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ABSTRACT 

Small group instruction was provided to preschool children (n = 58) to examine (1) potential 

benefits of systematic alphabet instruction as compared to typical preschool instruction, (2) the 

letter name-to-sound facilitation effect, (3) causal relations between alphabet knowledge and 

emergent literacy skill development, and (4) the influence of phonological processing abilities on 

alphabet knowledge development.  Children were randomly assigned to receive letter name and 

sound training, letter sound training only, or numeracy training (serving as a treated control).  

Thirty-four 15 minute lessons were provided.  Results suggest benefits of combined letter name 

and sound instruction in promoting children’s letter sound acquisition, possibly due to letter 

name-to-sound facilitation.  Benefits did not generalize to other emergent literacy skills. 
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DEVELOPING EMERGENT LITERACY SKILLS:  

THE IMPACT OF ALPHABET INSTRUCTION 

 

Significance of Alphabet Knowledge 

The acquisition of alphabetic knowledge, or knowledge of letter names and sounds, is an 

important accomplishment in children’s early literacy development (Whitehurst & Lonigan, 

1998).  Knowledge of letter names is a strong predictor of later reading ability (Adams, 1990; 

Hammill, 2004; National Research Council, 1998; Scarborough, 1998; Schatschneider, Fletcher, 

Francis, Carlson, & Foorman, 2004).  Children with high levels of letter name knowledge, as 

measured in preschool or kindergarten, tend to develop better reading skills later in their school 

careers than do children with lower levels of letter knowledge.  Conversely, children who 

demonstrate extremely low letter name knowledge at ages 3-5 are more likely to experience 

difficulties in reading acquisition; letter name knowledge is an important risk indicator for young 

children (National Research Council, 1998; O'Connor & Jenkins, 1999; Snowling, Gallagher, & 

Frith, 2003; Torppa, Poikkeus, Laakso, Eklund, & Lyytinen, 2006). 

 Acquisition of letter sound knowledge is essential in alphabetic languages like English 

(Adams, 1990; Chall, 1967/1983; Ehri, 1987, 1998; Rayner, Foorman, Perfetti, Pesetsky, & 

Seidenberg, 2001).  Word reading in such alphabetic languages depends on the mastery of 

grapheme-phoneme correspondences, of which individual letter sounds are the most basic.  For 

children to decode increasingly sophisticated print, they must rely on the alphabetic principle, or 

the notion that printed words are composed of individual letters and that these letters correspond 

to speech sounds (phonemes).  Children with knowledge of these letter-to-sound mappings are 

able to determine the sounds represented by the letters printed in words and blend these sounds 

together to arrive at the words’ pronunciations.  This process of decoding results in connections 

between words’ print and spoken forms, allowing for more automatic, fluent word reading as 

these connections are strengthened (Ehri, 1987, 1997, 1998).  Spelling in alphabetic languages 

relies on letter sound knowledge in a similar manner.  Children must attend to the individual 

sounds heard in a spoken word and represent these sounds with their corresponding letters and/or 

letter combinations. Thus, letter name and sound knowledge represent important precursors for 

children’s later reading and spelling abilities (Adams, 1990). 
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 For this reason, alphabet knowledge is an important component of early literacy 

instruction.  Development of alphabet knowledge has been incorporated into a number of recent 

federal educational initiatives.  Both the Early Reading First and Reading First programs set 

explicit goals seeking to increase participants’ letter knowledge and understanding of letter-

sound correspondences (U. S. Department of Education, 2002, 2003) and means of monitoring 

progress in these areas (i.e., DIBELS; Good, Kaminski, Smith, Laimon, & Dill, 2001).  The 

guidelines for Head Start (Administration for Children and Families, 2003) present similar 

alphabetic learning goals.  Finally, many state curriculum frameworks (as mandated under the 

No Child Left Behind Act of 2002; e.g.,  Florida Department of Education, n. d.; Massachusetts 

Department of Education, 2001) include letter name and sound knowledge as learning goals for 

young children, and most early literacy curricula include alphabet knowledge components 

(Justice, Pence, Bowles, & Wiggins, 2006). 

 Despite the need and demand for developing alphabetic understanding in young children, 

little is known regarding how alphabet knowledge is best imparted.  The National Early Literacy 

Panel, charged with reviewing the research base on fostering emergent literacy skills, identified 

only three studies that investigated the impact of alphabetic instruction (C. Lonigan, personal 

communication, April 10, 2007).  Piasta and Wagner (2007b), in their recent review of the 

impact of instruction on alphabet outcomes, also failed to identify studies explicitly designed to 

isolate the effects of alphabet instruction.  Furthermore, for those instructional methods currently 

utilized, Piasta and Wagner (2007b) found relatively small impacts on letter name and sound 

learning.  Such small effects may be due to the great heterogeneity in alphabet teaching.  

Curricula designed to facilitate early literacy skills vary considerably in how alphabet knowledge 

is taught (Justice et al., 2006).  Curricula may differ in the sequence in which letters are 

introduced (e.g., alphabet order, letter frequency, or sequences designed to separate phonetically 

and/or visually confusable letters).  Curricula may also differ in how letters are introduced (e.g., 

uppercase versus lowercase, by name or sound).   

Alphabetic Knowledge Development:  Letter Name-to-Sound Facilitation 

 A review of the literature on children’s development of alphabet knowledge, however, 

suggests certain factors that may facilitate alphabet acquisition.  One example concerns the role 

of letter names in letter sound learning.  A growing body of literature suggests that letter name 

learning may facilitate acquisition of letter sounds (Evans, Bell, Shaw, Moretti, & Page, 2006; 
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Justice et al., 2006; McBride-Chang, 1999; Piasta, 2006; Read, 1971; Share, 2004; Treiman, 

Tincoff, Rodriguez, Mouzaki, & Francis, 1998; Treiman, Weatherston, & Berch, 1994) and thus 

aid in children’s early understanding of the connections between print and spoken words 

(Treiman, Berch, & Weatherston, 1993; Treiman et al., 1994).  Knowledge of letter names and 

knowledge of letter sounds are highly correlated and uniquely predictive of one another (Burgess 

& Lonigan, 1998; Evans et al., 2006; Mann & Foy, 2003; McBride-Chang, 1999; Piasta, 2006).  

It appears that these skills may be reciprocally related, with one type of letter knowledge 

influencing acquisition of the other (Piasta, 2006). 

 Support for this reciprocal relation is derived from research examining the properties of 

individual letters that affect their acquisition.  Letter name structure, whether letter names 

indicate corresponding letter sounds, is one such property (Evans et al., 2006; Justice et al., 2006; 

McBride-Chang, 1999; Piasta, 2006; Treiman et al., 1998).  Some letters like B and F include 

cues to letter sounds (i.e., /b/ and /f/) in their names.  These letters follow one of two forms.  

Letters like B are consonant-vowel (CV) letters, in that the consonant’s corresponding sound is 

heard first in the name (/b/), followed by a vowel sound (/i/).  Letters like F are vowel-consonant 

(VC) letters, with the vowel sound first in their names (/ε/) followed by the letter sound (/f/).  

Other letters have names that do not provide cues to their sounds, like W and H.  These letter 

names and sounds are not associated (NA).   

When children’s patterns of alphabet acquisition are examined, a letter name structure 

effect is apparent: letter names and sounds are most likely to be known for letters that include 

cues to their sounds (CV and VC) as opposed to NA letters (Justice et al., 2006; McBride-Chang, 

1999; Piasta, 2006; Treiman et al., 1998).  Furthermore, CV letters are often more likely to be 

known than VC letters (Justice et al., 2006; Treiman et al., 1998).  Treiman and colleagues 

(1998) demonstrated that this pattern held when children were instructed in letter sounds, 

indicating that the pattern seen in correlational studies was due to ease of learning and not factors 

extrinsic to the child (e.g., more exposure or earlier introduction to letters with CV or VC 

patterns, instruction centered on these letters and short-changing NA letters).  Their study 

involved testing the acquisition of 10 letters representing all three categories of letter name 

structure (CV, VC, NA) in preschool children who were familiar with these letter names but not 

with the corresponding sounds.  After letter sound training, results showed that children were 

most likely to learn the sounds of CV letters, followed by VC letters, and, finally, NA letters.   
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 Although these results suggest a facilitative, and perhaps reciprocal, effect of letter name 

knowledge on letter sound learning, these studies do not provide strong causal evidence for this 

relation.  Most studies were correlational in nature, and the Treiman et al. (1998) study did not 

include a control or comparison condition.  Two recent experimental studies, however, have 

investigated this claim.  Share (2004) taught groups of Israeli kindergarteners to label 

pseudoletters with English letter names (i.e., syllables that carry no meaning) or meaningful 

Hebrew words linked to the visual form of the pseudoletters (e.g., a letter that looked like an 

anchor was labeled with the Hebrew word for “anchor”).  Children were then taught sounds for 

each pseudoletter.  Within the letter name condition, these sounds were either related or 

unrelated to the names the children had been taught (e.g., B and /b/ or H and /h/).  Although the 

group given Hebrew words as labels outperformed the letter name group in mastering the 

pseudoletter labels, the letter name group significantly outperformed the Hebrew words group in 

learning the corresponding pseudoletter sounds.  Furthermore, within the letter name condition, 

children were more likely to learn the sounds of pseudoletters whose names included cues to 

their sounds (CV and VC) as opposed to pseudoletters whose names and sounds were unrelated 

(NA).  There was no difference in learning the sounds of CV versus VC letters, and the same 

effects were found when replicated with a second group of children trained in related (e.g., S and 

/s/) or unrelated (e.g., S and /f/) letter names and sounds.   

 Levin and colleagues (Levin, Shatil-Carmon, & Asif-Rave, 2006) also worked with 

Israeli preschool and kindergarten children to examine the reciprocal relations between letter 

name and sound learning.  The children were unfamiliar with the names and sounds for at least 

eight Hebrew letters.  Each child was taught the names and sounds for four of these letters, with 

the second set of four letters serving for comparison.  The letters were either taught (1) by letter 

names first, followed by letter sounds or (2) by letter sounds, followed by letter names.  Children 

were assessed on alphabetic knowledge and a word recognition task at three time points: pretest, 

following the first wave of instruction (in either letter names or sounds, depending on the 

condition to which children were assigned), and following the second wave of instruction, at 

which time all children had received both letter name and sound instruction.  Results after the 

first wave of instruction demonstrated that children learned what they were taught (i.e., letter 

names when given letter name instruction, letter sounds when given letter sound instruction), but 

that children who were taught letter names attempted to extrapolate letter sounds from this 
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knowledge.  Letter sound knowledge did not appear to transfer to letter name learning, and both 

types of alphabetic knowledge led to increases in word recognition for words beginning with the 

four trained letters.  At the final posttest, all children were equally likely to have learned letter 

names and sounds, regardless of which type of instruction was presented first, and all 

demonstrated enhanced word recognition skill.  Taken together, the results of Levin et al. (2006) 

and Share (2004) support the benefit of letter name learning in the development of letter sound 

knowledge.  These results also provide a mechanism by which letter name knowledge relates to 

later reading acquisition: Although knowledge of only letter sounds is required for decoding an 

alphabetic script, knowledge of letter names indirectly benefits word reading skill through its 

facilitative effect on letter sound acquisition.   

 Despite the Levin et al. (2006) and Share (2004) studies, others have postulated that letter 

name learning holds no benefit for letter sound acquisition (for discussion, see Adams, 1990, pp. 

350-355; Groff, 1984; McGuinness, 2004).  Proponents of this view have suggested that the 

relations of letter name knowledge with letter sound knowledge and relations of letter name 

knowledge with early reading and spelling abilities are not causal in nature (Foulin, 2005; Groff, 

1984).  Letter name knowledge merely indexes other factors, such as print awareness and 

exposure, socioeconomic status, intelligence, parental involvement, etc., that are also related to 

the acquisition of letter sounds and other emergent literacy skills.  Thus, letter sound knowledge 

is enough to support early reading and spelling abilities, and development of these abilities are 

not enhanced through knowledge of letter names.  This position is supported by the findings of 

Levin and colleagues (2006), as reported above, and also by cross-cultural studies comparing the 

letter name and sound acquisition of children in countries that tend to focus on different aspects 

of alphabet knowledge. Although  children in the United States and Israel are typically first 

taught to refer to letters by their names (e.g., B), children in the United Kingdom, for example, 

are taught to refer to letters by their sounds (e.g., /b/; Caravolas, Hulme, & Snowling, 2001; 

Ellefson, Treiman, & Kessler, 2007; Levin et al., 2006).  By age 7 or 8, however, children in 

both the United States and the United Kingdom are equivalent in their mastery of both the names 

and sounds of letters (Ellefson et al., 2007); presumably, there is little difference in reading and 

spelling development between the two countries solely due to the differential emphasis on names 

or sounds during early childhood. 
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  Others have argued not only that letter name knowledge does not facilitate letter sound 

acquisition and early literacy, but that knowledge of letter names actually interferes with the 

development of these skills (Groff, 1984; McGuinness, 2004).  Such arguments are typically 

theoretically or anecdotally based.  Venezky (1975, 1979), for example, notes that not all speech 

sounds are contained in letter names; the phoneme /th/ provides one example.  Nor are letter 

names and speech sounds easily mapped from one to the other.  Letter names may not contain 

the corresponding letter sound (e.g., W), multiple sounds may be associated with a single letter 

and letter name (e.g., /k/ and /s/ for C), and, although letter names are full syllables, the sounds 

with which letters are to be associated are only a single phoneme within these syllables (e.g., /b/ 

from /bi/).  Letter names might thus be confusing to children, providing a meaningless second 

label and interfering with their ability to learn the more important skill of letter-sound 

correspondences.  Researchers and educators involved in literacy education within the deaf 

community, in particular, tend to cite this argument and object to letter name instruction for 

children with hearing impairments (e.g., the program Children's Early Intervention for Speech-

Language-Hearing [CEI], Tade & Vitali, 1994; see also Easterbrooks & Estes, 2007; Steinberg & 

Harper, 1983).   

Alphabetic Knowledge Development and Phonological Processing 

 Phonological processing refers to children’s awareness of and ability to manipulate 

segments (phonemes, onsets/rimes, syllables) of language.  Like alphabet knowledge, 

phonological processing is related to word reading ability (e.g., Lonigan, Burgess, & Anthony, 

2000; Torgesen, Wagner, & Rashotte, 1994; Wagner & Torgesen, 1987; Wagner, Torgesen, & 

Rashotte, 1994; Wagner et al., 1997), and intervention research demonstrates that this relation is 

causal in nature (see Bus & van Ijzendoorn, 1999; National Reading Panel, 2000; Wagner, 1988 

for reviews).  Phonological processing is also related to alphabet knowledge, as demonstrated in 

a number of studies (e.g., Burgess & Lonigan, 1998; Lonigan, Burgess, Anthony, & Barker, 

1998; Mann & Foy, 2003; McBride-Chang, 1999; Share, 2004; Wagner et al., 1994).  Thus, 

children with higher phonological processing abilities not only tend to have greater knowledge of 

letter names and sounds but also better decoding and word identification skills.   

Phonological abilities and letter knowledge most likely work in tandem to promote 

reading skill: Children must use letter knowledge to identify the sounds in a printed word and 

employ their phonological abilities in blending these sounds together and recognizing the word’s 
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spoken form.  In support of this notion, research on phonological training has demonstrated an 

advantage for combining such training with alphabet instruction (see National Reading Panel, 

2000 for review).  For example, Hatcher and colleagues (Hatcher, Hulme, & Ellis, 1994) 

compared four groups of 6- and 7-year old children on their early reading and spelling abilities.  

One group received both phonological training and instruction in letter-sound correspondences 

while the other groups received (1) phonological training only, (2) early literacy training without 

phonological training or reference to the links between letters and sounds, or (3) no additional 

training (i.e., an untreated control condition).  Children in the first condition showed the greatest 

gains in reading and spelling, and children in the second two conditions were indistinguishable 

from the untreated control.  Work by Ball and Blachman (1991) provides a second example of 

the benefits of combined phonological and alphabet instruction.  Kindergarten students were 

randomly assigned to one of three conditions: (1) phoneme awareness plus letter name and sound 

training, (2) language activities (e.g., vocabulary development, storybook reading) plus letter 

name and sound training, or (3) no treatment control.  Results showed advantages for the 

phoneme awareness plus alphabet training group on phonological, letter sound, reading, and 

spelling outcomes.  Thus, combining phonological and alphabetic instruction impacts not only 

later reading and spelling abilities, but also learning of letter-sound correspondences. 

This conclusion is commensurate with a bidirectional relation between letter name and 

sound knowledge and phonological processing skill (Burgess & Lonigan, 1998; Foulin, 2005; 

McBride-Chang, 1999).  In this model, letter knowledge impacts phonological skill and 

phonological skill impacts letter learning.  In fact, phonological skill is required to explain the 

facilitative effect of letter name knowledge on letter sound acquisition (Piasta, 2006; Share, 

2004).  Children must use their phonological abilities to derive the letter sound from its name, 

isolating the corresponding sound from the full syllable of the letter name (e.g., /b/ from /bi/).  

Share (2004) found that phonological ability significantly predicted letter sound learning within 

his experimental (letter name) group and interpreted this finding as demonstrating the children’s 

use of phonological abilities to learn letter sounds from their names.  If this hypothesis were 

correct, children with higher phonological abilities would be expected to show a particularly 

large letter name structure effect.   Children with lower phonological abilities, on the other hand, 

would show more consistency in their learning of CV, VC, and NA letters as they are not able to 

take advantage of the CV and VC patterns.  In contrast to these predictions, Piasta (2006) found 
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large letter name structure effects for children with low phonological skills, with this effect often 

more pronounced than in cases of children with high phonological skills.  A major limitation of 

the Piasta (2006) findings, however, is that measures were taken concurrently, and the effect of 

phonological skills on growth in alphabetic knowledge could not be examined.  Children with 

higher phonological skills may still be more likely to profit from training that includes letter 

names than children with lower abilities.  Such children may acquire letter knowledge more 

quickly, reaching a ceiling in their letter knowledge at which point differences among letters 

cannot be detected (i.e., all letters are known).  This hypothesis remains to be tested. 

 The claim that letter learning affects phonological development also requires further 

examination.  Despite correlational and longitudinal data documenting the relation (see Foulin, 

2005 for review), considerably less evidence exists for evaluating the causality of the effect.  

Although many studies have included conditions involving only phonological awareness 

training, alphabet training is typically provided within the context of a broader literacy program 

(Piasta & Wagner, 2007).  For example, letter sound instruction is often provided along with 

training in phonological segmentation and blending or, as in the study by Ball and Blachman 

(1991) referenced above, within the context of shared reading and increased exposure to print.  

The effects of letter name and sound training have not been isolated from other program 

components, and the impact of instruction on early literacy skills cannot be attributed specifically 

to the alphabetic components.  Mechanisms by which letter knowledge may influence 

phonological processing skill, however, have been proposed (Foulin, 2005).  Familiarity with 

letter names and sounds might make these speech segments more salient to young children.  

Letter knowledge may also aid in development of the alphabetic principle, or the notion that print 

is comprised of individual letters, these letters map onto sounds, and spoken words consist of 

various combinations of these sounds.  Letters may act as concrete markers of sounds heard in 

words, allowing children to better grasp this concept.  To this end, letters may have the same 

beneficial effect as Elkonin boxes or other manipulatives on phonological understanding 

(Elkonin, 1988; Hohn & Ehri, 1983).  

Limitations of the Alphabet Knowledge Literature 

 As described above, alphabet knowledge is highly predictive of children’s literacy 

abilities and, for this reason, letter skills are often targets of early literacy instruction.  Yet, the 
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causal relations among letter name knowledge, letter sound acquisition, and emergent literacy 

skills remain unclear.   

First, questions concerning the value of letter name learning for letter sound acquisition 

have not been settled.  Although the studies of Share (2004) and Levin et al. (2006) would 

suggest an advantage for acquiring letter sounds, considerable debate remains on this point 

(Durrell, 1980; Ehri, 1983; Foulin, 2005; Groff, 1984; Venezsky, 1975, 1979). The work of 

Share (2004) and Levin et al. (2006) also have a number of limitations.  The findings of Share 

(2004) concerned pseudoletter learning, while Hebrew letter names and sounds were examined 

in the Levin et al. (2006) study.  An experimental study of English alphabet acquisition is 

desirable.  Neither of the two studies examined a full set of alphabet letters, and the work by 

Levin and colleagues (Levin et al., 2007) provided instruction in different letters for different 

children.  Both of the studies aggregated information across letters in order to look at individual 

differences among children, and thus cannot speak to the reliability and generalizability of 

effects across letters (Lorch & Myers, 1990; Piasta, 2006; Richter, 2006).  Given that letters may 

differ on a number of properties (e.g., letter name structure, position of the letter in the alphabet 

or in a child’s particular name; Justice et al., 2006; McBride-Chang, 1999; Piasta, 2006; Treiman 

et al., 1998), it is important to know whether instructional effects hold across the full spectrum of 

the English alphabet.  

Generalizability of findings is also problematic at the child level.  Both studies examined 

the letter knowledge of Hebrew-speaking Israeli children who were completely unfamiliar with 

the letter names and sounds under investigation.  In reality, however, children are exposed to 

print in their environments and bring this knowledge to the task of alphabet learning (Lomax & 

McGee, 1987; Thompson, Fletcher-Flinn, & Cottrell, 1999; Worden & Boettcher, 1990).  

Children also bring other emergent literacy skills, such as phonological processing, to the task of 

mastering letter names and sounds.  Neither study appropriately modeled the influence of 

phonological processing abilities on letter name and/or sound learning: Although Share (2004) 

estimated the correlation between phonological skills and letter sound knowledge, the letter 

name-to-sound facilitation hypothesis would postulate different relations when learning different 

types of letters (i.e., CV, VC, or NA; Piasta, 2006).  Finally, the letter training received by 

children was far from how such knowledge would typically be taught within an early childhood 

setting.  Children are usually not faced with learning a great number of letters in a single session 
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or taught in 1:1 or even 2:1 ratios.  Also, in the case that both letter name and sound instruction is 

provided, teachers are likely to link the two labels (e.g., “This is B.  It says /b/.”) and not refrain 

from using letter names once letter sounds are introduced.  Thus, the question is raised as to 

whether similar effects would be found with instruction more representative of the type 

preschool children in the United States might receive.  In sum, further research on letter name-to-

sound facilitation must examine the extent to which effects generalize (1) to all the letters of the 

English alphabet, (2) to a typical sample of English-speaking, preschool-aged children, with 

various initial levels of letter knowledge and phonological processing skills, and (3) under more 

ecologically-valid means of alphabet instruction.   

Second, the efficacy of letter name and/or sound acquisition for promoting early reading 

and spelling skills deserve further attention.  The question of whether alphabet knowledge, in 

general, is causally related to these emergent literacy skills remains unanswered, as do more 

specific questions regarding the relative impacts of letter name and letter sound knowledge.  A 

pure estimate of these effects requires training alphabetic skills in isolation and a control group 

that did not receive such training.  Although the Levin et al. (2006) study came close in 

providing such estimates, the work is limited by the problems of generalizability mentioned 

above, a single outcome measure of word recognition, in which children had a 50% chance of 

success, and a lack of a comparison group that did not receive any type of alphabet instruction.  

As previously detailed, few other studies have provided alphabet skills instruction in isolation 

and the majority of these do not provide the necessary comparisons or outcome data. 

Finally, the same problem has staunched investigations of the relation between alphabet 

knowledge and phonological processing skill.  Phonological processing abilities may affect 

children’s overall acquisition of letter names and sounds, particularly for those letters whose 

names and sounds are linked (see above).  Just as importantly, alphabet knowledge may 

influence phonological abilities.  In this case, increased phonological understanding provides a 

second mechanism by which alphabetic understanding may impact early reading and spelling 

skills.  The causal nature of this relation, however, requires investigation. 
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PURPOSE OF THE PRESENT STUDY 

 

The present study was designed to examine each of the questions enumerated above 

concerning the development of and relations among letter name knowledge, letter sound 

knowledge, phonological processing skills, and early reading and spelling abilities.  Alphabet 

instruction was provided to two groups of English-speaking children.  One group was taught 

both letter names and letter sounds (LNLS condition), to examine potential facilitative effects of 

letter name learning.  The second group was taught letter sounds only (LS condition).  All letters 

in the English alphabet were taught to children in the two alphabet conditions, with instruction 

more closely resembling alphabetic components of early literacy curricula than laboratory trials.  

A third group of students was provided with alternative instruction in number identification 

(Number condition), and served as a treated control.  Instruction in all conditions was 

supplemental to any regular classroom instruction, with potential confounds of classroom effects 

controlled through study design.  

A number of research aims were pursued.  First, given the dearth of pure alphabetic 

training studies, the impacts of the LNLS and LS training on letter name and letter sound 

acquisition was estimated as compared to the instruction typically received by preschool children 

(i.e., Number condition).  Second, the impact of letter name learning on the acquisition of letter 

sounds was assessed.  If the letter name-to-sound facilitation effect holds, the LNLS group ought 

to outperform the LS group in letter sound acquisition (assuming equivalent amounts of letter 

sound instruction).  Furthermore, the letter name-to-sound effect should be limited to those 

letters whose names include cues to their sounds (i.e., CV and VC letters, to the exclusion of NA 

letters).  Should the effect extend beyond these letters, another mechanism for the advantage in 

learning letter names would need to be considered.  The current study will examine one such 

alternative mechanism, namely the possibility that alphabet knowledge increases students’ 

phonological understanding.  In this case, growth in phonological skills will be greater for 

children in the instructional conditions as opposed to the controls, and children in the LNLS 

condition may also outperform children in the LS condition.  On the other hand, if the letter 

name-to-sound effect does not hold, there should be no difference between the two instructional 

groups in terms of letter sound knowledge or growth in other emergent literacy skills.   
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Third, the causal relation between alphabet knowledge and emergent literacy skills was 

evaluated.  These results will help in clarifying the findings of studies that emphasized the 

benefits of combined alphabetic and phonological training but failed to estimate the impact of 

letter sound instruction alone.  If alphabet knowledge promotes early phonological processing, 

reading, and spelling skills, children in the LNLS and LS conditions should outperform children 

in the control group (i.e., Number condition) on these measures.  If the groups do not differ, 

alphabet training alone does not facilitate growth in these skills; a combined approach (alphabet 

and phonological training) may be necessary. 

