; Lenchner, Gerber, 

& Routh, 1990).  For instance, Nation & Hulme (1997) examined multiple facets of phonological 

awareness in 75 5- to 9-year-old children, including onset-rime and phoneme segmentation and 

rhyme and alliteration categorization.  Results of the hierarchical regression analyses indicated 

that although children’s performance on phonemic segmentation and rhyme and alliteration 

categorization tasks was significantly predictive of their reading ability over and above age and 

digit span performance, onset-rime was consistently a non-significant predictor across multiple 

models.  In another investigation, Hulme and colleagues (2002) examined the relations between 

these skills in 72 elementary-aged children.  Despite the fact that correlations between onset and 

rime and reading accuracy were .46 (onset) and .33 (rime), onset and rime were consistently non-

significant predictors of word reading accuracy across both good and poor readers. 

Although there is much support for the hypothesis that letter and word identification 

skills are predictive of future phonological awareness (Badian, 1995; Bast and Reistma, 1998; 

Burgess & Lonigan, 1998; Cataldo & Ellis, 1988; Chafouleas et al., 1997; Foy & Mann, 2006; 

Hogan et al., 2005; Lepola et al., 2005; McCandliss, et al., 2003; Wagner et al., 1994, 1997), it is 

important to consider an alternative explanation for the development of phonological awareness: 

spelling ability. Spelling skills have been identified as a predictor of phoneme-based 

phonological awareness in a variety of instances (Caravolas & Bruck, 1993; Ehri, 1989; 

Foorman et al., 1991; Goswami & Bryant, 1990; Hecht & Close, 2002; Martins & Silva, 2006; 

Perin, 1983; Silva & Martins, 2003).  Pre-literate children, for example, exhibit phonological 

awareness, but for the most part, successful task performance for young children is restricted to 

those tasks that assess the awareness of larger units of phonological information, such as the 
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identification and manipulation of syllable clusters (Carroll et al., 2003; Liberman, Shankweiler, 

Fischer, & Carter, 1974).  In general, pre-literate children often demonstrate poorer performance 

on tasks that require the use of more refined phonological information (i.e., phoneme awareness) 

compared to children who are older and have received at least one year of formal literacy 

instruction (Goikoetxea, 2005; Goswami, Ziegler, & Richardson, 2005).  

Additional support for this view comes from studies demonstrating that individuals use 

spelling strategies to aid their completion of phonological awareness tasks, which becomes 

evident when examining the types of errors that individuals make on these tasks.  For instance, 

when asked to report the number of phonemes present within a word, some individuals will 

actually report the number of letters within that word as opposed to the number of phonemes 

(Bruck, 1992; Bruck & Genesee, 1995; Tunmer & Nesdale, 1982, 1985).  More specifically, 

individuals who make “overshoot errors,” meaning that their (incorrect) report of the number of 

phonemes actually matches the number of letters present within that word, are likely using 

spelling strategies (Bruck, 1992).  For example, for the word chip, which has four letters but only 

three phonemes, individuals who overshoot would report that it contains four phonemes because 

they are devoting most of their attentional resources to the word’s orthographic information.  

Overshoot errors account for up to 99% of all errors made by typical readers and up to 77% of all 

errors made by dyslexic readers on phonological awareness tasks (Bruck, 1992; Bruck & 

Genesee, 1995).  

Most of the studies that identified decoding as a reliable longitudinal predictor of 

phonological awareness included at least one measure of phonological awareness that could 

potentially encourage the use of orthographic information, such as phoneme segmentation and 

deletion tasks (Badian, 1995; Bast and Reistma, 1998; Bruck, 1992; Burgess & Lonigan, 1998; 

Cataldo & Ellis, 1988; Chafouleas et al., 1997; Foy & Mann, 2006; Hogan et al., 2005; Lepola et 

al., 2005; McCandliss, et al., 2003; Tunmer & Nesdale, 1985; Wagner et al., 1994, 1997).  For 

investigations that included multiple different measures of phonological awareness, many of 

which were less likely to be influenced by an individual’s orthographic knowledge and therefore 

less likely to be affected by the use of spelling strategies (e.g., rhyme and alliteration oddity 

tasks, rhyme and sound categorization tasks, and rhyme production tasks), the predictive 

contribution of decoding ability is potentially affected.  For instance, Wagner et al. (1994) gave a 

large battery of phonological awareness tasks to kindergarten-aged children who were followed 
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longitudinally through second grade.  Tasks included measures that were potentially less affected 

by spelling strategies (e.g., sound categorization).  Although correlations between the 

phonological processing and decoding latent variables ranged from .37 to .82 from kindergarten 

to second grade, letter knowledge, but not word level decoding, predicted children’s 

phonological processing skills. 

 
Phonological Awareness Skills Affect the Development of Decoding Ability   

 

According to the influential report published by the National Reading Panel (2001), 

phoneme-level phonological awareness skills are foundational for decoding proficiency.  The 

finding that phonological awareness is a reliable predictor of decoding ability has been further 

substantiated by numerous studies that included single-time point, cross-sectional, and 

longitudinal designs (Anthony, Williams, McDonald, & Francis, 2007; Bowey, 2002; Dufva et 

al., 2001; Ehri et al., 2001; Gilbert et al., 2011; Gottardo, Stanovich, & Siegel, 1996; Hansen & 

Bowey, 1994; McDougall, Hulme, Ellis, & Monk, 1994; Juel, 1988; Juel et al., 1986; McBride-

Chang, Wagner, & Chang, 1997; Muter, Hulme, Snowling, & Stevenson, 2004; Oakhill et al., 

2003; Olson, Wise, Ring & Johnson, 1997; Plaza & Cohen, 2003; Roman, Kirby, Parrila, Wade-

Woolley, & Deacon, 2009; Stahl & Murray, 1994; Strattman, & Hodson, 2005; Torgesen et al., 

1997; Wagner & Torgesen, 1987; Wagner, Torgesen, Laughon, Simmons, & Rashotte, 1993; van 

de Sande, Siegers, & Verhoeven, 2013).  Castles and Coltheart (2004) reviewed 44 longitudinal 

studies and 42 phonological training studies with the aim of identifying whether phonological 

awareness was causally related to reading acquisition in young children.  The authors’ 

conclusion, which was based on the longitudinal evidence, suggested that phonological 

awareness was predictive of reading achievement across studies and that phoneme awareness 

was substantially more predictive than either syllable or rhyme awareness.  Turning to the 

evidence from the phonological training studies, the authors asserted that no single training study 

provided explicit evidence of causal relations between phonological awareness and reading 

acquisition, mainly because many phonological training studies also included letter-sound 

training or simultaneously incorporated reading and writing instruction.  Nonetheless, the authors 

concluded that phonological awareness and reading ability maintain relatively strong 

correlational relations and that these relations may be reciprocal.  Hulme et al.’s (2005) 

commentary on the review by Castles and Coltheart also supported the notion that phonological 
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awareness plays an important role in the development of reading ability. 

Several meta-analytic reviews have also been conducted as a means of further examining 

relations between phonological awareness and decoding ability.  For example, Bus and 

IJzendoorn’s (1999) meta-analysis sought to investigate causal relations between phonological 

awareness and various literacy-based skills, including decoding and word recognition.  Within 

their review, the authors included over 35 studies that experimentally manipulated phonological 

awareness skills via phonological training programs.  The overall findings indicated that 

phonological awareness skills acquired as a result of exposure to training programs accounted for 

approximately 12% of the variance in children’s decoding ability.  A more recent meta-analytic 

report by Melby-Lervag et al. (2012) resulted in very similar findings: phonological awareness 

influences word reading ability.  Notably, Melby-Lervag et al. examined two aspects of 

phonological awareness, rime awareness and phoneme awareness, separately.  Although both 

skills were associated with individual differences in word reading, phoneme awareness was 

identified as the stronger predictor of the two even after statistically controlling for rime 

awareness and verbal short-term memory (see also Shapiro, Carroll, & Solity, 2013).  

Moreover, individuals with decoding or phonological awareness impairments who were 

exposed to literacy training programs that explicitly targeted phonological awareness skills have 

shown gains in decoding ability in several instances (Alexander, Anderson, Heilman, Voeller, & 

Torgesen, 1991; Ball & Blachman, 1988; Blachman, Ball, Black & Tangel, 1994; Bus & 

IJzendoorn, 1999; Byrne & Fielding-Barnsley, 1993, 1995; Byrne & Fielding-Barnsley, & 

Ashley, 2000; Cunningham, 1990; Ehri et al., 2001; Gillon, 2004; Hatcher & Hulme, 1999; 

Myers & Robertson, 2015; NICHD, 2000; Olson et al., 1997; Torgesen, Morgan & Davis, 1992; 

Torgesen et al., 1999; Troia, 1999).  This provides further evidence for the argument that 

phonological awareness is foundational for the development of decoding.  For example, 

Blachman and colleagues (1999) implemented an 11-week phoneme-based phonological 

awareness training program for 66 low achieving kindergarteners and followed these children 

through first and second grades.  Kindergarten children who received the training program 

demonstrated gains on multiple measures of word recognition (i.e., tasks that assessed letter 

names/sounds, single word reading, and phonics patterns) compared to children who did not 

receive the intervention, and these gains were maintained throughout second grade.  Children’s 

phoneme-based phonological awareness skills are also predictive of their responsiveness to 
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literacy-based interventions (Hatcher & Hulme, 1999).  

Longitudinal evidence.  As mentioned above, there have been several longitudinal 

investigations of phonological awareness and decoding ability, many of which have suggested 

that that phonological awareness is a reliable longitudinal predictor of decoding ability both 

within (e.g., from fall to spring of first grade) and across multiple grades (Compton, 2000; 

Gilbert et al., 2011; Jorm, Share, MacLean, & Matthews, 1984; McBride-Chang et al., 1997; 

McGuinness, McGuinness, & Donohue, 1995).  Some of the earliest evidence for the influence 

of phonological awareness skills on decoding ability comes from longitudinal studies that 

include pre-literate children as well as preschool and kindergarten samples.  For example, 

MacLean, Bradley, and Bryant (1987) examined the predictive contribution of phonological 

awareness in 66 3-year-olds to their word recognition skills 15 months later.  Children were 

administered measures of phonological awareness that tapped knowledge of rhyme and 

beginning sounds around age 3 and their word reading ability around age 4.  Multiple regression 

analyses indicated that children’s phonological awareness skills were significant predictors of 

their word reading ability several months later.  Lonigan, Burgess, and Anthony (2000) 

examined the predictive contribution of preschool phonological awareness (as indexed by 

blending and elision tasks) to first and second grade word recognition skills (as indexed by tasks 

measuring letter knowledge, letter-sound knowledge, and word decoding).  Two groups 

consisting of 96 and 97 preschool children, respectively, were assessed during preschool and 

again in either kindergarten or first grade depending on if they were younger (i.e., an age range 

of 24 to 61 months) or older (i.e., an age range of 48 to 64 months) during the initial assessment 

point.  Structural equation modeling indicated that preschooler’s phonological sensitivity was 

predictive of their letter knowledge and word reading skills in kindergarten and first grade.  

Similar findings have also been reported by Shapiro and colleagues (2013) who demonstrated 

that preschooler’s phoneme awareness is predictive of their nonword reading skills one year later 

and also Bowey (1995) who asserted that phonological awareness mediated the relations between 

word recognition skills and other influential demographic variables (e.g., socioeconomic status; 

Hecht et al., 2000) in preschool-aged children. 

Gilbert et al. (2011) examined the phonological awareness and decoding skills of 196 

first graders who were identified as struggling readers.  Children were assessed once prior to a 

code-based intervention and again post-intervention (i.e., after 19 weeks).  Results indicated that 
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children who demonstrated the greatest weaknesses in phonological awareness and rapid naming 

were more likely to have impaired performance on a pseudoword decoding task.  These effects 

were maintained even after accounting for grapheme-phoneme knowledge (for additional 

discussions of phonological awareness as a longitudinal predictor of future word reading 

problems see Byrne, Freebody, & Gates, 1992; Elbro, Borstrøm, & Peterson, 1998; Ellis & 

Large, 1987).  Swank and Catts (1994) investigated relations between phonological awareness 

skills and decoding in 54 first graders.  Children were given four measures of phonological 

awareness, including sound deletion, categorization, blending, and segmenting during the fall 

and spring of first grade.  Results indicated performance on all tasks at the first assessment point 

was predictive of decoding ability (i.e., classification of being either a good or poor decoder) in 

the spring.  The probabilities of correct classification for the four measures of phonological 

awareness were .88, .81, .76, and .71 for deletion, categorization, blending, and segmenting, 

respectively (for further discussion of unidirectional developmental trends from phonological 

awareness to decoding in kindergarteners and first graders, see Burgess & Lonigan, 1998; de 

Jong, 2007; Mann & Liberman, 1984; McBride-Chang et al., 1997; and Sénéchal & LeFevre, 

2002).  Catts et al. has not been the only study to suggest that different component skills of 

phonological awareness are differentially longitudinally predictive of decoding ability.  For 

example, Hulme et al. (2002) examined the impact of phonological awareness skills on word 

reading ability (i.e., decoding) in 69 kindergarten-aged children.  Children were given multiple 

measures of phonological awareness, including deletion, oddity, and detection tasks that assessed 

initial and final phoneme awareness as well as tasks measuring onset and rime analysis.  

Children’s word reading ability was assessed twice, once at age 5 or 6 and a second time, 7 to 14 

months after the first assessment.  Although onset-rime analysis was a unique predictor of 

children’s future word reading ability (Cronin & Carver, 1998), phoneme awareness emerged as 

a stronger longitudinal predictor of word reading (for similar findings, see also Bryant, MacLean, 

Bradley, & Crossland, 1990; Foorman, Francis, Novy, & Liberman, 1991; Hulme, Bowyer-

Crane, Carol, Duff, & Snowling, 2012; Manis, Seidenberg, & Doi, 1999; Mann, 1993; 

McDougall et al., 1994; Muter, Hulme, Snowling, & Taylor, 1998; Muter & Snowling, 1998; 

Nation & Hulme, 1997; Share, Jorm, MacLean, & Matthews, 1984).  

Early phonological awareness maintains its status as a reliable predictor beyond first 

grade as well, with kindergarten phonological awareness ability predicting second, third, and 
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fourth graders’ decoding skills (Caravolas, Hulme, & Snowling, 2001; Cunningham & Carroll, 

2013; Georgiou, Parrila, & Papadopoulos, 2008; Hogan et al., 2005; Juel et al., 1986; Manis, 

Doi, & Bhadha, 2000; Parrila, Kirby, & McQuarrie, 2004; Rohl & Pratt, 1995; Roth, Speece, & 

Cooper, 2002; Schatschneider et al., 2004; Share et al., 1984; Uhry, 2002).  For example, in a 

two-year longitudinal study, Manis et al. (2000) measured phoneme-based phonological 

awareness skills in 68 first graders using measures that assessed phoneme blending and phoneme 

segmentation; phonological nonword decoding ability was measured by the Woodcock-Johnson 

(WJ) Test of Achievement word attack and word identification subtests (Woodcock, McGrew, & 

Mather, 2001).  Hierarchical regression analyses indicated that children’s performance on the 

phonological awareness tasks was uniquely predictive of their nonword decoding skills in second 

grade (see also Ehri & Wilce, 1980; Manis et al., 1999; Raz & Bryant, 1999).  Similarly, Parrila 

and others (2004) assessed these skills in 102 children from kindergarten through third grade.  

Phonological awareness skills assessed in kindergarten and first grade were significant 

longitudinal predictors of children’s word identification skills in first, second, and third grades, 

and these unique contributions remained significant even after accounting for variance in word 

identification and passage comprehension (see also Cunningham & Carroll, 2013; Hatcher & 

Hulme, 1999; Share et al., 1984; Speece, Ritchey, Cooper, Roth, & Schatschneider, 2004).  

McBride-Chang et al. (2005) investigated the relations between phonological awareness 

and decoding skills in 300 second graders across several different languages (i.e., Chinese, 

Korean, and English).  Phonological awareness was assessed using the Elision subtest of the 

Comprehensive Test of Phonological Processing (Wagner, Torgesen, & Rashotte, 1999) and 

decoding was measured by the letter-word identification subtest of the WJ Test of Achievement.  

Results suggested that for the English- and Korean-speaking children, phonological awareness 

skills assessed during the fall of second grade significantly predicted spring word recognition 

ability over and above vocabulary knowledge; however, phonological awareness was less 

predictive of word reading for Chinese-speaking children.  In an extensive longitudinal 

investigation, MacDonald and Cornwall (1995) measured the phonological awareness and 

decoding skills of 24 children in kindergarten and again 11 years later.  Measures included the 

Auditory Analysis Test (AAT; Rosner & Simon, 1971), WJ word attack, and a decoding subtest 

from the Wide Range Achievement Test (WRAT; Jastak & Wilkinson, 1984).  Performance on 

the AAT in kindergarten significantly predicted individual differences in performance on the 
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WRAT in tenth grade (for additional longitudinal investigations in older children, see Deacon & 

Kirby, 2004; Griffiths & Snowling, 2002; Hammill, Mather, Allen, & Roberts, 2002; Juel, 1988; 

Nation & Hulme, 1997; Nation & Snowling, 2004; Roman et al., 2009; Swanson & Alexander, 

1996; Torgesen et al., 1997; Wu, Zumbo, & Siegel, 2011).  

Multiple studies addressed the possibility of bidirectional relations between phonological 

awareness and decoding or word recognition skills, and these investigations also provide support 

for the current hypothesis.  For example, Wagner, Torgesen, and Rashotte (1994) examined 

phonological awareness and decoding skills in 244 children who were followed from 

kindergarten through second grade.  Children were given multiple measures of phonological 

awareness including phonological analysis, synthesis, and encoding in working memory as well 

as tasks that measured isolated and serial naming (see Wagner et al., 1994 for a more detailed 

description of these tasks).  Children were also given measures of word identification, letter-

name identification, and letter-sound knowledge (i.e., decoding).  Across all grades, 

phonological awareness significantly predicted children’s decoding ability (Cataldo & Ellis, 

1988).  In a similar investigation, Wagner and others (1997) assessed these same skills in 

children from kindergarten through fifth grade.  As found previously by Wagner et al. (1994), 

phonological awareness was a significant predictor of letter-name knowledge at all grades (see 

also de Jong, 2007).  

Hogan and colleagues (2005) examined these skills in 570 kindergarten, first, and second 

graders.  Children were given measures of phonological awareness (syllable and phoneme 

deletion tasks) and decoding (letter identification, nonword and real word reading tasks) at each 

grade.  Path analysis revealed that children’s performance on phonological awareness tasks in 

kindergarten predicted their word reading skills in second grade; second grade word reading 

ability predicted fourth graders’ performance on phonological awareness tasks.  Badian (1995) 

examined the development and predictive contributions of phonological awareness and decoding 

beyond the early elementary years.  Children were asked to complete phonemic awareness and 

word recognition tasks across seven years, from preschool through sixth grade.  She found that 

phonemic awareness was predictive of word reading skills prior to third grade but that it became 

a weak longitudinal predictor beyond third grade (for comparable findings, see Badian, 2001 and 

de Jong & van der Leij, 2002).  Further, letter naming was identified as a significant predictor of 

phonemic awareness skills, but its status as a reliable predictor did not extend beyond the early 
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elementary grades. 

In a cross-linguistic longitudinal study, Verhagen, Aarnoutse, and van Leeuwe, (2008) 

did find that children’s phonological awareness skills in first grade were predictive of word 

recognition skills in second grade; however the authors did not find evidence that decoding 

ability predicted phonological awareness, which may have been due, in part, to the fact that the 

children involved in their study were Dutch-speaking, as there has been evidence for differential 

predictive relations between these skills among various other languages (e.g., McBride-Chang et 

al. 2005 and Smythe et al., 2008).  Multiple cross-linguistic studies have suggested that the 

predictive nature of phonological awareness on decoding ability is not restricted to English.  For 

example Näslund and Schneider (1991) examined these skills in 92 German-speaking 

kindergarten, first, and second graders.  Phonological awareness and decoding assessments were 

administered once per academic year and included rhyming, phoneme blending, and real word 

and nonword decoding tasks.  Structural equation modeling results suggested that, comparable to 

the outcomes of other studies described in this section, children’s phonological awareness skills 

in kindergarten significantly predicted their decoding ability in second grade (see also Preßler, 

Könen, Hasselhorn, & Krajewski, 2014; Muter & Diethelm, 2001; Wimmer, Landerl, Linortner, 

& Hummer, 1991; Wimmer, Landerl, & Schneider, 1994).  Similar findings have been reported 

for a variety of other languages as well, including Chinese, Czech, Danish, Finnish, French, 

Latvian, Greek, Norwegian, Portuguese, and Swedish (Caravolas, Volín, & Hulme, 2005; 

Cardoso-Martins, 1995; Casalis & Louis-Alexandre, 2000; de Jong & van der Leij, 2002; Dufva 

et al., 2001; Frost, Madsbjerg, Niedersøe, Olofsson, & Sorensen, 2005; Georgiou et al., 2008; 

Høien, Lundberg, Stanovich, & Bjaalid, 1995; Hu & Catts, 1998; Leppänen, Niemi, Aunola, & 

Nurmi, 2004, 2006; Lervag et al., 2009; McBride-Chang & Chang, 1996; McBride-Chang & 

Suk-Han Ho, 2005; Puolakanaho et al., 2008; Sprugevica & HØien, 2003; Tornéus, 1984; 

Torppa et al., 2013; van de Sande et al., 2013; Verhagen et al., 2008; Wang, Lin, & Yang, 2014; 

Winskel & Widjaja, 2007).  

 
Decoding Ability Affects the Development of Phonological Awareness 

 

Whereas decoding requires at least some meaningful text-based interaction, phonological 

awareness can emerge prior to any truly meaningful interaction with text (i.e., during pre-

literacy) (e.g., Colin, Magnan, Ecalle, & Leybaert, 2007; Mousinho & Correa, 2009).  This 
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would suggest that children’s phonological awareness tends to develop prior to their decoding 

ability in most instances; however, there is evidence to show that decoding ability actually 

affects the development of phonological awareness (Ehri, 1989). 

Longitudinal evidence.  Several longitudinal studies show that decoding skills 

significantly predict phonological awareness (Badian, 1995; Bast & Reitsma, 1998; Cataldo & 

Ellis, 1988; Chafouleas, Lewandowski, Smith, & Blachman, 1997; Hogan et al., 2005; 

McCandliss, Beck, Sandak, & Perfetti, 2003; Wagner et al., 1994, 1997).  For example, 

Chafouleas et al. (1997) examined these skills in 114 kindergarten, first, and second graders.  

Children were assessed once in each grade using multiple measures of phonological awareness, 

including tasks that measured alliteration, rhyme, blending, and segmenting (see Chafouleas et 

al. for a full description of the tasks); decoding was assessed using the WJ letter-word 

identification subtest and a letter sound task.  Performance on both measures of decoding was 

significantly predictive of phonological awareness across grades, and decoding ability was 

identified as being as influential as participant age in its predictive contribution.  A more recent 

investigation by Lepola et al. (2005) provided additional evidence for this hypothesis.  One 

hundred non-reading kindergarten-aged children were involved in a short longitudinal study in 

which they were assessed once in kindergarten and again in first grade.  Structural equation 

modeling suggested that performance on a letter-knowledge task during kindergarten 

significantly predicted students’ performance on phonological awareness tasks (i.e., rhyme and 

phoneme recognition and blending tasks) in first grade.   

McCandliss and colleagues (2003) provide additional evidence for this unidirectional 

developmental pattern.  The authors implemented a decoding intervention for 38 7- to 10-year-

old children with reading difficulties.  The intervention program utilized an adaptation of the 

Word Building program (Beck, 1989), which helped children to build skills related to letter 

sounds, letter recognition, and word building sequences using scaffolded instruction.  Following 

20 50-min intervention sessions, children who participated in the intervention showed marked 

improvements related to decoding as well as gains in phonological awareness skills when 

compared to children who did not receive the intervention (see also Felton & Brown, 1990).  It is 

important to note that although a discussion of additional studies incorporating decoding training 

programs that resulted in subsequent gains in phonological awareness skills would provide 

strong support for the present hypothesis, many of these studies oftentimes incorporated at least 
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one component of phonologically-based training within the program (e.g., Denton, Fletcher, 

Anthony, & Francis, 2006; Hudson, Isakson, Richman, Lane, & Arriaza-Allen, 2011; Ryder, 

Tunmer, & Greaney, 2008).  This feature makes it particularly difficult to tease apart whether the 

perceived effects on phonological awareness are due to the explicit instruction in decoding or if 

improvements in phonological awareness resulted from the phonological components of the 

code-based intervention or both. 

 
Relations between Phonological Awareness and Decoding Ability Are Reciprocal   

 

Several studies discussed in the preceding section were explicitly interested in the 

possibility of reciprocal relations between phonological awareness and decoding ability.  Many 

of these investigations found evidence for bidirectional relations, and so, are discussed here as 

well (Badian, 1995; Cataldo & Ellis, 1988; Hogan et al., 2005; Lerner & Lonigan, 2016; Wagner 

et al., 1994, 1997).  In addition to finding evidence that phonological awareness predicted 

decoding skills in early elementary-aged children, Wagner et al. (1994) found that letter-name 

identification and letter-sound skills significantly predicted students’ performance on 

phonological awareness tasks from kindergarten to first grade and from first to second grade.  

Similarly, Wagner et al.’s (1997) longitudinal examination found that letter-name knowledge 

predicted phonological awareness skills at all grade levels, from kindergarten through fifth grade 

(for comparable unidirectional findings in preschoolers, see Burgess & Lonigan, 1998; Foy & 

Mann, 2006; Mann & Foy, 2003; Passenger, Stuart, & Terrell, 2000).  Thus, children’s letter 

naming and word reading skills appear to be significant longitudinal predictors of their 

phonological awareness skills during the early- and mid-elementary years (Badian, 1995; 

Cataldo & Ellis, 1988; Cooper, Roth, Speece, & Schatschneider, 2002; Hogan et al., 2005).  

Some have further argued that the development of phoneme-based phonological awareness is 

largely contingent on the development of word reading ability and that children’s knowledge of 

letter-sound correspondences further facilitates the development of phonemic awareness 

(Blaiklock, 2004; Castles & Coltheart, 2004; Mann & Foy, 2003).  However, the true effect of 

letter knowledge on the development of phoneme awareness remains debated (Hulme, 

Caravolas, Malkova, & Brigstocke, 2005; Tunmer, Herriman, & Nesdale, 1988). 

Although Verhagen et al.’s (2008) investigation of bi-directional relations showed that 

the relations between phonological awareness and decoding were unidirectional for Dutch-
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speaking children (i.e., phonological awareness predicted decoding from first to second to grade 

but not vice versa), Bast and Reistma (1998) included a sample of Dutch-speaking children and 

found similar reciprocal relations as identified by Wagner et al. (1994, 1997), Badian (1995), and 

Cataldo and Ellis (1988).  Within their sample, children’s word recognition ability in first grade 

predicted their performance on a phonological processing task, and their phonological processing 

ability in kindergarten and first grade predicted their word recognition in first and second grade, 

respectively.  Chow et al. (2005) also investigated phonological awareness and decoding ability 

in 227 Chinese-speaking kindergarteners.  Regression analyses indicated that fall kindergarten 

phonological processing skills predicted word recognition skills in the spring and also that fall 

word recognition skills predicted phonological processing skills during spring of kindergarten for 

these same students (see also Holopainen, Ahonen, Tolvanen, & Lyytinen, 2000 and Torppa et 

al., 2007 for similar evidence in Finnish-speaking children). 

In a more recent study, Lerner and Lonigan (2016) provided additional evidence for 

bidirectional relations.  The authors examined the predictive relations between phonological 

awareness and letter knowledge of 358 preschool-age children using growth curve modeling.  

The authors investigated the contribution of initial skill in each construct to the growth in the 

other.  Phonological awareness was measured using multiple measures, including syllable, 

phoneme, and word blending, syllable, phoneme, and word elision, and rhyme oddity and 

matching; letter knowledge included measures of letter-name knowledge and letter-sound 

knowledge.  The results indicated that predictive relations between letter knowledge and 

phonological awareness were bidirectional.  Initial status in letter knowledge predicted growth in 

phonological awareness and phonological awareness predicted growth in letter knowledge. 

Further, these cross-construct effects were maintained even after accounting for the contribution 

of initial skill within each construct.  

Additional evidence for reciprocal relations comes from investigations that include 

individuals who have decoding-based reading difficulties because it is often the case that poor 

readers with deficiencies related to decoding tend to also have corresponding phonological 

processing weaknesses, such as is true for individuals with dyslexia (Bowey, Cain, & Ryan, 

1992; Catts, 1991; Melby-Lervag et al., 2012; Shaywitz & Shaywitz, 2003; Stanovich, 1986; 

Stothard & Hulme, 1995).  These associated patterns of skill deficits in dyslexic readers (i.e., 

phonological core deficit; Stanovich & Siegel, 1994) is the reason why a considerable number of 
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intervention programs targeted at individuals with reading disability often include a phonological 

component (e.g., Schneider, Roth, & Ennemoser, 2000).   

 
Relations between Phonological Awareness and Decoding May Vary as a Function of 

Reading Ability 

 

In addition to investigating the developmental relations among phonological awareness 

and decoding ability in young children, I am also interested in the possibility of distinct 

developmental dynamics among subgroups of readers, namely poor readers with and without an 

aptitude-achievement discrepancy.  I am explicitly interested in identifying whether differences 

in the developmental dynamics between phonological awareness and decoding ability explain 

differences in reading ability.  A compelling rationale for examining the co-development of 

phonological awareness and decoding ability among subgroups of poor readers is based on the 

finding that irrespective of poor readers’ classification as discrepant or non-discrepant (i.e., low 

achieving), children with reading difficulties oftentimes display corresponding phonological 

awareness impairments (Fletcher et al., 1994; Morris et al., 1998; Shankweiler et al., 1995).  

Differences in phonological awareness skills for discrepant and non-discrepant poor 

readers are negligible in many instances (Fletcher et al., 1994; Hoskyn & Swanson, 2000; 

Shaywitz, Fletcher, Holahan, & Shaywitz, 1992; Siegel, 1992; Stuebing et al., 2002).  Perhaps 

the strongest evidence for this finding comes from a meta-analytic review by Stuebing and others 

(2002) that examined the validity of the aptitude-achievement discrepancy model of reading 

disability.  The authors reviewed 46 studies that included groups of poor readers that were 

classified as being low achieving or that had an aptitude-achievement discrepancy.  The aim of 

the review was to identify if there were reliable differences in cognitive performance between 

subgroups of readers.  Findings were similar to those reported in a review by Hoskyn and 

Swanson (2000).  Across studies, differences in performance on phonological awareness tasks 

between the two groups were minimal (the reported effect size mean estimate was 0.25 for 

Hosyken & Swanson, 2000; the reported effect size estimate was –0.13 for Stuebing et al., 2002).   

Similar deficits in phonological awareness across both groups indicate that phonological 

processing impairments are not group specific.  This finding also lends some support to the 

phonological core deficit hypothesis; as such phonological awareness weaknesses affect the 

development of decoding ability (Badian, 1994; Bowey et al., 1992; Bruck, 1992; Stanovich, 
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1988; Vellutino & Scanlon, 1987).  Additionally, because phonological awareness impairments 

underlie word reading deficits, there are two possibilities surrounding reasons for phonological 

impairments in poor readers: (a) individuals with reading disability have phonological awareness 

weaknesses that are associated with deficits related to decoding ability because phonological 

awareness affects decoding (i.e., phonological core); or (b) individuals with reading disability 

have decoding deficits because decoding influences phonological awareness (e.g., Burgess & 

Lonigan, 1998; Chafouleas et al., 1997; Hogan et al., 2005).  For this second possibility, it may 

also be the case that poor readers may less effectively use spelling strategies during phonological 

awareness tasks, and this may explain why individuals with reading disability make more errors 

than typical readers overall but make 22% less overshoot errors on average (Badian, 2001; 

Bruck, 1992). 

Longitudinal evidence. Several previous investigations have examined the development 

of these skills longitudinally among subgroups of readers, including comparisons among 

typically developing readers versus readers who are reading disabled, who have deficits in 

naming speed, phonological awareness, or both (i.e., a double deficit; Wolf & Bowers, 1999) as 

well as comparisons among typically developing readers and readers with decoding deficits, 

language and phonological processing deficits, and weak decoding and phonological awareness 

skills (Badian, 1993, 1998; Boscardin et al., 2008; Cunningham & Carroll, 2013; Griffiths & 

Snowling, 2002; Hammill et al., 2002; Hulme et al., 2002; Kirby et al., 2003; Leppänen et al., 

2004; Manis et al., 2000; Scarborough, 1989; Swank & Catts, 1994; Swanson & Alexander, 

1997; Torgesen et al., 1997; Torppa et al., 2006, 2007, 2013; Wolf et al., 2002; Wu et al., 2011).  

Yet, of these longitudinal investigations, few employed latent variable analyses (Boscardin et al., 

2008; Leppänen et al., 2004; Torppa et al., 2007; Wu et al., 2011).  Further, there is no known 

study to date that uses latent change score modeling and latent class analyses to investigate 

potential differences in the bidirectional relations between phonological awareness and decoding 

ability among subgroups of readers (i.e., poor readers with and without an aptitude-achievement 

discrepancy). 

To date, Leppänen et al. (2004), Boscardin et al. (2008), Torppa et al. (2007), Wu et al. 

(2011), and Ferrer, Shaywitz, Holahan, Marchione, & Shaywitz (2010) are perhaps the most 

similar investigations to the present study.  Leppänen and others (2004) utilized latent growth 

curve analyses to investigate the development of phonological awareness, letter knowledge, and 
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reading skills (which included word reading) in 196 Finnish-speaking children from preschool 

through first grade.  Unfortunately, word reading was combined with sentence reading to create a 

composite reading skills score, so the effect of phonological awareness on word reading, separate 

from sentence reading, is not possible.  However, the authors reported a positive trend, as higher 

phonological awareness skills were associated with higher reading skills; letter knowledge was 

not investigated as a predictor of phonological awareness.  The authors also separated readers 

into three groups based on performance on the reading skills assessment using clustering-by-

cases hierarchical analyses: poor readers, average readers, and good readers.  The three groups 

were significantly different from one another, with good readers demonstrating significantly 

better performance on letter identification and phonological tasks over time.   

Boscardin et al. (2008) employed latent class analysis and growth curve analyses to 

investigate the development of literacy-based skills in 433 children from kindergarten through 

third grade.  Children were given measures of phonological awareness and word recognition four 

times each year, and subsequent latent class analysis was used to determine whether there were 

different subgroups of readers.  Five class models were selected for phonological awareness and 

word recognition, and were combined to facilitate growth curve modeling.  Growth curve 

analyses were conducted for each of the five combined phonological awareness and decoding 

latent classes.  Results showed that children’s phonological awareness skills predicted the 

development of their word recognition ability, as children who demonstrated slower gains in 

phonological awareness also had less growth in word recognition over three years. 

Similarly, Torppa and others (2007) also used latent growth curve modeling to examine 

the development of phonological awareness and reading ability in 186 children who were 

identified as being at-risk or not at-risk for reading disability.  Children were assessed from birth 

to 6.5 years of age and were identified as at-risk if their parents or other immediate relatives 

reported having a reading disability.  Results from the growth curve analyses revealed that, for 

both groups of readers, letter knowledge was a significant longitudinal predictor of phonological 

awareness from age 3.5 to 4.5 years and also from age 3.5 to 5.5 years and that phonological 

awareness also influenced their letter knowledge from age 3.5 to 4.5 years. 

Wu and colleagues (2011) utilized general piecewise growth mixture modeling 

techniques to investigate the developmental relations between these literacy-based skills in 1,853 

children from kindergarten through sixth grade.  An advantage of this analytic technique is that it 
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allows for an identification of type of growth (e.g., linear versus quadratic).  The authors used 

latent class analysis to identify four subgroups of readers based on the WRAT-3 word 

recognition assessment: (a) typically developing class, (b) advanced class, (c) catch-up class, and 

(d) disadvantaged class.  Modeling techniques allowed for an identification of demographic 

variables that predicted class membership, including gender, language status, and phonological 

awareness skills.  Results indicated that phonological awareness was a significant predictor of 

change for all three groups. 

Additionally, Ferrer et al. (2010) examined the developmental relations between IQ and 

reading ability for three groups of readers: typical readers, persistently poor readers (i.e., 

individuals with dyslexia), and compensated readers (i.e., individuals who were classified as 

poor readers in second or fourth grade but not in ninth or tenth grade).  Children’s reading 

ability, as indexed by their performance on the WJ letter-word identification, word attack, and 

passage comprehension subtests, was measured once per year from first grade through twelfth 

grade; they were also given the Wechsler Intelligence Scale for Children (Wechsler, 1974) every 

other year from first to ninth grade. Latent change score modeling revealed different 

developmental dynamics between IQ and reading ability among the subgroups of readers.  For 

typical readers, IQ and reading ability were reciprocally related whereas for both poor readers 

and compensated readers, these skills showed negligible reciprocal influences. 

However, there remain several limitations of these previous studies.  First, although 

Leppänen et al. (2006) did investigate the development of reading skills (i.e., word and sentence 

reading), they did not examine the reciprocal developmental relations of letter knowledge and 

phonological awareness in these three groups.  This was also the case for Boscardin et al. (2008).  

Second, Leppänen et al. did not conduct latent variable analyses to analyze subgroup data.  

Rather, developmental trajectories were merely plotted across the four time points (i.e., fall and 

spring of preschool and fall and spring of first grade).  This was similar for Wu et al. (2011) who 

utilized logistic regression analyses to investigate the influence of phonological awareness ability 

on word identification skills for different subgroups of readers.  Third, Torppa et al. (2007) did 

not use any statistical method to categorize subgroups of readers.  Finally, while Ferrer at al. 

(2010) included measures of word reading ability, the authors did not assess phonological 

awareness. 

 



20 
 

The Present Study 

 

The aims of the present study are twofold.  The first aim is to examine the dynamic 

developmental relations between phonological awareness skills and decoding ability in young 

children and also replicate and extend previous investigations of potentially reciprocal relations 

with a larger and more diverse sample (Bast & Reitsma, 1998; de Jong & van der Leij, 1999; 

Ferrer et al., 2010; Holopainen et al, 2000; Torppa et al., 2007; Verhagen et al., 2008; Wagner et 

al., 1994, 1997; Wu et al., 2011).1  With regards to the first aim, four hypotheses were tested: (a) 

phonological awareness and decoding skills are developmentally correlated but do not predict 

change in one another; (b) phonological awareness predicts change in decoding ability; (c) 

decoding ability predicts change in phonological awareness; or (d) phonological awareness and 

decoding ability simultaneously predict change in one another.  Latent change score modeling 

was used to investigate the dynamic relations between these skills.  The second aim was to 

extend findings from previous investigations (Boscardin et al., 2008; Ferrer et al., 2010; 

Leppänen et al., 2006; Torppa et al., 2007; Wu et al., 2011) by examining the developmental 

relations between phonological awareness and decoding for two groups of readers: poor readers 

who are characterized as having an aptitude-achievement discrepancy and poor readers who do 

not have a discrepancy between their aptitude and achievement. 

 

Latent Change Score Modeling  

 

Latent change score modeling (also referred to as latent difference score modeling; Ferrer 

& McArdle, 2003, 2010; McArdle, 2001) is a structural equation modeling method that allows 

within-person developmental dynamic change (i.e., intra-individual change) in behavior to be 

explicitly modeled.  Change parameters incorporate the effect of true scores from an individual’s 

previous time point on subsequent change, such that the following time point is the sum of 

change in a construct and the previous status of that construct.  An advantageous feature of latent 

change score modeling is that change is explicitly represented by its own distinct latent construct 

as opposed to observable change represented by the observed indicators, which improves the 

reliability of the change estimates (e.g., King et al., 2006). 

                                                      

1 With the exception of Wu et al. (2011) (N = 1,853), sample sizes did not exceed 300 
participants for any single study. 
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In addition to a no change model, univariate latent change score models estimate change 

in a single construct across time and can model change as occurring in one of three ways: (a) 

constant change, (b) proportional change, or (c) dual change (McArdle, 2001).  A constant 

change univariate model specifies change as occurring at a constant rate (i.e., linear growth) (see 

Figure 1).  In the case of phonological awareness, for instance, change (∆pa) is directly related to 

its mean slope factor (µpa), and change occurs at an additive (i.e., constant) rate.  Thus, the 

constant change parameter (α) is constrained to equality across all time points.  A proportional 

change model assumes changes in constructs, such as phonological awareness, to be proportional 

across time, which is indicated by the presence of the proportional change parameter (βpa) from 

the previous assessment point (pa[t-1]).  Finally, a dual change model incorporates features from 

both the constant change and proportional change models, and thus, includes the constant and 

proportional parameters, α and β, simultaneously.  As a result, dual change models can handle 

nonlinear or exponential growth from one time point to the next (McArdle, 2001, 2009).  The no 

change model is nested within the constant, proportional, and dual change models; the 

proportional change model is nested within the constant and dual change models; and the 

constant change model is nested within the dual change model. 

Bivariate latent change score modeling allows two constructs to be modeled 

simultaneously.  These models can be used to investigate the potential developmental influences 

between two constructs in several different ways: (a) a no coupling model, in which 

phonological awareness and decoding ability do not influence one another, meaning that cross-

construct influences (γ) are absent (see Figure 2); (b) two one-way coupling models, such that 

phonological awareness predicts change in decoding ability (i.e., phonological awareness is a 

leading indicator of change in decoding ability) or that decoding ability is a leading indicator of 

change in phonological awareness (see Figures 3 and 4); and (c) a bi-directional coupling model 

(see Figure 5), where phonological awareness predicts change in decoding ability and decoding 

ability also predicts change in phonological awareness (McArdle, 2001).  Therefore, latent 

change score modeling acknowledges the fact that many variables (e.g., cognitive skills) do not 

exist in isolation, and it is this consideration that makes the current modeling method particularly 

powerful and informational when investigating potentially complex and dynamic change in 

constructs, namely phonological awareness and decoding ability. 
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CHAPTER 2 

 

METHODS 
 

Participants 

 

Participants were obtained from a diverse sample of approximately 4,442 children from 

the Head Start Impact Study whose data have been collected by the Child Care and Early 

Education Research connections project (United States Department of Health and Human 

Services, 2002-2006).  These data were obtained via the Inter-university Consortium for Political 

and Social research, and the information provided in this section was obtained from the project 

user guides and final executive summary (United States Department of Health and Human 

Services, 2002-2006, 2010a, 2010c).  A sample of 4,442 3- and 4-year-old children were 

randomly sampled from nationally-representative Head Start programs across the United States 

(Head Start grantees/delegate agencies, N = 84; Head Start centers N =383).  Children were 

assessed in fall 2002 (N = 3,661), spring of 2003 (N = 3,742), spring of 2004 (N = 3,608), and 

spring of 2005 (N = 3,483).   