Finally, the influences of phonological abilities on letter name and sound acquisition 

were examined.  Given the relations among these skills, children with higher phonological 

abilities were expected to show greater growth in knowledge of letter names and sounds.  The 

rates of growth, however, were expected to differ depending on letter name structure.  Children 

with higher phonological abilities were expected to show greater mastery of CV and VC letters 

as compared to children with lower phonological abilities.  Acquisition of NA letters should not 

be dependent on phonological skill. 

The multiple aims of the study were achieved by addressing the following research 

questions: (1) What is the impact of alphabet instruction on children’s alphabet learning?  Is the 

impact different for LNLS versus LS instruction? (2) What is the impact of alphabet instruction 

on children’s acquisition of phonological processing, emergent reading, and developmental 

spelling skills?  Is the impact different for LNLS versus LS instruction? (3)  What is the impact 

of alphabet instruction on the types of letters children are likely to learn (i.e., CV, VC, and NA 

letters)? (4) Are gains in alphabet knowledge, particularly for CV and VC letters, related to 

phonological processing skill?  
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METHOD 

 

Participants 

 Four private childcare centers agreed to participate in the study.  The centers were located 

in a mid-sized Southeastern city and served children from a range of ethnic and socioeconomic 

backgrounds.  English-speaking, preschool-aged children were recruited from classrooms 

serving 3- and 4-year olds at the centers.  Center staff employed their own judgment in 

distributing consent forms to parents of children demonstrating little familiarity with alphabet 

letters.   

 Children for whom parental consent was granted (N = 113) were screened to determine 

their uppercase letter naming abilities (task described in Measures section).  Children producing 

fewer than eight letter names were considered eligible for study participation.  The cutoff of 

eight letter names was determined through examination of a large database containing 

information on over 1,000 3- and 4-year old children living in the same mid-sized Southeastern 

city.   Knowledge of eight or fewer letter names represented below-average letter knowledge for 

children of this age (C. Lonigan, personal communication, June 13, 2007).  Sixty-three children 

met the screening criteria and were invited to further participate in the study; the sample was 

unrestricted with regard to gender, ethnicity, or socioeconomic status. Five eligible children, 

however, did not complete the study.  Two children were never assigned to an intervention 

condition, as one child moved prior to the start of the study and one child refused to complete the 

pretest assessments after the letter name screening.  Three children were assigned to intervention 

conditions (one assigned to each of the three conditions) but dropped prior to completion of the 

study for various reasons.  One child displayed serious behavior problems within the small 

groups through which instruction was delivered.  Consultation with the child’s teacher and 

parents resulted in the decision to terminate the child’s participation at the study’s midpoint.  The 

second child refused to complete posttest assessments.  The third child unexpectedly moved prior 

to the collection of posttest data.  Eligible children who did and did not complete the study did 

not significantly differ on demographic, screening, or pretest measures (Welch’s tests: letter 

name production F[1, 5.137] = 0.105, p = .759, letter name recognition F[1, 4.968] = 0.081, p = 

.788, letter sound production, letter sound recognition F[1, 9.707] = 2.799, p = .126, vocabulary 

F[1, 2.207] = 0.003, p = .959, phonological awareness F[1, 2.161] = 0.571, p = .523, parent 
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education F[1, 4.804] = 0.539, p = .497), with two exceptions.  Non-completing children tended 

to tended to be slightly older (M = 4.57 years) than children who completed the study (M = 3.77 

years), F[1, 2.447] = 9.373, p = .071.  Also, significant group differences were see on letter 

sound production, Welch test F(1, 57) = 14.802, p < .001, with non-completing children 

unfamiliar with any letter sounds at pretest (M = 0) and children who completed the study 

knowing, on average, 0.948 letter sounds.   

Sample characteristics for the 58 children completing the intervention are presented in 

Table 1.  Forty-eight percent of the sample was female.  The majority of children in the sample 

(72.41%) were Caucasian, with 13.79% African-American and 13.79% of other ethnicities 

(Indian, Hispanic, or Asian).  Fifty percent of the children had parents who had graduated from 

college, and 8.62% of parents had additional post-graduate training.  Parents of three children 

failed to provide their education information. 

Because children entered the study with various levels of alphabet knowledge (e.g., 

knowing zero to eight letter names), they were randomly assigned to condition using a block-

randomization technique (Shadish, Cook, & Campbell, 2002) to better ensure equivalency of 

groups at the start of the study.  Within each classroom, children were rank-ordered as to their 

initial alphabet knowledge.  The three top-ranking children were grouped, with one of these 

children randomly assigned to each of the three intervention conditions.  The three children with 

the next highest rankings were then grouped and randomly assigned to condition, one child to 

each condition.  Random assignment continued in this manner until all children had been 

assigned to intervention conditions.  For classrooms in which the eligible number of children was 

not a multiple of 3, simple random assignment was used to assign the final pair or individual 

child to a condition, with the stipulation that the overall number of children in conditions be as 

equivalent as possible.  Within conditions, children were also randomly assigned to the small 

groups through which instruction was delivered.  In this manner, neither condition nor small 

groups were confounded with initial alphabet knowledge levels, Centers, teachers, or classes.   

Instruction 

 Curricula consisting of 34 individual lessons were developed for each instructional 

condition.  These lessons were delivered to participating children over a 9-week period (8 weeks 

of instruction plus a week of mid-testing).  All instruction, for both children in the alphabet 

instruction conditions and those in the control, was implemented as a small group pull-out 
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program.  Children received instruction in small groups of 3-5 students.  Instruction in all 

conditions was implemented by the researcher and two research assistants.  At the time of the 

study, the lead researcher was an advanced doctoral student in a developmental psychology 

program with expertise in literacy development.  One research assistant was also a doctoral 

student with expertise in early literacy development, pursuing a degree in clinical psychology.  

The second research assistant had a master’s degree in education and was a former public school 

teacher.  Beyond knowing that the instructional conditions were being compared, the two 

research assistants were blind to the study’s specific aims.  Each implementer provided 

instruction in all three conditions to avoid confounding intervention condition with implementer.  

Specifically, the researcher was responsible for two LNLS groups (7 children), two LS only 

groups (8 children), and three Number groups (11 children); one research assistant was 

responsible for two LNLS groups (9 children), two LS only groups (7 children), and one Number 

group (4 children); and one research assistant was responsible for one of each type of group (5, 

4, and 4 children in LNLS, LS only, and Number groups, respectively). 

 As will be described, lessons were highly scripted.  Implementers were trained to 

properly deliver the lessons during two training sessions prior to the start of the study.  During 

these sessions, lesson plans and instructional materials were distributed, and implementation was 

modeled by the researcher.   Implementation was monitored throughout the course of the study.  

Audio recordings of 30% of all lessons were reviewed by the researcher, with implementation 

issues discussed as they arose.   

 Fidelity to the scripted lesson plans was also formally assessed.  Fifty percent of the 

audio recorded lessons (15% of all lessons) were randomly selected.  These recordings were 

coded by two research assistants blind to the study’s purposes.  The coding scheme included (1) 

assessments of the presence/absence of key lesson components as detailed in the lesson scripts, 

(2) counts of the misuse of letter names in the letter sound only condition, and (3) ratings of the 

overall enthusiasm and responsiveness of the implementer on a 3-point scale (i.e., 2 = 

enthusiastic, as noted in implementer’s tone of voice and his/her response to and praise of 

children, 1 = mildly enthusiastic, 0 = not enthusiastic, with monotone voice and little to no praise 

or responsiveness to children).  Research assistants were trained to use the coding scheme by the 

researcher and individually coded five audio recorded lessons.  Perfect agreement was reached 
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on these training recordings, and double-coding of 20% of the fidelity recordings indicated 

continued high interrater reliability (κ = .93).   

LNLS and LS conditions.  Lessons followed a similar format in both alphabet instruction 

conditions; conditions differed solely in whether letter names were taught in addition to letter 

sounds.  In the LNLS condition, the letter was consistently referred to by its name and linked to 

its corresponding sound (e.g., the letter C that makes the sound /k/).  In the LS only condition, 

the letter was designated only through reference with its corresponding sound (e.g., the letter that 

makes the /k/ sound; see Appendix A for sample lesson plans implemented in each condition).  

Letters were taught in a developmentally-appropriate manner, designed to engage and maintain 

the children’s attention.  Thirty-four alphabet lessons were developed: 26 individual letter 

lessons plus 8 review lessons.  All lessons lasted approximately 10-15 minutes.   

The individual letter lessons focused on a single uppercase letter and sound.  To avoid 

bias due to typical alphabet order (see, e.g., McBride-Chang, 1999), letters were taught following 

a fixed random sequence (T, J, S, N, M, G, A, V, H, W, P, Z, O, C, Q, E, B, Y, R, K, U, I, F, X, 

D, L).  Children were taught the most common sound associated with individual letters (e.g., /k/ 

for C, /g/ for G) and the short sounds for vowels (e.g., /æ/ for A, /ɑ/ for O).  Lessons were 

consistent in materials and instructional activities across all letters and in both alphabet 

instruction conditions.  In any given individual letter lesson, the same format was followed.  The 

letter was introduced by the implementer using a flashcard, with the name and/or sound repeated 

by the children.  Children were invited to find and identify the letter from an assorted pile of 

magnetic letters on the table.  The children then found the letter on their individual alphabet mats 

(laminated placemats showing all 26 uppercase letters and corresponding pictures of objects 

beginning with each letter’s sound), traced the letter with their fingers, and again responded to 

the implementer’s modeling of the letter name and/or sound.  The implementer noted the 

alphabet mat picture corresponding to the letter sound and drew the children’s attention to the 

letter sound at the beginning of the picture word which the children repeated.  Next, the 

implementer set out more pictures of objects beginning with the letter and its corresponding 

sound, inviting the children to name each picture.  The implementer also placed printed words 

corresponding to the objects pictured on a magnetic board.  Each child was given a turn to 

choose a picture, name it, produce the letter name and/or sound, identify the letter on the printed 

picture word, and place their magnetic letter on the corresponding letter in the word.  At the end 
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of the lesson, children were presented with an array of letter stickers, allowed to choose a sticker 

displaying the letter learned during the lesson, and asked to produce the letter name and/or sound 

a final time.  Three to four individual letter lessons were provided during each of the study’s 

eight instructional weeks. 

A review lesson was also conducted each week.  The first few minutes of the lesson 

briefly reviewed the letters learned that particular week.  The implementer showed each letter 

and modeled its name and/or sound.  The children were invited to find each letter on their 

alphabet mats and repeat the name and/or sound.  The majority of the review lesson consisted of 

a shared alphabet book reading.  This activity was chosen to maintain a consistent number of 

exposures to individual letters across the course of the study, as opposed to a cumulative review; 

the total amount of exposures to letters was held constant by reviewing those letters that had 

been learned and previewing those letters that would be learned in future lessons.  Eight different 

commercially-available alphabet books were selected, one per review lesson/instructional week.  

Each book included all 26 letters, with a page devoted to each individual letter and its 

corresponding sound.  Each page displayed an enlarged uppercase form of the letter along with 

text emphasizing a target word beginning with the corresponding letter sound (e.g., A for 

Atlantic Ocean).  When the target word did not begin with the sound children were intended to 

learn (e.g., A for armadillo), the researcher replaced the text and picture to reflect the appropriate 

sound (e.g., A for alligator).  The alphabet book was read to the children in the following 

manner.  The implementer began each page by pointing to the large letter and modeled its name 

and/or sound.  The children were encouraged to repeat this information.  The implementer then 

read the short text (two to three sentences) indicating and describing the target word, 

emphasizing the letter sound at the beginning of the word.  In text, the letter was always referred 

to by sound (e.g., “/æ/ is for Alligator”, as opposed to “A is for Alligator”).  The implementer 

finished each page by again pointing to the large letter and modeling its name and/or sound. 

Control/Number condition.  Children in the control condition received a numeracy 

intervention.  Similar to the alphabet instruction conditions, a curriculum consisting of 34 10-15 

minute lessons was provided to small groups of 3-5 children in a pullout program.  

Developmentally-appropriate lessons were provided, with the aim of increasing children’s 

cardinal knowledge of the numbers 0-15.  Number lessons were designed to be as similar as 

possible to alphabet lessons in format, activities, intensity, and duration. 
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Sixteen lessons were devoted to instruction on a particular number, 0-15.  The same 

format was followed for each of these lessons.  The number was introduced by the implementer 

using a flashcard, with its name given and repeated by the children.  Children were invited to 

find and identify the number from a pile of assorted numbers on the table.  The implementer then 

modeled tracing and writing the number on a worksheet.  The children practiced tracing and 

writing the number on their own or with the aid of the implementer.  The lesson concluded with 

a sorting task.  The implementer set out numbered discs of various colors, and assigned a 

particular color to each child.  The children raced one another in finding all of the discs in their 

assigned color labeled with the appropriate number.   At the end of the lesson, children were 

presented with an array of number stickers, allowed to choose a sticker displaying the number 

learned during the lesson, and asked to produce the name of the number a final time.  Three to 

four individual letter lessons were provided during each of the study’s eight instructional weeks.  

One to three individual number lessons were provided each week. 

To equate on number of lessons and total instructional time, children in the Number 

condition received 18 review lessons.  Review lessons were conducted for every set of two (e.g., 

0-1), four (e.g, 0-3), and eight (e.g., 0-7) numbers learned.  The last four lessons in the 

instructional sequence were full reviews of all numbers taught (i.e., 0-15).  During review 

lessons, the implementer first reintroduced the numbers to be reviewed using flashcards.  The 

children then completed two of three different activities.  One activity involved the children 

“racing” to name number cards as fast as they could.  A second activity was number memory.  

Pairs of number cards were placed face down on the table, and children took turns flipping over 

two cards in attempts to make a match.  The third activity was number bingo.  Children were 

given preprinted bingo cards, labeled with the relevant numbers to be reviewed.  The 

implementer called out the numbers in a random order, and children placed colored discs on the 

appropriate number on their bingo sheets.  In both of the latter two activities, the children were 

encouraged to say the names of the numbers whenever relevant. 

Makeup lessons.  As preschool attendance is not mandatory and often variable (NICHD 

Early Child Care Research Network, 2002), the study schedule included days on which makeup 

lessons could be provided.  Makeup lessons were provided as necessary.  Attempts were made to 

deliver these lessons in a small group format, combining children assigned to the same condition 

and absent for the same lesson regardless of the small group to which they had been assigned.  
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Individual makeup lessons, however, were provided when this was not feasible.  A particular 

concern in this study was ensuring that children receive the same amount of exposure to different 

letters.  Thus, when time constraints prevented administration of all makeup lessons to a 

particular child, lessons on individual letters and numbers were prioritized over review lessons 

(i.e., shared alphabet book readings and 0-15 review lessons).  Every child thus received (1) 

instruction on every individual letter or number (and every review of sets of two, four, and eight 

numbers), and (2) the same amount of exposure to each letter and number, although the total 

amount of exposure might have been slightly less for those children with a great number of 

absences (e.g., the child may have missed a review lesson in which all letters or numbers were 

taught, however, the child received the same exposure to the letters A and B or the numbers 3 

and 4). 

Fifty of the 58 children were absent for at least one lesson.  In total, absences caused 

children to miss 13.29% of all lessons.  The number of absences did not differ among conditions, 

F(2, 57) = 0.374, p = .690.  Of the missed lessons, 82.33% were provided as makeup lessons, 

and the number of makeup lessons provided did not differ among conditions, F(2, 57) = 0.223, p 

= .801.  The 17.67% of missed lessons not rescheduled as makeup lessons were review lessons, 

as described above.   The number of missed, non-made up lessons differed significantly among 

conditions, Welch’s test, F(2, 25.33) = 15.839, p < .001.  Children in the Number condition were 

never absent on 0-15 review lesson days while children in the alphabet conditions did miss 

review lessons (24 missed review lessons in the LNLS condition, 23 missed lessons in the LS 

condition).  Pairwise comparisions using Dunnett’s T3 procedure (Maxwell & Delaney, 2004) 

indicated a greater number of missed review lessons in the two alphabet conditions compared to 

the Number condition, t(25.33) = 1.200, p = .001 and t(25.33) = 1.150, p = .007, for LNLS and 

LS conditions, respectively, but no difference between the LNLS and LS conditions, t(25.33) = 

0.050, p = .999). 

Measures 

Data concerning children’s backgrounds/demographics and early literacy and numeracy 

skills were collected.  All assessments were administered by trained research assistants blind to 

the conditions to which the children were assigned.  Assessment batteries were often 

administered in multiple sessions, depending on the needs of individual children. 
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 Children for whom parental consent was granted were assessed at least once; children 

eligible for the study were assessed at four time points.  In August, all children were screened via 

a letter name production/recognition task.  Pretesting of those children meeting screening criteria 

occurred in late August/early September, during the three weeks preceding the start of the 

instructional intervention.  Children’s verbal abilities, letter sound knowledge, phonological 

processing, and number identification were assessed, and a standardized letter and word 

identification task was also administered.  For progress monitoring purposes, letter name and 

sound knowledge was reassessed during one week in mid-October, at the mid-point of the 

instructional intervention; these results are not reported.  Posttesting took place during the three 

weeks following the conclusion of the instructional intervention, in late November and early 

December.  At posttest, children’s emergent reading and spelling skills, alphabet knowledge, 

phonological processing, letter-word identification, and number identification were assessed.  

Administration of the screening and midtest assessments required less than 20 minutes, while the 

pretest and posttest assessments required approximately one hour.   

 Background/demographics.  Parent/guardian surveys were distributed with consent forms 

and used to collect demographic and background information on participating children.   Parents 

were asked to indicate their child’s full name, gender, and date of birth, and confirm that the 

child was a native speaker of English.  Parents/guardians were also asked to indicate the highest 

level of education they had attained. 

Children’s verbal abilities were measured at the beginning of the study using the 

Receptive One-Word Picture Vocabulary Test (ROWPVT; Brownell, 2000).  Children are shown 

color pictures of a number of objects and asked to point to the object named by the assessor.  The 

ROWPVT has adequate reliability (internal consistency, α = .96 for 4-year-olds) and validity (r 

= .71 and r = .93 with the Peabody Picture Vocabulary Test-III, Dunn & Dunn, 1997, and 

Vocabulary subtest of the Wechsler Intelligence Scale for Children, Wechsler, 1991,  

respectively).  Raw scores and standard scores (M = 100, SD = 15) are reported for descriptive 

purposes. 

 Alphabet knowledge.  Alphabetic knowledge was assessed by a number of tasks.  Letter 

name and sound production were assessed by asking children to give the name and sound of each 

uppercase letter as presented on flashcards (α =.97 and.96 respectively; Wagner et al., 1994). 

Responses to individual letters were scored dichotomously, with 1 representing a correct 
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response and 0 representing an incorrect response.  For letter sound tasks, scoring was consistent 

with the sounds taught during alphabet lessons.  Thus, for example, a child providing the sound 

/s/ for the letter C was prompted to respond with an additional sound for C.  The sound /s/ was 

considered incorrect. 

Children were given a second opportunity to demonstrate knowledge of the letters they 

were unable to identify in the production task.  A sheet containing all 26 uppercase letters in 

random order was placed in front of the child, and he or she was asked to point to the correct 

letter as the examiner gave its name or sound (i.e., letter recognition).
1
  Responses for letter 

recognition were again scored dichotomously.  While composite scores (summed number of 

correct responses, ranging from 0 to 26) for the production tasks simply represent the number of 

letters or sounds correctly produced by the child, composite scores for the recognition task 

represent a more general assessment of the number of letters or sounds produced or recognized 

by the child (i.e., letters or sounds produced or recognized on either of the two tasks).
 2

    

Letters were presented in a different random order for each child, and the order in which 

the letter name and sound tasks were administered was counter-balanced across children at 

midtest and posttest.  Four composite scores were used in analyses: letter name production, letter 

name recognition, letter sound production, and letter sound recognition.  The dichotomously-

scored responses to individual letters were also utilized in some analyses.   

 Considering the present sample, internal consistency was high for alphabet tasks.   For 

letter name tasks, Cronbach’s α ranged from .89 to .97 for production and from .87 to .97 for 

                                                 
1 Despite generally high correlations between alphabet production and recognition abilities, these tasks are typically 

assumed to represent two separate constructs of letter knowledge, as discussed by Dodd & Carr (2003) and reflected 

in a number of studies of emergent literacy (e.g., Lafferty, Gray, & Wilcox, 2005; Solity, 1996; Stuart, 1999; 

Sumbler, 1999; Vandervelden & Siegel, 1997; Williams, 1980).   

 
2 Tasks were administered in this manner to minimize both assessment time and children’s frustration.  Similar to 

expressive versus receptive language skills, alphabet production abilities are generally assumed to be more advanced 

and develop later than alphabet recognition abilities (e.g., Berko-Gleason, 1997; Dodd & Carr, 2003; Lafferty et al., 

2005).  In administering the recognition task in the present manner, the assumption was made that a child who 

produced a given letter name or sound was also able to recognize the same letter name or sound (i.e., a correct 

response on the production task is an indicator of a correct response on the recognition task).  The validity of this 

assumption was tested in the present study through administration of both recognition and production tasks for a 

subset of letters (J, U, W, F, X) at all assessment points.  At issue were the number of times a child would receive 

credit for producing a name or sound but not be able to recognize the same name or sound (i.e., correct response on 

the production task but incorrect response on the recognition task).  Across all assessment points, children were 

correct on the production task but incorrect on the recognition task only 7.27% and 3.13% of occasions for letter 

names and letter sounds, respectively.  Hence, the assumption that children who are able to produce the name or 

sound for a particular letter are also able to recognize and identify the same letter when its name or sound is given 

appears valid. 
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recognition tasks across the three assessment points.   For letter sound tasks, Cronbach’s α 

ranged from.78 to .91 for production and from .78 to .89 for recognition tasks.  Test-retest 

reliabilities for all alphabet tasks were moderate to high: r = .71 to .88 for letter name production, 

r = .42 to .90 for letter sound production, r = .64 to .84 for letter name recognition, r = .60 to .81 

for letter sound recognition.  

 Phonological processing skills.  Children’s phonological awareness/processing were 

assessed using the Test of Preschool Emergent Literacy ((TOPEL; Lonigan, Wagner, Torgesen, 

& Rashotte, 2007).  The Phonological Awareness subtest of the TOPEL assesses phonological 

processing skill or the ability to manipulate sounds.  Such knowledge is reciprocally and causally 

related to later reading ability (Burgess & Lonigan, 1998; Wagner et al., 1994).  The 

Phonological Awareness subtest involves two tasks, phonological elision and phonological 

blending.  Both tasks progress from working with larger phonological units (i.e., whole words in 

compound nouns) to smaller units (i.e., syllables, rimes, phonemes).  In the elision task, children 

are asked to provide the word that results when a portion of a given word is removed (e.g., 

Sunflower without flower is sun).  The blending task asks children to provide the word that 

results when phonological segments are blended together (e.g., Star—fish makes starfish).  The 

TOPEL Phonological Awareness subtest shows adequate reliability (internal consistency, α = .86 

for 4-year-olds) and validity (r = .59 and r = .65 with the Comprehensive Test of Phonological 

Processing Elision and Blending subtests, respectively; Wagner, Torgesen, & Rashotte, 1999).  

Administration to the current sample yielded internal consistencies of α = .82 and α = .86 at 

pretest and posttest, respectively, and a test-retest reliability of r = .59.  Raw scores were used in 

analyses, with standard scores (M = 100, SD = 15) reported for descriptive purposes. 

 Emergent reading and spelling abilities.  Children’s emergent reading and spelling were 

assessed with two tasks.  The first was adapted from the forced-choice word reading task used 

with preschoolers by Byrne and Fielding-Barnsley (1991, 1993, 1995; Hindson et al., 2005; 

adapted task presented in Appendix B).  This task involves presenting children with three printed 

words (e.g., mat, sat, hat) and asking the child to identify the printed form of a spoken word (e.g., 

Which one says sat?).  Responses to each item were scored as correct (1) or incorrect (0) and 

summed to create the composite score used in analyses.  The original measure correlated .39 to 

.43 with later kindergarten and grade 1 reading abilities (B. Byrne, personal communication, 

April 11, 2007) and  had an internal consistency of α = .57 (Hindson et al., 2005).  Analysis of 
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internal consistency with the present sample indicated problems with reliability (α = 0), due to 

an average inter-item covariance of zero.  Explanations for the low reliability estimate include 

the forced-choice nature of the task and ability of children to guess correct answers, as well as 

potential violations of independence of items (Cronbach & Shavelson, 2004) such as fatigue 

effects anecdotally noted in this sample of young children.  Caution is warranted when 

interpreting results using this measure.  

 Emergent spelling was assessed through the Developmental Spelling Test (DST, task and 

scoring provided in Appendix C; Ball & Blachman, 1991; Blachman, 1994; Blachman, Tangel, 

Ball, Black, & McGraw, 1999; Tangel & Blachman, 1992).  Children are asked to spell five 

dictated words (lap, sick, train, elephant, pretty) and their inventive spellings are scored on a 

scale of 0-6 according to the level of phonological and orthographic representation.  The DST 

has an interrater reliability of .98 to .99 (Ball & Blachman, 1991; Tangel & Blachman, 1992).  A 

10-item version of the DST correlated .85 with a standardized spelling measure (Wide-Range 

Achievement Test - Revised Spelling subtest; Jastak & Wilkinson, 1984) when administered in 

first grade, and the 5-item DST as administered in kindergarten showed predictive validity with 

first grade reading skills (r =.61 to.63; Tangel, 1991).  The internal consistency for the DST as 

administered to the present sample was rather low (α = .35), owing to the small number of items 

and generally poor performance of children on this measure (see descriptive statistics in Table 

1).  Scores for each of the five words were summed to create the single composite score used in 

analyses. 