Children who were selected to be included in the analysis (N = 2,513) represented a 

subsample of the original Head Start Impact Study sample who were selected based on a 

language status variable (i.e., assessed in English in fall 2002 and spring 2003 based on a dummy 

variable indicator in the dataset) and an eligibility status variable for a longitudinal weight in the 

dataset (i.e., children who were assessed at three or more time points from fall 2002 to spring 

2006).  For the analysis sample, participants were identified as 43.0% African American, 16.8% 

Hispanic, and 40.2% Caucasian/Other.  The categorization of “Other” was combined with 

Caucasian given the small number of children who were categorized as such (N = 178 across 

cohorts within the original Head Start Impact Study sample).  About half of the sample was male 

(50.2%).  In the original Head Start Impact Study sample, children were randomly assigned to 

either receive Head Start or not.  Within the analysis sample, 62.7% of children were in the Head 

Start group and 37.3% of children were in the non-Head Start group. See Table 1 for 

demographic information.   
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Measures 

 

 Children were given literacy-related assessments that measured a variety of basic 

literacy-based skills and included measures of letter and word recognition, phonological 

awareness, and vocabulary knowledge.  Each are described in greater detail below based on the 

task descriptions provided in the user guide and final executive summary. 

 
Decoding Ability – Woodcock-Johnson III: Letter and Word Identification Subtest 

 

 Decoding ability was measured using the Woodcock-Johnson III Letter-Word 

Identification subtest (WJ-LWID; Woodcock et al., 2001).2  This assessment measures letter and 

word identification skills.  The initial items require children to match a pictorial representation of 

a word with the actual object; later items require children to match identify isolated letters and 

words.  The letter recognition items require individuals to recognize (i.e., identify) upper and 

lower case letters by name.  The word recognition items require participants to recognize 

common sight words (i.e., high frequency words).  Reliability estimates are reported in the Head 

Start Impact Study final executive summary and technical manual and the WJ technical manual.  

Reliability for this assessment is high, with median reliability reported as .91 for children aged 5 

to 19 (Woodcock et al., 2001; U.S. Department of Health and Human Services, 2010a, 2010b).  

Children were administered this assessment in fall 2002, spring 2003, spring 2004, and spring 

2005.  The Compuscore and Profiles Program (Schrank & Woodcock, 2001) was used to score 

the WJ-III (U.S. Department of Health and Human Services, 2010b).  Additionally, W-Ability 

scores were based on a linear IRT score using the Rasch model (U.S. Department of Health and 

Human Services, 2010b; Woodcock et al., 2001). 

 
Phonological Awareness – Preschool Comprehensive Test of Phonological and Print 

Processing: Elision Subtest 

  
Phonological awareness was measured using the Preschool Comprehensive Test of 

Phonological and Print Processing (CTOPPP; Lonigan, Wagner, Torgesen, & Rashotte, 2002), 

                                                      

2 Decoding ability was additionally assessed using the Woodcock-Johnson III Word Attack 
subtest in spring 2004.  However, given that the assessment was only administered in one wave 
of data collection, only WJ-LWID is included. 
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Elision subtest.  The assessment contained both multiple-choice and free response items.  This 

assessment requires children to create new words by selecting an appropriate picture (multiple-

choice) or by verbally responding to an item (free response) when a portion of a word is 

removed.  The assessment requires children to segment words at the word level (based on 

compound words; e.g., “Say seesaw without see”), syllable level, and sub-syllable (phonemic) 

level, with items progressively requiring the use of more phonologically refined information; 

initial items are accompanied by a picture whereas later items require the child to follow auditory 

directions.  No published reliability is available for this assessment; however, based on the 

descriptive information provided within each codebook, this assessment demonstrated adequate 

variability and minimal floor effects (e.g., reported raw score means and standard deviations 

were M = 5.42 and SD = 2.82 for fall 2002, M = 7.11 and SD = 3.21 for spring 2003, M = 9.11 

and SD = 3.87 for spring 2004, and M = 13.13 and SD = 4.31 for spring 2005; U.S. Department 

of Education, 2002-2006).  Moreover, based on these mean scores, items containing auditory 

directions only (i.e., no accompanying picture) were much less common for the first, second, and 

third time points relative to the final time point.  A 3-parameter logistic item response theory 

(IRT) model was developed for the CTOPPP (United States Department of Health and Human 

Services, 2010b).  Scoring was done separately by cohorts and used a marginal maximum 

likelihood approach (Mislevy & Bock, 1983; United States Department of Health and Human 

Services, 2010b) and resulted in a posteriori (EAP) estimates.  

 
Receptive Vocabulary Knowledge – Peabody Picture Vocabulary Test 

 

Vocabulary knowledge was measured using the Peabody Picture Vocabulary Test 

(PPVT; Dunn & Dunn, 1997).  The PPVT measures receptive vocabulary knowledge and 

requires a child to listen to a word and then select one of four appropriate pictures that best 

matches the spoken word.  Reliability estimates are reported in the Head Start Impact Study and 

PPVT technical reports; reported reliability is .95 (Dunn & Dunn, 1997; U.S. Department of 

Health and Human Services, 2010b).  A shortened version of the PPVT was developed using a 3-

parameter logistic IRT model.  Scoring was done separately by cohorts and used a marginal 

maximum likelihood approach (Mislevy & Bock, 1983; United States Department of Health and 

Human Services, 2010b) and resulted in EAP estimates. 
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Procedure 

 

Head Start Impact Study Data Collection  

 

The data collection procedures described herein were obtained from the Head Start 

Impact Study user’s guide, technical report, and executive summary (U.S. Department of Health 

and Human Services, 2010a, 2010b, 2010c).  During 1998-99, a list of Head Start grantee and 

delegate agencies was created based on the Head Start Program Information Report.  These 

agencies were then contacted via telephone and their eligibility was determined. Eligible Heart 

Start grantee and delegate agencies were visited during February 2002 in order to explain the 

study, verify information required for participation, and obtain agreement to participate in the 

study. Each of the grantees and agencies provided a list of eligible Head Start centers.  After 

approval was granted by the Head Start grantee and delegate agencies, onsite liaisons visited 

eligible Head Start centers to recruit teachers and administrative staff.  After approval was 

granted by the Head Start grantee and delegate agencies and Head Start teachers and 

administrative staff, children were randomly sampled from the final group of eligible Head Start 

centers. Following random assignment in summer/fall 2002, packets of information were sent to 

the homes of children selected for participation. These packets included information regarding 

the study as well as informed consent forms.  Consent was obtained during the pre-assessment 

period.  Parental consent was obtained for language minority children through the use of 

translated consent forms and/or bilingual field staff. 

Direct cognitive assessments were administered in fall 2002, spring 2003, spring 2004, 

and spring 2005.  Assessment was staggered for the two groups, such that the 3-year-olds were 

assessed in Head Start (fall 2002, spring 2003, and spring 2004) and kindergarten (spring 2005) 

while the 4-year-olds were assessed in Head Start (fall 2002 and spring 2003) and kindergarten 

(spring 2004).  Cognitive administration lasted approximately 45 to 60 min per child.3  During 

the initial assessment period in fall 2002 (spring to December), information was collected 

regarding children’s language background based on three questions related to: (1) language 

spoken most often at home; (2) language spoken most often at the childcare setting; and (3) 

                                                      

3 Administration times included the assessment of vocabulary knowledge, reading and writing 
skills, oral comprehension, phonological awareness, and math skills (U.S. Department of Health 
and Human Services, 2010a, 2010b) 



26 
 

preferred language.  Possible choices included English, Spanish, or other specified language (see 

U.S. Department of Health and Human Services, 2010b, 2010c).  The language of assessment 

was then based on the language provided for two out of the three questions. 4   

Given that these data were originally concerned with the impact of receiving Head Start 

services on children’s future development, children were additionally assigned to treatment (i.e., 

Head Start) and control groups (i.e., non-Head Start) within the dataset (see Table 1).  The 

treatment and control groups differed in that the Head Start group was provided with access to 

Head Start services whereas the control group was not; the control group, however, could enroll 

in non-Head Start early childhood programs (see U.S. Department of Health and Human 

Services, 2010a).  The 3-year-olds who were in the control group could reapply for Head Start 

after the first year of data collection (U.S. Department of Health and Human Services, 2010a).  

These data also included information for children who were assigned to receive Head Start and 

did not receive it (i.e., “no-shows”) and children who were not assigned to receive Head Start 

and did receive it (i.e., “cross-overs”) 

 
Accessing Head Start Impact Study Dataset 

  

The Head Start Impact Study data consists of publicly available restricted-use datasets.  

Public-use datasets are available from the Inter-university Consortium for Political and Social 

Research (United States Department of Health and Human Serves, 2002-2006).  Institutional 

Review Board approval in addition to a formal request was submitted online prior to data access 

and was maintained throughout the duration of the study (see Appendix C for the IRB approval 

memoranda). 

  

                                                      

4 A small sample of children (N = 54) were tested in a language other than English or Spanish 
(United States Department of Health and Human Services, 2010b). 
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CHAPTER 3 

 

RESULTS 
 

Descriptive Statistics 
 

All analyses were conducted using SPSS (Version 19.0; IBM, 2011) and Mplus (Version 

7.31; Muthen & Muthen, 2013).  The sample included a substantial proportion of dual language 

learners.  Children’s language status was based on a rating that ranged from 0 (not at all) to 2 

(very much) and included codes for “do not know” and “not ascertained.”  A language sample 

dummy variable indicator in the dataset was used to identify children who were assessed in 

English in fall 2002 and spring 2003.  This procedure was carried out because children who were 

identified as dual language speakers based on the dummy variable indicator would have received 

a Spanish version of the CTOPPP in fall 2002.  Thus, children included in the following analyses 

received measures in English across all time points.  Because the 3- and 4-year-olds were 

staggered (i.e., the 3-year-olds received the CTOPPP and WJ-LWID from fall 2002 to spring 

2005 and the 4-year-olds received the CTOPPP and WJ-LWID from fall 2002 to spring 2004), 

the groups were matched so that the first assessment for the 4-year-olds occurred in spring 2003 

rather than fall 2002.  

Prior to conducting latent variable analyses, the data were first screened for univariate 

and bivariate outliers.  Outliers were identified using the median plus or minus two interquartile 

ranges (IQR) criterion.  This criterion is calculated by obtaining the difference between the 25th 

and 75th percentiles (i.e., the first and third quartiles).  When compared to using the mean plus or 

minus three standard deviations criterion, the IQR criterion is the preferred method for handling 

outliers because the median is much less affected by removed or modified outliers than the mean.  

Univariate outliers across fall 2002, spring 2003, spring 2004, and spring 2005 accounted for 4% 

of CTOPPP raw score data and 6% IRT-scaled score data.  Outliers accounted for 4% of WJ-

LWID raw score data and less than 1% w-score data across all assessment points.  Outliers 

accounted for 2% of PPVT raw score data and 1% of IRT-scaled score data across all assessment 

points.  Bivariate outliers were also examined across fall 2002, spring 2003, spring 2004, and 

spring 2005.  Across all assessment times, bivariate outliers for raw score and IRT-scaled score 

data (i.e., outliers for the CTOPPP and WJ-LWID, the CTOPPP and PPVT, and the WJ-LWID 



28 
 

and PPVT) represented less than 0.1% of the data.  Univariate and bivariate outliers were 

retained for all subsequent analyses because they were reflective of the data and because they 

represented only 3% (univariate) and less than 0.1% (bivariate) of the overall data. 

Descriptive statistics are presented in Table 2.  As expected, the weighted mean scores 

across the CTOPPP, WJ-LWID, and PPVT increased with each subsequent year from fall 2002 

through spring 2005.  The CTOPPP and the PPVT were both scaled using IRT EAP estimation; 

WJ-LWID was scaled based on the WJ w-scores, which is also based on IRT scaling.  I chose to 

use IRT-scaled scores because IRT scores are optimal for modeling change (Hays, Morales, & 

Reise, 2000) and also because floor effects that were present for some of the raw scores (e.g., 

WJ-LWID in fall 2002) were much less pronounced for the IRT-scaled scores.  All subsequent 

latent variable analyses were conducting using maximum likelihood with robust standard errors 

(MLR), which is required for analyses that include weighting variables.  All tasks demonstrated 

adequate variability at each of the assessment points.   

Missingness was investigated using missing value analysis in SPSS.  Little’s missing 

completely at random test indicated that data were not missing completely at random for the 

CTOPPP [χ2 = 277.26 (23), p < .001], WJ-LWID [χ2 = 232.03 (23), p < .001], and PPVT [χ2 = 

465.75 (22), p < .001] across assessment points.  Missing data were estimated using full 

information maximum likelihood (FIML; Anderson, 1957).  FIML is the preferred method for 

handling missing data because this method tends to provide the least biased estimates and result 

in fewer data issues when compared to other methods for handling missing data (e.g., list- and 

pairwise deletion; Wothke, 1998).  FIML is the default for handling missing data in Mplus. 

Given the longitudinal nature of the data, the data were weighted using a weight variable 

specific for children who were assessed at three or more time points from fall 2002 to spring 

2006 and based on an eligibility status variable for this weight in the dataset (United States 

Department of Health and Human Services, 2010a).  This weight variable was also applied for 

descriptive analyses (see Table 2).  Additionally, children were nested within centers and centers 

were nested in programs.  I accounted for the effects of the nested structure of the data on 

significance tests for the latent variable analyses using type=complex in Mplus.  Given that 

type=complex only allows for children nested in either centers or programs, I chose between the 

cluster variables based on which cluster exhibited the most variance for all eight outcome 

variables of interest (i.e., CTOPPP and WJ-LWID performance at four assessment points).  I 
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accomplished this by specifying a three-level unconditional model (i.e., children nested within 

centers nested within programs) that included child-, center-, and program-level weights within 

each level of the model.  Using this method, program had more variance associated with it than 

did center across all outcome variables.  Thus, program was used as the cluster variable for all 

subsequent analyses. 

 
Latent Change Score Modeling 

 

I conducted latent change score modeling to examine the co-development of 

phonological awareness and decoding ability over time.  Prior to conducting latent change score 

modeling, I standardized mean IRT-scaled scores of the CTOPPP and WJ-LWID at the second 

time point (see Table 2).  Time-based standardization is important because it aids in the 

interpretability of the change parameters.  I standardized the variables based on the second time 

point rather than the first time point because the second time point includes both the 3- and 4-

year-olds whereas time one includes only the 3-year-olds.  As mentioned previously, longitudinal 

sampling weights and clustering of the data were also taken into account within these analyses.   

The goodness-of-fit for the subsequent models were determined using model fit indices 

provided by MLR estimation, including the Satorra-Bentler scaled chi-square statistic (S-B χ2), 

comparative fit index (CFI), Tucker-Lewis index (TLI), root mean square error of approximation 

(RMSEA), standardized root mean square residual (SRMR), and the sample-size adjusted 

Bayesian information criterion (BIC).  Chi-square values represent differences between the 

observed and expected (i.e., modeled) covariance matrices, and values near zero with associated 

probability values greater than .05 are desired.  The nearer a chi-square value is to zero, the less 

difference there is between the observed and expected covariance matrices.  CFI is a baseline 

comparative index that compares the observed model to a model in which all factors are 

constrained to be uncorrelated (Byrne, 1994).  CFI values can range from .00 to 1.00.  TLI is a 

non-normed fit index that, similar to the CFI, compares the expected model with the null model 

(Garver & Mentzer, 1999).  TLI values can also range from .00 to 1.00.  CFI and TLI values 

closer to 1.00 are desired.  Values greater than .95 for both indices suggest excellent model fit, 

while values between .90 and .95 suggest adequate model fit (Hu & Bentler, 1999).  RMSEA 

values represent the fit between the expected and actual population covariance matrices (Browne 

& Cudeck, 1993) and account for large sample sizes (Steiger & Lind, 1980).  Values range from 
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.00 to 1.00, and values near zero with associated probability values greater than .05 are desired.  

RMSEA values less than .06 are indicative of an excellent fitting model (Hu & Bentler, 1995) 

whereas values less than .08 are acceptable (MacCallum, Browne, & Sugawara, 1996).  SRMR 

values represent differences between the observed and expected residual covariance matrices, 

and values near zero are desired.  Values less than .05 are indicative of excellent fitting models 

(Steiger, 1990) whereas values of less than .08 are acceptable (Browne & Cudeck, 1993).  BIC 

estimates are based on a balance between the information provided by a model as well as its 

parsimony and smaller values are desired (Schwarz, 1978); the BIC is best suited for large 

sample sizes. 

 
Univariate Latent Change Score Models 

 

Prior to conducting bivariate latent change score modeling (i.e., testing lagging and 

leading indicators of change in phonological awareness decoding ability), I carried out a series of 

analyses that tested competing models of change for phonological awareness and decoding 

ability separately.  Starting with phonological awareness, the dual change model provided an 

excellent fit to the data (see Table 3).  Comparing the dual change model to the constant change 

model resulted in significant differences, suggesting that the growth in phonological awareness is 

both proportional and constant (Wald = 69.43 with 1 df, p < .001)5.  Similar results were 

obtained for comparisons of the proportional change model and the dual change model (Wald = 

643.95 with 3 df, p < .001).  As expected, the no-change model provided the worst fit to the data 

and resulted in a significant difference when compared to the dual change model (Wald = 792.21 

with 4 df, p < .001). 

In the aim of improving the fit of the dual change model, I freed the previously imposed 

equality constraints across the proportional change parameters (see Table 3).  Doing so resulted 

in an excellent-fitting model [S-B χ2 = 26.92 (5), p < .001; CFI = .97; TLI = .96; RMSEA = .04, 

p-close = .79; SRMR = .05; sample-adjusted BIC = 23,121.29].  Compared to the dual change 

model in which proportional change parameters were constrained to equality, this more relaxed 

model provided a better fit to the data (Wald = 9.46 with 2 df, p < .01).  This makes sense given 

                                                      

5 Because all models were estimated using MLR estimation, negative chi-square difference 
values can sometimes emerge between nested models.  Thus, I report the Wald test for parameter 
constraints for competing models as opposed to the traditional chi-square difference test. 
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the amount of variability in the proportional change parameters (β) across the four assessment 

points (see Table 4).  Overall, children with stronger phonological awareness skills (i.e., those 

who attained higher scores on the CTOPPP at previous time points) changed more compared to 

children with weaker skills, as indicated by a positive slope (µ = 0.76, p < .001) and positive 

proportional change parameters.  Change was the greatest between fall 2002 and spring 2003 (β1 

= 0.86, p < .001) and slowed down slightly between spring 2003 and spring 2005 (β2 = 0.63, p < 

.01; β3 = 0.47, p < .001).  A negative correlation between the intercept and slope (r = –.24, p < 

.001) indicated non-fan spread growth over time; this correlation corresponds to a standardized 

correlation value of r = –.97. 

I followed this same procedure for the univariate latent change score models of decoding 

ability.  The dual change model provided a good fit to the data (see Table 3).  When compared to 

the constant change model, a significant difference emerged (Wald = 170.92 with 1 df, p < .001).  

The constant change model additionally had linear dependency among variables, making it an 

invalid model.  Comparisons of the dual change model to the proportional change model and the 

no-change model additionally resulted in significant differences (Wald = 1,190.27 with 3 df, p < 

.001 for the comparison of the dual change model to the proportional change model; Wald = 

24,988.69 with 4 df, p < .001 for the comparison of the dual change model to the no-change 

model).   

Because the fit statistics for the best-fitting dual change model were not optimal, I 

additionally specified the dual change model to have freed proportional change parameters.  

Doing so lead to a significant improvement in model fit compared to the dual change model in 

which proportional change parameters were constrained to equality (Wald = 28.33 with 2 df, p < 

.001).  This model provided an excellent fit to the data [S-B χ2 = 37.04 (5), p < .001; CFI = .96; 

TLI = .96; RMSEA = .05, p-close = .45; SRMR = 04; sample-adjusted BIC = 23,879.38].  

Parameter estimates for this final model are provided in Table 4.  Similar to phonological 

awareness, children with stronger decoding skills (i.e., those who scored higher on the WJ-

LWID) changed more compared to children with weaker decoding skills, as indicated by positive 

a slope mean (µ = 1.07, p < .001) and positive proportional change parameters.  Change was 

greatest between fall 2002 and spring 2003 (β1 = 1.63, p < .001) and decreased slightly in 

magnitude between spring 2003 and spring 2005 (β2 = 1.26, p < .001; β3 = 1.02, p < .001).  A 

negative correlation between the intercept and slope (r = –.55, p < .001) indicated non-fan spread 
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growth over time; this correlation corresponds to a standardized correlation value of r = –.99. 

 
Bivariate Latent Change Score Models 

 
Following the univariate modeling of phonological awareness and decoding ability 

separately, I included both constructs jointly within a single bivariate latent change score model.  

Similar to the univariate models, goodness-of-fit for the bivariate models were determined using 

the S-B χ2 statistic, CFI, TLI, RMSEA, and SRMR because the no coupling model is nested 

within the one-way coupling models and the one-way coupling models are nested within the full 

coupling model.  Additionally, the two one-way coupling models were compared using the 

sample-size adjusted BIC values because the two models are non-nested. 

I began by fitting a full coupling model that combined the features of the two best-fitting 

univariate models – dual change with freed proportional change parameters for both 

phonological awareness and decoding ability – in addition to the presence of cross-construct 

influences.  The full coupling model provided an excellent fit to the data (see Table 5).  

Comparisons of the two leading indicator models suggested that decoding ability as a leading 

indicator of phonological awareness provided a better fit to the data than did phonological 

awareness as a leading indicator of decoding ability based on BIC values (∆BIC = 27.36).  