 Letter-word identification.  The Letter-Word Identification subtest of the Woodcock-

Johnson Tests of Achievement-III (Woodcock, McGrew, & Mather, 2001) acted as a 

standardized measure of letter knowledge and word recognition ability.  The task progresses 

from simply naming letters to reading lists of increasingly unfamiliar words.  The median split-

half reliability of this subtest is .98 for preschool-aged children.  In addition to the high face 

validity of the measure, concurrent validity is demonstrated through the .66 correlation between 

the Woodcock-Johnson-III basic reading skills cluster (Letter-Word Identification and Word 

Attack) and the Reading Composite of the Kaufman Test of Educational Achievement (Kaufman 

& Kaufman, 1985).  Administration to the current sample yielded internal consistencies of α = 

.58 and α = .71 at pretest and posttest, respectively, and a test-retest reliability of r = .56.  For 

analyses, raw scores were converted to W scores.  W scores represent ability on a Rasch scale 
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(i.e., equal interval measurement scale) centered at 500 or the typical ability level of a 10-year-

old child.  Standard scores (M = 100, SD = 15) are also reported for descriptive purposes. 

 Number identification.  Children’s cardinal number knowledge was assessed through a 

number identification task, as adapted from Malofeeva et al. (Malofeeva, Day, Saco, Young, & 

Ciancio, 2004).  This task was administered as a check on the effectiveness of the number 

lessons.  Children were asked to name each number from 0-15, as presented on flashcards (α = 

.90; Malofeeva et al., 2004).  Numbers were presented in a different random order for each child.  

Administration to the current sample yielded internal consistencies of α = .85 and α = .88 at 

pretest and posttest, respectively, and a test-retest reliability of r = .85.  Responses to individual 

numbers were scored dichotomously (1 for correct, 0 for incorrect) and summed to create the 

composite score used in analyses. 

Letter Name Structure Factor 

 Letters were characterized as to whether their names provide cues to their corresponding 

sounds, in order to further evaluate the letter name-to-sound facilitation effect.  Four categories 

of letters exist.  Consonants were designated as consonant-vowel letters (B, D, J, K, P, T, V, Z), 

vowel-consonant letters (F, L, M, N, R, S, X), or no association letters (C, G, H, Q, W, Y), in 

accordance with Treiman et al. (1997, 1998) and the sounds taught in the present study (e.g., C 

was included in the no association category because children were taught to associate C with the 

sound /k/ during the course of the study; the /s/ at the beginning of the letter name C was thus 

unassociated with the taught sound).  A fourth and final category consisted of all vowels.   
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RESULTS 

 

Preliminary Analyses 

 Descriptive statistics for children’s pretest, posttest, and gain scores in each of the 

intervention conditions are reported in Table 1.  Preliminary analyses indicated that children in 

the three conditions did not differ on gender, χ2
 (2, N = 58) = 2.156, p = .340, ethnicity 

(comparing Caucasian, African-American, and Other; χ2
 [4, N = 58] = 2.234, p = .693), age, F(2, 

55) = 0.217, p = .806, or average parent education, Welch’s test, F(2, 32.64) = 1.092, p = .347.  

Nor did the screening/pretest scores of children differ across the three conditions (letter name 

production, F[2, 55] = 0.042, p = .959, letter name recognition, F[2, 55] = 0.036, p = .965, letter 

sound production, F[2, 55] = 0.043, p = .957, letter sound recognition, F[2, 55] = 0.037, p = 

.964, number identification, F[2, 55] = 0.349, p = .707, letter-word identification, F[2, 55] = 

0.115, p = .892, vocabulary, F[2, 55] = 0.603, p = .551, phonological awareness, F[2, 55] = 

0.066, p = .936).   

Correlations among measures are provided in Table 2.  Scores from pretest to posttest 

were relatively stable.  Alphabet, number identification, and letter-word identification scores 

were generally positively correlated within assessment points.  Vocabulary, phonological 

awareness, emergent reading, and developmental spelling tended to be unrelated to alphabet 

measures and number identification, although vocabulary, phonological awareness, and 

developmental spelling appeared interrelated.  Age also tended to correlate with assessment 

scores and was found to suppress unwanted variance in outcomes in initial analyses.  Thus, 

participant age was centered and used as a covariate in all analyses. 

 Fidelity.  On average, implementers delivered the instructional lessons with 97.71% 

fidelity (SD = 5.87).  Letter names were erroneously given in only four LS only lessons (less 

than 3% of all LS only lessons), with the letter name used once in three of these lessons and three 

times during one review lesson.  Implementers were generally enthusiastic and responsive to the 

children, with an average enthusiasm rating of 1.99 (SD = .110).  Planned pairwise comparisons 

using Dunnett’s T3 procedure (Maxwell & Delaney, 2004) indicated no significant differences in 

fidelity or enthusiasm ratings among the intervention conditions (fidelity:  t[40.237] = 0.516, p = 

.938 for LNLS versus LS conditions, t[40.237] = -1.684, p = .272 for LNLS versus Number 

conditions, t[40.237] = -2.506, p = .051 for LS versus Number conditions; enthusiasm:  t[52.602] 
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= -1.000, p = .686 for LNLS versus LS conditions, t[52.602] = -1.000, p = .686 for LNLS versus 

Number conditions, t[52.602] < 0.001, p = .999 for LS versus Number conditions).  Although 

fidelity ratings were high across all three implementers (100.00%, 98.72%, and 93.75%), similar 

comparisons among implementers indicated significant differences in fidelity.  The implementer 

with the lowest rating demonstrated significantly lower fidelity than the other two implementers, 

t(24.267) = 3.678, p = .003 and t(24.267) = -2.676, p = .033, who did not differ from one 

another, t(24.267) = 1.709, p = .282.  The same implementer also erred more frequency in 

providing letter names during LS only lessons (4) than the other implementers (1 each).  

Enthusiasm ratings were similar across all implementers, t(28.957) < .001, p = .999, t(28.957) = 

1.000, p = .689, t(28.957) = 1.000, p = .689.  Given the differences in fidelity ratings, dummy 

codes representing implementer were used as fixed effect covariates in all analyses.   

 Nested nature of the data.  Potential impacts of children’s classrooms, teachers, and 

schools were not confounded with the three conditions in the study, through random assignment 

at the child level and the block randomization technique.  Instruction, however, was delivered 

within the context of small groups.  Hierarchical linear models (HLM; Raudenbush & Bryk, 

2002), nesting children within groups, indicated minimal shared variance among groups for all 

outcomes except letter sound recognition (p = .012).  Between-group variance ranged from less 

than 1% to 19.17%.  Adding dummy codes representing instructional implementer reduced all 

shared group variance to non-significant levels (4.95% or less for all outcomes except emergent 

reading [10.65%]).  Given this finding and use of random assignment in forming the groups 

themselves, all analyses were conducted at the child level, with implementer treated as a fixed 

effect, to preserve power. 

Impact of Alphabet Instruction 

 A series of 3 (condition) x 2 (time) repeated measures ANOVAs were used to compare 

pretest to posttest gains on alphabet knowledge, phonological processing, and letter-word 

identification outcomes (see Table 1 for gain scores).  Planned interaction contrasts were used to 

compare pretest to posttest gains among the three instructional conditions.  Posttest emergent 

reading and spelling scores were compared using one-way ANOVAs.  Again, planned contrasts 

were used for individual comparisons among conditions.  Given the directional nature of 

hypotheses regarding the impact of instruction on literacy-related outcomes (i.e., LNLS > LS > 
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Number), effects of condition were tested using one-tailed significance values (Knotternerus & 

Bouter, 2001; Pillemer, 1991).  

Significant positive skew was noted for the letter sound production, letter sound 

recognition, and developmental spelling tasks (skewness statistic ranging from 1.906 to 2.826).  

Skew on the DST was due to severe floor effects across all intervention conditions.  

Transformations (Tabachnick & Fidell, 1996) with this variable did not significantly improve its 

distribution; reported analyses were conducted on the untransformed variable and ought to be 

interpreted cautiously.  Skew on the letter sound tasks was further explored through 

examinations of children’s difference scores on these tasks (posttest – pretest scores, the metric 

used in the repeated measures ANOVAS).  Examinations of these distributions indicated the 

skew was isolated to children who received LNLS instruction.  Three children in the LNLS 

condition, in particular, demonstrated extreme gains from pretest to posttest.  Replacing these 

children’s outlying scores with gain values more typical of other children in the LNLS condition 

(i.e., median plus two interquartile ranges; Tabachnick & Fidell, 1996) did not completely 

alleviate problems of skew, although the distributions were largely improved (skewness statistics 

reduced from 2.23 and 2.23 to 1.44 and 1.32 for letter sound production and recognition, 

respectively).  Given the relative robustness of ANOVA to violations of non-normality (Maxwell 

& Delaney, 2004), isolation of skew to the LNLS condition, and meaningful metric of these 

measures (i.e., number of letter sounds known), no further transformations were conducted on 

the letter sound outcomes, and analyses were conducted on both the original and outlier-adjusted 

variables.  These analyses yielded similar results; thus, only the analyses for the unadjusted 

variables are reported.  Additional assumptions for repeated measures and one-way ANOVAs 

were satisfied (Maxwell & Delaney, 2004). 

 Alphabet knowledge.  Main effects of time indicated that children made significant gains 

from pretest to posttest for all measures of alphabet knowledge, F(1, 52) = 37.881, 49.382, 

20.717, 30.967 for letter name production, letter name recognition, letter sound production, and 

letter sound recognition, respectively, all ps < .001.  Interaction contrasts indicated differential 

gains in letter name production between children in the LNLS condition and those in the LS 

condition, F(1, 52) = 3.129, p = .041.  No differences in letter name production gains emerged 

when the two alphabet instruction conditions were compared to the Number condition, (F[1, 52] 

= 0.973, p =.164 for LNLS versus Number conditions, and F[1, 52] = 0.489, p = .756 for LS 
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versus Number conditions), nor did any of the conditions differ in comparison of letter name 

recognition gains (F[1, 52] = 1.696, p = .099 for LNLS versus LS conditions, F[1, 52] = 0.462, p 

=.250 for LNLS versus Number conditions, and F[1, 52] = 0.315, p = .711 for LS versus Number 

conditions).   

 Significant differences among conditions were found for the measures of letter sound 

knowledge.  Specifically, children in the LNLS condition learned more letter sounds than 

children in the Number condition (F[1, 52] = 5.997, p = .009 for letter sound production; F[1, 

52] = 3.097, p = .042 for letter sound recognition).  Letter sound knowledge gains of children in 

the LS condition did not significantly differ from those of children in either the LNLS or Number 

conditions (F[1, 52] = 2.767, p = . 051 and F1, 52] = 0.736, p = .197, respectively, for letter 

sound production; F[1, 52] = 1.349, p = .125 and F[1, 52] = 0.421, p = .260 for letter sound 

recognition).  Note that only the letter sound production contrast between the LNLS and Number 

conditions remained significant after application of a linear step-up procedure to control the 

Type I error rate (Benjamini & Hochberg, 1995; Kesselman, Cribbie, & Holland, 1999). 

 Emergent literacy skills.  Children demonstrated significant pretest to posttest gains on 

the Letter-Word Identification subtest, F(1, 52) = 3.490, p = .034, but their learning did not differ 

among instructional conditions, F(1, 52) = 0.024, p = .439 for LNLS versus LS conditions, F(1, 

52) = 0.017, p = .448 for LNLS versus Number conditions, F(1, 52) = 0.077, p = .391 for LS 

versus Number conditions.  Children’s phonological abilities increased from pretest to posttest, 

F(1, 52) = 5.746, p = .010, but, again, these gains were not differential across conditions, F(1, 

52) = 0.041, p = .420 for LNLS versus LS conditions, F(1, 52) = 0.000, p = .500 for LNLS 

versus Number conditions, F(1, 52) = 0.032, p = .429 for LS versus Number conditions.  

Contrasts on the emergent reading and developmental spelling tasks showed no significant 

differences among conditions (for emergent reading, F[1, 52] = 0.961, p = .166 for LNLS versus 

LS conditions, F[1, 52] = 0.072, p =.395 for LNLS versus Number conditions, and F[1, 52] = 

0.443, p = .254 for LS versus Number conditions; for developmental spelling, F[1, 52] = 0.728, p 

= .199 for LNLS versus LS conditions, F[1, 52] = 1.065, p =.153 for LNLS versus Number 

conditions, and F[1, 52] = 0.047, p = .291 for LS versus Number conditions).   

 Number identification.  Children made significant pretest to posttest gains in number 

identification, F(1, 52) = 49.157, p < .001.  Interaction contrasts indicated that children in the 

Number condition learned significantly more numbers than children in either the LNLS or LS 
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conditions, F(1, 52) = 7.682, p = .004 and F(1, 52) = 16.123, p < .001, respectively, and these 

differences remained significant after application of the linear step up procedure to control the 

error rate.  Number learning did not differ between the two alphabet instruction groups, F(1, 52) 

= 1.740, p = .193 (two-tailed).   

Effects of Letter Name Structure and Phonological Processing 

 Cross-classified random effect models (CCREM; Raudenbush & Bryk, 2002) were used 

to investigate whether effects of condition and phonological processing skills were similar for all 

letters.  This analysis correctly models the crossed nature of the data (letters crossed with 

children) and partitions the variance into that due to differences across letters and that due to 

differences across children (see Richter, 2006 for review of the use of multilevel modeling as a 

solution to the problem of nonorthogonal designs in data analysis as described by Lorch & 

Myers, 1990).  Use of a CCREM not only allows results to be interpreted as reliable across both 

letters and children, but also allows for interactions between the properties of individual letters 

(e.g., letter name structure) and child characteristics (e.g., phonological processing ability) given 

the CCREM’s multilevel structure (Piasta, 2006; Piasta & Wagner, 2007a). 

 The CCREM for the present study included the dependent variable (i.e., the ability to 

identify letters by name or sound) at Level-1.  Such knowledge was cross-classified at Level-2 

by children (Level-2 rows) and letters (Level-2 columns).  The model was fit using the Bernoulli 

distribution at Level-1, given the dichotomous nature of the outcome (i.e., 1 for a correct 

response to a given letter, 0 for an incorrect response).  Thus, the unconditional model was 

represented as follows: 
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In the model, ijkϕ  is the probability that a child, with child characteristics j, will know a letter, 

given letter characteristics k and child x letter specifics i.  jkB0 is the log-odds of ijkϕ , which is a 

function of the mean log-odds ( 0θ ) plus the main random effects of child specific characteristics 

( jb00 ) and letter specific characteristics ( kc00 ).  Initial analyses indicated that the majority of 
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variance in alphabet outcomes was due to individual differences among children ( jb00 ; 73.61% 

to 85.57% of the combined child and letter variance) as opposed to differences among letters 

( kc00 ; 14.43% to 26.39% of the combined variance).  All variance components, however, were 

significantly greater than zero, statistically supporting the use of the CCREM. 

 Separate CCREMs were fit for each outcome variables:  letter name production, letter 

name recognition, letter sound production, and letter sound recognition.  Three sets of models 

were analyzed.  First, the results of the repeated measures ANOVAs described above were 

replicated, testing the impact of alphabet knowledge on alphabetic learning in the CCREM 

paradigm and assessing the reliability of these results when letter variability is considered.  

Dummy codes representing instructional condition were entered into the model and used to 

predict knowledge of letter names and sounds at the end of the study.  Second, the types of letters 

children were likely to learn as a result of alphabet instruction were investigated.  Dummy codes 

were created to represent the four types of letter name structure (i.e., CV, VC, NA, and vowels).  

These dummy codes were interacted with the dummy codes representing instructional condition, 

with the resultant 12 interaction codes (e.g., LNLS-CV, LS-CV, Number-CV, LNLS-VC, etc.) 

used in analyses.  Significant interactions between letter name structure and study condition 

indicated whether the learning of CV, VC, and NA letters was differential across the LNLS, LS, 

and Number conditions.  Third, the role of phonological processing skill in learning the three 

types of letters was explored through inclusion of three-way interactions among instructional 

condition, letter name structure, and phonological processing (centered at the sample mean).  The 

condition X letter name structure interaction codes were interacted with children’s phonological 

processing scores, retained as a continuous variable.  Significant three-way interactions indicated 

that the relative likelihoods of learning CV, VC, and NA letters depended not only on the 

instructional condition to which children were assigned, but also the phonological abilities each 

brought to the task of alphabet learning.  In all analyses, screening (letter name knowledge) or 

pretest (letter sound knowledge) were included as covariates to model residualized gain, and 

interpretation was made for children who learned a given letter (i.e., scored 0 at screening/pretest 

and 1 at posttest).  One-tailed significance values were again used to evaluate the overall impact 

of alphabet instruction.  Two-tailed significance values were used in tests of interactions among 

instructional condition, letter type, and phonological processing ability, as directional hypotheses 

for these effects were not well-supported by the literature. 
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 CCREMs were estimated using HLM6 software (Raudenbush, Bryk, & Congdon, 2008).  

Results were interpreted similarly to typical logistic regression models (Raudenbush & Bryk, 

2002; Tabachnick & Fidell, 1996).  Significant coefficients represented reliable effects of 

variables, and models were evaluated using the logistic function: 

)...( 2101

1
)1(Prob

ijkjkjkjk BBBBijkijkijk

e
BY +++−+

=== ϕ  

The models thus give the probability ( ijkϕ ) of correctly responding to a given letter.  B0jk to Bijk 

represent the Level-1 regression coefficients from the logistic model, which may include the 

effects of Level-2 variables (denoted by γjk).  Although results are discussed in terms of 

probabilities for ease of reporting, coefficients may also be converted to log odds values using 

the formula e
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Again, ijkϕ  represents the probability, while ijkη  represents the log odds value.   

Given the use of dummy codes to represent the factors of condition and letter name 

structure, together with the two- and three-way interactions including these dummy-coded 

variables, a large number of coefficients were required to fully specify contrasts within each 

factor.  Hence, statistics are provided in-text for only those results meeting traditional significant 

levels; full CCREM results are provided in Appendix D. 

 Impact of alphabet instruction.  At posttest, chances of success on the letter name 

production, letter name recognition, letter sound production, and letter sound recognition tasks 

were 28.54%, 40.43%, 5.69%, and 15.05%, respectively.  Table 3 provides the probabilities of 

correct responses across outcomes and conditions.  Analysis results were similar to those from 

the repeated measures ANOVAs.  Children in the LNLS condition were more likely to correctly 

produce letter names than children in the LS condition, γ = 0.722, t(1501) = 1.687, p = .046, but 

not children in the Number condition (p = .222).  No differences in letter name production gains 

were found between children in the LS and Number condition (p = .801).  Children did not differ 

in the likelihoods of recognizing letter names based on the instructional conditions to which they 

were assigned (ps > .097).  Children in the LNLS condition were more likely to be able to 

produce letter sounds than children in the Number condition (γ = 1.299, t[1501] = 2.478, p = 

.007), although the letter sound production abilities of children in the LS condition did not differ 
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from those of children in either the LNLS (p = .141) or Number (p = .071) conditions.  No 

differences emerged among conditions in terms of children’s letter sound recognition abilities (ps 

> .058).  Similar to the ANOVA results, only the contrast between LNLS and Number conditions 

on letter sound production remained significant after controlling for Type I error inflation. 

 Impact on types of letters learned.  Table 4 presents the probabilities of correct responses 

to CV, VC, NA, and vowel letters across instructional conditions and outcomes.   The likelihood 

of knowing letter names did not depend on either letter type or instructional condition; only a 

single condition X letter name structure comparison yielded significant results (children in the 

LNLS condition were more likely to produce the letter names for VC letters than children in the 

LS condition were to produce the names of NA letters, γ = 1.204, t[1492] = 1.972, p = .048). 

 Condition X letter name structure interactions were apparent for both letter sound tasks.  

For letter sound production, no significant differences emerged in the likelihoods of knowing the 

sounds of CV letters (ps > .066), NA letters (ps > .125), or vowels (ps > .262) when comparing 

within letter types but across instructional conditions.   Children in the LNLS and LS conditions, 

however, were more likely to know the sounds of VC letters than children in the Number 

condition (γ = 2.564, t[1492] = 3.195, p = .001 and γ = 2.493, t[1492] = 3.195, p = .002, 

respectively).  Comparisons across letter types but within conditions showed that children were 

least familiar with the sounds of NA letters in general and most familiar with the sounds of CV 

letters and/or vowels in the LNLS and Number conditions.  Specifically, within the LNLS 

condition, CV and VC letter sounds were more likely to be known than NA letter sounds (γ = 

1.615, t[1492] = 2.648, p = .009 and γ = 1.245, t[1492] = 1.980, p = .048, respectively), with no 

differences in the likelihoods of knowing CV and VC letter sounds (p = .482) or vowel sounds 

and any of the consonant sounds (ps > .057).  Within the LS condition, the likelihood of knowing 

VC letter sounds was significantly greater than knowing NA letter sounds (γ = 1.797, t[1492] = 

2.424, p = .016), with no further differences among letter types (ps > .056).  CV sounds and 

vowel sounds were more likely to be known than VC (γ = 1.930, t[1492] = 2.192, p = .028 and γ 

= 1.851, t[1492] = 2.371, p = .018, respectively) and NA (γ = 1.864, t[1492] = 2.374, p = .018 

and γ = 1.882, t[1492] = 2.244, p = .025) letter sounds in the Number condition, with no 

significant differences in the likelihoods of knowing the sounds of CV letters versus vowels (p = 

.976) or VC versus NA letters (p = .973).   
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Further pairwise comparisons showed additional differences among conditions for 

particular types of letters.  The sounds of CV letters and vowels in the LNLS condition were 

more likely to be known than the sounds of NA letters in either the LS (γ = 2.238, t[1492] = 

2.658, p = .008 and γ = 1.909, t[1492] = 2.139, p = .032 for CV and vowels, respectively) or 

Number (γ = 2.965, t[1492] = 3.253, p = .002 and γ = 2.636, t[1492] = 2.750, p = .006) 

conditions, and the sounds of VC letters in the Number condition (γ = 2.934, t[1492] = 3.426, p = 

.001 and γ = 2.605, t[1492] = 2.876, p = .005).  Sounds of CV letters and vowels in the LS 

condition were also more likely to be known than sounds of NA (γ = 1.962, t[1492] = 2.099, p = 

.036 and γ = 2.234, t[1492] = 2.304, p = .021 for CV and vowels, respectively) and VC letters (γ 

= 1.930, t[1492] = 2.192, p = .028 and γ = 2.203, t[1492] = 2.400, p = .017) in the Number 

condition.  Sounds of VC letters in the LNLS condition were more likely to be known than 

sounds of NA letters in the LS (γ = 1.868, t[1492] = 2.176, p = .030) or Number condition (γ = 

2.595, t[1492] = 2.799, p = .006), and sounds of VC letters in the LS condition were more likely 

to be known than sounds of NA letters in the Number condition (γ = 2.524, t[1492] = 2.715, p = 

.007).  Given the large number of interaction terms, only the advantages for VC letters in the 

LNLS and LS conditions over the Number condition, and the advantages for CV letters in the 

LNLS condition over VC and NA letters in the Number condition, remained significantly 

statistically significant once error rates were adjusted using the linear step-up procedure . 

 For letter sound recognition, no significant differences were found when comparing 

within letter name structure types but across conditions (ps > .094).  Comparisons within 

conditions yielded significant results for the LNLS and LS conditions.  Within the LNLS 

condition, sounds of CV letters, VC letters, and vowels were more likely to be recognized than 

sounds of NA letters (γ = 1.204, t[1492] = 2.830, p = .005, γ = 0.930, t[1492] = 2.120, p = .034, 

and γ = 1.186, t[1492] = 2.544, p = .011, respectively) with no differences among CV, VC, and 

vowel letters (ps >.457 ).  Within the LS condition, the sounds of VC letters were more likely to 

be recognized than NA letters (γ = 0.948, t[1492] = 2.136, p = .033), with no further differences 

among letter types (ps > .093).  No significant differences among letters emerged for children in 

the Number condition (ps > .116).   

Additionally, sounds of CV letters and vowels in the LNLS condition were more likely to 

be known than sounds of NA letters in the LS condition (γ = 1.313, t[1492] = 2.405, p = .016 and 

γ = 1.295, t[1492] = 2.241, p = .025 for CV and vowels, respectively) and sounds of NA (γ = 
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1.245, t[1492] = 2.295, p = .022 and γ = 1.227, t[1492] = 2.135, p = .033) and VC (γ = 1.109, 

t[1492] = 2.131, p = .033 and γ = 1.091, t[1492] = 1.968, p = .049) letters in the Number 

condition.  None of the described comparisons were significant after controlling for Type I error 

inflation. 

 Relations with phonological processing.  None of the condition X letter name structure X 

phonological processing skill three-way interaction terms were significant when predicting 

children’s letter name knowledge (ps > .107 for letter name production, ps > .060 for letter name 

recognition).   Main effects of phonological processing were also non-significant for both letter 

name production and recognition (p = .985 and p = .984, respectively). 

 Three-way interactions were apparent for letter sound outcomes.
3
  Letter sound 

production interactions are depicted in Figure 1 and Figure 2, with phonological processing at 

the mean +/- 1 SD, by condition and letter type, respectively.  Figure 3 and Figure 4 depict these 

interactions for letter sound recognition. 

For letter sound production, the relation of phonological processing and outcome was 

significantly different in three comparisons.  Within the Number condition, phonological skills 

were more highly related to the learning of CV letters than VC letters (γ = -0.353, t[1480] = -

2.473, p = .014; see Figure 1), with no further reliable differences among slopes (ps > .055).  

Relations of phonological processing and letter sound production were not significantly different 

based on letter type within either the LNLS or LS conditions (ps > .287 and ps > .245, 

respectively).  Within letter type (Figure 2), phonological skills were more highly related to the 

learning of CV letters in the Number condition than in the LS condition (γ = -0.320, t[1480] = -

2.424, p = .016), with no further differences in slopes across CV (ps > .148), VC (ps > .402), NA 

(ps > .549), or vowel (ps> .092) letters.  Finally, the positive relation between phonological skills 

and learning of CV letters in the Number condition was also significantly different from the 

relation of phonological skills and learning of vowels in the LS condition (γ = -0.308, t[1480] = -

2.285, p = .022, see Figure 1).   

                                                 
3 HLM6 software does not provide omnibus tests for interactions, nor are the estimation procedures for non-linear 

CCREMs currently available in HLM6 capable of providing appropriate deviance statistics for model comparisons 

(Scientific Software International, n.d.).  In this analysis, the general presence of interactions is indicated by the 

existence of significant condition X letter type X phonological processing interaction terms, regardless of the 

specific conditions and letter types involved.  As in any nominal x continuous variable interaction, significant 

interaction terms are interpreted as representing a reliable difference in slope between the nominal group(s) of 

interest and the reference group (Cohen, Cohen, West, & Aiken, 2003).   
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 Differing relations with phonological processing were also found for letter sound 

recognition, based on condition and letter type.  Within the LS condition, the slopes for VC and 

NA letters were significantly different, γ = 0.168, t[1480] = 2.117, p = .034, with a positive 

association for phonological skills and learning of VC letters, and a negative association for 

phonological skills and the learning of NA letters (see Figure 3).  No other slope differences 

were found for letter types within the LS condition (ps > .075).  Within the Number condition, 

phonological skills were more highly related to the learning of CV letters and vowels as 

compared to NA letters (γ = 0.109, t[1480] = 2.620, p = .009 and γ = 0.197, t[1480] = 2.335, p = 

.020, respectively).  The strong positive relation with phonological processing for CV letters was 

also significantly different from the same relation for VC letters (γ = 0.133, t[1480] = 1.991, p = 

.046).  Further comparisons of slopes within the Number condition were non-significant (ps > 

.081), as were all comparisons of the relation of phonological skills to outcome for letter types 

within the LNLS condition (ps > .202).  The relations of phonological skills and letter sound 

recognition within letter type are depicted in Figure 4.  None of the comparisons among slopes 

were reliably different across conditions (for CV, ps > .328, for VC, ps > .391, for NA, ps > 

.066, and for vowels, ps > .218).  Finally, the positive relations of phonological processing and 

letter sound recognition for CV letters in the LNLS condition and for CV letters and vowels in 

the Number condition were significantly different from the negative relation with phonological 

processing for NA letters in the LS condition (γ = 0.207, t[1480] = 2.050, p = .040, γ = 0.224, 

t[1480] = 2.184, p = .029, and γ = 0.227, t[1480] = 2.058, p = .039, respectively).  Again, the 

large number of interaction terms prevented any of these comparisons on letter sound outcomes 

from meeting adjusted significance levels once the linear step-up procedure was applied.  
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DISCUSSION 

 

 In employing two methods of imparting alphabet knowledge to preschool-aged children, 

this small-scale training study examined the short-term impact of alphabet instruction on letter 

learning and emergent literacy skill development.  Results expand those of Share (2004) and 

Levin et al. (2006) in demonstrating benefits of ecologically-valid letter name and sound 

instruction as compared to the alphabet instruction typically provided in U.S. classrooms.  

Results add to the literature in addressing four specific research aims, discussed below. 

Impact of Alphabet Instruction 

 Although a large number of studies have examined the impact of early literacy instruction 

on alphabet and emergent literacy skill acquisition, few of these studies have examined the 

specific role of letter name and/or sound instruction in developing these skills (National Early 

Literacy Panel, 2007; Piasta & Wagner, 2007b).  The present study permitted investigation of the 

impacts of LNLS and LS instruction as compared to the instruction typically provided in 

preschool classrooms, represented by children in the Number condition.   

Letter sound outcomes showed advantages for alphabet instruction over the emergent 

literacy instruction typically received by preschool children.  Overall, children in the LNLS 

condition tended to learn more letter sounds than children in the Number condition (Cohen’s d
4
 

= 0.47 and 0.29 for production and recognition tasks, respectively).   Differences between LS 

and Number conditions in learning to produce and recognize letter sounds were in the right 

direction (i.e., LS > Number, d = 0.14 and 0.04, respectively) but small and not reliable when 

combining across all letter types.   

When considering letter type, reliable advantages of LNLS or LS instruction for letter 

sound knowledge was seen in greater learning of CV, VC, and vowel letters as opposed to the 

learning of VC and NA letters in the Number condition for letter sound production, and the 

advantage in learning CV and vowel sounds over VC and NA letter sounds as a result of LNLS 

instruction for letter sound recognition.  No significant differences emerged between alphabet 

and Number conditions in the learning of CV or NA letter sounds, despite trends towards 

increased learning for the LNLS condition.  Although these results ought to be interpreted 

                                                 
4 With the exception of the emergent reading and developmental spelling measures, on which only posttest data was 

available, effect sizes were computed to align with interaction contrast results.  Thus, effect sizes reflect relative 

differences among conditions in learning gains as opposed to simple posttest comparisons. 
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cautiously, given the large number of comparisons made among conditions and letter types, it 

appears that the letter sound instruction provided in this study had the greatest impact on 

acquisition of VC letter sounds such as F, M, and N.   

One explanation for this finding concerns the general developmental pattern noted in 

previous work (Evans et al., 2006; McBride-Chang, 1999; Treiman et al., 1998), in which 

knowledge of CV sounds is more likely than knowledge of VC sounds, and knowledge of VC 

sounds is more likely than knowledge of NA sounds.  The learning of CV letter sounds may 

occur relatively easily and perhaps implicitly, without the need for explicit instruction.  Thus, the 

additional letter sound instruction provided in the present study did not lead to reliable 

differences from the Number condition on this type of letter.  VC letter sounds may require 

additional instruction, whether due to the difficulty of segmenting the final sound from the letter 

name or other differences between CV and VC letters (e.g., frequency in text, differential 

emphasis during typical preschool instruction).  NA letter sound knowledge may require the 

most instruction, given the difficulties of children in acquiring these sounds (Treiman et al., 

1994), and the instruction provided in the current study may not have been intensive enough to 

result in a significant impact on this type of letter.  The latter provides a more general, alternative 

explanation applicable to all letter types, in that the intensity of the alphabet instruction provided 

may not have been great enough to facilitate large changes in children’s skills.  Descriptively, 

children in both the LNLS and LS conditions tended to show greater gains than children in the 

Number for all four types of letters, although these differences were not large or reliable enough 

to result in statistical significance.  Issues of instructional intensity and statistical power will be 

addressed more fully in the section on limitations below. 

Results showed no reliable advantage for alphabet instruction on measures of letter name 

production or recognition (d  = 0.19 and -0.30 for LNLS and LS instruction versus Number 

condition on production task; d  = 0.11 and -0.29, respectively, for recognition task).  Children in 

all conditions likely experienced explicit or implicit teaching of letter names at home, provided 

by parents, older siblings, or other relatives.  Moreover, all of the children experienced letter 

name instruction within their preschool classrooms.   

When teachers (n = 15) at preschools involved in the study were asked whether they 

taught letter names and/or sounds to their students, most indicated providing letter name 

instruction, with nine teachers also reporting provision of letter sound instruction.  Teacher 
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descriptions of classroom routines and teaching methods indicated a main focus on letter name 

learning, the validity of which was supported through informal observations over the course of 

the study.  Most teachers explicitly introduced letters and their corresponding names to students, 

providing opportunities to read alphabet books, name letters used in print (e.g., on labels, in 

students’ names), and participate in letter-related art activities (e.g., coloring bubble letters, 

making collages with letters cut from magazines).  The majority of teachers emphasized letter 

names and did not place equivalent emphasis on letter sound learning:  A systematic curriculum 

for teaching letter sounds was used in only one classroom, and the sound instruction provided by 

most other teachers was incidental, not explicit and systematic.  Thus, with respect to letter 

names, many additional learning opportunities existed for children beyond those provided 

through the study’s instruction, and the additional letter name instruction in the LNLS condition 

did not benefit children beyond the instruction they were already receiving. 

Letter Name Facilitation Effect 

 As discussed, prior research (Evans et al., 2006; McBride-Chang, 1999; Treiman et al., 

1998) indicates that children tend to be most familiar with CV letters, followed by VC letters, 

and finally NA letters.  Relations between the names and sounds for individual letters have been 

hypothesized to account for this pattern, termed the letter name-to-sound facilitation effect in the 

case of letter sound acquisition.  In the present study, comparisons of the effects of LNLS and LS 

instruction assessed the viability of this explanation. 

 While the letter sound gains of children receiving LNLS instruction tended to be larger 

than those of children receiving LS instruction (d = 0.51 and d = 0.34 for production and 

recognition tasks, respectively), these differences were not reliable.  Similar (non-significant) 

tendencies for a LNLS advantage were seen when letter type was considered, particularly for CV 

letters.  Nonetheless, as anticipated and predicted by the letter name-to-sound hypothesis, the 

advantage in letter sound learning for children in the LNLS condition was limited to letters with 

names providing cues to their sounds: Children were significantly more likely to have learned the 

sounds of CV and VC letters compared to NA letters. Thus, the study did not provide conclusive 

results concerning the letter name-to-sound facilitation effect.   

Although the letter name-to-sound effect has been set forth mainly as an explanation for 

children’s letter sound acquisition, outcomes for letter name acquisition are relevant to the 

present discussion.   Children in the LNLS condition were expected to demonstrate greater gains 
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in letter name outcomes than children in the other conditions, providing the mechanism by which 

this effect occurs.  LNLS instruction did tend to result in greater letter name gains than LS 

instruction (Cohen’s d = 0.53 for letter name production, d = 0.41 for recognition), but these 

results were only reliable for letter name production and not significant once error rates were 

adjusted.  Interestingly, LNLS instruction showed little advantage over the control (Number) 

condition; the extra letter name instruction provided in the LNLS instruction was no more 

effective than the instruction children were typically receiving.  These results might suggest a 

lack of instructional intensity or statistical power as previously described.   

These results, coupled with the fact that all children received some amount of letter name 

instruction in their preschool classrooms, might also suggest that the depressed letter name 

learning in the LS condition represents an interference effect as opposed to an effect of teaching 

letter names in the LNLS condition.  That is, children receiving LS instruction may have found it 

confusing to refer to letters by their sounds, with no reference to the names they were being 

taught in their classrooms and, most likely, at home.  As the experimental manipulation between 

the LNLS and LS conditions rested on greater letter name understanding in the LNLS condition, 

a more solid understanding of the impact of the letter name instruction (i.e., whether the 

tendency for children in the LNLS condition to outperform those in the LS condition on letter 

name knowledge is reliable, and if so, was due to greater letter name learning in the LNLS 

condition or interference in the LS condition) is required to better interpret the ambiguous results 

concerning the letter name-to-sound facilitation effect. 

Despite the tendency for children in the LNLS condition to learn more letter sounds than 

children in LS condition, effects did not generalize to other emergent literacy skills.  Even 

descriptively, minimal differences were seen between children in the two alphabet conditions on 

measures of emergent reading, emergent spelling, letter-word identification, and phonological 

processing.   The phonological processing results are particularly important to note, as increased 

phonological processing abilities in the LNLS condition were proposed as an alternative 

mechanism for explaining the letter name-to-sound facilitation effect.  This hypothesis was not 

supported by the present study, assuming the results represent a true lack of differences among 

conditions and not merely a lack of instructional intensity. 
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Causal Relations Between Alphabet Knowledge and Emergent Literacy Skills 

 The present study showed no significant differences between children who received LS 

instruction and those who did not (i.e., Number condition) on measures of emergent reading, 

emergent spelling, letter-word identification, or phonological processing (ds < 0.12).  Similar 

null results were found in comparisons of the LNLS and Number conditions (ds < 0.29).   

 The lack of effects on outcomes beyond alphabet knowledge was relatively unsurprising.  

By design, the training provided was highly specific to letter name and sound learning.  Children 

were not taught to apply this knowledge for more general purposes, as would be required for 

even the most basic reading and spelling tasks.  Difficulty in generalization to new tasks and 

measures has often been described in the literature on literacy development (e.g., Brady, Fowler, 

Stone, & Winbury, 1994; Byrne & Fielding-Barnsley, 1989; L. S. Fuchs, Fuchs, & Karns, 2001b; 

Stahl & Fairbanks, 1986; Torgesen et al., 1999), particularly for children with reading difficulties 

(e.g, Al Otaiba & Fuchs, 2002; Gersten, Fuchs, Williams, & Baker, 2001; Torgesen & Hudson, 

2006; Torgesen, Wagner, & Rashotte, 1997).  Larger effects on emergent literacy tasks, for 

example, are often reported for those studies providing explicit training in applying alphabet 

and/or phonological skills to reading (e.g., Ehri & Wilce, 1987; Fielding-Barnsley, 1997; Fox & 

Routh, 1984; D. Fuchs et al., 2001a).   

 Nonetheless, the current study was designed, in part, to test causal hypotheses regarding 

the relations of alphabet knowledge and other emergent literacy skills, necessitating the 

provision of isolated alphabet instruction.  Children receiving alphabet instruction were expected 

to outgain children in the control condition on measures of phonological processing, reading, and 

spelling skills, based on correlational research suggesting causal relations among these skills 

(e.g., Lonigan et al., 2000; Scarborough, 1998; Schatschneider et al., 2004; Wagner et al., 1994) 

and the literature showing advantages for combined phonological and alphabet training over 

phonological training alone (i.e., possibly due to additive causal contributions of each training 

component alone; National Reading Panel, 2000) .  The lack of reliable differences between 

alphabet and control conditions on emergent literacy outcomes do not support these causal 

hypotheses.   

 Causal relations, however, were premised on facilitating children’s letter name and sound 

knowledge development in the two alphabet conditions.  Alphabet training was provided as a 

means of increasing children’s letter and sound knowledge, with the increased alphabet 
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knowledge expected to causally impact phonological processing, reading, and spelling 

development; tests of causal relations were predicated on the success of the alphabet instruction 

provided.  Despite trends favoring the alphabet training conditions, the current study did not 

produce large, robust gains for children relative to children in the control (Number) condition.  

For example, children receiving LNLS instruction only acquired approximately one additional 

letter name and two more letter sounds than children in the control condition.  Such small 

changes in alphabet knowledge may not be enough to affect changes in phonological processing, 

reading, or spelling development.  Moreover, two of the emergent literacy measures (emergent 

reading and developmental spelling) proved rather difficult for the current sample of 

preschoolers, resulting in low reliabilities and warranting caution in their interpretation.  Thus, 

although alphabet knowledge and reading/spelling development may be causal related, the 

current study and its emergent literacy measures may not have been powerful enough to detect 

these relations.  Until future training studies addressing these limitations are completed (i.e., 

studies producing larger effects on alphabet knowledge and utilizing more reliable measures of 

early literacy skills, ideally in a longitudinal design), practitioners are advised to combine 

alphabet and phonological instruction to achieve the greatest effects on later reading and spelling 

development (National Reading Panel, 2000).  

Role of Phonological Processing in Facilitating Alphabet Knowledge Acquisition 

  Initial phonological processing did not predict overall letter name or letter sound growth 

in the present sample.  Significant correlations between phonological processing and alphabet 

knowledge measures reflected concurrent relations and relative standings of children, but did not 

predict alphabet knowledge gain.  For example, children with higher phonological skills at 

pretest demonstrated greater letter sound production knowledge at posttest (r = .22), but 

phonological skill and initial alphabet knowledge were likely associated, with these correlations 

attenuated by the eligibility criteria for the study and resultant restriction of range.  Phonological 

processing was also unrelated to overall letter name and sound gains within instructional 

conditions, demonstrated by the lack of main effects in the CCREM analyses.  Thus, it was not 

the case that children with higher phonological abilities showed greater letter name or sound 

acquisition in general. 

 Instead, relations between phonological processing and letter sound acquisition varied 

according to both instructional condition and letter type.  For children in the Number condition, 
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phonological processing was most strongly related to CV letter sound gains, with little relation 

between phonological skill and letter sound gains for VC and NA letters.  The CV and NA letter 

results are consistent with initial predictions that phonological processing would be related to the 

acquisition of letter sounds whose names included sound cues (i.e., CV and VC letters), with 

greater gains for children with higher phonological skills, and unrelated to the acquisition of NA 

letter sounds.  The failure of children to show expected relations for VC letters is consistent with 

patterns seen in two previous studies of the letter name structure effect in preschoolers 

(McBride-Chang, 1999; Share, 2004) and may be related to the position of the letter sound cue 

within these letters’ names.  Previous research suggests a developmental progression in 

children’s phonological capabilities (e.g., Anthony, Lonigan, Driscoll, Phillips, & Burgess, 

2003), generally advancing from awareness and manipulation of larger to smaller units of sound 

and from sounds at the beginning of words to those at the end or medial positions.  Thus, for the 

young children involved in this study, the sound cue at the end of the VC letter names may have 

been difficult to isolate.  The VC letters were more similar to NA, as opposed to CV letters, as 

these sounds were not available to the children as cues for letter sound correspondences. 

For children in the LNLS condition, no reliable differences in slopes emerged across the 

various letter types.  These results suggest that, while children who do not receive letter sound 

instruction may rely on their phonological abilities to learn CV letter sounds, explicit letter sound 

instruction may overcome this relation.  Thus, the provision of alphabet instruction in the present 

study may have obscured more general relations of phonological processing and alphabet 

learning, and small sample sizes within instructional conditions may not have afforded the power 

necessary to detect general effects on letter sound acquisition (e.g., although a positive relation 

appears to exist between phonological processing and letter sound gains across all letter types for 

children in the LNLS condition, no main effect emerged).   

In the LS condition, phonological processing was more strongly related to the recognition 

of VC letter sounds than NA letter sounds.  Furthermore, although the relation for CV letters was 

statistically equivalent to the relation for VC and NA letters, the relation of phonological 

processing and production of CV letter sounds was less strong in this condition than in the 

Number condition.  It appears that children in the LS condition did not follow the predicted 

pattern in which CV letters were most likely to be learned.  These children were not taught to 

associate letter names and sounds, and may not have taken advantage of the sound cue in CV 



 43

names like children in the LNLS or Number conditions.  As described previously, the seemingly 

disparate letter labels taught to these children (i.e., only sounds during study instruction, only 

names during other learning opportunities) may have proved confusing, perhaps most so for CV 

letters.  VC letter sounds, with less emphasis on the name’s sound cue, may have been less 

confusing to learn. 

Limitations and Future Directions 

 The hypotheses tested in this study required effective teaching and learning of letter 

names and/or sounds.   Although trends in letter name and sound learning consistently favored 

children in the LNLS condition over those who did not receive alphabet training (control), 

average between-condition differences in the number of letter learned were only slight to 

moderate (one to two letter names or sounds, on average).  Thus, the intensity and duration of the 

alphabet instruction provided in the current study may have been too modest to produce large 

gains in children’s emergent literacy skills, despite the common practice of “letter of the day” 

teaching in early childhood classrooms (e.g., Dickson, 1998; McGill-Franzen, Lanford, & 

Adams, 1997; Pressley, Rankin, & Yokoi, 1996; Slavin, 1999; SRA/McGraw-Hill, 2003).  Less 

than nine hours of alphabet instruction was provided across eight weeks of training, consisting of 

10 to 15 minute daily lessons, an amount considerably less than often provided in many other 

early literacy interventions (e.g., Blachman, Ball, Black, & Tangel, 1994; Blachman et al., 1999; 

Brady et al., 1994; Brennan & Ireson, 1997; Iversen & Tunmer, 1993; Stuart, 1999; Torgesen et 

al., 1999; Wise, Ring, & Olson, 1999).  Moreover, study and classroom instruction were not 

integrated, and letter names and/or sounds taught in the explicit daily lesson were not reinforced 

throughout the day.  Young children beginning preschool with below-average alphabet 

knowledge may require more substantial amounts of emergent literacy instruction than this study 

provided, with many opportunities for repetition and practice (National Research Council, 1998).  

Future research studies will need to provide more intense, explicit training and address questions 

concerning potential benefits of integrating study and classroom instruction.  

 Future studies must also attend to issues of statistical power.  The present study was 

designed to achieve 80% power to detect effects on alphabet outcomes, based on a priori power 

analyses (Faul, Erdfelder, Lang, & Buchner, in press) and the previous literature (e.g., Levin et 

al., 2006; McBride-Change, 1999; Share, 2004).  Effects, however, were smaller than originally 

anticipated.  Correspondingly, observed power was substantially lower than the intended 80% 
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(ranging from .085 to .671 for alphabet outcomes and from .050 to .173 for emergent literacy 

outcomes).  Additional studies producing larger effects or including larger numbers of 

participants are necessary. 

 With increased instructional and statistical power in future projects, effects of alphabet 

learning beyond preschool might be studied.  The present study was limited by its relatively short 

duration to measuring impact on emergent literacy development over the course of less than four 

months.  A longitudinal study would provide additional insight into the causal relations between 

alphabet knowledge and development of later reading and spelling skills.  Continued assessment 

beyond the early preschool years would permit use of more valid and reliable measures of 

decoding and spelling, as both the emergent reading and developmental spelling tasks utilized in 

this study proved problematic for participating children. 

 Finally, future research might consider relevant factors not examined in the present work.  

The presence of letters in children’s names, for example, has been shown to influence alphabet 

acquisition (Justice et al., 2006; Treiman & Broderick, 1998; Treiman, Cohen, Mulqueeny, 

Kessler, & Schechtman, 2007; Treiman & Kessler, 2004).  Although not a confound in the 

current study, analyses did not incorporate children’s names as a potential moderator of effects.  

Nor did the study investigate effects of exposure or letter frequency as these might provide 

further insight into the letter name-to-sound facilitation effect.  Future research might also 

consider children’s self-regulation and other behavior skills as these impact children’s abilities to 

take advantage of learning opportunities (Al Otaiba & Fuchs, 2006; Alexander, Entwisle, & 

Dauber, 1993; Ladd, Birch, & Buhs, 1999; McClelland et al., 2007; Pianta & Stuhlman, 2004).  

Implementers in the present study noted large differences in behavior and dynamics across 

instructional groups.  Although implementers’ suggestions regarding the influence of such 

differences on children’s learning are purely anecdotal, future research might include methods of 

quantifying student behavioral data for use in analyses. 

Conclusion 

 Although solid conclusions regarding causal relations between alphabet knowledge and 

development of emergent literacy skills beyond letter learning are premature and best left to 

future longitudinal work, the present study provides preliminary evidence concerning the 

benefits of explicit letter name and sound instruction for preschool children.  Small to moderate 

effects favoring combined letter name and sound instruction were found not only in comparison 
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to the letter instruction typically provided in preschool classrooms, but also to instruction purely 

in letter sounds.  Early childhood educators are encouraged to consider integrating instruction in 

both letter names and sounds into their classroom curricula as a means of facilitating 

preschoolers’ alphabetic understanding.   

 



 46

  

 

 



 47



 48



 49

 



 50

Figure 1 – Continued 

0.00

0.05

0.10

0.15

0.20

0.25

0.30

0.35

0.40

5.61 10.95 16.29

 

0.00

0.05

0.10

0.15

0.20

0.25

0.30

0.35

0.40

5.61 10.95 16.29

 

P
ro

b
ab

il
it

y
o

f
C

o
rr

ec
t

R
es

p
o

n
se



 51

0.00

0.05

0.10

0.15

0.20

0.25

0.30

0.35

0.40

5.61 10.95 16.29

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.  Probability of correct responses on letter sound production task for children with 

phonological processing abilities at the mean +/- 1 SD: Comparisons across letter types and 

within instructional conditions.  LNLS = letter name and letter sound; LS = letter sound; CV = 

consonant-vowel; VC = vowel consonant; NA = no association.  
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Figure 2 – Continued 
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Figure 2.  Probability of correct responses on letter sound production task for children with 

phonological processing abilities at the mean +/- 1 SD: Comparisons across instructional 

conditions and within letter types.  LNLS = letter name and letter sound; LS = letter sound; CV = 

consonant-vowel; VC = vowel consonant; NA = no association. 
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Figure 3 – Continued 
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Figure 3.  Probability of correct responses on letter sound recognition task for children with 

phonological processing abilities at the mean +/- 1 SD: Comparisons across letter types and 

within instructional conditions.  LNLS = letter name and letter sound; LS = letter sound; CV = 

consonant-vowel; VC = vowel consonant; NA = no association.  
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Figure 4 – Continued 
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Figure 4.  Probability of correct responses on letter sound recognition task for children with 

phonological processing abilities at the mean +/- 1 SD: Comparisons across instructional 

conditions and within letter types.  LNLS = letter name and letter sound; LS = letter sound; CV = 

consonant-vowel; VC = vowel consonant; NA = no association.  
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APPENDIX A 

 

LNLS Condition 

Individual Letter Lesson 

 

Place ABC mats in front of each child.  Place pile of magnetic letters in front of children.  Show 

children B flashcard and put on magnetic board.  Here is the letter B.  It makes the sound /B/.  

Everyone find a letter B from the pile.  Show me your letter.  What is it called?   

 

Point to the letter mats.  Everyone put your finger on the letter B on your mats.  Watch me 

trace my letter B.  Trace the letter B on the flashcard.  Let me see you use your finger to trace 

the letter B on your mats. 

 

The letter B says /B/.  Let me hear you say /B/.  What picture is above the letter B on your 

mats (bear)?  That’s right, bear (or, That’s a bear).  Place the word Bear on the magnetic 

board.  Bear starts with the /B/ sound.  B—ear (emphasis /B/ sound).  Bear starts with the 

letter B, see?  Point to B at beginning of the word.  Let me hear you say /B/ for bear.   

 

Take out stack of B picture cards (butterfly, balloons, banana, baby, basket, ball, bells, books).  