Compared to the preferred leading indicator model, the full coupling model did not provide a 

better fit to the data (Wald = 0.29, p = .59).  As a result, the more parsimonious decoding as a 

leading indicator model was preferred over the full coupling model.  I then compared this leading 

indicator model to the no coupling model.  This comparison resulted in a significant difference 

between models (Wald = 15.10 with 1 df, p < .001), indicating that the decoding as a leading 

indicator model provided a better fit to the data.  See Table 6 for parameter estimates. 

Based on this best-fitting model, decoding ability predicts change in subsequent 

phonological awareness.  Because decoding was included as a predictor of phonological 

awareness, previous status in phonological awareness was not a significant predictor of change 

from fall 2002 to spring 2004 (β1 = 0.06, p = .83; β2 = –0.21, p = .28).  Moreover, there was 

some evidence for a plateau from spring 2004 to spring 2005 based on these parameters (β3 = –

0.50, p < .05).  That is, there was evidence that children with weaker phonological awareness 

skills were catching up to children with stronger skills during these final two assessment points.  

Children who attained higher scores in decoding changed more over time compared to children 
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with lower scores, on average; the greatest change occurred early on (β1 = 1.71, p < .001; β2 = 

1.25, p < .001; β3 = 1.01, p < .001).  Additionally, decoding ability was a significant predictor of 

change in phonological awareness over time, (γ = 0.71, p < .001), with children with stronger 

decoding skills exhibiting the greatest change in phonological awareness. 

I then specified dynamic-change models (i.e., bivariate models in which the coupling 

parameters were not constrained to equality) as a way of capturing potential variability in change 

across time.  I began by fitting a full coupling model, which provided an excellent fit to the data 

(see Table 5).  Following this, I specified two leading indicator models.  Once again, the 

decoding ability leading indicator model provided a better fit to the data than did the 

phonological awareness leading indicator model based on BIC differences (∆BIC = 12.69).  

Thus, I compared the full coupling model to this preferred leading indicator model.  This resulted 

in a non-significant difference (Wald = 4.52 with 3 df, p = .21), suggesting that the more 

parsimonious leading indicator model is preferred.  A comparison of the preferred leading 

indicator model to the original no-coupling model resulted in a significant difference between the 

two models, indicating that the decoding as a leading indicator model provided a better fit to the 

data (Wald = 29.13 with 3 df, p < .001).  Additionally, when I compared the two final best-fitting 

equivalent-change and dynamic-change leading indicator models, the equivalent-change model 

was preferred (Wald = 1.45 with 2 df, p = .48).  This suggests that dynamic co-development is 

not present for the influence of decoding on phonological awareness, but rather, that these 

influences are relatively consistent over time (see Tables 5 and 6). 

 
Multi-Group Modeling 

 

Head Start versus Non-Head Start Attendance 
 

A unique feature of the present sample is that children were randomly assigned to receive 

Head Start or not, making it possible to investigate differences and similarities in developmental 

trajectories between the two groups in addition to having a potential replication sample.  In effort 

to examine potential differences, I carried out multi-group analyses for the best-fitting univariate 

and bivariate models obtained in the full sample analyses.  Within the dataset, approximately 

10% of children were identified as “no-shows” (i.e., children who were assigned to receive Head 

Start and did not receive it) and “cross-overs” (i.e., children who were not assigned to receive 

Head Start and did receive it) in each group, respectively.  Thus, I reclassified children based on 
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their random assignment to Head Start versus not Head Start and also accounted for no-shows 

and cross-overs to obtain two groups of children who either attended Head Start or did not attend 

Head Start. 

For the univariate model of phonological awareness, I began by fitting an invariant model 

(i.e., the parameters were constrained to equality across the two groups).  This model provided 

an excellent fit to the data (see Table 7).  Following this, I fit a model in that allowed the means 

to be different across the two groups.  A comparison of this model to the invariant model resulted 

in a non-significant difference (Wald = 2.74 with 2 df, p = .25), suggesting that the two groups 

had similar means.  I then fit a model that additionally allowed the variances and covariances to 

vary across groups, and this model also provided an excellent fit to the data.  A comparison of 

the original invariant model to the model that additionally freed the variances and covariances 

resulted in a non-significant difference (Wald = 4.08 with 5 df, p = .54).  Thus, the more 

parsimonious invariant model was retained for further comparisons.  Following this, I fit a model 

that additionally freed the proportional change parameters across the two groups.  This model 

provided a similarly excellent fit to the data.  A comparison of this model with the original 

invariant model resulted in a non-significant difference (Wald = 6.20 with 8 df, p = .62), 

suggesting that the more parsimonious invariant model was preferred.  The final model was one 

that additionally freed the residual errors across the two groups.  This model provided a good fit 

to the data but fit the data slightly less well than the previous models.  When compared with the 

invariant model, there was a non-significant difference between the two models (Wald = 7.07 

with 9 df, p = .63), indicating that the invariant model was the preferred model overall.  

Parameter estimates for this model are presented in Table 8. 

 Given that the model specified invariance across the two groups, the parameter estimates 

are equivalent for children who attended Head Start versus did not attend Head Start.  As was the 

case for previous univariate models of phonological awareness, a positive mean slope (µ = 0.75, 

p < .001) and positive proportional change parameter estimates indicated that children with 

strong phonological awareness skills changed more over time relative to children with weaker 

skills.  Change was greatest between fall 2002 and spring 2003 (β1 = 0.88, p < .001) and then 

decelerated between the later assessment points (β2 = 0.64, p < .01; β3 = 0.47, p < .001).  A 

negative correlation between the intercept and slope across both groups (r = –.24, p < .001) 

indicated non-fan spread growth over time; this correlation corresponds to a standardized 
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correlation value of r = –.97. 

 For the best-fitting univariate model of decoding obtained previously, I followed the 

same steps (see Table 9).  I first fit an invariant model to the data, which provided a good fit.  

Following this, I fit a model that allowed the means to vary across the two groups, and this 

model also provided an excellent fit to the data.  A comparison of this model with the invariant 

model resulted in a significant difference (Wald = 11.72 with 2 df, p < .01), indicating that the 

means between two groups were significantly different.  I then fit a model that allowed the 

variances and covariances to be different across the two groups.  This model provided a good fit 

to the data. When compared with the differing-means model, there was a non-significant 

difference between the two models (Wald = .59 with 3 df, p = .90).  I then specified a model that 

allowed the proportional change parameters to vary.  When compared to the differing means 

model, significant differences emerged (Wald = 23.61 with 6 df, p < .001), which suggested that 

the less-constrained model provided a better fit to the data and that the two groups differ 

significantly in their rates of change.  Finally, I fit a model that additionally freed the residual 

error variances between the two groups.  This model also provided a good fit to the data; 

however, additionally freeing the error variances did not result in significantly better fit (Wald = 

1.43 with 1 df, p = .23).  A non-significant estimate suggests that the more parsimonious model 

with constrained residual errors is preferred.  Parameter estimates for this model are presented in 

Table 10. 

 Although a model specifying differences in means, variances, covariances, and 

proportional change parameters provided the best fit to the data, the trends across the two groups 

were very similar.  The intercept means were identical for both groups (µ0 = –0.43).  However, 

the mean slope was noticeably different across the two groups (µ1 = 0.98 for children who 

attended Head Start versus µ1 = 1.20 for children who did not attend Head Start).  This indicated 

that children who did and did not Head Start did not exhibit similar rates of change.  The high 

amount of variability associated with the slope in the non-Head Start group (σ2
1 = 1.16) 

compared to the Head Start group (σ2
1 = 0.50) may account for these observed differences in the 

mean of the slopes.  Group differences were also reflected in the proportional change parameters.  

Children who did not attend Head Start had higher proportional change in decoding compared to 

children who attended Head Start (β1 = 2.09, p < .001; β2 = 1.63, p < .001; β3 = 1.16, p < .001 for 

the non-Head Start group compared to β1 = 1.20, p < .001; β2 = 0.88, p < .001; β3 = 0.86, p < .001 
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for the Head Start group).  However, across both groups, children with stronger decoding 

changed more over time.  Relatively strong negative correlations across both groups (rs = –.45 

and –.62 for Head Start and non-Head Start, respectively) indicated non-fan spread growth over 

time.   

 Following the comparisons of the two univariate models, I conducted multi-group 

modeling for the best-fitting bivariate model across the two groups – the equivalent-change 

decoding ability as a leading indicator of phonological awareness model.  I began by fitting a 

bivariate model that included fixed and freed parameters obtained through multi-group modeling 

of the univariate phonological awareness and decoding ability models (see Tables 7 and 9).  

Thus, I initially fit the fixed-change phonological awareness as a leading indicator of decoding 

model that included cross-group invariance for phonological awareness and freed means, 

variances, covariances, and proportional change parameters for decoding (see Table 11).  This 

initial model provided an excellent fit to the data.  Following this, I freed the covariance 

parameters for the observed indicators.  This model provided a very similar fit to the data as the 

baseline bivariate model.  Comparisons of this model to the original model resulted in a non-

significant difference (Wald = 0.06 with 1 df, p = .81).  I then compared the original model to a 

model in which the coupling parameters were free to vary across the two groups.  A comparison 

of these models resulted in a significant difference (Wald = 8.25 with 2 df, p < .05), which 

indicates that the less-constrained model provided a better fit to the data and that that the two 

groups demonstrated differences in the magnitude of the cross-construct influences.  Parameter 

estimates for this model are presented in Table 12. 

Given the univariate constraints on phonological awareness, children who did and did not 

attend Head Start had identical parameter estimates.  Overall, children with higher phonological 

awareness (µ1 = 0.73) and decoding scores (µ1 = 1.04 for the Head Start group and µ1 = 1.07 for 

non-Head Start group) changed more in each respective construct across the four time points.  

Within-construct proportional change parameters for phonological awareness indicated that prior 

status on phonological awareness was no longer a significant predictor of change in phonological 

awareness over and above decoding (β1 = 0.20, p = .55; β2 = –0.07,  p = .79; β3 = –0.35, p = .27).  

Based on this model, there was a large change in decoding from fall 2002 to spring 2003 (β1 = 

1.28, p < .001 for the Head Start group; β1 = 2.15, p < .001 for the non-Head Start group) 

followed by a decline in the rate of change in decoding between spring 2003 and spring 2005 (β2 
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= 0.91, p < .001 and β3 = 0.83, p < .001 for the Head Start group; β2 = 1.56, p < .001 and β3 = 

1.21, p < .001 for the non-Head Start group).  Similar to within-construct influences, children 

with stronger decoding skills had a greater change in phonological awareness compared to 

children with weaker skills. (γ = 0.54, p < .05 for the Head Start group and γ = 0.67, p < .01 for 

the non-Head Start group). 

 
Latent Class Analyses 

 

In an effort to investigate whether there were latent differences in children’s 

developmental trajectories, I conducted exploratory latent class analyses in conjunction with 

latent change score modeling for the original analysis sample (see Table 2).  Latent class analysis 

is an analytical method that allows for the identification of unobservable subgroups (Goodman, 

1974; Lazarsfeld, 1950) based on specified item response patterns.  With latent class analysis, 

class categorizations are based on probabilities (i.e., the probability of an individual belonging to 

a particular group based on an item response or multiple item responses).  Each of the best fitting 

univariate and bivariate models (see Tables 3 to 6) were combined with latent class analysis in a 

mixture modeling framework. 

I began by specifying a two-class model for the best-fitting univariate models of 

phonological awareness and decoding ability (see Table 13).  I compared a single-class latent 

change score model (i.e., the baseline model) with a model that specified two classes.  Entropy 

values closer to 1.00 are indicative of highly distinct latent classes and are desired.  The Vuong-

Lo-Mendell Rubin likelihood ratio test (VLMR-LRT) compares every subsequent model to a 

model with one less class.6  Sample-size adjusted BIC values are also reported.  For univariate 

phonological awareness, the two-class model was not preferred over the one-class model 

(sample-size adjusted BIC = 23,121.29) for the means (sample-size adjusted BIC = 22,979.66 

VLMR-LRT p = .14) and variances and covariances (sample-size adjusted BIC = 22,914.12; 

VLMR-LRT p = .55).  Comparisons of the one- and two-class models for models that included 

freed proportional change parameters (sample-size adjusted BIC = 22,606.11; VLMR-LRT p < 

.05) and freed residual errors (sample-size adjusted BIC = 22,326.24; VLMR-LRT p < .05) 

suggested the presence of more than a single class.  However, the model with freed proportional 

                                                      

6 Given model specifications, the bootstrapped likelihood ratio test is not available. 
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change parameters had linear dependency and both models had relatively low entropy values (.48 

for the proportional parameters model and .61 for the residual errors model), indicating that the 

two classes were not well-defined.  Thus, the original one-class latent change score model was 

retained for phonological awareness. 

There was a very similar trend for decoding (see Table 13).  When I compared the best-

fitting single-class latent change score model (sample-size adjusted BIC = 23,879.38) with a 

model that specified two classes based on means (sample-size adjusted BIC = 23,801.40; 

VLMR-LRT p = .08), proportional change parameters (sample-size adjusted BIC =  23,572.03; 

VLMR-LRT p = .09), and residual errors (sample-size adjusted BIC = 23,576.67; VLMR-LRT p 

= .09), none of the models suggested the presence of more than one class.  Moreover, the two-

class model based on proportional change parameters and residual errors exhibited linear 

dependency among variables within at least one class.  VLMR-LRT estimates for the model that 

specified two classes based on variances and covariances (sample-size adjusted BIC = 23,763.02; 

VLMR-LRT p < .05) did suggest the presence of two classes; however, this model had a low 

entropy value (.35).  Based on this outcome, the original one-class model was also retained for 

decoding. 

I then investigated whether more than one class would emerge for the best-fitting 

bivariate model (i.e., equivalent-change decoding as a leading indicator of phonological 

awareness; see Table 13).  Based on the findings for the two univariate models, I compared the 

one-class bivariate model (sample-size adjusted BIC = 45,828.22) to a two-class model that 

included class-specific differences in the means (sample-size adjusted BIC = 45,670.54; VLMR-

LRT p = .46), observed indicator covariances (sample-size adjusted BIC = 45,673.41; VLMR-

LRT p = .54), and the coupling parameters (sample-size adjusted BIC = 45,656.70; VLMR-LRT 

p = .62) only.  None of the tested models suggested the presence of more than one class. 

 
Known Classes Approach 

 

In an effort to examine whether or not the co-developmental relations between 

phonological awareness and decoding ability vary based on reading ability, I conducted latent 

change score modeling on subgroups of good and poor readers.  
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Good Readers 

 

Good readers were identified as scoring above the 40th percentile on the WJ-LWID and 

CTOPPP in spring 2005 within the original analysis sample (see Table 24 for z-score estimates).  

In order to be as inclusive as possible, percentile cut-offs were based on CTOPPP raw scores 

and/or EAP IRT scores as well as WJ-LWID raw scores, w-scores, and/or percentile rank 

estimates.  Spring 2005 was chosen because kindergarten assessment likely provided a better 

estimate of phonological awareness and word reading performance than earlier estimates given 

that children were very young during prior assessment points.  Using this method, 1,207 children 

were identified as good readers within the original analysis sample.  Z-score estimates for this 

sample are provided in Table 14. 

Univariate latent change score models.  As was done previously, I carried out a series 

of analyses that tested competing models of change for phonological awareness and decoding 

ability separately.  Unfortunately, the models that were fit, including the final models, did not 

provide an optimal fit to the data.  Therefore, I focus more on the potential pattern of 

development that emerged rather than specific parameter estimates.   

Beginning with phonological awareness, I fit a dual change model to the data, which 

provided generally poor fit (see Table 15).  However, when compared to the constant change 

model, the dual change model had significantly better fit to the data (Wald = 90.84 with 1 df, p < 

.001).  However, the constant and dual change models both exhibited linear dependency among 

variables.  The dual change model was then compared to a proportional change model.  This 

model also had linear dependency among variables.  A Wald test of parameter constraints 

indicated that when compared with the proportional change model, the dual change model 

provided a significantly better fit to the data (Wald = 290.83 with 3 df, p < .001).  The no change 

model provided the worst fit to the data overall and also had linear dependency among variables.  

Model comparisons of the no change and the dual change models indicated that the dual change 

model provided a better fit to the data, which was expected (Wald = 8,932.96 with 4 df, p < 

.001).   In a final effort to improve model fit, I compared the best-fitting model with a dual 

change model in which the equality constraints on the proportional change parameters were 

allowed to vary [S-B χ2 = 94.84 (5), p < .001; CFI = .53; TLI = .43; RMSEA = .12, p-close < 

.001; SRMR = .16; sample-adjusted BIC = 9,838.15].  Although the dual change model with 

freed proportional change parameters also had linear dependency, model testing indicated that it 
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provided a better fit to the data than did the dual change model with constrained proportional 

change parameters (Wald = 11.68 with 2 df, p < .01).  Taken together, these results suggest that 

for good readers, change in phonological awareness is both constant and proportional.  Yet, these 

results must be approached cautiously given the generally poor fit of the best-fitting model. 

Next, I fit four univariate models of decoding.  I began by fitting a dual change model, 

and this model provided an adequate fit to the data (see Table 15).  When compared to the 

constant change model, the dual change model had significantly better fit to the data (Wald = 

160.95 with 1 df, p < .001).  The constant change model also exhibited linear dependency among 

variables.  The proportional change model provided worse fit to the data than did the constant 

change model and also resulted in significant differences when compared to the dual change 

model (Wald = 468.81 with 3 df, p < .001).  The no change model provided the worst fit to the 

data and also had linear dependency among variables.  Model comparisons of the no change and 

the dual change models indicated that the dual change model provided a better fit to the data, 

which was expected (Wald = 30,190.79 with 4 df, p < .001). 

In an effort to improve model fit, I compared this model with a dual change model in 

which the equality constraints on the proportional change parameters were relaxed [S-B χ2 = 

30.19 (5), p < .001; CFI = .94; TLI = .93; RMSEA = .07, p-close = .12; SRMR = .06; sample-

adjusted BIC = 10,889.44].  Doing lead to a significant improvement in model fit, indicating that 

the dual change model with freed proportional parameters provided the best fit to the data (Wald 

= 9.61 with 2 df, p < .01).  Thus, model testing indicates that for good readers, change in 

decoding ability is best characterized as being constant and proportional across time. 

Bivariate latent change score models. Following the univariate modeling of 

phonological awareness and decoding ability separately, I included both constructs jointly within 

a single latent change score model to test competing hypotheses about the co-developmental 

relations between these skills. 

The first bivariate model that was fit to the data was a full coupling model.  This model 

provided a generally unacceptable fit to the data and had linear dependency (see Table 16).  

Following this, I fit two leading indicator models to the data.  Although both models exhibited 

linear dependency, phonological awareness as a leading indicator of decoding provided a slightly 

better fit to the data than did the decoding ability as a leading indicator model based on BIC 

values (∆BIC = 1.13).  Thus, this preferred model was then compared to the full coupling model.  
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This comparison resulted in a non-significant difference between models (Wald = 2.03, p = .15).  

Following this, I fit the no coupling model to the data, which provided a similar fit and also had 

linear dependency.  Comparisons of the no coupling model to the phonological awareness as a 

leading indicator model also resulted in a non-significant difference (Wald = .04 with 1 df, p = 

.85), suggesting that the more parsimonious no-coupling model was preferred.  However, given 

the generally poor fit of the final model, in addition to the fact that there was linear dependency 

among variables, this outcome must be approached cautiously.   

Unfortunately, dynamic-change bivariate modeling was not possible because the full 

coupling model was unable to be estimated due to untrustworthy parameter estimates.  Increasing 

the number of iterations, upping the convergence criteria, and providing start values for some 

problematic estimates did little to fix the issue.  Nonetheless, it is unlikely that these models 

would have provided additional information given the linear dependency found across the 

equivalent-change bivariate models. 

 
Non-Discrepant Poor Readers 

 

In this framework, non-discrepant poor readers were identified as scoring below the 25th 

percentile on the CTOPPP based on raw scores and/or EAP IRT scores, the WJ-LWID based on 

raw scores, w-scores and/or percentile rank estimates, and the PPVT based on raw scores, EAP 

IRT scores, and/or percentile rank estimates in spring 2005.  Using this method, 215 children 

were identified as non-discrepant poor readers within the original analysis sample.  Z-score 

estimates for this sample are provided in Table 14. 

Univariate latent change score models.  I began by fitting a dual change model of 

phonological awareness, which provided an unacceptable fit to the data and had linear 

dependency among variables, making it an invalid model (see Table 15).  Following this, I fit a 

constant change model to the data.  The fit of this model was equivalent to the dual change 

model (Wald = 2.06 with 1 df, p = .15).  However, the constant change model also had linear 

dependency among variables.  The proportional change model exhibited substantially worse fit 

compared to the constant change model (∆χ2 = 33.88 with 2 df, p < .001).7  Fitting the no-change 

                                                      

7 Chi-square difference testing was used in this instance because the Wald test of parameter 
constraints could not be used for this comparison.  A difference test scaling correction was 



42 
 

model resulted in the worse fit overall.  When compared with the constant change model, it 

resulted in a significant difference (Wald = 94.00 with 3 df, p < .001).  I then fit a dual change 

model in which the proportional change parameters were allowed to vary.  Although, freeing the 

proportional change parameters did not improve overall model fit [S-B χ2 = 54.42 (5), p < .001; 

CFI = .00; TLI = –1.31; RMSEA = .21, p-close < .001; SRMR = .17; sample-size adjusted BIC = 

2,042.81], a comparison of the freed dual change model with the constant change model 

indicated that there were significant differences between the two models (Wald = 10.02 with 2 

df, p < .05).  Thus, model testing would suggest that change in phonological awareness is both 

constant and proportional for non-discrepant poor readers; however, due to the severity of 

modeling issues, these results must be interpreted cautiously.  