Let’s play a game.  What is this?  Help children name each picture as you place them in front 

of them.  To each child individually:  Show me one that starts with the /B/ sound.  That’s 

right, ____ starts with the /B/ sound because it starts with the letter B.  Let me hear you say 

/B/ for _____.  Put the written word on the magnetic board.  Show me the letter B in the word 

____.  Let me hear you say B.  Put your B on the B in the word ______.  Help the child cover 

the letter in the written word with their magnetic letter.  Repeat the picture card game for each 

child in the group.  

 

After each child has a turn, hold each of the remaining B picture cards one at a time.  This is 

_____.  Does it start with the /B/ sound?  Yes it does.  Put the written word on the magnetic 

board. What letter does _____ start with?  Point to the letter B at the beginning of the word.   

_____ starts with the /B/ sound because it starts with the letter B.  Let me hear you say /B/ 

for ____.   

 

Nice job today!  You can all have a sticker for working so hard.  To each child individually:  

Come find the letter we learned about today.  Let child find B sticker on sheet.  What do we 

call this letter?  What sound does it make?  Repeat with other children as lining them up. 

 

**Redirects/prompts may used throughout the lesson to maintain the children’s attention. 

 

Review Lesson 

 

Place ABC mats in front of each child.  Put flashcards of letters learned that week on magnetic 

board. Look at all the letters we learned this week!  Pointing to the first letter say, We learned 

that the letter (letter name) says /sound/.  Point to the letter (letter name) on your mat.  Let 
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me hear you say (letter name).  Let me hear you say /sound/.  Repeat for other letters taught 

that week. 

 

We’re going to read a book called (title of book).   

 

When reading the book, start each page by pointing to the letter and saying its name and sound 

(e.g., point saying K, /K/).  Encourage the children to repeat you.  Read the text on the page, 

referring to the letter by name.  At the end of the page, point to the letter again and say its name 

and sound (the children do not need to repeat it a second time). 

 

Praise the children for their work that week.  Give each a sticker and line up. 

 

**Redirects/prompts may used throughout the lesson to maintain the children’s attention. 

 

LS Condition 

Individual Letter Lesson 

 

Place ABC mats in front of each child.  Place pile of magnetic letters in front of children.  Show 

children B flashcard and put on magnetic board.  Here is the letter for today.  This letter 

makes the sound /B/.  Everyone find a letter that says /B/ from the pile.  Show me your 

letter.  What does it say? 

 

Point to the letter mats.  Everyone put your finger on the letter that says /B/ on your mats.  

Watch me trace my letter /B/.  Trace the letter /B/on the flashcard.  Let me see you use your 

finger to trace the letter that says /B/ on your mats. 

 

This letter makes the sound /B/.  Let me hear you say /B/.  What picture is above the letter 

/B/ on your mats (bear)?  That’s right, bear (or, That’s a bear).  Place the word Bear on the 

magnetic board.  Bear starts with the /B/ sound.  B—ear (emphasis /B/ sound).  Bear starts 

with /B/, see?  Point to /B/at beginning of the word.  Let me hear you say /B/ for bear.   

 

Take out stack of B picture cards (butterfly, balloons, banana, baby, basket, ball, bells, books).  

Let’s play a game.  What is this?  Help children name each picture as you place them in front 

of them.  To each child individually:  Show me one that starts with the /B/ sound.  That’s 

right, ____ starts with the /B/ sound.  Let me hear you say /B/ for _____.  Put the written 

word on the magnetic board.  Show me the /B/ in the word ____.  Let me hear you say /B/.  

Put your /B/ on the /B/ in the word ______.  Help the child cover the letter in the written word 

with their magnetic letter.  Repeat the picture card game for each child in the group.  

 

After each child has a turn, hold each of the remaining /B/picture cards one at a time.  This is 

_____.  Does it start with the /B/ sound?  Yes it does.  Put the written word on the magnetic 

board. Point to the letter /B/at the beginning of the word.   _____ starts with the /B/ sound.  Let 

me hear you say /B/ for ____.   

 

Nice job today!  You can all have a sticker for working so hard.  To each child individually:  
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Come find the letter we learned about today.  Let child find /B/sticker on sheet.  What do we 

call this letter?  What sound does it make?  Repeat with other children as lining them up. 

 

**Redirects/prompts may used throughout the lesson to maintain the children’s attention. 

**If a child gives the name of the letter, acknowledge and redirect: Yes, that letter can also be 

called B, but we’re going to call it /B/.   

 

Review Lesson 

 

Place ABC mats in front of each child.  Put flashcards of letters learned that week on magnetic 

board. Look at all the letters we learned this week!  Pointing to the first letter say, We learned 

the letter that says /sound/.  Point to the letter that says /sound/ on your mat.  Let me hear 

you say /sound/.  Repeat for other letters taught that week. 

 

We’re going to read a book called (title of book).   

 

When reading the book, start each page by pointing to the letter and saying its sound (e.g., point 

saying /K/).  Encourage the children to repeat you.  Read the text on the page, again only 

referring to the letter by sound.  At the end of the page, point to the letter again and say its 

sound (the children do not need to repeat it a second time). 

 

Praise the children for their work that week.  Give each a sticker and line up. 

 

**Redirects/prompts may used throughout the lesson to maintain the children’s attention. 

 

Number Condition 

Individual Number Lesson 

 

Place pile of numbers in front of the children.  Show children number 1 flashcard and place on 

magnetic board.  Here is the number 1.  Let me hear you say the name of this number.  

What number is this?   

 

Everyone find a number 1.  Ok, hold it up.  To first child: What number is that?  Repeat 

with each child. 

 

Hand out number mats and a crayon to each child.  Now we’re going to write a 1.  Demonstrate 

tracing the number 1 on own mat.  Here is a 1.  You make a 1 by doing this.  Now you try.  

You do it the same way I did.  Switch colors.  Now let’s trace it again.  Repeat until child has 

traced number at least 5 times.  Now let me see you write a 1 all by yourself.  Observe/aid 

children as necessary. 

 

Now let’s play a different game.  Place pile of number discs in front of each child, giving each 

child a different color.  Name each child and his/her color as you place discs in front of them.  

Hand out mat with eight colored circles on it.  Find all the 1s that you have in your color and 

put them on the circles on your mat.  You will know when you’re done when you have a 1 
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for every circle on your mat.  Demonstrate task with own mat. Let’s see how fast you are!  

Ready?  Go!  Nice job!  Let’s see if you can go even faster!  Repeat.   

 

Nice job today!  You can all have a sticker for working so hard.  To each child individually: 

Come find the number we learned about today (let child find a 1 sticker).  What do we call 

this number?  Repeat with other children as lining them up. 

 

**Redirects/prompts may used throughout the lesson to maintain the children’s attention. 

 

Review Lesson (Numbers 0-15) 

 

Hi everyone! Today we’re going to review all of the numbers we just learned. Do you 

remember what they are?  That’s right! We’re reviewing the numbers 0, 1, 2, 3, 4 ,5 ,6 ,7, 8, 

9, 10, 11, 12, 13, 14, and 15! 

 

We’re going to play two games. The first game is a fast game! Show the number cards 1, 2, 3, 

4 ,5 ,6 ,7, 8, 9, 10, 11, 12, 13, 14, and 15, one at a time. Ask, What number is this? and have the 

children respond chorally.  Wow, that was fast! 

 

Shuffle the cards.  Let’s work as a team. Each person will say the number by themselves 

then the next person goes until everyone has a turn.  Ready, Go!  Let each child have a turn.  

That was great, let’s try to go even faster! Repeat.  Great job! You were really fast. 

 

The next game we’re going to play is a memory game. I’m going to turn all these cards over 

like this.  Turn select pairs of numbers upside down in a 2 x 4 or 3 x 4 formation.  You’re each 

going to get a chance to make a match. To make a match you’re going to pick up one card, 

say the name of it, then pick up another card and see if they match. If you make a match 

you get to keep the numbers.  If the numbers do not match, turn them back over and play 

moves to the next child.  Repeat this game using all pairs of numbers, repeating if necessary.   

 

Praise the children for their work that week.  Give each a sticker and line up. 

 

**Redirects/prompts may used throughout the lesson to maintain the children’s attention. 
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APPENDIX B 

 

Emergent Literacy Task 

Directions:  Place the word book in front of the child, open to Sample A.  Say, We are going to 

play a word game.  I will say a word and I want you to point to the word on the page that 

matches the word I say.  Do not read the printed words to the child.  For Sample A, say, Look at 

these three words.  Which one says pet?  If child is correct, say, That’s right!  This word is pet 

(pointing) because it is the only one that starts with the /p/ sound.  If child is incorrect, say, Not 

quite. That word starts with the /m/ (or /s/) sound, so it can’t be pet.  Try again.  If child is 

incorrect on the second try, say, Not quite.  That word starts with the /s/ (or /m/) sound, so it 

can’t be pet.  This word (pointing) is pet because it is the only one that starts with the /p/ 

sound.  If child is correct on the second try, say, That’s right!  This word is pet (pointing) 

because it is the only one that starts with the /p/ sound.   

For Sample B, turn the page and say, Let’s try another one.  Which one says mat?  If child is 

correct, say, That’s right!  This word is mat (pointing) because it is the only one that ends with 

the /t/ sound.    If incorrect, say, Not quite.  That word ends with the /r/ (or /p/) sound, so it 

can’t be mat.  Try again.  If child is incorrect on the second try, say, Not quite.  That word ends 

with the /p/ (or /r/) sound, so it can’t be mat.  This word (pointing) is mat because it is the only 

one that ends with the /t/ sound.  If child is correct on the second try, say, That’s right!  This 

word is mat (pointing) because it is the only one that ends with the /t/ sound.  Administer items 

1-17 without providing feedback. 

 

   Circle child's response. 
Correct/Incorrect 

(1/0) 

Sample A Which one says pet?  met pet set     

Sample B Which one says mat?  mat mar map     

         

1. Which one says hit?  kit hit pit     

2. Which one says jet?  jet bet net     

3. Which one says vat?  vat cat rat     

4. Which one says quit?  mit fit qit     

5. Which one says zoo?  too zoo goo     

6. Which one says yam?  dam sam yam     

7. Which one says wet?  wet yet let     

         

8. Which one says tip?  top tap tip     

9. Which one says cup?  cup  cap cop     
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10. Which one says set?  set sit sat     

         

11. Which one says pal?  pat pam pal     

12. Which one says tax?  tap tan tax     

13. Which one says laugh?  lab laf lag     

14. Which one says sack?  sad sag sac     

15. Which one says tack?  tak taz tar     

16. Which one says has?  hav has ham     

17. Which one says bad?  bad baj bat     

         

     Total Score     
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APPENDIX C 

 

Developmental Spelling Task 

(Ball and Blachman, 1991; Blachman et al., 1994; Tangel, 1991) 

 

Directions:  Place DST response sheet and pencil in front of the child.  Point to the letters across 

the top of the spelling paper and say, Here are the letters of the alphabet.  I’m going to say a 

word and I want you to write that word in the box.  Just do the best you can.  Put your pencil 

in first box, the one next to the square.  Write the word lap in the box.  You may repeat the 

word for the child.  Be sure to go slowly, letting the children have time to process.  If the child 

indicates that they can’t write the words, you may prompt them, saying, Just do the best you 

can, at any time. 

Put your pencil in the second box, the one next to the triangle.  Write the word sick in the box. 

Put your pencil in the third box, the one next to the circle.  Write the word elephant in the box. 

Put your pencil in the fourth box, the one next to the star.  Write the word pretty in the box. 

Put your pencil in the fifth box, the one next to the heart.  Write the word train in the box. 

 

 

Scoring:  Spellings will be scored according to the criteria set forth by Ball and Blachman 

(1991), Blachman et al. (1994) and Tangel (1991).  Specific criteria per word is provided in 

Tangel (1991). 

 0 points random string of letters 

 1 point  single phonetically related letter 

 2 points correct first letter of the word 

 3 points more than one phoneme represented (but not all) with phonetically related  

or conventional letters 

 4 points all phonemes represented with phonetically related letters or conventional  

letters 

 5 points all phonemes with conventional letters and an attempt to mark the long  

vowel (e.g., train spelled trane) 

 6 points correct spelling 
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APPENDIX D 

 

CCREM Results 

 

Table D1:  Impact of Alphabet Instruction  

   Letter name  Letter sound 

   Coefficient SE t ratio df p value 

(2-

tailed)

p value 

(1-

tailed)

 Coefficient SE t ratio df p value 

(2-

tailed)

p value 

(1-

tailed)

   Production task 

With Num Group as reference group 

 For intercept1  

  Intercept -1.002 0.370 -2.709 1501 .007  -2.892 0.452 -6.395 1501 .000

  T1 Age 0.518 0.304 1.704 1501 .088  0.667 0.339 1.971 1501 .049

  LNLS Group 0.341 0.445 0.766 1501 .444 .222  1.299 0.524 2.478 1501 .014 .007

  LS Group -0.381 0.450 -0.846 1501 .398 .801  0.786 0.535 1.468 1501 .142 .071

  Implementer1 0.080 0.430 0.187 1501 .852  -1.196 0.488 -2.451 1501 .015

  Implementer2 -0.727 0.488 -1.491 1501 .136  -1.468 0.580 -2.531 1501 .012

 For T1 score  

  Intercept 1.886 0.217 8.680 1501 .000  0.871 0.401 2.175 1501 .030

With LS Group as reference group  

 For intercept1  

  Intercept -1.383 0.415 -3.334 1501 .001  -2.106 0.467 -4.515 1501 .000

  T1 Age 0.518 0.304 1.704 1501 .088  0.667 0.339 1.971 1501 .049

  LNLS Group 0.722 0.428 1.687 1501 .091 .046  0.513 0.477 1.076 1501 .283 .169

  Num Group 0.381 0.450 0.846 1501 .398 .801  -0.786 0.535 -1.468 1501 .142 .262

  Implementer1 0.080 0.430 0.187 1501 .852  -1.196 0.488 -2.451 1501 .015

  Implementer2 -0.727 0.488 -1.491 1501 .136  -1.468 0.580 -2.531 1501 .012

 For T1 score  

  Intercept 1.886 0.217 8.680 1501 .000  0.871 0.401 2.175 1501 .030



Table D1 -- continued 
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   Letter name  Letter sound 

   Coefficient SE t ratio df p value 

(2-

tailed)

p value 

(1-

tailed)

 Coefficient SE t ratio df p value 

(2-

tailed)

p value 

(1-

tailed)

   Recognition task 

With Num Group as reference group  

 For intercept1  

  Intercept -0.282 0.357 -0.789 1501 .430  -1.486 0.319 -4.660 1501 .000

  T1 Age 0.328 0.294 1.115 1501 .266  0.223 0.260 0.858 1501 .391

  LNLS Group 0.317 0.435 0.730 1501 .466 .233  0.610 0.388 1.571 1501 .116 .058

  LS Group -0.222 0.435 -0.512 1501 .609 .696  0.250 0.393 0.636 1501 .525 .262

  Implementer1 -0.418 0.416 -1.004 1501 .316  -0.917 0.369 -2.489 1501 .013

  Implementer2 -1.152 0.468 -2.463 1501 .014  -1.360 0.429 -3.168 1501 .002

 For T1 score  

  Intercept 1.392 0.178 7.798 1501 .000  0.691 0.240 2.881 1501 .004

With LS Group as reference group  

 For intercept1  

  Intercept -0.504 0.395 -1.277 1501 .202  -1.236 0.348 -3.549 1501 .001

  T1 Age 0.328 0.294 1.115 1501 .266  0.223 0.260 0.858 1501 .391

  LNLS Group 0.540 0.416 1.297 1501 .195 .097  0.360 0.371 0.968 1501 .333 .169

  Num Group 0.222 0.435 0.512 1501 .609 .696  -0.250 0.393 -0.636 1501 .525 .262

  Implementer1 -0.418 0.416 -1.004 1501 .316  -0.917 0.369 -2.489 1501 .013

  Implementer2 -1.152 0.468 -2.463 1501 .014  -1.360 0.429 -3.168 1501 .002

 For T1 score  

  Intercept 1.392 0.178 7.798 1501 .000  0.691 0.240 2.881 1501 .004

Notes.  Multiple analyses performed and reported due to use of dummy coded variables.  Num = number; T1 = time 1 (screening or 

pretest); LNLS = letter name and letter sound; LS = letter sound. 
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Table D2:  Impact on Types of Letters Learned  

 

 

    Letter name Letter sound 

    Coefficient SE t ratio df p value Coefficient SE t ratio df p value

    Production task 

With Num Group as reference group 

 With vowels as reference letter type 

  For intercept1 

   Intercept -0.706 0.502 -1.406 1492 .160 -2.162 0.607 -3.562 1492 .001

   T1 Age 0.520 0.305 1.706 1492 .088 0.675 0.344 1.960 1492 .050

   Implementer1 0.078 0.431 0.182 1492 .856 -1.216 0.496 -2.452 1492 .015

   Implementer2 -0.727 0.489 -1.487 1492 .137 -1.478 0.590 -2.507 1492 .013

  For T1 score 

   Intercept 1.885 0.218 8.632 1492 .000 0.823 0.405 2.030 1492 .042

  For LNLS x CV 

   Intercept -0.010 0.634 -0.016 1492 .988 1.083 0.759 1.427 1492 .154

  For LS x CV 

   Intercept -0.656 0.636 -1.031 1492 .303 0.079 0.787 0.101 1492 .920

  For Num x CV 

   Intercept -0.598 0.483 -1.238 1492 .216 -0.019 0.614 -0.030 1492 .976

  For LNLS x VC 

   Intercept 0.221 0.642 0.345 1492 .730 0.712 0.777 0.917 1492 .360

  For LS x VC 

   Intercept -0.692 0.646 -1.070 1492 .285 0.641 0.781 0.821 1492 .412

  For Num x VC 

   Intercept -0.183 0.489 -0.375 1492 .707 -1.851 0.781 -2.371 1492 .018

  For LNLS x NA 

   Intercept -0.232 0.656 -0.355 1492 .723 -0.532 0.837 -0.636 1492 .525

  For LS x NA 

   Intercept -0.983 0.661 -1.486 1492 .137 -1.155 0.926 -1.247 1492 .213

  For Num x NA 

   Intercept -0.288 0.506 -0.569 1492 .569 -1.882 0.839 -2.244 1492 .025



Table D2 -- continued 
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    Letter name Letter sound 

    Coefficient SE t ratio df p value Coefficient SE t ratio df p value

  For LNLS x vowel 

   Intercept 0.222 0.563 0.394 1492 .693 0.754 0.671 1.123 1492 .262

  For LS x vowel 

   Intercept -0.323 0.565 -0.571 1492 .567 0.352 0.685 0.513 1492 .607

 With NA as reference letter type 

  For intercept1 

   Intercept -0.994 0.471 -2.108 1492 .035 -4.044 0.790 -5.116 1492 .000

   T1 Age 0.520 0.305 1.706 1492 .088 0.675 0.344 1.960 1492 .050

   Implementer1 0.078 0.431 0.182 1492 .856 -1.216 0.496 -2.452 1492 .015

   Implementer2 -0.727 0.489 -1.487 1492 .137 -1.478 0.590 -2.507 1492 .013

  For T1 score 

   Intercept 1.885 0.218 8.632 1492 .000 0.823 0.405 2.030 1492 .042

  For LNLS x CV 

   Intercept 0.278 0.611 0.455 1492 .649 2.965 0.912 3.253 1492 .002

  For LS x CV 

   Intercept -0.368 0.613 -0.600 1492 .548 1.962 0.934 2.099 1492 .036

  For Num x CV 

   Intercept -0.310 0.450 -0.690 1492 .490 1.864 0.785 2.374 1492 .018

  For LNLS x VC 

   Intercept 0.509 0.619 0.823 1492 .411 2.595 0.927 2.799 1492 .006

  For LS x VC 

   Intercept -0.404 0.623 -0.648 1492 .517 2.524 0.930 2.715 1492 .007

  For Num x VC 

   Intercept 0.104 0.457 0.229 1492 .819 0.031 0.917 0.034 1492 .973

  For LNLS x NA 

   Intercept 0.055 0.535 0.104 1492 .918 1.350 0.880 1.533 1492 .125

  For LS x NA 

   Intercept -0.695 0.541 -1.284 1492 .200 0.727 0.963 0.755 1492 .451

  For LNLS x vowel 

   Intercept 0.510 0.653 0.780 1492 .435 2.636 0.958 2.750 1492 .006

  For LS x vowel 



Table D2 -- continued 
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    Letter name Letter sound 

    Coefficient SE t ratio df p value Coefficient SE t ratio df p value

   Intercept -0.035 0.655 -0.053 1492 .958 2.234 0.970 2.304 1492 .021

  For Num x vowel 

   Intercept 0.288 0.506 0.569 1492 .569 1.882 0.839 2.244 1492 .025

 With VC as reference type 

  For intercept1 

   Intercept -0.889 0.454 -1.960 1492 .050 -4.013 0.725 -5.537 1492 .000

   T1 Age 0.520 0.305 1.706 1492 .088 0.675 0.344 1.960 1492 .050

   Implementer1 0.078 0.431 0.182 1492 .856 -1.216 0.496 -2.452 1492 .015

   Implementer2 -0.727 0.489 -1.487 1492 .137 -1.478 0.590 -2.507 1492 .013

  For T1 score 

   Intercept 1.885 0.218 8.632 1492 .000 0.823 0.405 2.030 1492 .042

  For LNLS x CV 

   Intercept 0.173 0.597 0.291 1492 .771 2.934 0.856 3.426 1492 .001

  For LS x CV 

   Intercept -0.472 0.599 -0.789 1492 .430 1.930 0.881 2.192 1492 .028

  For Num x CV 

   Intercept -0.415 0.432 -0.960 1492 .337 1.832 0.723 2.535 1492 .012

  For LNLS x VC 

   Intercept 0.405 0.517 0.783 1492 .434 2.564 0.778 3.294 1492 .001

  For LS x VC 

   Intercept -0.508 0.522 -0.973 1492 .331 2.493 0.780 3.195 1492 .002

  For LNLS x NA 

   Intercept -0.049 0.620 -0.079 1492 .937 1.319 0.926 1.424 1492 .155

  For LS x NA 

   Intercept -0.800 0.626 -1.278 1492 .202 0.696 1.007 0.691 1492 .489

  For Num x NA 

   Intercept -0.104 0.457 -0.229 1492 .819 -0.031 0.917 -0.034 1492 .973

  For LNLS x vowel 

   Intercept 0.406 0.640 0.634 1492 .526 2.605 0.906 2.876 1492 .005

  For LS x vowel 

   Intercept -0.139 0.642 -0.217 1492 .828 2.203 0.918 2.400 1492 .017



Table D2 -- continued 
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    Letter name Letter sound 

    Coefficient SE t ratio df p value Coefficient SE t ratio df p value

  For Num x vowel 

   Intercept 0.183 0.489 0.375 1492 .707 1.851 0.781 2.371 1492 .018

 With CV as reference type 

  For intercept1 

   Intercept -1.304 0.448 -2.912 1492 .004 -2.180 0.533 -4.088 1492 .000

   T1 Age 0.520 0.305 1.706 1492 .088 0.675 0.344 1.960 1492 .050

   Implementer1 0.078 0.431 0.182 1492 .856 -1.216 0.496 -2.452 1492 .015

   Implementer2 -0.727 0.489 -1.487 1492 .137 -1.478 0.590 -2.507 1492 .013

  For T1 score 

   Intercept 1.885 0.218 8.632 1492 .000 0.823 0.405 2.030 1492 .042

  For LNLS x CV 

   Intercept 0.588 0.515 1.143 1492 .254 1.102 0.601 1.834 1492 .066

  For LS x CV 

   Intercept -0.058 0.517 -0.112 1492 .912 0.098 0.635 0.154 1492 .878

  For LNLS x VC 

   Intercept 0.820 0.601 1.364 1492 .173 0.731 0.721 1.014 1492 .311

  For LS x VC 

   Intercept -0.094 0.606 -0.154 1492 .878 0.660 0.725 0.910 1492 .363

  For Num x VC 

   Intercept 0.415 0.432 0.960 1492 .337 -1.832 0.723 -2.535 1492 .012

  For LNLS x NA 

   Intercept 0.366 0.616 0.594 1492 .552 -0.514 0.786 -0.654 1492 .513

  For LS x NA 

   Intercept -0.385 0.622 -0.619 1492 .536 -1.137 0.880 -1.292 1492 .197

  For Num x NA 

   Intercept 0.310 0.450 0.690 1492 .490 -1.864 0.785 -2.374 1492 .018

  For LNLS x vowel 

   Intercept 0.820 0.636 1.289 1492 .198 0.772 0.761 1.015 1492 .311

  For LS x vowel 

   Intercept 0.276 0.638 0.432 1492 .665 0.370 0.776 0.477 1492 .633

  For Num x vowel 
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    Letter name Letter sound 

    Coefficient SE t ratio df p value Coefficient SE t ratio df p value

   Intercept 0.598 0.483 1.238 1492 .216 0.019 0.614 0.030 1492 .976

With LS Group as reference group 

 With vowels as reference letter type 

  For intercept1 

   Intercept -1.029 0.533 -1.929 1492 .053 -1.810 0.626 -2.891 1492 .004

   T1 Age 0.520 0.305 1.706 1492 .088 0.675 0.344 1.960 1492 .050

   Implementer1 0.078 0.431 0.182 1492 .856 -1.216 0.496 -2.452 1492 .015

   Implementer2 -0.727 0.489 -1.487 1492 .137 -1.478 0.590 -2.507 1492 .013

  For T1 score 

   Intercept 1.885 0.218 8.632 1492 .000 0.823 0.405 2.030 1492 .042

  For LNLS x CV 

   Intercept 0.313 0.620 0.504 1492 .614 0.731 0.732 0.999 1492 .319

  For LS x CV 

   Intercept -0.333 0.477 -0.699 1492 .485 -0.272 0.622 -0.438 1492 .661

  For Num x CV 

   Intercept -0.276 0.638 -0.432 1492 .665 -0.370 0.776 -0.477 1492 .633

  For LNLS x VC 

   Intercept 0.544 0.627 0.868 1492 .386 0.361 0.751 0.480 1492 .631

  For LS x VC 

   Intercept -0.369 0.490 -0.753 1492 .452 0.290 0.618 0.469 1492 .639

  For Num x VC 

   Intercept 0.139 0.642 0.217 1492 .828 -2.203 0.918 -2.400 1492 .017

  For LNLS x NA 

   Intercept 0.090 0.642 0.141 1492 .889 -0.884 0.816 -1.084 1492 .279

  For LS x NA 

   Intercept -0.660 0.509 -1.296 1492 .195 -1.507 0.788 -1.912 1492 .056

  For Num x NA 

   Intercept 0.035 0.655 0.053 1492 .958 -2.234 0.970 -2.304 1492 .021

  For LNLS x vowel 

   Intercept 0.545 0.547 0.997 1492 .320 0.402 0.640 0.627 1492 .530

  For Num x vowel 
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    Letter name Letter sound 

    Coefficient SE t ratio df p value Coefficient SE t ratio df p value

   Intercept 0.323 0.565 0.571 1492 .567 -0.352 0.685 -0.513 1492 .607

 With NA as reference letter type 

  For intercept1 

   Intercept -1.689 0.515 -3.282 1492 .001 -3.317 0.748 -4.433 1492 .000

   T1 Age 0.520 0.305 1.706 1492 .088 0.675 0.344 1.960 1492 .050

   Implementer1 0.078 0.431 0.182 1492 .856 -1.216 0.496 -2.452 1492 .015

   Implementer2 -0.727 0.489 -1.487 1492 .137 -1.478 0.590 -2.507 1492 .013

  For T1 score 

   Intercept 1.885 0.218 8.632 1492 .000 0.823 0.405 2.030 1492 .042

  For LNLS x CV 

   Intercept 0.973 0.603 1.613 1492 .107 2.238 0.842 2.658 1492 .008

  For LS x CV 

   Intercept 0.327 0.452 0.724 1492 .469 1.235 0.741 1.666 1492 .096

  For Num x CV 

   Intercept 0.385 0.622 0.619 1492 .536 1.137 0.880 1.292 1492 .197

  For LNLS x VC 

   Intercept 1.204 0.611 1.972 1492 .048 1.868 0.858 2.176 1492 .030

  For LS x VC 

   Intercept 0.291 0.465 0.626 1492 .531 1.797 0.741 2.424 1492 .016

  For Num x VC 

   Intercept 0.800 0.626 1.278 1492 .202 -0.696 1.007 -0.691 1492 .489

  For LNLS x NA 

   Intercept 0.751 0.526 1.427 1492 .154 0.623 0.812 0.767 1492 .443

  For Num x NA 

   Intercept 0.695 0.541 1.284 1492 .200 -0.727 0.963 -0.755 1492 .451

  For LNLS x vowel 

   Intercept 1.205 0.646 1.866 1492 .062 1.909 0.892 2.139 1492 .032

  For LS x vowel 

   Intercept 0.660 0.509 1.296 1492 .195 1.507 0.788 1.912 1492 .056

  For Num x vowel 

   Intercept 0.983 0.661 1.486 1492 .137 1.155 0.926 1.247 1492 .213
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    Letter name Letter sound 

    Coefficient SE t ratio df p value Coefficient SE t ratio df p value

 With VC as reference type 

  For intercept1 

   Intercept -1.398 0.494 -2.830 1492 .005 -1.520 0.563 -2.701 1492 .007

   T1 Age 0.520 0.305 1.706 1492 .088 0.675 0.344 1.960 1492 .050

   Implementer1 0.078 0.431 0.182 1492 .856 -1.216 0.496 -2.452 1492 .015

   Implementer2 -0.727 0.489 -1.487 1492 .137 -1.478 0.590 -2.507 1492 .013

  For T1 score 

   Intercept 1.885 0.218 8.632 1492 .000 0.823 0.405 2.030 1492 .042

  For LNLS x CV 

   Intercept 0.682 0.586 1.163 1492 .245 0.441 0.677 0.652 1492 .514

  For LS x CV 

   Intercept 0.036 0.429 0.084 1492 .934 -0.562 0.559 -1.006 1492 .315

  For Num x CV 

   Intercept 0.094 0.606 0.154 1492 .878 -0.660 0.725 -0.910 1492 .363

  For LNLS x VC 

   Intercept 0.913 0.504 1.811 1492 .070 0.071 0.579 0.123 1492 .903

  For Num x VC 

   Intercept 0.508 0.522 0.973 1492 .331 -2.493 0.780 -3.195 1492 .002

  For LNLS x NA 

   Intercept 0.459 0.610 0.753 1492 .452 -1.174 0.766 -1.532 1492 .125

  For LS x NA 

   Intercept -0.291 0.465 -0.626 1492 .531 -1.797 0.741 -2.424 1492 .016

  For Num x NA 

   Intercept 0.404 0.623 0.648 1492 .517 -2.524 0.930 -2.715 1492 .007

  For LNLS x vowel 

   Intercept 0.914 0.630 1.450 1492 .147 0.112 0.740 0.152 1492 .880

  For LS x vowel 

   Intercept 0.369 0.490 0.753 1492 .452 -0.290 0.618 -0.469 1492 .639

  For Num x vowel 

   Intercept 0.692 0.646 1.070 1492 .285 -0.641 0.781 -0.821 1492 .412

 With CV as reference type 
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    Letter name Letter sound 

    Coefficient SE t ratio df p value Coefficient SE t ratio df p value

  For intercept1 

   Intercept -1.362 0.481 -2.830 1492 .005 -2.082 0.569 -3.657 1492 .000

   T1 Age 0.520 0.305 1.706 1492 .088 0.675 0.344 1.960 1492 .050

   Implementer1 0.078 0.431 0.182 1492 .856 -1.216 0.496 -2.452 1492 .015

   Implementer2 -0.727 0.489 -1.487 1492 .137 -1.478 0.590 -2.507 1492 .013

  For T1 score 

   Intercept 1.885 0.218 8.632 1492 .000 0.823 0.405 2.030 1492 .042

  For LNLS x CV 

   Intercept 0.646 0.495 1.306 1492 .192 1.004 0.581 1.728 1492 .084

  For Num x CV 

   Intercept 0.058 0.517 0.112 1492 .912 -0.098 0.635 -0.154 1492 .878

  For LNLS x VC 

   Intercept 0.877 0.583 1.504 1492 .133 0.633 0.705 0.898 1492 .370

  For LS x VC 

   Intercept -0.036 0.429 -0.084 1492 .934 0.562 0.559 1.006 1492 .315

  For Num x VC 

   Intercept 0.472 0.599 0.789 1492 .430 -1.930 0.881 -2.192 1492 .028

  For LNLS x NA 

   Intercept 0.423 0.599 0.707 1492 .480 -0.612 0.773 -0.791 1492 .429

  For LS x NA 

   Intercept -0.327 0.452 -0.724 1492 .469 -1.235 0.741 -1.666 1492 .096

  For Num x NA 

   Intercept 0.368 0.613 0.600 1492 .548 -1.962 0.934 -2.099 1492 .036

  For LNLS x vowel 

   Intercept 0.878 0.620 1.416 1492 .157 0.674 0.747 0.903 1492 .367

  For LS x vowel 

   Intercept 0.333 0.477 0.699 1492 .485 0.272 0.622 0.438 1492 .661

  For Num x vowel 

   Intercept 0.656 0.636 1.031 1492 .303 -0.079 0.787 -0.101 1492 .920

With LNLS Group as reference group 

 With vowels as reference letter type 
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    Letter name Letter sound 

    Coefficient SE t ratio df p value Coefficient SE t ratio df p value

  For intercept1 

   Intercept -0.484 0.522 -0.926 1492 .355 -1.408 0.599 -2.350 1492 .019

   T1 Age 0.520 0.305 1.706 1492 .088 0.675 0.344 1.960 1492 .050

   Implementer1 0.078 0.431 0.182 1492 .856 -1.216 0.496 -2.452 1492 .015

   Implementer2 -0.727 0.489 -1.487 1492 .137 -1.478 0.590 -2.507 1492 .013

  For T1 score 

   Intercept 1.885 0.218 8.632 1492 .000 0.823 0.405 2.030 1492 .042

  For LNLS x CV 

   Intercept -0.232 0.479 -0.485 1492 .628 0.329 0.581 0.567 1492 .570

  For LS x CV 

   Intercept -0.878 0.620 -1.416 1492 .157 -0.674 0.747 -0.903 1492 .367

  For Num x CV 

   Intercept -0.820 0.636 -1.289 1492 .198 -0.772 0.761 -1.015 1492 .311

  For LNLS x VC 

   Intercept -0.001 0.488 -0.001 1492 .999 -0.041 0.603 -0.068 1492 .946

  For LS x VC 

   Intercept -0.914 0.630 -1.450 1492 .147 -0.112 0.740 -0.152 1492 .880

  For Num x VC 

   Intercept -0.406 0.640 -0.634 1492 .526 -2.605 0.906 -2.876 1492 .005

  For LNLS x NA 

   Intercept -0.455 0.508 -0.896 1492 .371 -1.286 0.676 -1.903 1492 .057

  For LS x NA 

   Intercept -1.205 0.646 -1.866 1492 .062 -1.909 0.892 -2.139 1492 .032

  For Num x NA 

   Intercept -0.510 0.653 -0.780 1492 .435 -2.636 0.958 -2.750 1492 .006

  For LS x vowel 

   Intercept -0.545 0.547 -0.997 1492 .320 -0.402 0.640 -0.627 1492 .530

  For Num x vowel 

   Intercept -0.222 0.563 -0.394 1492 .693 -0.754 0.671 -1.123 1492 .262

 With NA as reference letter type 

  For intercept1 
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    Letter name Letter sound 

    Coefficient SE t ratio df p value Coefficient SE t ratio df p value

   Intercept -0.938 0.496 -1.891 1492 .058 -2.694 0.630 -4.277 1492 .000

   T1 Age 0.520 0.305 1.706 1492 .088 0.675 0.344 1.960 1492 .050

   Implementer1 0.078 0.431 0.182 1492 .856 -1.216 0.496 -2.452 1492 .015

   Implementer2 -0.727 0.489 -1.487 1492 .137 -1.478 0.590 -2.507 1492 .013

  For T1 score 

   Intercept 1.885 0.218 8.632 1492 .000 0.823 0.405 2.030 1492 .042

  For LNLS x CV 

   Intercept 0.222 0.451 0.494 1492 .621 1.615 0.610 2.648 1492 .009

  For LS x CV 

   Intercept -0.423 0.599 -0.707 1492 .480 0.612 0.773 0.791 1492 .429

  For Num x CV 

   Intercept -0.366 0.616 -0.594 1492 .552 0.514 0.786 0.654 1492 .513

  For LNLS x VC 

   Intercept 0.454 0.462 0.984 1492 .326 1.245 0.629 1.980 1492 .048

  For LS x VC 

   Intercept -0.459 0.610 -0.753 1492 .452 1.174 0.766 1.532 1492 .125

  For Num x VC 

   Intercept 0.049 0.620 0.079 1492 .937 -1.319 0.926 -1.424 1492 .155

  For LS x NA 

   Intercept -0.751 0.526 -1.427 1492 .154 -0.623 0.812 -0.767 1492 .443

  For Num x NA 

   Intercept -0.055 0.535 -0.104 1492 .918 -1.350 0.880 -1.533 1492 .125

  For LNLS x vowel 

   Intercept 0.455 0.508 0.896 1492 .371 1.286 0.676 1.903 1492 .057

  For LS x vowel 

   Intercept -0.090 0.642 -0.141 1492 .889 0.884 0.816 1.084 1492 .279

  For Num x vowel 

   Intercept 0.232 0.656 0.355 1492 .723 0.532 0.837 0.636 1492 .525

 With VC as reference letter type 

  For intercept1 

   Intercept -0.485 0.479 -1.013 1492 .312 -1.449 0.547 -2.648 1492 .009
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    Letter name Letter sound 

    Coefficient SE t ratio df p value Coefficient SE t ratio df p value

   T1 Age 0.520 0.305 1.706 1492 .088 0.675 0.344 1.960 1492 .050

   Implementer1 0.078 0.431 0.182 1492 .856 -1.216 0.496 -2.452 1492 .015

   Implementer2 -0.727 0.489 -1.487 1492 .137 -1.478 0.590 -2.507 1492 .013

  For T1 score 

   Intercept 1.885 0.218 8.632 1492 .000 0.823 0.405 2.030 1492 .042

  For LNLS x CV 

   Intercept -0.231 0.429 -0.539 1492 .589 0.370 0.527 0.703 1492 .482

  For LS x CV 

   Intercept -0.877 0.583 -1.504 1492 .133 -0.633 0.705 -0.898 1492 .370

  For Num x CV 

   Intercept -0.820 0.601 -1.364 1492 .173 -0.731 0.721 -1.014 1492 .311

  For LS x VC 

   Intercept -0.913 0.504 -1.811 1492 .070 -0.071 0.579 -0.123 1492 .903

  For Num x VC 

   Intercept -0.405 0.517 -0.783 1492 .434 -2.564 0.778 -3.294 1492 .001

  For LNLS x NA 

   Intercept -0.454 0.462 -0.984 1492 .326 -1.245 0.629 -1.980 1492 .048

  For LS x NA 

   Intercept -1.204 0.611 -1.972 1492 .048 -1.868 0.858 -2.176 1492 .030

  For Num x NA 

   Intercept -0.509 0.619 -0.823 1492 .411 -2.595 0.927 -2.799 1492 .006

  For LNLS x vowel 

   Intercept 0.001 0.488 0.001 1492 .999 0.041 0.603 0.068 1492 .946

  For LS x vowel 

   Intercept -0.544 0.627 -0.868 1492 .386 -0.361 0.751 -0.480 1492 .631

  For Num x vowel 

   Intercept -0.221 0.642 -0.345 1492 .730 -0.712 0.777 -0.917 1492 .360

    Recognition task 

With Num Group as reference group 

 With vowels as reference letter type 

  For intercept1 
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    Letter name Letter sound 

    Coefficient SE t ratio df p value Coefficient SE t ratio df p value

   Intercept 0.160 0.479 0.333 1492 .739 -1.415 0.434 -3.259 1492 .002

   T1 Age 0.329 0.295 1.114 1492 .266 0.227 0.263 0.862 1492 .389

   Implementer1 -0.421 0.418 -1.007 1492 .315 -0.934 0.373 -2.502 1492 .013

   Implementer2 -1.155 0.469 -2.462 1492 .014 -1.374 0.434 -3.163 1492 .002

  For LNLS x CV 

   Intercept -0.286 0.605 -0.472 1492 .636 0.868 0.541 1.604 1492 .109

  For LS x CV 

   Intercept -0.543 0.601 -0.903 1492 .367 0.291 0.548 0.531 1492 .595

  For Num x CV 

   Intercept -0.569 0.445 -1.277 1492 .202 0.276 0.416 0.663 1492 .507

  For LNLS x VC 

   Intercept 0.037 0.613 0.061 1492 .952 0.594 0.554 1.074 1492 .284

  For LS x VC 

   Intercept -0.719 0.610 -1.178 1492 .240 0.503 0.552 0.912 1492 .362

  For Num x VC 

   Intercept -0.553 0.455 -1.215 1492 .225 -0.241 0.445 -0.540 1492 .589

  For LNLS x NA 

   Intercept -0.214 0.623 -0.343 1492 .731 -0.336 0.592 -0.567 1492 .570

  For LS x NA 

   Intercept -0.934 0.622 -1.501 1492 .133 -0.445 0.602 -0.739 1492 .460

  For Num x NA 

   Intercept -0.485 0.471 -1.030 1492 .304 -0.377 0.470 -0.802 1492 .423

  For LNLS x vowel 

   Intercept 0.027 0.546 0.050 1492 .960 0.850 0.529 1.606 1492 .108

  For LS x vowel 

   Intercept -0.440 0.544 -0.808 1492 .419 0.255 0.540 0.473 1492 .636

  For T1 score 

   Intercept 1.384 0.180 7.698 1492 .000 0.702 0.241 2.907 1492 .004

 With NA as reference letter type 

  For intercept1 

   Intercept -0.326 0.451 -0.722 1492 .470 -1.791 0.435 -4.118 1492 .000
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    Letter name Letter sound 

    Coefficient SE t ratio df p value Coefficient SE t ratio df p value

   T1 Age 0.329 0.295 1.114 1492 .266 0.227 0.263 0.862 1492 .389

   Implementer1 -0.421 0.418 -1.007 1492 .315 -0.934 0.373 -2.502 1492 .013

   Implementer2 -1.155 0.469 -2.462 1492 .014 -1.374 0.434 -3.163 1492 .002

  For LNLS x CV 

   Intercept 0.200 0.584 0.342 1492 .732 1.245 0.542 2.295 1492 .022

  For LS x CV 

   Intercept -0.057 0.581 -0.099 1492 .922 0.668 0.549 1.216 1492 .224

  For Num x CV 

   Intercept -0.083 0.416 -0.200 1492 .842 0.652 0.416 1.569 1492 .116

  For LNLS x VC 

   Intercept 0.523 0.593 0.882 1492 .378 0.971 0.555 1.751 1492 .080

  For LS x VC 

   Intercept -0.234 0.590 -0.396 1492 .692 0.880 0.553 1.591 1492 .111

  For Num x VC 

   Intercept -0.068 0.427 -0.159 1492 .874 0.136 0.445 0.306 1492 .759

  For LNLS x NA 

   Intercept 0.271 0.519 0.523 1492 .601 0.041 0.558 0.074 1492 .942

  For LS x NA 

   Intercept -0.448 0.518 -0.865 1492 .387 -0.068 0.569 -0.120 1492 .905

  For LNLS x vowel 

   Intercept 0.513 0.623 0.823 1492 .411 1.227 0.575 2.135 1492 .033

  For LS x vowel 

   Intercept 0.045 0.622 0.073 1492 .942 0.632 0.585 1.080 1492 .281

  For Num x vowel 

   Intercept 0.485 0.471 1.030 1492 .304 0.377 0.470 0.802 1492 .423

  For For T1 score 

   Intercept 1.384 0.180 7.698 1492 .000 0.702 0.241 2.907 1492 .004

 With VC as reference type 

  For intercept1 

   Intercept -0.394 0.435 -0.904 1492 .366 -1.655 0.408 -4.052 1492 .000

   T1 Age 0.329 0.295 1.114 1492 .266 0.227 0.263 0.862 1492 .389
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    Letter name Letter sound 

    Coefficient SE t ratio df p value Coefficient SE t ratio df p value

   Implementer1 -0.421 0.418 -1.007 1492 .315 -0.934 0.373 -2.502 1492 .013

   Implementer2 -1.155 0.469 -2.462 1492 .014 -1.374 0.434 -3.163 1492 .002

  For LNLS x CV 

   Intercept 0.267 0.572 0.468 1492 .640 1.109 0.520 2.131 1492 .033

  For LS x CV 

   Intercept 0.010 0.568 0.018 1492 .986 0.532 0.527 1.008 1492 .314

  For Num x CV 

   Intercept -0.016 0.398 -0.039 1492 .969 0.516 0.388 1.332 1492 .183

  For LNLS x VC 

   Intercept 0.590 0.506 1.168 1492 .243 0.835 0.499 1.672 1492 .094

  For LS x VC 

   Intercept -0.166 0.503 -0.330 1492 .741 0.744 0.497 1.496 1492 .135

  For LNLS x NA 

   Intercept 0.339 0.591 0.574 1492 .566 -0.095 0.573 -0.166 1492 .869

  For LS x NA 

   Intercept -0.381 0.590 -0.645 1492 .519 -0.204 0.584 -0.350 1492 .726

  For Num x NA 

   Intercept 0.068 0.427 0.159 1492 .874 -0.136 0.445 -0.306 1492 .759

  For LNLS x vowel 

   Intercept 0.580 0.611 0.950 1492 .343 1.091 0.554 1.968 1492 .049

  For LS x vowel 

   Intercept 0.113 0.610 0.186 1492 .853 0.496 0.565 0.878 1492 .380

  For Num x vowel 

   Intercept 0.553 0.455 1.215 1492 .225 0.241 0.445 0.540 1492 .589

  For For T1 score 

   Intercept 1.384 0.180 7.698 1492 .000 0.702 0.241 2.907 1492 .004

 With CV as reference type 

  For intercept1 

   Intercept -0.409 0.424 -0.966 1492 .335 -1.139 0.374 -3.044 1492 .003

   T1 Age 0.329 0.295 1.114 1492 .266 0.227 0.263 0.862 1492 .389

   Implementer1 -0.421 0.418 -1.007 1492 .315 -0.934 0.373 -2.502 1492 .013
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    Letter name Letter sound 

    Coefficient SE t ratio df p value Coefficient SE t ratio df p value

   Implementer2 -1.155 0.469 -2.462 1492 .014 -1.374 0.434 -3.163 1492 .002

  For LNLS x CV 

   Intercept 0.283 0.496 0.570 1492 .568 0.593 0.462 1.282 1492 .200

  For LS x CV 

   Intercept 0.026 0.492 0.053 1492 .958 0.016 0.470 0.033 1492 .974

  For LNLS x VC 

   Intercept 0.606 0.572 1.059 1492 .290 0.319 0.507 0.628 1492 .530

  For LS x VC 

   Intercept -0.150 0.570 -0.264 1492 .792 0.227 0.505 0.450 1492 .652

  For Num x VC 

   Intercept 0.016 0.398 0.039 1492 .969 -0.516 0.388 -1.332 1492 .183

  For LNLS x NA 

   Intercept 0.355 0.584 0.608 1492 .543 -0.611 0.549 -1.114 1492 .266

  For LS x NA 

   Intercept -0.365 0.583 -0.627 1492 .531 -0.720 0.560 -1.286 1492 .199

  For Num x NA 

   Intercept 0.083 0.416 0.200 1492 .842 -0.652 0.416 -1.569 1492 .117

  For LNLS x vowel 

   Intercept 0.596 0.604 0.987 1492 .324 0.574 0.529 1.085 1492 .278

  For LS x vowel 

   Intercept 0.129 0.603 0.214 1492 .831 -0.020 0.541 -0.037 1492 .971

  For Num x vowel 

   Intercept 0.569 0.445 1.277 1492 .202 -0.276 0.416 -0.663 1492 .507

  For For T1 score 

   Intercept 1.384 0.180 7.698 1492 .000 0.702 0.241 2.907 1492 .004

With LS Group as reference group 

 With vowels as reference letter type 

  For intercept1 

   Intercept -0.280 0.506 -0.554 1492 .579 -1.159 0.453 -2.558 1492 .011

   T1 Age 0.329 0.295 1.114 1492 .266 0.227 0.263 0.862 1492 .389

   Implementer1 -0.421 0.418 -1.007 1492 .315 -0.934 0.373 -2.502 1492 .013
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    Letter name Letter sound 

    Coefficient SE t ratio df p value Coefficient SE t ratio df p value

   Implementer2 -1.155 0.469 -2.462 1492 .014 -1.374 0.434 -3.163 1492 .002

  For LNLS x CV 

   Intercept 0.154 0.591 0.261 1492 .794 0.613 0.525 1.166 1492 .244

  For LS x CV 

   Intercept -0.103 0.440 -0.234 1492 .815 0.036 0.414 0.086 1492 .932

  For Num x CV 

   Intercept -0.129 0.603 -0.214 1492 .831 0.020 0.541 0.037 1492 .971

  For LNLS x VC 

   Intercept 0.477 0.599 0.797 1492 .426 0.339 0.538 0.629 1492 .529

  For LS x VC 

   Intercept -0.279 0.453 -0.617 1492 .537 0.247 0.419 0.591 1492 .554

  For Num x VC 

   Intercept -0.113 0.610 -0.186 1492 .853 -0.496 0.565 -0.878 1492 .380

  For LNLS x NA 

   Intercept 0.226 0.609 0.371 1492 .710 -0.591 0.580 -1.020 1492 .308

  For LS x NA 

   Intercept -0.494 0.468 -1.055 1492 .292 -0.700 0.482 -1.452 1492 .147

  For Num x NA 

   Intercept -0.045 0.622 -0.073 1492 .942 -0.632 0.585 -1.080 1492 .281

  For LNLS x vowel 

   Intercept 0.467 0.530 0.881 1492 .379 0.595 0.513 1.159 1492 .247

  For Num x vowel 

   Intercept 0.440 0.544 0.808 1492 .419 -0.255 0.540 -0.473 1492 .636

  For T1 score 

   Intercept 1.384 0.180 7.698 1492 .000 0.702 0.241 2.907 1492 .004

 With NA as reference letter type 

  For intercept1 

   Intercept -0.774 0.482 -1.607 1492 .108 -1.859 0.474 -3.921 1492 .000

   T1 Age 0.329 0.295 1.114 1492 .266 0.227 0.263 0.862 1492 .389

   Implementer1 -0.421 0.418 -1.007 1492 .315 -0.934 0.373 -2.502 1492 .013

   Implementer2 -1.155 0.469 -2.462 1492 .014 -1.374 0.434 -3.163 1492 .002
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    Letter name Letter sound 