Next, I fit a univariate dual change model of decoding ability, which provided an 

adequate fit to the data (see Table 15).  When compared to the constant change model, the dual 

change model had a significantly better fit to the data (Wald = 9.57 with 1 df, p < .01).  I then 

compared the dual change model to a proportional change model, and the dual change model 

continued to provide a significantly better fit to the data (Wald = 240.55 with 3 df, p < .001).  

Moreover, the proportional change model had linear dependency among variables.  The no 

change model provided the worst fit to the data.  Model comparisons of the no change and the 

dual change model indicated that the dual change model provided a better fit to the data (Wald = 

2,701.44 with 4 df, p < .001).  In an effort to improve model fit, I compared this model with a 

dual change model in which the equality constraints on the proportional change parameters were 

relaxed [S-B χ2 = 6.41 (5), p = .27; CFI = .96; TLI = .95; RMSEA = .04, p-close = .54; SRMR = 

.11; sample-size adjusted BIC = 2,059.94].  Model testing indicated that it provided a better fit to 

the data than did the dual change model with constrained proportional change parameters (Wald 

= 7.05 with 2 df, p < .05).  Taken together, these results suggest that for non-discrepant poor 

readers, change in decoding is both constant and proportional.   

Given the unacceptable fit of the best-fitting univariate model of phonological awareness, 

bivariate latent change score modeling was not conducted for this subgroup because it was 

highly likely that the modeling issues encountered in the univariate models would transfer to the 

bivariate models. 

                                                      

applied in order to compute the Satorra-Bentler scaled chi-square difference test (see Satorra & 
Bentler, 2001). 
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Discrepant Poor Readers 

 

In this framework, discrepant poor readers were identified as scoring at or below the 25th 

percentile on the CTOPPP based on raw scores and/or EAP IRT scores, the WJ-LWID based on 

raw scores, w-scores and/or percentile rank estimates, and above the 40th percentile on the PPVT 

based on raw scores, EAP IRT scores, and/or percentile rank estimates in spring 2005.  Using 

this method, 163 children were identified as discrepant poor readers within the original analysis 

sample.  Z-score estimates for this sample are provided in Table 14.   

Modeling issues were encountered for this subgroup as well (see Table 18).  The only 

valid models that emerged for phonological awareness were the no-change and proportional 

change models because all other models exhibited linear dependency, as was the case for the 

good readers and the non-discrepant poor readers; however, even the proportional change model 

continued to provide an unacceptable fit to the data.  Surprisingly, the dual change model of 

decoding ability provided an excellent fit to the data (see Table 18).  When this model was 

compared to a constant change model, it continued to provide a better fit (Wald = 23.02 with 1 

df, p < .001).  The proportional change model could not be estimated due to modeling issues 

related to the equality constraints imposed on the proportional change parameters.  However, a 

Wald test of parameter constraints indicated that there were significant differences between the 

proportional change and dual change models (Wald = 152.18 with 3 df, p < .001).  The no-

change model provided the worst fit to the data.  As expected, there were significant differences 

between the no-change model and dual change model (Wald = 2,291.96 with 4 df, p < .001).  

Freeing the proportional change parameters within the dual change model did not result in an 

improvement in model fit (Wald = 0.54 with 2 df, p = .76). 

Given the unacceptable fit of the best-fitting univariate model of phonological awareness, 

bivariate latent change score modeling was not conducted for this subgroup because it was 

highly likely that the modeling issues encountered in the univariate models would transfer to the 

bivariate models. 

 
Three-Year-Olds versus Four-Year-Olds   

 
Because these data included two separate groups of 3- and 4-year-old children (see 

Tables 19 and 20), I sought to investigate potential differences between the groups.  

Unfortunately, given that the 4-year-olds were only assessed in fall 2002, spring 2003, and 
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spring 2004, I was unable to conduct multi-group analyses of the latent change score models for 

the two groups using all four time points.  Therefore, I conducted latent change score modeling 

for both groups separately. 

Univariate latent change score modeling of the 3-year-olds.  Given the mean 

differences on phonological awareness and decoding ability that emerged across the two groups, 

I conducted latent change score modeling for the 3-year-olds only in order to further elucidate 

whether similar developmental trends would emerge for the younger group of children.   

Starting with phonological awareness, the dual change model provided an excellent fit to 

the data (see Table 21).  Comparing the dual change model to the constant change model resulted 

in a significant difference, suggesting that the growth in phonological awareness is both 

proportional and constant (Wald = 76.39 with 1 df, p < .001).   The constant change model also 

had some linear dependency among variables, making it an invalid model.  Similar results were 

obtained for comparisons of the proportional change model and the dual change model (Wald = 

171.70 with 3 df, p < .001).  As expected, the no-change model provided the worst fit to the data 

and resulted in a significant difference when compared to the dual change model (Wald = 920.13 

with 4 df, p < .001).  When the proportional change parameters were additionally allowed to vary 

within the dual change model, this resulted in an excellent-fitting model [S-B χ2 = 10.14 (5), p = 

.07; CFI = .99; TLI = .99; RMSEA = .03, p-close = .96; SRMR = .04; sample-adjusted BIC = 

16,525.43] that provided a better fit to the data (Wald = 25.54 with 2 df, p < .001).   

As expected, the overall trend remained the same as when both groups were included in 

the model (see Table 22 for parameter estimates).  Parameter estimates indicated a similar trend 

for the 3-year-olds as when both groups were included in the model (see Table 4 for parameter 

estimates for the full analysis sample).  Children with strong phonological awareness changed 

more across time (µ1 = 0.47).  However, the proportional change parameters were greater for the 

3-year-olds (β1 = 1.64, p < .001; β2 = 1.10, p < .001; β3 = 0.66, p < .001) than when both groups 

were included in the model (β1 = 0.86, p < .001; β2 = 0.63, p < .01; β3 = 0.47, p < .001).  A 

negative correlation between the intercept and slope (r = –.37, p < .001) indicated non-fan spread 

growth over time; this correlation corresponds to a standardized correlation value of r = –1.00.  

Following this, I fit univariate models of decoding.  The dual change model provided 

adequate fit to the data (see Table 21).  When compared to the constant change model, a 

significant difference emerged (Wald = 180.55 with 1 df, p < .001).  The constant change model 
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additionally exhibited some linear dependency among variables, making it an invalid model.  

Comparisons of the dual change model to the proportional change model and the no-change 

model additionally resulted in significant differences (Wald = 366.45 with 3 df, p < .001 for the 

comparison of the dual change model to the proportional change model; Wald = 11,649.41 with 

4 df, p < .001 for the comparison of the dual change model to the no-change model).  Linear 

dependency was also present within the no-change model.  I additionally specified a dual change 

model with the proportional change parameters freed [S-B χ2 = 17.89 (5), p < .01; CFI = .98; 

TLI = .98; RMSEA = .04, p-close = .73; SRMR = 03; sample-adjusted BIC = 17,110.40], which 

lead to a significant improvement in model fit (Wald = 16.96 with 2 df, p < .001). 

Parameter estimates for the best-fitting model are presented in Table 22.  Once again, the 

overall trends remained the same as when both groups were included within the models (see 

Table 4 for parameter estimates for the full analysis sample).  However, the proportional change 

estimates were slightly greater for the 3-year-olds (β1 = 2.05, p < .001; β2 = 1.46, p < .001; β3 = 

1.03, p < .001) than when both groups were included in the model (β1 = 1.63, p < .001; β2 = 1.26, 

p < .001; β3 = 1.02, p < .001).  A negative correlation between the intercept and slope (r = –.67, 

p < .001) indicated non-fan spread growth over time; this correlation corresponds to a 

standardized correlation value of r = –.99. 

Univariate latent change score modeling of the 4-year-olds.  Given that latent change 

score modeling requires at least four time points, I specified a phantom latent variable within the 

model for the 4-year-old cohort for the first time point so that the model would be structurally 

identical to that of the 3-year-olds.  The phantom variable serves as a placeholder so that the 

latent change score models are able to be estimated. Starting with phonological awareness, the 

dual change model provided an excellent fit to the data (see Table 23).  Comparing the dual 

change model to the constant change model resulted in significant differences, suggesting that 

the growth in phonological awareness is both proportional and constant (Wald = 16.86 with 1 df, 

p < .001).   Similar results were obtained for comparisons of the proportional change model and 

the dual change model (Wald = 62.09 with 3 df, p < .001).  As expected, the no-change model 

provided the worst fit to the data and resulted in a significant difference when compared to the 

dual change model (Wald = 313,592.01 with 4 df, p < .001). Parameter estimates for this model 

are presented in Table 24.  Overall, children with stronger phonological awareness skills changed 

more compared to children with weaker skills, as indicated by a positive slope (µ = 0.33, p < .05) 
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and positive proportional change parameters (β = 2.71, p < .001).  A strong negative correlation 

between the intercept and slope (r = –1.52, p < .001) indicated non-fan spread growth over time; 

this correlation corresponds to a standardized correlation value of r = –1.00. 

I followed this same procedure for the univariate latent change score models of decoding 

ability.  The dual change model provided a good fit to the data (see Table 23).  When compared 

to the constant change model, a significant difference emerged (Wald = 78.99 with 1 df, p < 

.001).  The constant change model additionally had linear dependency among variables, making 

it an invalid model.  Comparisons of the dual change model to the proportional change model 

and the no-change model additionally resulted in significant differences (Wald = 306.47 with 3 

df, p < .001 for the comparison of the dual change model to the proportional change model; Wald 

= 346,696.40 with 4 df, p < .001 for the comparison of the dual change model to the no-change 

model).  The no change model also had linear dependency among variables.  Parameter estimates 

for this final model are provided in Table 24.  Similar to phonological awareness, children with 

stronger decoding skills changed more compared to children with weaker decoding skills, as 

indicated by positive a slope mean (µ = 0.57, p < .001) and positive proportional change 

parameters (β = 2.67, p < .001).  A negative correlation between the intercept and slope (r = –

1.90, p < .001) indicated non-fan spread growth over time; this correlation corresponds to a 

standardized correlation value of r = –1.00. 

Bivariate latent change score modeling of the 3-year-olds.  I began by fitting a full 

coupling model, which provided an excellent fit to the data (see Table 25).  Comparisons of the 

two leading indicator models suggested that decoding as a leading indicator of phonological 

awareness was preferred over the model that specified phonological awareness as a leading 

indicator of decoding based on BIC values, although this difference was relatively small (∆BIC = 

3.11).  A comparison of the preferred leading indicator model and the full coupling model 

resulted in non-significant differences (Wald = .23 with 1 df, p = .63).  As a result, the more 

parsimonious decoding as a leading indicator model was preferred over the full coupling model.  

When the preferred leading indicator model was compared to the no coupling model, non-

significant differences emerged (Wald = 3.43 with 1 df, p = .06); however, there was evidence 

for the presence of a trend for the cross-construct influence of decoding on phonological 

awareness.  Thus, parameter estimates for the no-coupling model and decoding as a leading 

indicator model are presented in Tables 26 and 27. 
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Within both models, proportional change parameters for phonological awareness 

indicated that the most change occurred between spring fall 2002 and spring 2003 (β1 = 1.59, p < 

.001 for the no-coupling model and β1 = 1.02, p < .05 for the leading indicator model) relative to 

the later assessment points (β2 = 1.07, p < .001; β3 = 0.66, p < .001 for the no-coupling model 

and β2 = 0.50, p = .20; β3 = 0.04, p = .91 for the leading indicator model).  Children with 

stronger decoding skills also changed more over time compared to children with weaker skills.  

Similar to phonological awareness, the greatest change occurred early on (β1 = 2.04, p < .001; β2 

= 1.43, p < .001; β3 = 1.02, p < .001 for the no-coupling model and β1 = 2.04, p < .001; β2 = 

1.42, p < .001; β3 = 1.02, p < .001 for the leading indicator model).  Within the leading indicator 

model, there was evidence for a trend for children with the strongest decoding skills also change 

more in phonological awareness over time (γ = 0.47, p = .06). 

Following this, I specified four dynamic-change bivariate models.  I began by fitting a 

full coupling model, which provided an excellent fit to the data (see Table 25).  I then specified 

two leading indicator models.  A comparison of BIC values indicated that the decoding as a 

leading indicator model provided a better fit to the data than did the phonological awareness as a 

leading indicator model (∆BIC = 1.57).  A comparison of the full coupling model to the 

decoding ability as a leading indicator model resulted in non-significant differences (Wald = 1.65 

with 3 df, p =.65).  When I compared the original no-coupling model to the preferred indicator 

modes, this comparison also resulted in a non-significant difference (Wald = 6.38 with 3 df, p = 

.09), indicating that the more parsimonious no-coupling model is preferred.  Given that trends in 

the cross-coupling effect of decoding were detected for the equivalent-change model, this model 

was also compared to the dynamic-change decoding as a leading indicator model. When the 

equivalent- and dynamic-change leading indicator models were compared, it resulted in a non-

significant difference between the two models (Wald = .59 with 2 df, p = .75).  Taken together, 

this outcome suggests that dynamic trends for cross-construct influences are absent (see Tables 

26 and 27). 

Bivariate latent change score modeling of the 4-year-olds.  Following the univariate 

modeling of phonological awareness and decoding ability, I specified four equivalent-change 

bivariate models of co-developmental change; dynamic-change models could not be compared 

because the standard errors were not trustworthy for of the some models.  Therefore, I only 

report the results for the equivalent-change bivariate latent change score models.  I began by 
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fitting a full coupling model to the data (see Table 28).  This model provided a good fit to the 

data.  Comparisons of the two leading indicator models suggested that decoding ability as a 

leading indicator of phonological awareness provided a better fit to the data than did 

phonological awareness as a leading indicator of decoding ability based on BIC values (∆BIC = 

143.98).  Comparisons of the full coupling model to this preferred leading indicator model 

suggested that the decoding as a leading indicator model was preferred over the full coupling 

model (Wald = 0.07, p = .79).  I then compared the decoding as a leading indicator model to the 

no coupling model.  This comparison resulted in a significant difference between models (Wald 

= 27.64 with 1 df, p < .001), indicating that the decoding as a leading indicator model provided a 

better fit to the data.  Parameter estimates are provided in Table 29. 

Proportional change parameters for phonological awareness indicated that children with 

the strongest phonological awareness skills changed more over time compared to children with 

weaker skills (β = 1.01, p < .001).  Similarly, children with stronger decoding skills also changed 

more over time compared to children with weaker decoding ability (β = 2.00, p < .001).  

Decoding additionally predicted change in phonological awareness such that children with the 

strongest decoding skills changed more in phonological awareness (γ = 0.79, p < .001). 
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CHAPTER 4 

 

DISCUSSION 

 

 
In the literature, there is an abundance of evidence that phonological awareness predicts 

future decoding skills, that decoding ability is predictive of phonological awareness, and that the 

predictive relations between phonological awareness and decoding ability are bidirectional 

(Badian, 1995; Bast & Reitsma, 1998; Castles & Coltheart, 2004; Cataldo & Ellis, 1988; 

Chafouleas et al., 1997; Compton, 2000; Foorman,  Francis, Novy, & Liberman, 1991; Gilbert et 

al., 2011; Hogan et al., 2005; Hulme et al., 2005; Jorm et al., 1984; Melby-Lervag et al., 2012; 

Lonigan et al., 2000; McBride-Chang, Wagner, & Chang, 1997; McCandliss et al.,  2003; 

Wagner et al., 1994, 1997; Wagner et al., 1994,1997).  The findings of the present investigation 

provide compelling support for a unidirectional cross-construct influence of decoding ability on 

the development of phonological awareness for children assessed at 3 and 4 years of age through 

kindergarten.  The present study contributes to the advancement of knowledge about these early 

literacy-related skills in two important ways.  First, modeling the co-developmental relations 

between phonological awareness and decoding ability using latent change score modeling is a 

novel method for examining these constructs that allows within-person developmental dynamic 

change to be explicitly modeled; thus, improving the reliability of the change estimates (King et 

al., 2006).  Second, examining whether different subgroups of readers exhibit differential 

developmental relations in phonological awareness and/or decoding ability provides insight into 

whether reading proficiency may differentiate the predictive ability of phonological awareness 

and/or decoding. 

Dual change univariate models of phonological awareness and decoding ability provided 

the best fit to the data, which indicate that the development of phonological awareness and 

decoding ability are best characterized as a combination of both linear and proportional change.  

Ultimately, freeing up the proportional change parameters across both models best captured 

growth across the two constructs, which suggests that the amount of proportional change varied 

in magnitude over time.  This outcome is consistent with the rapid acquisition of language that 

occurs during these early years (Dapretto & Bjork, 2000; Fenson, Dale, Reznick, Bates, & Thai, 

1994).  The constant and proportional change parameter estimates across the two best-fitting dual 
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change models were positive, which suggests that the rate of growth in phonological awareness 

and decoding ability increased with each subsequent year of assessment.  Negative correlations 

between the intercept and slope across both constructs indicated a reverse fan-spread growth 

pattern, meaning that growth eventually decelerates for the highest performing children across 

time and that children with lower scores catch up over time.  This would suggest that Matthew 

effects (see Stanovich, 1986) are largely not present for phonological awareness and decoding 

ability, at least within this sample. 

Following this, I fit two sets of bivariate models that tested four possible hypotheses 

about the developmental relations between phonological awareness and decoding ability: (a) 

phonological awareness and decoding ability are correlated skills that do not directly influence 

one another, (b) phonological awareness predicts change in decoding ability, (c) decoding ability 

predicts change in phonological awareness, or (d) phonological awareness and decoding ability 

predict change in one another.  The first set of bivariate models forced the cross-construct 

influences to be equivalent across time whereas the second set allowed for the investigation of 

potential dynamic (i.e., variable) cross-construct change.  Allowing the cross-construct 

parameters to vary over time allowed me to test whether the magnitude of the predictive relations 

change over the course of development.  Examining this possibility made sense given the 

differences in magnitude that emerged for the proportional change parameters across 

phonological awareness and decoding ability, respectively.   

In both instances, bivariate models that specified decoding ability as a leading indicator 

of change in phonological awareness provided an optimal fit to the data based on both parsimony 

and explanatory ability.  Similar to the univariate parameters, the coupling parameters were also 

positive across the two models, indicating that children with the strongest decoding skills 

additionally attained the greatest gains in phonological awareness over time.  Model comparisons 

of the equivalent-change and dynamic-change bivariate models suggested that the more 

parsimonious equivalent-change model best captured the change-related trends within the data.  

Thus, within this sample, the cross-construct contribution of decoding ability to phonological 

awareness remained relatively consistent over time. 

The results of the present study are in line with previous investigations showing that 

decoding skills predict phonological awareness (Badian, 1995; Bast & Reitsma, 1998; Cataldo & 

Ellis, 1988; Chafouleas et al., 1997; Hogan et al., 2005; McCandliss et al., 2003; Wagner et al., 
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1994, 1997).  Additionally, the current investigation replicates the findings that prior status of 

phonological awareness and decoding ability constrains the future growth of these skills 

(Boscardian et al., 2008; Compton, 2000; McBride-Chang et al., 1997).  The findings also 

provide evidence for the influence of letter knowledge and identification on the development of 

phonological awareness (Badian, 1995; Burgess & Lonigan, 1998; Wagner et al., 1994, 1997). 

This outcome stands in contrast to other investigations showing that phonological 

segmentation (i.e., elision) is a reliable predictor of word reading (e.g., Muter et al., 1998; Nation 

& Hulme, 1997; Tunmer & Nesdale, 1985).  However, children in the present study were much 

younger than children in other investigations (e.g., Muter et al., 1998; Nation & Hulme, 1997; 

Tunmer & Nesdale, 1985).  Although Muter and colleagues did find that phoneme segmentation 

predicted reading ability in 4- to 6-year-old children, the longitudinal relations between skills 

were not directly examined (i.e., phoneme segmentation at Time 1 on reading ability at Time 2; 

see also Lonigan et al., 2000).  The pattern of findings may have emerged due to the fact that the 

present study includes a sample of very young children (i.e., age 3 to kindergarten) and that 

several of the phonological awareness items used in the current study tapped more holistic 

phonological awareness (e.g., word elision and syllable elision) as opposed to more refined 

phonological awareness (e.g., sub-syllable or phoneme elision).  Additionally, the measure of 

decoding in this study (WJ-LWID) may have been more reflective of letter identification than 

word-level decoding within this sample.  This finding is similar to that of Wagner and colleagues 

(1994) who found that word-level decoding was not a significant predictor of phonological 

awareness from kindergarten to first grade but that when decoding was replaced with letter 

knowledge, letter knowledge did predict phonological awareness (see also Burgess & Lonigan, 

1998; Foy & Mann, 2006; Mann & Foy, 2003; Passenger et al., 2000). 

In the interest of examining whether differences exist between children who did and did 

not attend Head Start, I combined multi-group and latent change score modeling for the two best-

fitting univariate and bivariate models.  Model comparisons indicated that there were some 

differences in the initial status and rate of growth between the groups.  However, these 

differences did not extend to the overall pattern of change (i.e., children in both groups with the 

strongest phonological awareness and decoding skills demonstrated the greatest change across 

time).  Although the two groups varied in the magnitude of their coupling parameter estimates, 

this difference was not substantial (the difference in parameter estimates for Head Start vs. non-
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Head Start was 0.13), and the overall trend remained the same; children with stronger decoding 

skills attained a greater change in phonological awareness over time.  Combining latent change 

score modeling with latent class analyses in a mixture modeling framework suggested the 

presence of only a single class across the best-fitting univariate and bivariate models.  This 

outcome would suggest that the observed developmental patterns are present for the majority of 

readers and that the co-developmental relations remain relatively stable. 