    Coefficient SE t ratio df p value Coefficient SE t ratio df p value

  For LNLS x CV 

   Intercept 0.648 0.570 1.136 1492 .257 1.313 0.546 2.405 1492 .016

  For LS x CV 

   Intercept 0.391 0.412 0.949 1492 .343 0.736 0.438 1.680 1492 .093

  For Num x CV 

   Intercept 0.365 0.583 0.627 1492 .531 0.720 0.560 1.286 1492 .199

  For LNLS x VC 

   Intercept 0.971 0.579 1.678 1492 .093 1.039 0.559 1.861 1492 .063

  For LS x VC 

   Intercept 0.215 0.425 0.505 1492 .613 0.948 0.444 2.136 1492 .033

  For Num x VC 

   Intercept 0.381 0.590 0.645 1492 .519 0.204 0.584 0.350 1492 .726

  For LNLS x NA 

   Intercept 0.720 0.503 1.431 1492 .153 0.109 0.564 0.194 1492 .847

  For Num x NA 

   Intercept 0.448 0.518 0.865 1492 .387 0.068 0.569 0.120 1492 .905

  For LNLS x vowel 

   Intercept 0.961 0.610 1.576 1492 .115 1.295 0.578 2.241 1492 .025

  For LS x vowel 

   Intercept 0.494 0.468 1.055 1492 .292 0.700 0.482 1.452 1492 .147

  For Num x vowel 

   Intercept 0.934 0.622 1.501 1492 .133 0.445 0.602 0.739 1492 .460

  For T1 score 

   Intercept 1.384 0.180 7.698 1492 .000 0.702 0.241 2.907 1492 .004

 With VC as reference type 

  For intercept1 

   Intercept -0.559 0.465 -1.203 1492 .229 -0.912 0.411 -2.216 1492 .027

   T1 Age 0.329 0.295 1.114 1492 .266 0.227 0.263 0.862 1492 .389

   Implementer1 -0.421 0.418 -1.007 1492 .315 -0.934 0.373 -2.502 1492 .013

   Implementer2 -1.155 0.469 -2.462 1492 .014 -1.374 0.434 -3.163 1492 .002

  For LNLS x CV 
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    Letter name Letter sound 

    Coefficient SE t ratio df p value Coefficient SE t ratio df p value

   Intercept 0.433 0.557 0.778 1492 .437 0.365 0.488 0.748 1492 .455

  For LS x CV 

   Intercept 0.176 0.393 0.448 1492 .654 -0.212 0.367 -0.577 1492 .564

  For Num x CV 

   Intercept 0.150 0.570 0.264 1492 .792 -0.227 0.505 -0.450 1492 .652

  For LNLS x VC 

   Intercept 0.756 0.489 1.548 1492 .122 0.091 0.467 0.196 1492 .845

  For Num x VC 

   Intercept 0.166 0.503 0.330 1492 .741 -0.744 0.497 -1.496 1492 .135

  For LNLS x NA 

   Intercept 0.505 0.577 0.875 1492 .382 -0.839 0.546 -1.535 1492 .125

  For LS x NA 

   Intercept -0.215 0.425 -0.505 1492 .613 -0.948 0.444 -2.136 1492 .033

  For Num x NA 

   Intercept 0.234 0.590 0.396 1492 .692 -0.880 0.553 -1.591 1492 .111

  For LNLS x vowel 

   Intercept 0.746 0.598 1.249 1492 .212 0.347 0.524 0.662 1492 .508

  For LS x vowel 

   Intercept 0.279 0.453 0.617 1492 .537 -0.247 0.419 -0.591 1492 .554

  For Num x vowel 

   Intercept 0.719 0.610 1.178 1492 .240 -0.503 0.552 -0.912 1492 .362

  For T1 score 

   Intercept 1.384 0.180 7.698 1492 .000 0.702 0.241 2.907 1492 .004

 With CV as reference type 

  For intercept1 

   Intercept -0.383 0.454 -0.845 1492 .399 -1.123 0.406 -2.770 1492 .006

   T1 Age 0.329 0.295 1.114 1492 .266 0.227 0.263 0.862 1492 .389

   Implementer1 -0.421 0.418 -1.007 1492 .315 -0.934 0.373 -2.502 1492 .013

   Implementer2 -1.155 0.469 -2.462 1492 .014 -1.374 0.434 -3.163 1492 .002

  For LNLS x CV 

   Intercept 0.257 0.478 0.538 1492 .590 0.577 0.452 1.276 1492 .203
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    Letter name Letter sound 

    Coefficient SE t ratio df p value Coefficient SE t ratio df p value

  For Num x CV 

   Intercept -0.026 0.492 -0.053 1492 .958 -0.016 0.470 -0.033 1492 .974

  For LNLS x VC 

   Intercept 0.580 0.556 1.044 1492 .297 0.303 0.499 0.607 1492 .543

  For LS x VC 

   Intercept -0.176 0.393 -0.448 1492 .654 0.212 0.367 0.577 1492 .564

  For Num x VC 

   Intercept -0.010 0.568 -0.018 1492 .986 -0.532 0.527 -1.008 1492 .314

  For LNLS x NA 

   Intercept 0.329 0.567 0.580 1492 .562 -0.627 0.543 -1.154 1492 .249

  For LS x NA 

   Intercept -0.391 0.412 -0.949 1492 .343 -0.736 0.438 -1.680 1492 .093

  For Num x NA 

   Intercept 0.057 0.581 0.099 1492 .922 -0.668 0.549 -1.216 1492 .224

  For LNLS x vowel 

   Intercept 0.570 0.588 0.969 1492 .333 0.559 0.521 1.073 1492 .284

  For LS x vowel 

   Intercept 0.103 0.440 0.234 1492 .815 -0.036 0.414 -0.086 1492 .932

  For Num x vowel 

   Intercept 0.543 0.601 0.903 1492 .367 -0.291 0.548 -0.531 1492 .595

  For T1 score 

   Intercept 1.384 0.180 7.698 1492 .000 0.702 0.241 2.907 1492 .004

With LNLS Group as reference group 

 With vowels as reference letter type 

  For intercept1 

   Intercept 0.187 0.499 0.374 1492 .708 -0.565 0.431 -1.310 1492 .191

   T1 Age 0.329 0.295 1.114 1492 .266 0.227 0.263 0.862 1492 .389

   Implementer1 -0.421 0.418 -1.007 1492 .315 -0.934 0.373 -2.502 1492 .013

   Implementer2 -1.155 0.469 -2.462 1492 .014 -1.374 0.434 -3.163 1492 .002

  For LNLS x CV 

   Intercept -0.313 0.449 -0.697 1492 .486 0.018 0.398 0.046 1492 .964
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    Letter name Letter sound 

    Coefficient SE t ratio df p value Coefficient SE t ratio df p value

  For LS x CV 

   Intercept -0.570 0.588 -0.969 1492 .333 -0.559 0.521 -1.073 1492 .284

  For Num x CV 

   Intercept -0.596 0.604 -0.987 1492 .324 -0.574 0.529 -1.085 1492 .278

  For LNLS x VC 

   Intercept 0.010 0.459 0.022 1492 .983 -0.256 0.415 -0.616 1492 .537

  For LS x VC 

   Intercept -0.746 0.598 -1.249 1492 .212 -0.347 0.524 -0.662 1492 .508

  For Num x VC 

   Intercept -0.580 0.611 -0.950 1492 .343 -1.091 0.554 -1.968 1492 .049

  For LNLS x NA 

   Intercept -0.241 0.474 -0.509 1492 .610 -1.186 0.466 -2.543 1492 .011

  For LS x NA 

   Intercept -0.961 0.610 -1.576 1492 .115 -1.295 0.578 -2.241 1492 .025

  For Num x NA 

   Intercept -0.513 0.623 -0.823 1492 .411 -1.227 0.575 -2.135 1492 .033

  For LS x vowel 

   Intercept -0.467 0.530 -0.881 1492 .379 -0.595 0.513 -1.159 1492 .247

  For Num x vowel 

   Intercept -0.027 0.546 -0.050 1492 .960 -0.850 0.529 -1.606 1492 .108

  ForT1 score 

   Intercept 1.384 0.180 7.698 1492 .000 0.702 0.241 2.907 1492 .004

 With NA as reference letter type 

  For intercept1 

   Intercept -0.054 0.475 -0.114 1492 .909 -1.750 0.453 -3.862 1492 .000

   T1 Age 0.329 0.295 1.114 1492 .266 0.227 0.263 0.862 1492 .389

   Implementer1 -0.421 0.418 -1.007 1492 .315 -0.934 0.373 -2.502 1492 .013

   Implementer2 -1.155 0.469 -2.462 1492 .014 -1.374 0.434 -3.163 1492 .002

  For LNLS x CV 

   Intercept -0.072 0.422 -0.170 1492 .865 1.204 0.425 2.830 1492 .005

  For LS x CV 
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    Letter name Letter sound 

    Coefficient SE t ratio df p value Coefficient SE t ratio df p value

   Intercept -0.329 0.567 -0.580 1492 .562 0.627 0.543 1.154 1492 .249

  For Num x CV 

   Intercept -0.355 0.584 -0.608 1492 .543 0.611 0.549 1.114 1492 .266

  For LNLS x VC 

   Intercept 0.251 0.433 0.581 1492 .561 0.930 0.439 2.120 1492 .034

  For LS x VC 

   Intercept -0.505 0.577 -0.875 1492 .382 0.839 0.546 1.535 1492 .125

  For Num x VC 

   Intercept -0.339 0.591 -0.574 1492 .566 0.095 0.573 0.166 1492 .869

  For LS x NA 

   Intercept -0.720 0.503 -1.431 1492 .153 -0.109 0.564 -0.194 1492 .847

  For Num x NA 

   Intercept -0.271 0.519 -0.523 1492 .601 -0.041 0.558 -0.074 1492 .942

  For LNLS x vowel 

   Intercept 0.241 0.474 0.509 1492 .610 1.186 0.466 2.544 1492 .011

  For LS x vowel 

   Intercept -0.226 0.609 -0.371 1492 .710 0.591 0.580 1.020 1492 .308

  For Num x vowel 

   Intercept 0.214 0.623 0.343 1492 .731 0.336 0.592 0.567 1492 .570

  For T1 score 

   Intercept 1.384 0.180 7.698 1492 .000 0.702 0.241 2.907 1492 .004

 With VC as reference letter type 

  For intercept1 

   Intercept 0.197 0.461 0.427 1492 .669 -0.820 0.404 -2.030 1492 .042

   T1 Age 0.329 0.295 1.114 1492 .266 0.227 0.263 0.862 1492 .389

   Implementer1 -0.421 0.418 -1.007 1492 .315 -0.934 0.373 -2.502 1492 .013

   Implementer2 -1.155 0.469 -2.462 1492 .014 -1.374 0.434 -3.163 1492 .002

  For LNLS x CV 

   Intercept -0.323 0.405 -0.798 1492 .425 0.274 0.368 0.743 1492 .457

  For LS x CV 

   Intercept -0.580 0.556 -1.044 1492 .297 -0.303 0.499 -0.607 1492 .543
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    Letter name Letter sound 

    Coefficient SE t ratio df p value Coefficient SE t ratio df p value

  For Num x CV 

   Intercept -0.606 0.572 -1.059 1492 .290 -0.319 0.507 -0.628 1492 .530

  For LS x VC 

   Intercept -0.756 0.489 -1.548 1492 .122 -0.091 0.467 -0.196 1492 .845

  For Num x VC 

   Intercept -0.590 0.506 -1.168 1492 .243 -0.835 0.499 -1.672 1492 .094

  For LNLS x NA 

   Intercept -0.251 0.433 -0.581 1492 .561 -0.930 0.439 -2.120 1492 .034

  For LS x NA 

   Intercept -0.971 0.579 -1.678 1492 .093 -1.039 0.559 -1.861 1492 .063

  For Num x NA 

   Intercept -0.523 0.593 -0.882 1492 .378 -0.971 0.555 -1.751 1492 .080

  For LNLS x vowel 

   Intercept -0.010 0.459 -0.022 1492 .983 0.256 0.415 0.616 1492 .537

  For LS x vowel 

   Intercept -0.477 0.599 -0.797 1492 .426 -0.339 0.538 -0.629 1492 .529

  For Num x vowel 

   Intercept -0.037 0.613 -0.061 1492 .952 -0.594 0.554 -1.074 1492 .284

  For T1 score 

   Intercept 1.384 0.180 7.698 1492 .000 0.702 0.241 2.907 1492 .004

Notes.  Multiple analyses performed and reported due to use of dummy coded variables.  Num = number; T1 = time 1 (screening or 

pretest); LNLS = letter name and letter sound; CV = consonant-vowel letter type; LS = letter sound; VC = vowel-consonant letter 

type; NA = no association letter type. 
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Table D3:  Interaction with Phonological Processing  

 

 

     Letter name Letter sound 

     Coefficient SE t ratio df p value Coefficient SE t ratio df p value

     Production task 

With Num Group as reference group  

 With vowels as reference letter type  

  For intercept1  

    Intercept -0.733 0.503 -1.458 1480 .145 -2.302 0.647 -3.558 1480 .001

    T1 Age 0.663 0.386 1.715 1480 .086 0.349 0.439 0.795 1480 .427

    T1 PA 0.020 0.080 0.245 1480 .806 0.207 0.111 1.871 1480 .061

    Implementer1 0.044 0.430 0.103 1480 .918 -1.222 0.483 -2.529 1480 .012

    Implementer2 -0.632 0.522 -1.210 1480 .227 -1.882 0.643 -2.928 1480 .004

  For T1 score  

    Intercept 1.904 0.220 8.655 1480 .000 0.844 0.413 2.044 1480 .041

  For LNLS x CV  

    Intercept 0.034 0.634 0.054 1480 .957 1.232 0.800 1.540 1480 .124

   x T1 PA -0.032 0.105 -0.306 1480 .759 -0.114 0.134 -0.851 1480 .395

  For LS x CV  

    Intercept -0.647 0.634 -1.021 1480 .308 0.296 0.821 0.361 1480 .718

   x T1 PA -0.016 0.098 -0.158 1480 .875 -0.243 0.134 -1.815 1480 .069

  For NUM x CV  

    Intercept -0.621 0.487 -1.276 1480 .202 -0.287 0.719 -0.399 1480 .690

   x T1 PA 0.034 0.070 0.486 1480 .627 0.077 0.109 0.711 1480 .477

  For LNLS x VC  

    Intercept 0.259 0.641 0.404 1480 .686 0.967 0.813 1.189 1480 .235

   x T1 PA -0.123 0.105 -1.167 1480 .244 -0.184 0.136 -1.353 1480 .176

  For LS x VC  

    Intercept -0.680 0.644 -1.056 1480 .292 0.862 0.814 1.060 1480 .290

   x T1 PA -0.016 0.099 -0.160 1480 .873 -0.150 0.131 -1.147 1480 .252

  For NUM x VC  

    Intercept -0.193 0.491 -0.393 1480 .694 -1.479 0.825 -1.794 1480 .073
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     Letter name Letter sound 

     Coefficient SE t ratio df p value Coefficient SE t ratio df p value

   x T1 PA 0.021 0.069 0.305 1480 .760 -0.276 0.144 -1.918 1480 .055

  For LNLS x NA  

    Intercept -0.187 0.655 -0.286 1480 .775 -0.524 0.915 -0.572 1480 .567

   x T1 PA -0.102 0.107 -0.948 1480 .344 -0.071 0.155 -0.460 1480 .645

  For LS x NA  

    Intercept -0.974 0.659 -1.478 1480 .139 -0.914 0.950 -0.962 1480 .337

   x T1 PA -0.037 0.101 -0.362 1480 .717 -0.132 0.156 -0.851 1480 .395

  For NUM x NA  

    Intercept -0.284 0.508 -0.560 1480 .575 -1.479 0.881 -1.679 1480 .093

   x T1 PA -0.004 0.071 -0.051 1480 .960 -0.163 0.146 -1.118 1480 .264

  For LNLS x vowel  

    Intercept 0.272 0.562 0.484 1480 .628 0.903 0.719 1.255 1480 .210

   x T1 PA -0.132 0.110 -1.201 1480 .230 -0.116 0.142 -0.819 1480 .413

  For LS x vowel  

    Intercept -0.316 0.562 -0.563 1480 .573 0.582 0.718 0.811 1480 .418

   x T1 PA -0.048 0.103 -0.465 1480 .641 -0.231 0.137 -1.686 1480 .092

 With NA as reference letter type  

  For intercept1  

    Intercept -1.017 0.473 -2.152 1480 .031 -3.781 0.789 -4.792 1480 .000

    T1 Age 0.663 0.386 1.715 1480 .086 0.349 0.439 0.795 1480 .427

    T1 PA 0.016 0.076 0.212 1480 .832 0.044 0.142 0.308 1480 .758

    Implementer1 0.044 0.430 0.103 1480 .918 -1.222 0.483 -2.529 1480 .012

    Implementer2 -0.632 0.522 -1.210 1480 .227 -1.882 0.643 -2.928 1480 .004

  For T1 score  

    Intercept 1.904 0.220 8.655 1480 .000 0.844 0.413 2.044 1480 .041

  For LNLS x CV  

    Intercept 0.318 0.611 0.521 1480 .602 2.712 0.919 2.951 1480 .004

   x T1 PA -0.028 0.102 -0.281 1480 .779 0.049 0.160 0.305 1480 .760

  For LS x CV  

    Intercept -0.363 0.611 -0.594 1480 .552 1.776 0.937 1.895 1480 .058

   x T1 PA -0.012 0.095 -0.126 1480 .900 -0.080 0.160 -0.497 1480 .619
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     Letter name Letter sound 

     Coefficient SE t ratio df p value Coefficient SE t ratio df p value

  For NUM x CV  

    Intercept -0.337 0.454 -0.742 1480 .458 1.193 0.850 1.404 1480 .161

   x T1 PA 0.037 0.064 0.586 1480 .558 0.240 0.143 1.679 1480 .093

  For LNLS x VC  

    Intercept 0.543 0.618 0.878 1480 .380 2.446 0.930 2.630 1480 .009

   x T1 PA -0.119 0.102 -1.169 1480 .243 -0.020 0.161 -0.126 1480 .900

  For LS x VC  

    Intercept -0.396 0.621 -0.637 1480 .524 2.342 0.931 2.516 1480 .012

   x T1 PA -0.012 0.096 -0.128 1480 .899 0.013 0.158 0.085 1480 .933

  For NUM x VC  

    Intercept 0.091 0.459 0.198 1480 .843 0.000 0.934 0.000 1480 1.000

   x T1 PA 0.025 0.063 0.389 1480 .697 -0.113 0.167 -0.677 1480 .499

  For LNLS x NA  

    Intercept 0.097 0.533 0.182 1480 .856 0.956 0.926 1.032 1480 .303

   x T1 PA -0.098 0.104 -0.943 1480 .346 0.092 0.178 0.517 1480 .605

  For LS x NA  

    Intercept -0.690 0.538 -1.283 1480 .200 0.566 0.957 0.591 1480 .554

   x T1 PA -0.033 0.097 -0.338 1480 .735 0.031 0.179 0.172 1480 .864

  For LNLS x vowel  

    Intercept 0.556 0.653 0.851 1480 .395 2.382 0.970 2.456 1480 .014

   x T1 PA -0.129 0.107 -1.202 1480 .230 0.047 0.167 0.283 1480 .777

  For LS x vowel  

    Intercept -0.032 0.653 -0.049 1480 .961 2.062 0.971 2.122 1480 .034

   x T1 PA -0.044 0.100 -0.445 1480 .656 -0.068 0.162 -0.419 1480 .675

  For NUM x vowel  

    Intercept 0.284 0.508 0.560 1480 .575 1.479 0.881 1.679 1480 .093

   x T1 PA 0.004 0.071 0.051 1480 .960 0.163 0.146 1.118 1480 .264

 With VC as reference letter type  

  For intercept1  

    Intercept -0.926 0.455 -2.035 1480 .042 -3.781 0.723 -5.226 1480 .000

    T1 Age 0.663 0.386 1.715 1480 .086 0.349 0.439 0.795 1480 .427
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     Letter name Letter sound 

     Coefficient SE t ratio df p value Coefficient SE t ratio df p value

    T1 PA 0.041 0.073 0.555 1480 .579 -0.069 0.134 -0.516 1480 .605

    Implementer1 0.044 0.430 0.103 1480 .918 -1.222 0.483 -2.529 1480 .012

    Implementer2 -0.632 0.522 -1.210 1480 .227 -1.882 0.643 -2.928 1480 .004

  For T1 score  

    Intercept 1.904 0.220 8.655 1480 .000 0.844 0.413 2.044 1480 .041

  For LNLS x CV  

    Intercept 0.227 0.597 0.381 1480 .703 2.711 0.863 3.142 1480 .002

   x T1 PA -0.053 0.100 -0.531 1480 .595 0.162 0.153 1.057 1480 .291

  For LS x CV  

    Intercept -0.454 0.597 -0.760 1480 .447 1.775 0.882 2.013 1480 .044

   x T1 PA -0.037 0.093 -0.392 1480 .694 0.033 0.153 0.216 1480 .829

  For NUM x CV  

    Intercept -0.428 0.436 -0.982 1480 .327 1.192 0.791 1.507 1480 .132

   x T1 PA 0.013 0.061 0.210 1480 .834 0.353 0.143 2.473 1480 .014

  For LNLS x VC  

    Intercept 0.452 0.516 0.876 1480 .381 2.446 0.777 3.146 1480 .002

   x T1 PA -0.144 0.100 -1.434 1480 .152 0.093 0.154 0.599 1480 .549

  For LS x VC  

    Intercept -0.487 0.519 -0.937 1480 .349 2.341 0.777 3.013 1480 .003

   x T1 PA -0.037 0.094 -0.392 1480 .695 0.126 0.151 0.838 1480 .402

  For LNLS x NA  

    Intercept 0.006 0.619 0.010 1480 .992 0.955 0.971 0.984 1480 .326

   x T1 PA -0.123 0.102 -1.198 1480 .231 0.205 0.171 1.196 1480 .232

  For LS x NA  

    Intercept -0.781 0.623 -1.252 1480 .211 0.565 1.003 0.564 1480 .572

   x T1 PA -0.057 0.096 -0.601 1480 .548 0.144 0.173 0.832 1480 .406

  For NUM x NA  

    Intercept -0.091 0.459 -0.198 1480 .843 0.000 0.934 0.000 1480 1.000

   x T1 PA -0.025 0.063 -0.389 1480 .697 0.113 0.167 0.677 1480 .499

  For LNLS x vowel  

    Intercept 0.465 0.640 0.727 1480 .467 2.382 0.917 2.597 1480 .010
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     Letter name Letter sound 

     Coefficient SE t ratio df p value Coefficient SE t ratio df p value

   x T1 PA -0.153 0.105 -1.454 1480 .146 0.160 0.160 1.003 1480 .317

  For LS x vowel  

    Intercept -0.123 0.640 -0.192 1480 .848 2.061 0.918 2.245 1480 .025

   x T1 PA -0.069 0.098 -0.703 1480 .482 0.045 0.156 0.288 1480 .773

  For NUM x vowel  

    Intercept 0.193 0.491 0.393 1480 .694 1.479 0.825 1.794 1480 .073

   x T1 PA -0.021 0.069 -0.305 1480 .760 0.276 0.144 1.918 1480 .055

 With CV as reference letter type  

  For intercept1  

    Intercept -1.354 0.451 -3.005 1480 .003 -2.588 0.605 -4.279 1480 .000

    T1 Age 0.663 0.386 1.715 1480 .086 0.349 0.439 0.795 1480 .427

    T1 PA 0.053 0.074 0.722 1480 .470 0.284 0.108 2.620 1480 .009

    Implementer1 0.044 0.430 0.103 1480 .918 -1.222 0.483 -2.529 1480 .012

    Implementer2 -0.632 0.522 -1.210 1480 .227 -1.882 0.643 -2.928 1480 .004

  For T1 score  

    Intercept 1.904 0.220 8.655 1480 .000 0.844 0.413 2.044 1480 .041

  For LNLS x CV  

    Intercept 0.655 0.515 1.273 1480 .204 1.519 0.674 2.252 1480 .024

   x T1 PA -0.066 0.100 -0.656 1480 .511 -0.192 0.132 -1.447 1480 .148

  For LS x CV  

    Intercept -0.026 0.514 -0.050 1480 .961 0.583 0.698 0.835 1480 .404

   x T1 PA -0.049 0.094 -0.527 1480 .598 -0.320 0.132 -2.424 1480 .016

  For LNLS x VC  

    Intercept 0.880 0.601 1.463 1480 .144 1.253 0.782 1.603 1480 .109

   x T1 PA -0.157 0.101 -1.553 1480 .120 -0.261 0.134 -1.949 1480 .051

  For LS x VC  

    Intercept -0.059 0.604 -0.097 1480 .923 1.149 0.782 1.468 1480 .142

   x T1 PA -0.050 0.095 -0.525 1480 .599 -0.227 0.129 -1.763 1480 .078

  For NUM x VC  

    Intercept 0.428 0.436 0.982 1480 .327 -1.192 0.791 -1.507 1480 .132

   x T1 PA -0.013 0.061 -0.210 1480 .834 -0.353 0.143 -2.473 1480 .014
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  For LNLS x NA  

    Intercept 0.434 0.616 0.704 1480 .481 -0.237 0.888 -0.267 1480 .789

   x T1 PA -0.135 0.103 -1.316 1480 .188 -0.148 0.153 -0.968 1480 .333

  For LS x NA  

    Intercept -0.353 0.620 -0.569 1480 .569 -0.627 0.923 -0.679 1480 .497

   x T1 PA -0.070 0.096 -0.730 1480 .465 -0.210 0.154 -1.361 1480 .174

  For NUM x NA  

    Intercept 0.337 0.454 0.742 1480 .458 -1.193 0.850 -1.404 1480 .161

   x T1 PA -0.037 0.064 -0.586 1480 .558 -0.240 0.143 -1.679 1480 .093

  For LNLS x vowel  

    Intercept 0.893 0.637 1.402 1480 .161 1.189 0.829 1.434 1480 .152

   x T1 PA -0.166 0.106 -1.567 1480 .117 -0.193 0.140 -1.381 1480 .168

  For LS x vowel  

    Intercept 0.305 0.637 0.479 1480 .632 0.869 0.831 1.046 1480 .296

   x T1 PA -0.082 0.099 -0.829 1480 .407 -0.308 0.135 -2.285 1480 .022

  For NUM x vowel  

    Intercept 0.621 0.487 1.276 1480 .202 0.287 0.719 0.399 1480 .690

   x T1 PA -0.034 0.070 -0.486 1480 .627 -0.077 0.109 -0.711 1480 .477

With LS Group as reference group  

 With vowels as reference letter type  

  For intercept1  

    Intercept -1.049 0.535 -1.962 1480 .050 -1.719 0.622 -2.762 1480 .006

    T1 Age 0.663 0.386 1.715 1480 .086 0.349 0.439 0.795 1480 .427

    T1 PA -0.028 0.072 -0.394 1480 .693 -0.024 0.090 -0.270 1480 .787

    Implementer1 0.044 0.430 0.103 1480 .918 -1.222 0.483 -2.529 1480 .012

    Implementer2 -0.632 0.522 -1.210 1480 .227 -1.882 0.643 -2.928 1480 .004

  For T1 score  

    Intercept 1.904 0.220 8.655 1480 .000 0.844 0.413 2.044 1480 .041

  For LNLS x CV  

    Intercept 0.350 0.620 0.565 1480 .572 0.650 0.732 0.887 1480 .375

   x T1 PA 0.016 0.095 0.168 1480 .867 0.117 0.114 1.027 1480 .305
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  For LS x CV  