Interestingly, unlike Boscardian et al. (2008) or Wu et al. (2011), I did not find evidence 

for the existence of multiple latent groups across phonological awareness and/or decoding 

ability.  However, this may be due to the fact that Boscardian et al. included multiple measures 

of phonological awareness whereas only a single measure was available in the present 

investigation.  Additionally, differences in analytical methods across Boscardian et al. (2008), 

Wu et al. (2011), and the present investigation (i.e., growth curve modeling versus latent change 

score modeling) may have contributed to the variability in findings because when latent class 

analysis is combined with latent growth curve modeling, determination of classes are based on a 

single mean estimate of change whereas when latent class analysis is combined with latent 

change score modeling, classes are determined based on multiple estimates of change.  Finally, 

age differences may have also led to these discrepancies, as both Boscardian et al. (2008) and 

Wu et al. (2011) examined these skills from kindergarten onward while participants in the 

present study ranged from age 3 to kindergarten. 

I additionally investigated whether the predictive relations between phonological 

awareness and decoding ability varied based on reader classification given the findings of 

previous investigations (Boscardin et al., 2008; Leppänen et al., 2004; Torppa et al., 2007; Wu et 

al., 2011).  When these relations were examined for good readers (i.e., children who scored 

above the 40th percentile on measures of phonological awareness and decoding ability), 

phonological awareness and decoding continued to maintain a similar pattern of both linear and 

proportional growth.  Within the bivariate models, however, there were no significant cross-

construct influences.  This contrasts the findings of Wu et al. (2011) who found that 

phonological awareness predicted word reading for multiple classes of readers, including a 

typically developing class of readers and a disadvantaged class.  However, differences in how the 

groups were classified may explain these discrepancies.  Wu et al. (2011) designated classes 

based on word recognition only whereas groups were based on both decoding and phonological 
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awareness in the present investigation. 

Although poor readers could not be directly modeled, their classification did lead to an 

interesting outcome.  Children who were classified as non-discrepant poor readers (i.e., children 

who attained scores at or below the 25th percentile on measures of phonological awareness, 

decoding, and vocabulary) tended to have lower mean scores on measures of phonological 

awareness and decoding relative to children who were categorized as discrepant poor readers 

(i.e., children who attained scores at or below the 25th percentile on measures of phonological 

awareness and decoding and above the 40th percentile on a measure of vocabulary).  This finding 

was slightly unexpected given that previous investigations have indicated minimal differences 

between the two classifications (e.g., Hoskyn & Swanson, 2000; Stuebing et al., 2002).  

However, these meta-analyses included children who were categorized as discrepant and non-

discrepant based on IQ rather than vocabulary knowledge, and this may account for some of the 

observed differences.  Given the categorization approach used in the current study, the 

differences found between groups make sense based on the lexical restructuring model (Metsala 

& Walley, 1998), which asserts that vocabulary development affects phonological awareness 

such that an increase in word knowledge results in finer grain phonological sensitivity and that 

vocabulary knowledge and phonological awareness are related skills (Metsala, 1999).  Moreover, 

children who know more words may also be better at recognizing them, as suggested by 

connectionist model of word reading (Plaut, 1999). 

In the interest of investigating potential age-related differences in the development of 

phonological awareness and decoding ability, I examined these skills in the two groups – 3-year-

olds and a 4-year-olds – separately.  When the 3- and 4-year-old groups were analyzed together, 

change in phonological awareness and decoding ability were greatest early on and demonstrated 

a slow decline around kindergarten relative to the preschool years.  This outcome would suggest 

that the amount of change occurring in both skills is variable across development.  Although the 

general trend remained the same, when the two groups were analyzed separately, the three- 

(1.64, 1.10, and 0.66 for phonological awareness; 2.05, 1.46, and 1.03 for decoding) and four-

year-olds (2.71 for phonological awareness; 2.67 for decoding) exhibited noticeably more 

change in phonological awareness and decoding ability than when they were analyzed together 

(0.86, 0.63, and 0.47 for phonological awareness; 1.63, 1.26, and 1.02 for decoding ability).  

Second, when the co-developmental relations were examined for the two groups separately, the 
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predictive ability of decoding ability on change in phonological awareness was significantly less 

for the 3-year-olds relative to the 4-year-olds (0.47 compared to 0.79).  These discrepancies may 

reflect the fact that there were fundamental differences between the two groups (see United 

States Department of Health and Human Services, 2010a for further discussion of cohort 

differences).  However, these differences may also be due in part to the fact that z-score 

standardization was done for the two groups separately.   

Although the overall pattern of co-developmental relations between decoding ability and 

phonological awareness observed in the current study may appear somewhat inconsistent across 

subgroups, other longitudinal investigations have confirmed the existence of changing relations 

between these skills.  For instance, Hogan et al. (2005) examined the relations between letter 

identification, word identification, and phonological awareness in children from kindergarten 

through fourth grade and found various influences among these skills.  The authors found that 

letter identification significantly predicted phonological awareness from kindergarten to second 

grade; phonological awareness was found to predict word reading from kindergarten to second 

grade but not from second to fourth grade; and finally, word reading predicted phonological 

awareness from second to fourth grades.  Similar developmental patterns emerged within the 

present investigation across separate analyses of the full sample, 3- and 4-year-olds, and the good 

readers.  Therefore, the multitude of outcomes present within the current investigation may, in 

fact, represent genuine differences among various subsamples of readers. 

 
Theoretical Implications 

 

  Although the absence of predictive relations from phonological awareness to change in 

decoding do not seem to provide direct support for the phonological component of the lexical 

quality hypothesis and connectionist models of word reading (Harm & Seidenberg, 2004; 

Seidenberg & McClelland, 1989; Perfetti & Hart, 2002; Plaut, 1999), this may be partially due to 

the fact that phonological awareness was not measured comprehensively in the present 

investigation.  For instance, Lonigan et al., (2000) showed that phonological awareness predicted 

word reading for preschool-aged children, but this outcome was based on a phonological 

awareness latent variable that consisted of eight different phonological awareness tasks (see also 

Wagner et al., 1994 and Lerner and Lonigan, 2016).  Second, the contrast in findings may also be 

due to the different measures of phonological awareness and decoding that were administered 
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across studies, which can affect the predictive reliability (Perfetti, Beck, Bell, & Hughes, 1987).  

For example, MacLean et al. (1987) examined the phonological skills of 3-year-old children and 

found that their performance on phonological awareness tasks was predictive of their later word 

reading skills; however, measures of phonological awareness consisted of rhyme oddity and 

alliteration oddity tasks rather than elision as in the present investigation.  Third, for some 

studies, these skills were examined in a language other than English, such as Dutch (Bast & 

Reitsma, 1998), which is much more orthographically transparent compared to English, and such 

cross-linguistic orthographic differences can affect the relations between phonological awareness 

and decoding.   

For instance, Castles, Holmes, Neath, & Kinoshita (2003) found a correlation between 

phonemic awareness and orthographic transparency, such that phonemic awareness tasks that 

included orthographically transparent words were easier compared to those containing 

orthographically opaque words.  Fourth, children in the present study were younger than those 

examined in several other studies (e.g., Manis et al., 2000; McBride-Chang et al., 2005; Parrila et 

al., 2004).  It is also important to note that phonological knowledge is but one component of the 

lexical quality hypothesis and connectionist models of word reading; the integration of 

orthographic and semantic knowledge is additionally emphasized across these theoretical 

frameworks (Harm & Seidenberg, 2004; Seidenberg & McClelland, 1989; Perfetti & Hart, 2002; 

Plaut, 1999).  Thus, it is certainly possible that including additional constructs within the model, 

such as vocabulary knowledge, may subsequently affect these predictive relations. 

  Decoding ability did emerge as a leading indicator of change in phonological awareness 

for the full sample and the two groups, which lends support to the phonological restructuring 

hypothesis, which states that the development of literacy skills directly impacts the development 

of future phonological representations (Zieglar & Goswami, 2005; Ziegler & Muneaux, 2007).  

Based on this hypothesis, decoding skills predict the development of phonological awareness 

because proficient readers likely have a well-developed knowledge about orthographic 

regularities present within language, and this facilitates the development of phonological 

representations (Ziegler & Goswami, 2005).  This outcome may not be entirely surprising given 

that at least some of the items on the phonological awareness task involved sub-syllable 

(phoneme) elision, which can encourage the use of orthographic information more so than other 

measures of phonological awareness (e.g., rhyme and alliteration oddity tasks).  For instance, 
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similar to the present investigation, Hogan et al. (2005) found that children’s letter knowledge 

predicted phonological awareness (based on a phonological elision task) from kindergarten to 

second grade. 

 
Practical Implications 

 
The findings of the current investigation have several practical implications.  First, there 

is compelling evidence for the contribution of decoding ability to the development of 

phonological awareness in young children.  Such findings support instructional and intervention 

practices that emphasize the importance of letter- and word-level decoding skills as a means of 

encouraging the development of phonological awareness; scaffolding literacy skills, such as 

letter knowledge would likely be beneficial for children who have weaknesses in phonological 

awareness (Ball & Blachman, 1991; Bus & van IJzendoorn, 1999; Schneider et al., 2000; 

Wagner et al., 1994).  Second, the existence of potential variable relations among subgroups of 

readers additionally highlight the importance of integrating training in both phonological 

awareness and decoding as a means of improving the outcomes of both of these skills rather than 

one or the other.  This is also supported in the literature (e.g., Bus & van IJzendoorn, 1999; 

Denton et al., 2006; Hudson et al., 2011; Ryder et al., 2008).  Fourth, the mean differences 

observed for poor readers with and without an aptitude-achievement discrepancy across 

phonological awareness and decoding ability suggests that including vocabulary training may 

also aid literacy development. 

Because children with weaker phonological awareness and decoding skills change less 

compared to children who have stronger skills, this further emphasizes the need to target deficits 

in phonological awareness and decoding early on, especially given that training-related gains 

attained during preschool or kindergarten can be maintained throughout the elementary school 

years (see Byrne et al., 2000 and Schneider et al., 2000).  The predictive relations between 

phonological awareness and decoding are evident as early as age 3, meaning that these early 

literacy-based skills can be assessed prior to formal education.  Thus, children who may have 

deficits in phonological awareness and/or word reading can be identified and potentially targeted 

for intervention services before the gap between their performance and the performance of their 

typically developing peers widens.  However, it remains difficult to state which specific 

decoding training strategies would be most effective given the correlational nature of the present 
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study and the fact that most decoding interventions tend to include at least one component of 

phonological training (e.g., Denton et al., 2006). 

Given the discrepancy between the findings of the present investigation and other studies 

(Compton, 2000; Gilbert et al., 2011; Jorm et al., 1984; McBride-Chang et al., 1997; 

McGuinness et al., 1995), the current results highlight the need for careful consideration of the 

measures that are being used.  It is certainly possible that a different measure of phonological 

awareness, such as a rhyme oddity task or a task that measured phonemic awareness more 

exclusively may have resulted in a different outcome (e.g., MacLean et al., 1987; Muter et al., 

1998).  This becomes particularly important when selecting measures for identification purposes, 

especially given that more refined phonological awareness skills tend to develop later on, after 

children have had at least some experience with word-level decoding (Anthony & Francis, 2005; 

Blaiklock, 2004).  

 
Limitations and Future Directions 

 

There are several important limitations that must be discussed with regards to the present 

investigation.  First, because the present study utilized the Head Start Impact Study data, the 

current sample includes a high proportion of children who come from lower-income households.  

Given that socioeconomic status has been found to influence word recognition (Bowey, 1995; 

Hecht et al., 2000) and phonological awareness (Lundberg, Larsman, & Strid, 2012), it is 

certainly possible that the relations observed in this sample of children may not generalize to 

children who come from middle- and high-income backgrounds.  Second, the present 

investigation examined these skills in an English-speaking sample.  Thus, the relations between 

phonological awareness and decoding ability may be different for children who speak a non-

alphabetic language or for children who are dual-language learners.  Third, the present study 

included a sample of children who were not assessed beyond kindergarten.  Given that changes 

in both phonological awareness and decoding ability appeared to decelerate during the later 

assessment points, further fluctuations between these skills are certainly possible.  This may have 

additionally affected the cross-coupling effects observed.  Therefore, the current findings may 

not hold true for older children.  Fourth, the assessments used to measure phonological 

awareness and decoding were limited.  The results may be different if multiple measures of 

phonological awareness were included, such as blending, sound categorization, and oddity tasks.  
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This may also be true for the inclusion of additional measures of decoding ability, such as 

nonword reading; decoding, as it was measured in the present study may be more reflective of 

letter knowledge than word-level decoding skills.  Finally, the results may vary if additional 

literacy-related skills were included in the model, such as vocabulary knowledge and/or spelling 

ability.   

Overall, the results of the current investigation provide considerable evidence for the co-

developmental relations between phonological awareness and decoding ability, specifically that 

decoding skills are predictive of change in phonological awareness.  However, it remains 

important for future studies to replicate and extend these findings with an older sample of 

children and with children who have different reading profiles.  It is also essential for future 

investigations to include a more diverse battery of word reading and phonological awareness 

measures in addition to other measures of literacy skill.  Such considerations are critical for 

better understanding the relations between phonological awareness and decoding ability and 

remain a cornerstone in the development and implementation of effective instruction and 

intervention practices designed to help all children read proficiently. 
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APPENDIX A 

 

TABLES 

 

Table 1 

Demographic Information for the Full Analysis Sample 

   
Variables Overall Percent 

Gender   
 Male 50.2% 
 Female 49.8% 
Ethnicity   
 Black 43.0% 
 Hispanic 16.8% 
 White/Other 40.2% 
Age Group   
 3-Year-Olds 60.7% 
 4-Year-Olds 39.3% 
Random Assignment 
Group  

 

 Treatment 62.7% 
 Control 37.3% 
 Cross-overs 4.9% 
 No-shows 9.4% 

Note. N = 2,513. Cross-overs are control children who received Head Start and no-shows are 
treatment children who did not receive Head Start.  
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Table 2 
 
Descriptive Statistics and Correlations for Measures of Phonological Awareness, Decoding Ability, and Vocabulary Knowledge for 

the Full Analysis Sample  

 

Measure 1 2 3 4 5 6 7 8 9 10 11 12 
1. CTOPPP T1 –            
2. CTOPPP T2 .34 –           
3. CTOPPP T3 .31 .43 –          
4. CTOPPP T4 .29 .29 .43 –         
5. WJ-LWID T1 .26 .19 .24 .24 –        
6. WJ-LWID T2 .26 .37 .31 .27 .48 –       
7. WJ-LWID T3 .27 .24 .41 .36 .38 .57 –      
8. WJ-LWID T4 .24 .29 .35 .50 .30 .42 .56 –     
9. PPVT T1 .28 .29 .31 .24 .28 .27 .26 .19 –    
10. PPVT T2 .27 .44 .34 .31 .27 .35 .26 .27 .55 –   
11. PPVT T3 .32 .38 .50 .43 .24 .29 .37 .35 .48 .62 –  
12. PPVT T4 .30 .36 .44 .48 .24 .25 .29 .37 .45 .55 .68 – 
N 1,526 2,445 2,449 2,346 1,526 2,444 2,448 2,347 1,526 2,448 2,450 2,348 
Raw Scores             
Mean 5.42 7.11 9.11 13.13 2.79 4.29 7.86 18.42 9.37 11.49 15.45 17.54 
SD 2.82 3.21 3.87 4.31 2.58 3.49 4.72 7.09 3.25 4.54 5.15 5.22 
Minimum 0 0 0 0 0 0 0 0 0 2 0 0 
Maximum 18 18 18 18 16 21 24 40 27 28 30 29 
Skew –0.17 0.29 0.41 –0.79 1.84 1.29 0.37 0.13 1.71 1.19 0.48 0.35 
Kurtosis 0.36 1.34 –0.06 –0.22 3.77 1.15 –0.69 0.28 4.76 0.79 –0.59 –1.04 
IRT-SS             
Mean 232.40 256.95 285.60 336.94 296.39 308.56 331.23 382.80 237.52 272.22 308.01 347.77 
SD 41.16 45.46 45.18 44.55 22.03 24.78 27.29 31.91 35.04 35.06 33.66 29.82 
Minimum 99.40 73.90 90.63 144.06 264 264 264 264 128.54 155.26 176.83 227.70 
Maximum 373.96 375.95 400.39 429.87 374 396 408 467 372.39 388.11 401.42 430.95 
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Table 2 – continued 

Measure 1 2 3 4 5 6 7 8 9 10 11 12 
Skew –0.63 –0.81 –0.44 –0.58 0.56 0.35 –0.18 –0.37 0.23 0.13 –0.20 –0.17 
Kurtosis 0.68 1.76 1.33 0.46 0.04 –0.32 –0.52 0.70 0.70 –0.05 0.22 0.33 
Standard Scores             
Mean – – – – 90.17 92.60 96.57 103.76 92.99 94.29 95.66 96.93 
SD – – – – 20.57 17.25 14.37 13.59 7.48 8.69 10.05 8.99 
Minimum – – – – 56 59 59 52 77.25 59.28 59.30 61.48 
Maximum – – – – 163 159 141 152 134.17 127.27 129.69 125.72 
Skew – – – – 0.49 0.30 –0.20 –0.35 1.02 0.51 0.05 –0.19 
Kurtosis – – – – 0.12 –0.02 –0.41 0.69 1.77 0.48 –0.13 0.16 
T2 Stz.             
Mean –0.54 0.00 0.63 1.76 –0.49 0.00 0.92 3.00 – – – – 
SD 0.82 1.00 0.99 0.96 0.79 1.00 1.21 1.66 – – – – 
Minimum –3.47 –4.03 –3.66 –2.48 –1.80 –1.80 –1.80 –1.80 – – – – 
Maximum 2.57 2.62 3.16 3.80 2.64 3.53 4.01 6.39 – – – – 

Note. All correlations significant at the p < .001 level.  Time-two standardization was based on the IRT scaled scores. CTOPPP = 
Preschool Comprehensive Test of Phonological and Print Processing; WJ-LWID = Woodcock-Johnson Letter-Word Identification; 
PPVT = Peabody Picture Vocabulary Test; IRT = Item-response theory; SS = Scaled scores; T = Time; Stz. = Standardized. 
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Table 3 

Model Fit Statistics for Four Univariate Models of Phonological Awareness and Decoding Ability for the Full Analysis Sample 

   Univariate Latent Change Score Models  

Construct Fit Indices 
 

No Change Proportional Change  Constant Change Dual Change  
Dual Change + Freed 
Proportional Change 

Phonological 
awareness  

 
     

 S-B χ2 (df)  1,882.87 (11) 766.67 (10) 150.57 (8) 30.68 (7) 26.92 (5) 

 p-value  < .001 < .001 < .001 < .001 < .001 

 CFI  .00 .00 .81 .97 .97 

 TLI  –.40 .38 .85 .97 .96 

 RMSEA  .26 .17 .08 .04 .04 

 p-close  < .001 < .001 < .001 .94 .79 

 SRMR  .64 .29 .11 .07 .05 
 BIC a  28,902.24 24,825.91 23,472.77 23,132.73 23,121.29 

Decoding 
ability  

 
     

 S-B χ2 (df)  3,549.90 (11)* 1,019.51 (10) 899.34 (8)* 62.59 (7) 37.04 (5) 

 p-value  < .001 < .001 < .001 < .001 < .001 

 CFI  .00 .00 .00 .94 .96 

 TLI  –1.18 .32 .25 .95 .96 

 RMSEA  .36 .20 .21 .06 .05 

 p-close  < 001 < .001 < .001 .19 .45 
 SRMR  1.19 .34 .23 .08 .04 

 BIC a  34,080.47 26,181.03 25,964.65 23,919.72 23,879.38 

Note. S-B χ2 = Satorra-Bentler scaled chi-square; df = Degrees of freedom; CFI = Comparative Fit Index; TLI = Tucker-Lewis Index; 
RMSEA = Root mean squared error of approximation; SRMR = Standardized root mean square residual; BIC = Bayesian information 
criterion; a Sample-size adjusted BIC. *Indicates a model that had linear dependency among variables. 
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Table 4 

Parameter Estimates for the Best Fitting Dual Change Univariate Model of Phonological Awareness and Decoding Ability for the 

Full Analysis Sample 

 

  Dual Change Models 

  Phonological Awareness  Decoding Ability 
Fixed Effects  Parameter Estimates SE  Parameter Estimates SE 

µ0  –0.44*** 0.04  –0.43*** 0.03 
µ 1  0.76*** 0.04  1.07*** 0.06 
β1  0.86*** 0.15  1.63*** 0.14 
β2  0.63*** 0.19  1.26*** 0.20 
β3  0.47*** 0.07  1.02*** 0.09 
σ2

0  0.32*** 0.05  0.38*** 0.04 
σ2

1  0.19*** 0.05  0.82*** 0.18 
σ2

0,1  –0.24*** 0.04  –0.55*** 0.07 
Note. µ = Mean; β = Proportional change parameter; σ2 = Variance. SE = Standard error. *** p < .001; ** p < .01. 
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Table 5 

Model Fit Statistics for Four Bivariate Equivalent-Change and Four Dynamic-Change Models of Phonological Awareness and 

Decoding Ability for the Full Analysis Sample 

 

    Bivariate Latent Change Score Models 
Constraints  Fit Indices  No Coupling DC  PA PA  DC Full Coupling 
Equivalent change        

  S-B χ2 (df)  92.31 (21) 80.98 (20) 95.25 (20) 94.16 (19) 

  p-value  < .001 < .001 < .001 < .001 

  CFI  .97 .97 .97 .97 

  TLI  .96 .96 .95 .95 

  RMSEA  .04 .04 .04 .04 

  p-close  1.00 1.00 .99 .98 

  SRMR  .04 .03 .04 .03 

  BIC a  45,844.88 45,828.22 45,855.58 45,827.72 
Dynamic change        

  S-B χ2 (df)  92.31 (21) 79.67 (18) 103.11 (18) 102.29 (15) 

  p-value  < .001 < .001 < .001 < .001 

  CFI  .97 .97 .96 .96 

  TLI  .96 .96 .94 .93 

  RMSEA  .04 .04 .04 .05 

  p-close  1.00 1.00 .90 .62 

  SRMR  .04 .03 .04 .03 

  BIC a  45,844.88 45,831.95 45,844.64 45,831.88 
Note. DC = Decoding ability; PA = Phonological awareness; S-B χ2 = Satorra-Bentler scaled chi-square; df = Degrees of freedom; CFI 
= Comparative Fit Index; TLI = Tucker-Lewis Index; RMSEA = Root mean squared error of approximation; SRMR = Standardized 
root mean square residual; BIC = Bayesian information criterion; a Sample-size adjusted BIC. 
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Table 6 

Parameter Estimates for the Best Fitting Leading Indicator Bivariate Model of Phonological Awareness and Decoding Ability for the 

Full Analysis Sample 

 

  Univariate  Bivariate 
  Phonological Awareness  Decoding Ability    

Parameter  Parameter Estimates SE  Parameter Estimates SE  Parameter Estimates SE 

Fixed effects           

 µ0  –0.46*** 0.04  –0.42*** 0.03  – – 
 µ1  0.74*** 0.03  1.07*** 0.05  – – 
 β1  0.06*** 0.25  1.71*** 0.14  – – 
 β2  –0.21*** 0.19  1.25*** 0.17  – – 
 β3  –0.50*** 0.24  1.01*** 0.09  – – 
 γ1     0.71*** 0.18  – – 
 γ2     0.71*** 0.18  – – 
 γ3     0.71*** 0.18  – – 
Random 
effects 

  
  

 
  

 
– – 

 σ2
0  0.31*** 0.05  0.36*** 0.03  – – 

 σ2
1  0.20*** 0.08  0.82*** 0.17  – – 

 σ2
0,1  –0.11*** 0.03  –0.54*** 0.07  – – 

 σ2
0,0  – –  – –  0.16*** 0.02 

 σ2
0,1  – –  – –  –0.22*** 0.05 

 σ2
1,0  – –  – –  –0.24*** 0.05 

 σ2
1,1  – –  – –  0.36*** 0.11 

Note. µ = Mean; β = Proportional change parameter; γ = Cross-construct change parameter; σ2 = Variance. SE = Standard error. *** p 
< .001; ** p < .01; * p < .05. 
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Table 7 

Multi-Group Models Comparing Children Who Did and Did Not Attend Head Start for Univariate Models of Phonological Awareness  

  Multi-Group Models 
Fit Indices  Invariant + Differing Means + Differing Var/Covar +Differing change in PA +Differing residual errors 
S-B χ2 (df)  36.69 (19) 33.67 (17) 33.13 (14) 31.82 (11) 32.13 (10) 
p-value  < .01 < .01 < .01 < .001 < .001 
CFI  .97 .97 .97 .97 .96 
TLI  .98 .98 .97 .96 .96 
RMSEA  .03 .03 .03 .04 .04 
p-close  1.00 1.00 .97 .87 .77 
SRMR  .06 .06 .05 .05 .05 
BIC a  23,133.65 23,137.43 23,146.53 23,159.79 23,162.45 

Note. PA = Phonological awareness; S-B χ2 = Satorra-Bentler scaled chi-square; df = Degrees of freedom; CFI = Comparative Fit 
Index; TLI = Tucker-Lewis Index; RMSEA = Root mean squared error of approximation; SRMR = Standardized root mean square 
residual; BIC = Bayesian information criterion; Var = Variance; Covar = Covariance. a Sample-size adjusted BIC. 
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Table 8 

Parameter Estimates for the Best-Fitting Multi-Group Model of Univariate Phonological Awareness Comparing Children Who Did 

and Did Not Attend Head Start 

  

  Phonological Awareness 

  HS Group  NHS Group 
Fixed Effects  Parameter Estimates SE  Parameter Estimates SE 

µ0  –0.43*** 0.04  –0.43*** 0.04 
µ 1  0.75*** 0.04  0.75*** 0.04 
β1  0.88*** 0.16  0.88*** 0.16 
β2  0.64*** 0.20  0.64*** 0.20 
β3  0.47*** 0.07  0.47*** 0.07 
σ2

0  0.31*** 0.04  0.31*** 0.04 
σ2

1  0.20*** 0.05  0.20*** 0.05 
σ2

0,1  –0.24*** 0.04  –0.24*** 0.04 
Note. HS = Head Start; NHS = Non-Head Start; µ = Mean; β =Proportional change parameter; σ2 = Variance. SE = Standard error. *** 
p < .001; ** p < .01. 
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Table 9 

Multi-Group Models Comparing Children Who Did and Did Not Attend Head Start for Univariate Models of Decoding Ability  

  Multi-Group Models 
Fit Indices  Invariant + Differing Means + Differing Var/Covar +Differing change in DC +Differing residual errors 
S-B χ2 (df)  68.01 (19) 54.28 (17) 54.20 (14) 33.54 (11) 33.15 (10) 
p-value  < .001 < .001 < .001 < .001 < .001 
CFI  .95 .96 .96 .98 .98 
TLI  .97 .97 .96 .97 .97 
RMSEA  .05 .04 .05 .04 .04 
p-close  .73 .85 .58 .83 .74 
SRMR  .06 .05 .05 .04 .04 
BIC a  23,898.80 23,879.29 23,892.11 23,866.83 23,866.14 

Note. DC = Decoding ability; S-B χ2 = Satorra-Bentler scaled chi-square; df = Degrees of freedom; CFI = Comparative Fit Index; TLI 
= Tucker-Lewis Index; RMSEA = Root mean squared error of approximation; SRMR = Standardized root mean square residual; BIC 
= Bayesian information criterion; Var = Variance; Covar = Covariance; a Sample-size adjusted BIC. 
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Table 10 

Parameter Estimates for the Best-Fitting Multi-Group Model of Univariate Decoding Ability Comparing Children Who Did and Did 

Not Attend Head Start 

 

  Decoding Ability 

  HS Group  NHS Group 
Fixed Effects  Parameter Estimates SE  Parameter Estimates SE 

µ0  –0.43*** 0.04  –0.43*** 0.05 
µ 1  0.98*** 0.05  1.20*** 0.11 
β1  1.20*** 0.13  2.09*** 0.24 
β2  0.88*** 0.16  1.63*** 0.28 
β3  0.86*** 0.08  1.16*** 0.14 
σ2

0  0.43*** 0.05  0.33*** 0.05 
σ2

1  0.50*** 0.12  1.16*** 0.31 
σ2

0,1  –0.45*** 0.07  –0.62*** 0.11 

Note. HS = Head Start; NHS = Non-Head Start; µ = Mean; β =Proportional change parameter; σ2 = Variance. SE = Standard error. *** 
p < .001 
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Table 11 

Multi-Group Models Comparing Children Who Did and Did Not Attend Head Start for the Best-Fitting Bivariate Model 

  DC  PA Equivalent-Change Model  

Fit Indices 
 

Base Model 
+ Differing Bivariate 

Covariance + Differing Coupling 
S-B χ2 (df)  103.31 (52) 102.67 (51) 100.25 (50) 
p-value  < .001 < .001 < .001 
CFI  .98 .98 .98 
TLI  .98 .98 .98 
RMSEA  .03 .03 .03 
p-close  1.00 1.00 1.00 
SRMR  .05 .05 .04 
BIC a  45,886.09 45,890.66 45,889.28 

Note. PA = Phonological awareness; DC = Decoding ability; S-B χ2 = Satorra-Bentler scaled chi-square; df = Degrees of freedom; CFI 
= Comparative Fit Index; TLI = Tucker-Lewis Index; RMSEA = Root mean squared error of approximation; SRMR = Standardized 
root mean square residual; BIC = Bayesian information criterion; a Sample-size adjusted BIC. 
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Table 12 

Parameter Estimates for the Best Fitting Equivalent-Change Leading Indicator Bivariate Model of Phonological Awareness and 

Decoding Ability for Children Who Did and Did Not Attend Head Start 

 
  Univariate  Bivariate 
  Phonological Awareness  Decoding Ability    

Parameter  Parameter Estimates SE  Parameter Estimates SE  Parameter Estimates  SE 

Fixed 
effects 

  
  

 
  

   

 µ0  –0.44***(–0.44***) 0.04(0.04)  –0.46***(–0.36***) 0.03(0.05)  – – 
 µ1   0.73*** ( 0.73***) 0.03(0.03)  1.04***  (1.07***) 0.05(0.08)  – – 
 β1  0.20***  (0.20***) 0.33(0.33)   1.28***  (2.15***) 0.15(0.24)  – – 
 β2  –0.07***(–0.07***) 0.25(0.25)  0.91*** (1.56***) 0.16(0.22)  – – 
 β3  –0.35**  (–0.35***) 0.31(0.31)  0.83*** (1.21***) 0.08(0.14)  – – 
 γ1  – –  0.54*** (0.67***) 0.22(0.25)  – – 
 γ2  – –  0.54*** (0.67***) 0.22(0.25)  – – 
 γ3  – –  0.54*** (0.67***) 0.22(0.25)  – – 
Random 
effects 

  
  

 
  

 
– – 

 σ2
0  0.31*** (0.31***) 0.05(0.05)  0.41***  (0.32***) 0.05(0.05)  – – 

 σ2
1  0.16*** (0.16***) 0.07(0.07)  0.53***  (1.15***) 0.12(0.26)  – – 

 σ2
0,1  –0.13***(–0.13** ) 0.05(0.05)  –0.45***(–0.60***) 0.07(0.10)  – – 

 σ2
0,0  – –  – –  0.16***  (0.15***) 0.03(0.02) 

 σ2
0,1  – –  – –  –0.15***(–0.27***) 0.06(0.06) 

 σ2
1,0  – –  – –  –0.22***(–0.21***)  0.06(0.06) 

 σ2
1,1  – –  – –  0.25***  (0.40***) 0.10(0.12) 

Note. Non-Head Start group in parentheses.  µ = Mean; β = Proportional change parameter; γ = Cross-construct change parameter; 
σ2 = Variance. SE = Standard error. *** p < .001; ** p < .01; * p < .05. 
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Table 13 

Mixture Modeling of Latent Change Score Modeling and Latent Class Analyses for the Best Fitting Univariate and Bivariate Models 

for the Full Analysis Sample 

 

Models 

 

 Classes Param. nk (Proportion) BIC a Entropy 

VLMR-
LRT p-

value 

Univariate          
 PA         
    1 9 2,513 (1.00) 23,121.29 – – 
    2 means  12 142.91/2,370.09 (.06/.94) 22,979.66 .89 .14 
    2 vars.* 15 1,224.71/1,288.29 (.49/.51) 22,914.12 .22 .55 
    2 prop.* 18 832.58/1,680.42 (.33/.67) 22,606.11 .48 < .05 
    2 errors 19 772.88/1,740.12 (.31/.69) 22,326.24 .61 < .05 
          
 DC         
    1 9 2,513 (1.00) 23,879.38 – – 
    2 means 12 211.92/2,301.08 (.08/.92) 23,801.40 .80 .08 
    2 vars. 15 735.12/1,777.88 (.29/.71) 23,763.02 .35 < .05 
    2 prop.* 18 514.86/1,998.14 (.20/.80) 23,572.03 .73 .09 
    2 errors* 19 516.49/1,996.51 (.21/.79) 23,576.67 .73 .09 
Bivariate           
 DC  PA         
    1 class 24 2,513 (1.00) 45,828.22 – – 
    2 means 29 141.43/2,371.57 (.06/.94) 45,670.54 .90 .46 
    2 covar. 30 143.52/2,369.48 (.06/.94) 45,673.41 .90 .54 
    2 coupling* 31 273.37/2,239.63 (.11/.89) 45,656.70 .78 .62 

Note. Param. = Parameters; nk = children per class; VLMR-LRT = Vuong-Lo-Mendell Rubin likelihood ratio test; PA = Phonological 
awareness; DC = Decoding ability; Vars. = Variances and covariances; Prop. = Proportional change parameters; Covar. = Observed-
indicator covariances; BIC = Bayesian information criterion; a Sample-size adjusted BIC. *Indicates linear dependency among 
variables in at least one class.
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Table 14 
 
Z-Scores based on Time-Two Standardization for Measures of Phonological Awareness and 

Decoding Ability for Subgroups of Readers 

 

   Measures 
   CTOPPP  WJ-LWID 

Group Wave  Mean SD N  Mean SD N 
Good Readers      
 Time 1  –0.36 0.73 730  –0.29 0.81 730 
 Time 2  0.26 0.76 1,179  0.28 0.99 1,179 
 Time 3  0.95 0.91 1,183  1.29 1.05 1,183 
 Time 4  2.40 0.29 1,207  3.73 0.82 1,207 
Poor Readers-NDIS          
 Time 1  –1.18 1.23 121  –1.00 0.76 121 
 Time 2  –0.75 1.64 203  –0.59 1.08 204 
 Time 3  –0.20 0.75 208  –0.05 0.98 207 
 Time 4  0.40 0.49 215  1.14 1.08 215 
Poor Readers-DIS          
 Time 1  –1.27 1.30 71  –0.90 0.50 71 
 Time 2  –0.43 1.51 159  –0.38 0.75 160 
 Time 3  0.06 0.71 156  0.14 0.62 156 
 Time 4  0.50 0.31 163  1.19 0.86 163 

Note. Z-score estimates based on the original analysis sample. NDIS = Non-discrepant; DIS = 
Discrepant; CTOPPP = Preschool Comprehensive Test of Phonological and Print Processing; 
WJ-LWID = Woodcock-Johnson Letter-Word Identification. SD = Standard deviation. 
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Table 15 

Model Fit Statistics for Four Univariate Models of Phonological Awareness and Decoding Ability for Good Readers 

   Univariate Latent Change Score Models 

Construct Fit Indices 
 

No Change Proportional Change  Constant Change Dual Change  
Dual Change + Freed 
Proportional Change 

Phonological 
awareness  

 
     

 S-B χ2 (df)  2,055.02 (11)* 441.12 (10)* 314.87 (8)* 110.08 (7)* 94.84 (5)* 

 p-value  < .001 < .001 < .001 < .001 < .001 

 CFI  .00 .00 .00 .46 .53 

 TLI  –4.87 –.36 –.21 .54 .43 

 RMSEA  .39 .19 .18 .11 .12 

 p-close  < .001 < .001 < .001 < .001 < .001 

 SRMR  1.75 .37 .49 .22 .16 
 BIC a  14,264.96 10,480.32 10,356.40 9,879.59 9,838.15 

Decoding 
ability  

 
     

 S-B χ2 (df)  2,578.57 (11)* 561.74 (10) 666.66 (8)* 43.20 (7) 30.19 (5) 

 p-value  < .001 < .001 < .001 < .001 < .001 

 CFI  .00 .00 .00 .92 .94 

 TLI  -2.12 .26 –.10 .93 .93 

 RMSEA  .44 .21 .26 .07 .07 

 p-close  < .001 < .001 < .001 .08 .12 
 SRMR  1.75 .36 .36 .10 .06 
 BIC a  17,054.39 11,902.23 12,274.66 10,908.40 10,889.44 

Note. S-B χ2 = Satorra-Bentler scaled chi-square; df = Degrees of freedom; CFI = Comparative Fit Index; TLI = Tucker-Lewis Index; 
RMSEA = Root mean squared error of approximation; SRMR = Standardized root mean square residual; BIC = Bayesian information 
criterion; a Sample-size adjusted BIC. *Indicates the presence of linear dependency among variables. 
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Table 16 

Model Fit Statistics for Four Bivariate Equivalent-Change Models of Phonological Awareness and Decoding Ability for Good 

Readers 

 

  Bivariate Latent Change Score Models 
Fit Indices  No Coupling DC  PA PA  DC Full Coupling 

      
S-B χ2 (df)  139.48 (21)* 281.27 (20)* 144.79 (20)* 122.51 (19)* 
p-value  < .001 < .001 < .001 < .001 
CFI  .86 .69 .85 .88 
TLI  .81 .56 .79 .82 
RMSEA  .07 .10 .07 .07 
p-close  < .01 < .001 < .01 < .01 
SRMR  .10 .10 .10 .10 
BIC a  20,469.88 20,472.56 20,473.69 20,471.18 

Note. DC = Decoding ability; PA = Phonological awareness; S-B χ2 = Satorra-Bentler scaled chi-square; df = Degrees of freedom; CFI 
= Comparative Fit Index; TLI = Tucker-Lewis Index; RMSEA = Root mean squared error of approximation; SRMR = Standardized 
root mean square residual; BIC = Bayesian information criterion; a Sample-size adjusted BIC. *Indicates the presence of linear 
dependency among variables. 
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Table 17 

Model Fit Statistics for Four Univariate Models of Phonological Awareness and Decoding Ability for Non-Discrepant Poor Readers 

   Univariate Latent Change Score Models 

Construct Fit Indices 
 

No Change Proportional Change  Constant Change Dual Change  
Dual Change + Freed 
Proportional Change 

Phonological 
awareness  

 
     

 S-B χ2 (df)  168.74 (11) 89.31 (10) 52.88 (8)* 52.25 (7)* 54.42 (5)* 

 p-value  < .001 < .001 < .001 < .001 < .001 

 CFI  .00 .00 .00 .00 .00 

 TLI  –2.34 –.85 –.31 –.51 –1.31 

 RMSEA  .26 .19 .16 .17 .21 

 p-close  < .001 < .001 < .001 < .001 < .001 

 SRMR  .59 .35 .20 .18 .17 
 BIC a  2,315.38 2,153.45 2,058.19 2,050.56 2,042.81 

Decoding 
ability  

 
     

 S-B χ2 (df)  218.87 (11) 147.25 (10)* 32.92 (8) 10.11 (7) 6.41 (5) 

 p-value  < .001 < .001 < .001 .18 .27 

 CFI  .00 .00 .21 .90 .96 

 TLI  –.2.58 –.1.60 .41 .92 .95 

 RMSEA  .30 .25 .12 .05 .04 

 p-close  < .001 < .001 < .01 .49 .54 
 SRMR  .62 .43 .16 .15 .11 
 BIC a  2,484.20 2,367.67 2,109.69 2,061.14 2,059.94 

Note. S-B χ2 = Satorra-Bentler scaled chi-square; df = Degrees of freedom; CFI = Comparative Fit Index; TLI = Tucker-Lewis Index; 
RMSEA = Root mean squared error of approximation; SRMR = Standardized root mean square residual; BIC = Bayesian information 
criterion; a Sample-size adjusted BIC. *Indicates the presence of linear dependency among variables. 
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Table 18 

Model Fit Statistics for Four Univariate Models of Phonological Awareness and Decoding Ability for Discrepant Poor Readers 

   Univariate Latent Change Score  

Construct Fit Indices 
 

No Change Proportional Change  Constant Change Dual Change  
Dual Change + Freed 
Proportional Change 

Phonological 
awareness  

 
     

 S-B χ2 (df)  167.35 (11) 89.67 (10) 34.89 (8)* 35.08 (7)* 37.56 (5)* 

 p-value  < .001 < .001 < .001 < .001 < .001 

 CFI  .00 .00 .38 .35 .25 

 TLI  –.98 –.11 .53 .44 .10 

 RMSEA  .30 .22 .14 .16 .20 

 p-close  < .001 < .001 < .01 < .001 < .001 

 SRMR  .86 .54 .23 .20 .17 
 BIC a  1,628.51 1,513.12 1,394.67 1,392.96 1,379.89 

Decoding 
ability  

 
     

 S-B χ2 (df)  236.35 (11) – 44.94 (8) 10.08 (7) 16.03 (5) 

 p-value  < .001 –  < .001 .18 < .01 

 CFI  .00 – .39 .95 .82 

 TLI  –1.03 – .54 .96 .78 

 RMSEA  .36 – .17 .05 .12 

 p-close  < .001 – < .001 .42 < .05 
 SRMR  .70 – .18 .15 .13 
 BIC a  1,671.82 – 1,346.67 1,303.93 1,307.29 

Note. S-B χ2 = Satorra-Bentler scaled chi-square; df = Degrees of freedom; CFI = Comparative Fit Index; TLI = Tucker-Lewis Index; 
RMSEA = Root mean squared error of approximation; SRMR = Standardized root mean square residual; BIC = Bayesian information 
criterion; a Sample-size adjusted BIC. *Indicates the presence of linear dependency among variables.  
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Table 19 

Descriptive Statistics and Correlations for Measures of Phonological Awareness, Decoding Ability, and Vocabulary Knowledge for 

the 3-Year-Olds 

 

Measure 1 2 3 4 5 6 7 8 9 10 11 12 
1. CTOPPP T1 –            
2. CTOPPP T2 .36 –           
3. CTOPPP T3 .31 .43 –          
4. CTOPPP T4 .30 .35 .44 –         
5. WJ-LWID T1 .26 .20 .25 .26 –        
6. WJ-LWID T2 .27 .40 .33 .35 .48 –       
7. WJ-LWID T3 .28 .31 .43 .38 .38 .58 –      
8. WJ-LWID T4 .25 .38 .34 .48 .30 .46 .58 –     
9. PPVT T1 .28 .28 .32 .26 .28 .26 .28 .20 –    
10. PPVT T2 .29 .43 .39 .39 .27 .34 .36 .33 .54 –   
11. PPVT T3 .32 .42 .50 .45 .24 .30 .39 .36 .47 .65 –  
12. PPVT T4 .30 .37 .43 .48 .24 .29 .31 .34 .46 .62 .71 – 
N 1,526 1,458 1,479 1,401 1,526 1,457 1,478 1,402 1,526 1,461 1,479 1,402 
Raw Scores             
Mean 5.42 6.63 9.23 13.23 2.79 3.91 8.42 19.00 9.37 10.62 15.40 15.58 
SD 2.82 2.96 3.96 4.34 2.58 3.34 4.81 7.13 3.25 3.88 4.65 4.16 
Minimum 0 0 0 0 0 0 0 0 0 2 2 0 
Maximum 18 18 18 18 16 20 24 40 27 27 28 27 
Skew 0.17 0.00 0.38 –0.90 1.84 1.55 0.30 0.10 1.71 1.41 0.80 0.60 
Kurtosis 0.36 1.60 –0.22 0.10 3.77 2.31 –0.64 0.47 4.76 1.99 –0.20 –0.20 
IRT-SS             
Mean 232.40 246.01 286.49 339.52 296.39 305.75 334.52 385.30 237.52 262.31 308.78 347.00 
SD 41.16 45.84 45.56 42.97 22.03 24.43 27.14 32.08 35.04 32.63 33.99 26.41 
Minimum 99.41 73.90 90.63 174.52 264.00 264.00 264.00 264.00 128.54 155.26 176.83 235.89 
Maximum 373.96 375.95 400.39 429.87 374.00 392.00 408.00 467.00 372.39 374.90 400.99 421.94 
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Table 19 - continued 

Measure 1 2 3 4 5 6 7 8 9 10 11 12 
Skew –0.63 –0.99 –0.38 –0.62 0.56 0.44 –0.24 –0.49 0.23 0.16 –0.24 –0.08 
Kurtosis 0.68 1.84 1.45 0.69 0.04 –0.02 –0.36 1.15 0.70 0.27 0.43 0.39 
Standard Scores             
Mean – – – – 90.17 93.04 97.78 103.97 92.99 93.97 95.53 96.43 
SD – – – – 20.57 18.47 14.02 13.62 7.48 8.08 10.33 7.88 
Minimum – – – – 56 59 60 52 77.25 59.28 63.12 61.48 
Maximum – – – – 163 159 139 152 134.17 127.27 124.42 120.96 
Skew – – – – 0.49 0.35 –0.26 –0.41 1.02 0.66 0.00 –0.04 
Kurtosis – – – – 0.12 0.03 –0.28 1.04 1.77 0.73 –0.41 0.43 
T1 Stz.             
Mean 0.00 0.33 1.31 2.60 0.00 0.43 1.73 4.04 – – – – 
SD 1.00 1.24 1.23 1.09 1.00 1.23 1.52 2.12 – – – – 
Minimum –3.23 –3.85 –3.44 –1.41 –1.47 –1.47 –1.47 –1.47 – – – – 
Maximum 3.44 3.49 4.08 4.80 3.52 4.34 5.07 7.74 – – – – 

Note. Time-one standardization values are based fall 2002. All correlations significant at the p < .001 level.  CTOPPP = Preschool 
Comprehensive Test of Phonological and Print Processing; WJ-LWID = Woodcock-Johnson Letter-Word Identification; PPVT = 
Peabody Picture Vocabulary Test; IRT = Item-response theory; SS = Scaled scores; T = Time; Stz. = Standardized. 
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Table 20 

Descriptive Statistics and Correlations for Measures of Phonological Awareness, Decoding Ability, and Vocabulary Knowledge for 

the 4-Year-Olds 

 

Measure 1 2 3 4 5 6 7 8 9 
1. CTOPPP T1 –         
2. CTOPPP T2 .48 –        
3. CTOPPP T3 .29 .43 –       
4. WJ-LWID T1 .28 .30 .20 –      
5. WJ-LWID T2 .27 .38 .33 .63 –     
6. WJ-LWID T3 .25 .35 .52 .41 .52 –    
7. PPVT T1 .35 .34 .30 .31 .30 .29 –   
8. PPVT T2 .38 .49 .39 .29 .35 .34 .68 –  
9. PPVT T3 .37 .45 .49 .22 .29 .42 .53 .67 – 
N 987 970 945 987 970 945 987 971 946 
Raw Scores          
Mean 7.80 8.94 13.00 4.78 7.09 17.67 12.73 15.52 20.10 
SD 3.41 3.74 4.26 3.62 4.48 6.98 5.11 5.75 5.36 
Minimum 0 0 0 0 0 0 4 0 9 
Maximum 18 18 18 21 23 39 28 30 29 
Skew 0.43 0.45 –0.64 1.02 0.44 0.17 0.84 0.23 –0.23 
Kurtosis 0.77 0.20 –0.65 0.17 –0.81 0.04 –0.31 –0.98 –1.36 
IRT-SS          
Mean 271.26 284.40 333.58 312.23 326.76 379.52 285.23 306.97 348.78 
SD 40.76 44.64 46.31 24.76 26.87 31.39 33.88 33.18 33.72 
Minimum 122.05 112.40 144.06 264.00 264.00 264.00 172.21 197.58 227.70 
Maximum 374.15 397.14 415.71 396.00 404.00 464.00 388.11 401.42 430.95 
Skew –0.51 –0.52 –0.52 0.23 –0.12 –0.23 0.04 –0.14 –0.25 
Kurtosis 1.13 1.15 0.21 –0.59 –0.71 0.21 –0.26 –0.07 0.05 
Standard scores          
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Table 20 – continued 

Measure 1 2 3 4 5 6 7 8 9 
Mean – – – 92.04 94.92 103.48 94.70 95.83 97.59 
SD – – – 15.50 14.68 13.55 9.41 9.66 10.22 
Minimum – – – 59 59 56 69.57 59.30 62.98 
Maximum – – – 155 141 146 127.26 129.69 125.72 
Skew – – – 0.12 –0.11 –0.27 69.57 59.30 62.98 
Kurtosis – – – –0.52 –0.52 –0.23 127.26 129.69 125.72 
T1 Stz.          
Mean 0.00 0.32 1.53 0.00 0.59 2.72 – – – 
SD 1.00 1.20 1.29 1.00 1.18 1.61 – – – 
Minimum –3.66 –3.90 –3.12 –1.95 –1.95 –1.95 – – – 
Maximum 2.52 3.09 3.54 3.38 3.71 6.13 – – – 

Note. Time-one standardization values are based on spring 2003.  All correlations significant at the p < .001 level.  CTOPPP = 
Preschool Comprehensive Test of Phonological and Print Processing; WJ-LWID = Woodcock-Johnson Letter-Word Identification; 
PPVT = Peabody Picture Vocabulary Test; IRT = Item-response theory; SS = Scaled scores; T = Time; Stz. = Standardized.
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Table 21 

Model Fit Statistics for Four Univariate Models of Phonological Awareness and Decoding Ability for the 3-Year-Olds 

   Univariate Latent Change Score Models 

Construct Fit Indices 
 

No Change Proportional Change  Constant Change Dual Change  
Dual Change + Freed 
Proportional Change 

Phonological 
awareness  

 
     

 S-B χ2 (df)  1,267.61 (11) 329.12 (10) 154.95 (8)* 30.40 (7) 10.14 (5) 

 p-value  < .001 < .001 < .001 < .001 .07 

 CFI  .00 .39 .72 .96 .99 

 TLI  –.30 .64 .79 .96 .99 

 RMSEA  .27 .15 .11 .05 .03 

 p-close  < .001 < .001 < .001 .59 .96 

 SRMR  .75 .28 .16 .07 .04 
 BIC a  21,115.69 17,364.67 16,974.75 16,579.77 16,525.43 

Decoding 
ability  

 
     

 S-B χ2 (df)  2,382.03 (11)* 459.38 (10) 571.31 (8)* 50.81 (7) 17.89 (5) 

 p-value  < .001 < .001 < .001 < .001 < .01 

 CFI  .00 .28 .10 .93 .98 

 TLI  –1.06 .57 .33 .94 .98 

 RMSEA  .38 .17 .22 .06 .04 

 p-close  < .001 < .001 < .001 .07 .73 
 SRMR  1.27 0.28 .23 .07 .03 

 BIC a  24,599.80 18,201.04 18,681.70 17,178.33 17,110.40 

Note. S-B χ2 = Satorra-Bentler scaled chi-square; df = Degrees of freedom; CFI = Comparative Fit Index; TLI = Tucker-Lewis Index; 
RMSEA = Root mean squared error of approximation; SRMR = Standardized root mean square residual; BIC = Bayesian information 
criterion; a Sample-size adjusted BIC. *Indicates the presence of linear dependency among variables.  
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Table 22 

Parameter Estimates for the Best Fitting Dual Change Univariate Model of Phonological Awareness and Decoding Ability for the 3-

Year-Olds 

 

 Phonological Awareness  Decoding Ability 

 Dual Change Model  Dual Change Model 
Fixed Effects Parameter Estimates SE  Parameter Estimates SE 

µ0 –0.03*** 0.05  –0.03*** 0.04 
µ 1 0.47*** 0.11  0.55*** 0.09 
β1 1.64*** 0.33  2.05*** 0.28 
β2 1.10*** 0.22  1.46*** 0.19 
β3 0.66*** 0.09  1.03*** 0.09 
σ2

0 0.28*** 0.06  0.38*** 0.05 
σ2

1 0.50*** 0.12  1.19*** 0.24 
σ2

0,1 –0.37*** 0.06  –0.67*** 0.08 
Note. µ = Mean; β = Proportional change parameter; σ2 = Variance. SE = Standard error. *** p < .001. 
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Table 23 

Model Fit Statistics for Four Univariate Models of Phonological Awareness and Decoding Ability for the 4-Year-Olds 

   Univariate Latent Change Score Models 
Construct Fit Indices  No Change Proportional Change  Constant Change Dual Change  
Phonological 
awareness  

 
    

 S-B χ2 (df)  555.64 (6) 216.70 (5) 95.40 (3) 7.93 (2) 

 p-value  < .001 < .001 < .001 < .05 

 CFI  .00 .14 .63 .98 

 TLI  –.11 .49 .63 .96 

 RMSEA  .31 .21 .18 .06 

 p-close  < .001 < .001 < .001 .35 

 SRMR  .44 .23 .13 .06 
 BIC a  9,536.18 8,610.13 8,451.98 8,252.62 

Decoding 
ability  

 
    

 S-B χ2 (df)  1,558.86 (6)* 523.20 (5) 530.45 (3)* 14.30 (2) 

 p-value  < .001 < .001 < .001 < .001 

 CFI  .00 .00 .00 .97 

 TLI  –1.03 .19 –.38 .95 

 RMSEA  .51 .32 .42 .08 

 p-close  < .001 < .001 < .001 .08 
 SRMR  .94 .30 .21 .04 

 BIC a  11,040.67 8,742.41 8,736.44 8,086.47 

Note. S-B χ2 = Satorra-Bentler scaled chi-square; df = Degrees of freedom; CFI = Comparative Fit Index; TLI = Tucker-Lewis Index; 
RMSEA = Root mean squared error of approximation; SRMR = Standardized root mean square residual; BIC = Bayesian information 
criterion; a Sample-size adjusted BIC; *Indicates the presence of linear dependency among variables. 
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Table 24 

Parameter Estimates for the Best Fitting Dual Change Univariate Model of Phonological Awareness and Decoding Ability for the 4-

Year-Olds 

 

 Phonological Awareness  Decoding Ability 

 Dual Change Model  Dual Change Model 
Fixed Effects Parameter Estimates SE  Parameter Estimates SE 

µ0 –0.09*** 0.06  –0.16*** 0.04 
µ 1 0.33*** 0.14  0.57*** 0.12 
β1 2.71*** 0.66  2.67*** 0.30 
β2 2.71*** 0.66  2.67*** 0.30 
β3 2.71*** 0.66  2.67*** 0.30 
σ2

0 0.56*** 0.07  0.71*** 0.05 
σ2

1 4.17*** 1.99  5.09*** 1.13 
σ2

0,1 –1.52*** 0.39  –1.90*** 0.23 
Note. µ = Mean; β = Proportional change parameter; σ2 = Variance. SE = Standard error. *** p < .001; ** p < .01; * p < .05. 
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Table 25 

Model Fit Statistics for Four Bivariate Equivalent- and Dynamic-Change Models of Phonological Awareness and Decoding Ability 

for the 3-Year-Olds 

 

    Bivariate Latent Change Score Models 
Constraints  Fit Indices  No Coupling DC  PA PA  DC Full Coupling 
Equivalent change        

  S-B χ2 (df)  48.40 (21) 47.35 (20) 50.74 (20) 49.66 (19) 

  p-value  < .001 < .001 < .001 < .001 

  CFI  .98 .98 .98 .98 

  TLI  .98 .98 .97 .97 

  RMSEA  .03 .03 .03 .03 

  p-close  1.00 1.00 1.00 1.00 

  SRMR  .03 .03 .03 .03 

  BIC a  32,903.13 32,902.52 32,905.63 32,905.64 
Dynamic change        

  S-B χ2 (df)  48.40 (21) 48.13 (18) 52.94 (18) 56.51 (15) 

  p-value  < .001 < .001 < .001 < .001 

  CFI  .98 .98 .98 .97 

  TLI  .98 .97 .97 .95 

  RMSEA  .03 .03 .04 .04 

  p-close  1.00 .99 .98 .84 

  SRMR  .03 .03 .03 .03 

  BIC a  32,903.13 32,908.44 32,910.01 32,915.45 
Note. DC = Decoding ability; PA = Phonological awareness; S-B χ2 = Satorra-Bentler chi-square; df = Degrees of freedom; CFI = 
Comparative Fit Index; TLI = Tucker-Lewis Index; RMSEA = Root mean squared error of approximation; SRMR = Standardized root 
mean square residual; BIC = Bayesian information criterion; a Sample-size adjusted BIC.  
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Table 26 

Parameter Estimates for the Best-Fitting No-Coupling Bivariate Model of Phonological Awareness and Decoding Ability for the 3-

Year-Olds 

 
  Univariate  Bivariate 
  Phonological Awareness  Decoding Ability    

Parameter  Parameter Estimates SE  Parameter Estimates SE  Parameter Estimates SE 

Fixed effects           

 µ0  –0.04*** 0.05  –0.03*** 0.04  – – 
 µ1  0.48*** 0.11  0.56*** 0.08  – – 
 β1  1.59*** 0.32  2.04*** 0.28  – – 
 β2  1.07*** 0.22  1.43*** 0.19  – – 
 β3  0.66*** 0.09  1.02*** 0.09  – – 
 γ1  – –  – –  – – 
 γ2  – –  – –  – – 
 γ3  – –  – –  – – 
Random effects         – – 
 σ2

0  0.29*** 0.06  0.38*** 0.05  – – 
 σ2

1  0.48*** 0.12  1.16*** 0.24  – – 
 σ2

0,1  –0.37*** 0.06  –0.66*** 0.08  – – 
 σ2

0,0  – –  – –  0.18*** 0.02 
 σ2

0,1  – –  – –  –0.28*** 0.07 
 σ2

1,0  – –  – –  –0.21*** 0.04 
 σ2

1,1  – –  – –  0.34*** 0.10 

Note. µ = Mean; β = Proportional change parameter; γ = Cross-construct change parameter; σ2 = Variance. SE = Standard error. *** p 
< .001; ** p < .01. 
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Table 27 

Parameter Estimates for the Equivalent-Change Leading Indicator Bivariate Model of Phonological Awareness and Decoding Ability 

for the 3-Year-Olds 

 
  Univariate  Bivariate 
  Phonological Awareness  Decoding Ability    

Parameter  Parameter Estimates SE  Parameter Estimates SE  Parameter Estimates SE 

Fixed effects           

 µ0  –0.04*** 0.05  –0.03*** 0.04  – – 
 µ1  0.48*** 0.08  0.56*** 0.08  – – 
 β1  1.02*** 0.43  2.04*** 0.28  – – 
 β2  0.50*** 0.39  1.42*** 0.18  – – 
 β3  0.04*** 0.35  1.02*** 0.09  – – 
 γ1  – –  0.47a ** 0.25  – – 
 γ2  – –  0.47a ** 0.25  – – 
 γ3  – –  0.47a ** 0.25  – – 
Random effects         – – 
 σ2

0  0.29*** 0.06  0.38*** 0.05  – – 
 σ2

1  0.34*** 0.07  1.15*** 0.24  – – 
 σ2

0,1  –0.28*** 0.06  –0.65*** 0.08  – – 
 σ2

0,0  – –  – –  0.17*** 0.03 
 σ2

0,1  – –  – –  –0.28*** 0.07 
 σ2

1,0  – –  – –  –0.29*** 0.06 
 σ2

1,1  – –  – –  0.48*** 0.13 

Note. µ = Mean; β = Proportional change parameter; γ = Cross-construct change parameter; σ2 = Variance. SE = Standard error. *** p 
< .001; * p < .05; a p = .06. 
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Table 28 

Model Fit Statistics for Four Bivariate Equivalent-Change Models of Phonological Awareness and Decoding Ability for the 4-Year-

Olds 

 

  Bivariate Latent Change Score Models 
Fit Indices  No Coupling DC  PA PA  DC Full Coupling 

      
S-B χ2 (df)  27.36 (8) 27.94 (7) 369.10 (7) 26.66 (6) 
p-value  < .001 < .01 < .001 < .001 
CFI  .98 .98 .62 .98 
TLI  .96 .95 .18 .95 
RMSEA  .05 .06 .23 .06 
p-close  .48 .31 < .001 .23 
SRMR  .04 .05 .07 .05 
BIC a  15,943.81 15,964.10 16,108.08 15,965.81 

Note. DC = Decoding ability; PA = Phonological awareness; S-B χ2 = Satorra-Bentler scaled chi-square; df = Degrees of freedom; CFI 
= Comparative Fit Index; TLI = Tucker-Lewis Index; RMSEA = Root mean squared error of approximation; SRMR = Standardized 
root mean square residual; BIC = Bayesian information criterion; a Sample-size adjusted BIC. 
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Table 29 

Parameter Estimates for the Best-Fitting Equivalent-Change Bivariate Model for the 4-Year-Olds 

  Univariate  Bivariate 
  Phonological Awareness  Decoding Ability    

Parameter  Estimate SE  Estimate SE  Estimate SE 

Fixed effects           

 µ0  –0.08*** 0.06  –0.26*** 0.05  – – 
 µ1  0.36*** 0.07  0.75*** 0.10  – – 
 β1  1.01*** 0.13  2.00*** 0.14  – – 
 β2  1.01*** 0.13  2.00*** 0.14  – – 
 β3  1.01*** 0.13  2.00*** 0.14  – – 
 γ1  – –  0.79*** 0.15  – – 
 γ2  – –  0.79*** 0.15  – – 
 γ3  – –  0.79*** 0.15  – – 
Random effects         – – 
 σ2

0  0.62*** 0.09  0.71*** 0.06  – – 
 σ2

1  1.61*** 0.40  2.93*** 0.43  – – 
 σ2

0,1  –0.89*** 0.17  –1.44*** 0.14  – – 
 σ2

0,0  – –  – –  0.28*** 0.05 
 σ2

0,1  – –  – –  –0.56*** 0.13 
 σ2

1,0  – –  – –  –0.84*** 0.16 
 σ2

1,1  – –  – –  1.70*** 0.39 

Note. µ = Mean; β = Proportional change parameter; γ = Cross-construct change parameter; σ2 = Variance. SE = Standard error. *** p 
< .001.
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APPENDIX B 

 

FIGURES 

 

 
Figure 1. Univariate latent change score model that specifies dual change in phonological 
awareness or decoding ability. Note. Decoding ability denoted in the parentheses.  PA = 
Phonological awareness. DC = Decoding ability. s = Scores. σ = Variance. ρ = Correlation. µ = 
mean. ∆ = Change. α = Autoproportion parameter.  β = Change within construct.
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Figure 2. Bivariate latent change score model of uncoupled relations between phonological 
awareness and decoding ability.  Note. PA = Phonological awareness. s = Scores. DC = 
Decoding ability. σ = Variance. ρ = Correlation. µ = mean. s = Scores. ∆ = Change. α = 
Autoproportion parameter.  β = Change within construct. γ = Change across construct. 
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Figure 3. Bivariate latent change score model of phonological awareness as a leading indicator 
of decoding ability.  Note. PA = Phonological awareness. s = Scores. DC = Decoding ability. σ = 
Variance. ρ = Correlation. µ = mean. s = Scores. ∆ = Change. α = Autoproportion parameter.  β 

= Change within construct. γ = Change across construct. 



 

94 
 

 
Figure 4. Bivariate latent change score model of decoding ability as a leading indicator of 
phonological awareness. Note. PA = Phonological awareness. s = Scores. DC = Decoding ability. 
σ = Variance. ρ = Correlation. µ = mean. s = Scores. ∆ = Change. α = Autoproportion 
parameter.  β = Change within construct. γ = Change across construct. 
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Figure 5. Bivariate latent change score model of fully coupled relations between phonological 
awareness and decoding ability. Note. PA = Phonological awareness. s = Scores. DC = Decoding 
ability. σ = Variance. ρ = Correlation. µ = mean. s = Scores. ∆ = Change. α = Autoproportion 
parameter.  β = Change within construct. γ = Change across construct. 
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APPENDIX C 

 

COPIES OF IRB APPROVAL MEMORANDA 
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