    Intercept -0.330 0.479 -0.690 1480 .490 -0.286 0.631 -0.453 1480 .650

   x T1 PA 0.032 0.056 0.575 1480 .565 -0.012 0.090 -0.131 1480 .896

  For NUM x CV  

    Intercept -0.305 0.637 -0.479 1480 .632 -0.869 0.831 -1.046 1480 .296

   x T1 PA 0.082 0.099 0.829 1480 .407 0.308 0.135 2.285 1480 .022

  For LNLS x VC  

    Intercept 0.575 0.627 0.917 1480 .360 0.384 0.746 0.515 1480 .606

   x T1 PA -0.075 0.095 -0.786 1480 .432 0.048 0.116 0.412 1480 .680

  For LS x VC  

    Intercept -0.364 0.492 -0.739 1480 .460 0.280 0.624 0.449 1480 .653

   x T1 PA 0.032 0.058 0.554 1480 .579 0.081 0.085 0.953 1480 .341

  For NUM x VC  

    Intercept 0.123 0.640 0.192 1480 .848 -2.061 0.918 -2.245 1480 .025

   x T1 PA 0.069 0.098 0.703 1480 .482 -0.045 0.156 -0.288 1480 .773

  For LNLS x NA  

    Intercept 0.129 0.642 0.201 1480 .841 -1.106 0.861 -1.285 1480 .199

   x T1 PA -0.054 0.097 -0.551 1480 .581 0.160 0.138 1.163 1480 .245

  For LS x NA  

    Intercept -0.658 0.511 -1.287 1480 .199 -1.496 0.790 -1.894 1480 .058

   x T1 PA 0.011 0.061 0.190 1480 .850 0.099 0.119 0.833 1480 .405

  For NUM x NA  

    Intercept 0.032 0.653 0.049 1480 .961 -2.062 0.971 -2.123 1480 .034

   x T1 PA 0.044 0.100 0.445 1480 .656 0.068 0.162 0.419 1480 .675

  For LNLS x vowel  

    Intercept 0.588 0.546 1.077 1480 .282 0.320 0.643 0.499 1480 .618

   x T1 PA -0.084 0.101 -0.838 1480 .402 0.115 0.123 0.940 1480 .348

  For NUM x vowel  

    Intercept 0.316 0.562 0.563 1480 .573 -0.582 0.718 -0.811 1480 .418

   x T1 PA 0.048 0.103 0.465 1480 .641 0.231 0.137 1.686 1480 .092

 With NA as reference letter type  
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  For intercept1  

    Intercept -1.707 0.516 -3.309 1480 .001 -3.215 0.740 -4.345 1480 .000

    T1 Age 0.663 0.386 1.715 1480 .086 0.349 0.439 0.795 1480 .427

    T1 PA -0.017 0.069 -0.246 1480 .806 0.074 0.117 0.636 1480 .525

    Implementer1 0.044 0.430 0.103 1480 .918 -1.222 0.483 -2.529 1480 .012

    Implementer2 -0.632 0.522 -1.210 1480 .227 -1.882 0.643 -2.928 1480 .004

  For T1 score  

    Intercept 1.904 0.220 8.655 1480 .000 0.844 0.413 2.044 1480 .041

  For LNLS x CV  

    Intercept 1.008 0.603 1.672 1480 .094 2.146 0.837 2.562 1480 .011

   x T1 PA 0.004 0.092 0.048 1480 .962 0.018 0.136 0.134 1480 .894

  For LS x CV  

    Intercept 0.327 0.453 0.723 1480 .470 1.210 0.745 1.624 1480 .104

   x T1 PA 0.021 0.052 0.404 1480 .686 -0.111 0.115 -0.964 1480 .336

  For NUM x CV  

    Intercept 0.353 0.620 0.569 1480 .569 0.627 0.923 0.679 1480 .497

   x T1 PA 0.070 0.096 0.730 1480 .465 0.210 0.154 1.361 1480 .174

  For LNLS x VC  

    Intercept 1.233 0.611 2.019 1480 .043 1.880 0.849 2.214 1480 .027

   x T1 PA -0.086 0.093 -0.931 1480 .352 -0.051 0.137 -0.372 1480 .710

  For LS x VC  

    Intercept 0.294 0.466 0.631 1480 .528 1.776 0.739 2.402 1480 .017

   x T1 PA 0.021 0.053 0.386 1480 .699 -0.017 0.111 -0.157 1480 .876

  For NUM x VC  

    Intercept 0.781 0.623 1.252 1480 .211 -0.565 1.003 -0.564 1480 .572

   x T1 PA 0.057 0.096 0.601 1480 .548 -0.144 0.173 -0.832 1480 .406

  For LNLS x NA  

    Intercept 0.787 0.525 1.499 1480 .134 0.390 0.849 0.459 1480 .646

   x T1 PA -0.065 0.095 -0.686 1480 .493 0.061 0.156 0.392 1480 .695

  For NUM x NA  

    Intercept 0.690 0.538 1.283 1480 .200 -0.566 0.957 -0.591 1480 .554
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   x T1 PA 0.033 0.097 0.338 1480 .735 -0.031 0.179 -0.172 1480 .864

  For LNLS x vowel  

    Intercept 1.246 0.646 1.930 1480 .053 1.816 0.894 2.033 1480 .042

   x T1 PA -0.096 0.098 -0.976 1480 .330 0.016 0.143 0.114 1480 .909

  For LS x vowel  

    Intercept 0.658 0.511 1.287 1480 .199 1.496 0.790 1.894 1480 .058

   x T1 PA -0.011 0.061 -0.190 1480 .850 -0.099 0.119 -0.833 1480 .405

  For NUM x vowel  

    Intercept 0.974 0.659 1.478 1480 .139 0.914 0.950 0.962 1480 .337

   x T1 PA 0.037 0.101 0.362 1480 .717 0.132 0.156 0.851 1480 .395

 With VC as reference letter type  

  For intercept1  

    Intercept -1.413 0.495 -2.853 1480 .005 -1.439 0.558 -2.581 1480 .010

    T1 Age 0.663 0.386 1.715 1480 .086 0.349 0.439 0.795 1480 .427

    T1 PA 0.004 0.066 0.056 1480 .956 0.057 0.081 0.705 1480 .481

    Implementer1 0.044 0.430 0.103 1480 .918 -1.222 0.483 -2.529 1480 .012

    Implementer2 -0.632 0.522 -1.210 1480 .227 -1.882 0.643 -2.928 1480 .004

  For T1 score  

    Intercept 1.904 0.220 8.655 1480 .000 0.844 0.413 2.044 1480 .041

  For LNLS x CV  

    Intercept 0.714 0.586 1.219 1480 .223 0.370 0.676 0.547 1480 .584

   x T1 PA -0.016 0.091 -0.179 1480 .858 0.036 0.106 0.334 1480 .738

  For LS x CV  

    Intercept 0.033 0.430 0.077 1480 .939 -0.566 0.567 -0.998 1480 .319

   x T1 PA 0.000 0.049 0.007 1480 .995 -0.093 0.080 -1.164 1480 .245

  For NUM x CV  

    Intercept 0.059 0.604 0.097 1480 .923 -1.149 0.782 -1.468 1480 .142

   x T1 PA 0.050 0.095 0.525 1480 .599 0.227 0.129 1.763 1480 .078

  For LNLS x VC  

    Intercept 0.939 0.503 1.865 1480 .062 0.105 0.567 0.184 1480 .854

   x T1 PA -0.107 0.091 -1.175 1480 .241 -0.034 0.108 -0.312 1480 .755
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  For NUM x VC  

    Intercept 0.487 0.519 0.937 1480 .349 -2.341 0.777 -3.013 1480 .003

   x T1 PA 0.037 0.094 0.392 1480 .695 -0.126 0.151 -0.838 1480 .402

  For LNLS x NA  

    Intercept 0.493 0.609 0.808 1480 .419 -1.386 0.813 -1.704 1480 .088

   x T1 PA -0.086 0.093 -0.919 1480 .359 0.079 0.131 0.599 1480 .549

  For LS x NA  

    Intercept -0.294 0.466 -0.631 1480 .528 -1.776 0.739 -2.402 1480 .017

   x T1 PA -0.021 0.053 -0.386 1480 .699 0.017 0.111 0.157 1480 .876

  For NUM x NA  

    Intercept 0.396 0.621 0.637 1480 .524 -2.342 0.931 -2.516 1480 .012

   x T1 PA 0.012 0.096 0.128 1480 .899 -0.013 0.158 -0.085 1480 .933

  For LNLS x vowel  

    Intercept 0.952 0.630 1.510 1480 .131 0.041 0.746 0.054 1480 .957

   x T1 PA -0.117 0.097 -1.205 1480 .229 0.034 0.116 0.292 1480 .770

  For LS x vowel  

    Intercept 0.364 0.492 0.739 1480 .460 -0.280 0.624 -0.449 1480 .653

   x T1 PA -0.032 0.058 -0.554 1480 .579 -0.081 0.085 -0.953 1480 .341

  For NUM x vowel  

    Intercept 0.680 0.644 1.056 1480 .292 -0.862 0.814 -1.060 1480 .290

   x T1 PA 0.016 0.099 0.160 1480 .873 0.150 0.131 1.147 1480 .252

 With CV as reference letter type  

  For intercept1  

    Intercept -1.380 0.483 -2.859 1480 .005 -2.005 0.567 -3.539 1480 .001

    T1 Age 0.663 0.386 1.715 1480 .086 0.349 0.439 0.795 1480 .427

    T1 PA 0.004 0.065 0.063 1480 .950 -0.036 0.085 -0.423 1480 .672

    Implementer1 0.044 0.430 0.103 1480 .918 -1.222 0.483 -2.529 1480 .012

    Implementer2 -0.632 0.522 -1.210 1480 .227 -1.882 0.643 -2.928 1480 .004

  For T1 score  

    Intercept 1.904 0.220 8.655 1480 .000 0.844 0.413 2.044 1480 .041

  For LNLS x CV  
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    Intercept 0.681 0.493 1.380 1480 .168 0.936 0.579 1.617 1480 .106

   x T1 PA -0.017 0.089 -0.185 1480 .854 0.129 0.110 1.166 1480 .244

  For NUM x CV  

    Intercept 0.026 0.514 0.050 1480 .961 -0.583 0.698 -0.835 1480 .404

   x T1 PA 0.049 0.094 0.527 1480 .598 0.320 0.132 2.424 1480 .016

  For LNLS x VC  

    Intercept 0.906 0.583 1.553 1480 .120 0.671 0.701 0.957 1480 .339

   x T1 PA -0.107 0.090 -1.191 1480 .234 0.059 0.112 0.530 1480 .596

  For LS x VC  

    Intercept -0.033 0.430 -0.077 1480 .939 0.566 0.567 0.998 1480 .319

   x T1 PA 0.000 0.049 -0.007 1480 .995 0.093 0.080 1.164 1480 .245

  For NUM x VC  

    Intercept 0.454 0.597 0.760 1480 .447 -1.775 0.882 -2.013 1480 .044

   x T1 PA 0.037 0.093 0.392 1480 .694 -0.033 0.153 -0.216 1480 .829

  For LNLS x NA  

    Intercept 0.460 0.599 0.767 1480 .443 -0.820 0.822 -0.998 1480 .319

   x T1 PA -0.086 0.092 -0.933 1480 .352 0.172 0.134 1.278 1480 .202

  For LS x NA  

    Intercept -0.327 0.453 -0.723 1480 .470 -1.210 0.745 -1.624 1480 .104

   x T1 PA -0.021 0.052 -0.404 1480 .686 0.111 0.115 0.964 1480 .336

  For NUM x NA  

    Intercept 0.363 0.611 0.594 1480 .552 -1.776 0.937 -1.895 1480 .058

   x T1 PA 0.012 0.095 0.126 1480 .900 0.080 0.160 0.497 1480 .619

  For LNLS x vowel  

    Intercept 0.919 0.620 1.482 1480 .138 0.607 0.754 0.805 1480 .421

   x T1 PA -0.117 0.096 -1.220 1480 .223 0.127 0.119 1.064 1480 .288

  For LS x vowel  

    Intercept 0.330 0.479 0.690 1480 .490 0.286 0.631 0.453 1480 .650

   x T1 PA -0.032 0.056 -0.575 1480 .565 0.012 0.090 0.131 1480 .896

  For NUM x vowel  

    Intercept 0.647 0.634 1.021 1480 .308 -0.296 0.821 -0.361 1480 .718
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   x T1 PA 0.016 0.098 0.158 1480 .875 0.243 0.134 1.815 1480 .069

With LNLS Group as reference group  

 With vowels as reference letter type  

  For intercept1  

    Intercept -0.461 0.521 -0.885 1480 .376 -1.399 0.605 -2.310 1480 .021

    T1 Age 0.663 0.386 1.715 1480 .086 0.349 0.439 0.795 1480 .427

    T1 PA -0.113 0.084 -1.343 1480 .180 0.091 0.099 0.914 1480 .361

    Implementer1 0.044 0.430 0.103 1480 .918 -1.222 0.483 -2.529 1480 .012

    Implementer2 -0.632 0.522 -1.210 1480 .227 -1.882 0.643 -2.928 1480 .004

  For T1 score  

    Intercept 1.904 0.220 8.655 1480 .000 0.844 0.413 2.044 1480 .041

  For LNLS x CV  

    Intercept -0.238 0.480 -0.495 1480 .620 0.329 0.606 0.543 1480 .587

   x T1 PA 0.100 0.065 1.539 1480 .124 0.002 0.083 0.021 1480 .983

  For LS x CV  

    Intercept -0.919 0.620 -1.482 1480 .138 -0.607 0.754 -0.805 1480 .421

   x T1 PA 0.117 0.096 1.220 1480 .223 -0.127 0.119 -1.064 1480 .288

  For NUM x CV  

    Intercept -0.893 0.637 -1.402 1480 .161 -1.189 0.829 -1.434 1480 .152

   x T1 PA 0.166 0.106 1.567 1480 .117 0.193 0.140 1.381 1480 .168

  For LNLS x VC  

    Intercept -0.013 0.490 -0.027 1480 .979 0.064 0.623 0.103 1480 .919

   x T1 PA 0.010 0.066 0.146 1480 .884 -0.068 0.087 -0.779 1480 .436

  For LS x VC  

    Intercept -0.952 0.630 -1.510 1480 .131 -0.041 0.746 -0.054 1480 .957

   x T1 PA 0.117 0.097 1.205 1480 .229 -0.034 0.116 -0.292 1480 .770

  For NUM x VC  

    Intercept -0.465 0.640 -0.727 1480 .467 -2.382 0.917 -2.597 1480 .010

   x T1 PA 0.153 0.105 1.454 1480 .146 -0.160 0.160 -1.003 1480 .317

  For LNLS x NA  

    Intercept -0.459 0.509 -0.902 1480 .367 -1.427 0.749 -1.905 1480 .057
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   x T1 PA 0.031 0.069 0.446 1480 .655 0.045 0.112 0.401 1480 .688

  For LS x NA  

    Intercept -1.246 0.646 -1.930 1480 .053 -1.816 0.894 -2.033 1480 .042

   x T1 PA 0.096 0.098 0.976 1480 .330 -0.016 0.143 -0.114 1480 .909

  For NUM x NA  

    Intercept -0.556 0.653 -0.851 1480 .395 -2.382 0.970 -2.456 1480 .014

   x T1 PA 0.129 0.107 1.202 1480 .230 -0.047 0.167 -0.283 1480 .777

  For LS x vowel  

    Intercept -0.588 0.546 -1.077 1480 .282 -0.320 0.643 -0.499 1480 .618

   x T1 PA 0.084 0.101 0.838 1480 .402 -0.115 0.123 -0.940 1480 .348

  For NUM x vowel  

    Intercept -0.272 0.562 -0.484 1480 .628 -0.903 0.719 -1.255 1480 .210

   x T1 PA 0.132 0.110 1.201 1480 .230 0.116 0.142 0.819 1480 .413

 With NA as reference letter type  

  For intercept1  

    Intercept -0.920 0.495 -1.861 1480 .062 -2.825 0.685 -4.127 1480 .000

    T1 Age 0.663 0.386 1.715 1480 .086 0.349 0.439 0.795 1480 .427

    T1 PA -0.082 0.080 -1.026 1480 .305 0.136 0.117 1.159 1480 .247

    Implementer1 0.044 0.430 0.103 1480 .918 -1.222 0.483 -2.529 1480 .012

    Implementer2 -0.632 0.522 -1.210 1480 .227 -1.882 0.643 -2.928 1480 .004

  For T1 score  

    Intercept 1.904 0.220 8.655 1480 .000 0.844 0.413 2.044 1480 .041

  For LNLS x CV  

    Intercept 0.221 0.452 0.490 1480 .624 1.756 0.683 2.570 1480 .011

   x T1 PA 0.070 0.060 1.163 1480 .246 -0.043 0.103 -0.419 1480 .675

  For LS x CV  

    Intercept -0.460 0.599 -0.767 1480 .443 0.820 0.822 0.998 1480 .319

   x T1 PA 0.086 0.092 0.933 1480 .352 -0.172 0.134 -1.278 1480 .202

  For NUM x CV  

    Intercept -0.434 0.616 -0.704 1480 .481 0.237 0.888 0.267 1480 .789

   x T1 PA 0.135 0.103 1.316 1480 .188 0.148 0.153 0.968 1480 .333
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  For LNLS x VC  

    Intercept 0.446 0.463 0.964 1480 .336 1.491 0.698 2.137 1480 .033

   x T1 PA -0.021 0.061 -0.349 1480 .727 -0.112 0.105 -1.066 1480 .287

  For LS x VC  

    Intercept -0.493 0.609 -0.808 1480 .419 1.386 0.813 1.704 1480 .088

   x T1 PA 0.086 0.093 0.919 1480 .359 -0.079 0.131 -0.599 1480 .549

  For NUM x VC  

    Intercept -0.006 0.619 -0.010 1480 .992 -0.955 0.971 -0.984 1480 .326

   x T1 PA 0.123 0.102 1.198 1480 .231 -0.205 0.171 -1.196 1480 .232

  For LS x NA  

    Intercept -0.787 0.525 -1.499 1480 .134 -0.390 0.849 -0.459 1480 .646

   x T1 PA 0.065 0.095 0.686 1480 .493 -0.061 0.156 -0.392 1480 .695

  For NUM x NA  

    Intercept -0.097 0.533 -0.182 1480 .856 -0.956 0.926 -1.032 1480 .303

   x T1 PA 0.098 0.104 0.943 1480 .346 -0.092 0.178 -0.517 1480 .605

  For LNLS x vowel  

    Intercept 0.459 0.509 0.902 1480 .367 1.427 0.749 1.905 1480 .057

   x T1 PA -0.031 0.069 -0.446 1480 .655 -0.045 0.112 -0.401 1480 .688

  For LS x vowel  

    Intercept -0.129 0.642 -0.201 1480 .841 1.106 0.861 1.285 1480 .199

   x T1 PA 0.054 0.097 0.551 1480 .581 -0.160 0.138 -1.163 1480 .245

  For NUM x vowel  

    Intercept 0.187 0.655 0.286 1480 .775 0.524 0.915 0.572 1480 .567

   x T1 PA 0.102 0.107 0.948 1480 .344 0.071 0.155 0.460 1480 .645

 With VC as reference letter type  

  For intercept1  

    Intercept -0.474 0.477 -0.995 1480 .320 -1.335 0.540 -2.473 1480 .014

    T1 Age 0.663 0.386 1.715 1480 .086 0.349 0.439 0.795 1480 .427

    T1 PA -0.103 0.077 -1.336 1480 .182 0.023 0.090 0.258 1480 .797

    Implementer1 0.044 0.430 0.103 1480 .918 -1.222 0.483 -2.529 1480 .012

    Implementer2 -0.632 0.522 -1.210 1480 .227 -1.882 0.643 -2.928 1480 .004
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  For T1 score  

    Intercept 1.904 0.220 8.655 1480 .000 0.844 0.413 2.044 1480 .041

  For LNLS x CV  

    Intercept -0.225 0.431 -0.521 1480 .602 0.265 0.540 0.491 1480 .623

   x T1 PA 0.091 0.056 1.612 1480 .107 0.069 0.074 0.934 1480 .351

  For LS x CV  

    Intercept -0.906 0.583 -1.553 1480 .120 -0.671 0.701 -0.957 1480 .339

   x T1 PA 0.107 0.090 1.191 1480 .234 -0.059 0.112 -0.530 1480 .596

  For NUM x CV  

    Intercept -0.880 0.601 -1.463 1480 .144 -1.253 0.782 -1.603 1480 .109

   x T1 PA 0.157 0.101 1.553 1480 .120 0.261 0.134 1.949 1480 .051

  For LS x VC  

    Intercept -0.939 0.503 -1.865 1480 .062 -0.105 0.567 -0.184 1480 .854

   x T1 PA 0.107 0.091 1.175 1480 .241 0.034 0.108 0.312 1480 .755

  For NUM x VC  

    Intercept -0.452 0.516 -0.876 1480 .381 -2.446 0.777 -3.146 1480 .002

   x T1 PA 0.144 0.100 1.434 1480 .152 -0.093 0.154 -0.599 1480 .549

  For LNLS x NA  

    Intercept -0.446 0.463 -0.964 1480 .336 -1.491 0.698 -2.137 1480 .033

   x T1 PA 0.021 0.061 0.349 1480 .727 0.112 0.105 1.066 1480 .287

  For LS x NA  

    Intercept -1.233 0.611 -2.019 1480 .043 -1.880 0.849 -2.214 1480 .027

   x T1 PA 0.086 0.093 0.931 1480 .352 0.051 0.137 0.372 1480 .710

  For NUM x NA  

    Intercept -0.543 0.618 -0.878 1480 .380 -2.446 0.930 -2.630 1480 .009

   x T1 PA 0.119 0.102 1.169 1480 .243 0.020 0.161 0.126 1480 .900

  For LNLS x vowel  

    Intercept 0.013 0.490 0.027 1480 .979 -0.064 0.623 -0.103 1480 .919

   x T1 PA -0.010 0.066 -0.146 1480 .884 0.068 0.087 0.779 1480 .436

  For LS x vowel  

    Intercept -0.575 0.627 -0.917 1480 .360 -0.384 0.746 -0.515 1480 .606
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   x T1 PA 0.075 0.095 0.786 1480 .432 -0.048 0.116 -0.412 1480 .680

  For NUM x vowel  

    Intercept -0.259 0.641 -0.404 1480 .686 -0.967 0.813 -1.189 1480 .235

   x T1 PA 0.123 0.105 1.167 1480 .244 0.184 0.136 1.353 1480 .176

     Recognition task 

With Num Group as reference group  

 With vowels as reference letter type  

  For intercept1  

    Intercept 0.129 0.479 0.269 1480 .788 -1.481 0.445 -3.324 1480 .001

    T1 Age 0.467 0.373 1.252 1480 .211 0.068 0.335 0.203 1480 .839

    T1 PA 0.018 0.077 0.237 1480 .813 0.105 0.078 1.338 1480 .181

    Implementer1 -0.447 0.417 -1.070 1480 .285 -0.908 0.369 -2.457 1480 .014

    Implementer2 -1.057 0.500 -2.113 1480 .034 -1.501 0.461 -3.258 1480 .002

  For LNLS x CV  

    Intercept -0.240 0.604 -0.397 1480 .691 0.908 0.552 1.646 1480 .100

   x T1 PA -0.029 0.102 -0.284 1480 .777 -0.020 0.100 -0.199 1480 .843

  For LS x CV  

    Intercept -0.530 0.599 -0.885 1480 .376 0.379 0.555 0.683 1480 .495

   x T1 PA -0.041 0.095 -0.428 1480 .668 -0.087 0.095 -0.916 1480 .360

  For NUM x CV  

    Intercept -0.575 0.446 -1.288 1480 .198 0.287 0.436 0.659 1480 .510

   x T1 PA 0.036 0.063 0.567 1480 .571 -0.003 0.074 -0.037 1480 .971

  For LNLS x VC  

    Intercept 0.079 0.613 0.129 1480 .898 0.657 0.561 1.172 1480 .242

   x T1 PA -0.138 0.104 -1.335 1480 .182 -0.101 0.101 -0.997 1480 .319

  For LS x VC  

    Intercept -0.716 0.608 -1.178 1480 .239 0.583 0.558 1.045 1480 .297

   x T1 PA 0.002 0.096 0.023 1480 .982 -0.059 0.096 -0.613 1480 .540

  For NUM x VC  

    Intercept -0.557 0.456 -1.220 1480 .223 -0.131 0.460 -0.285 1480 .775

   x T1 PA 0.029 0.064 0.444 1480 .657 -0.136 0.078 -1.743 1480 .081



Table D3 -- continued 

 

1
0
5

     Letter name Letter sound 

     Coefficient SE t ratio df p value Coefficient SE t ratio df p value

  For LNLS x NA  

    Intercept -0.174 0.623 -0.279 1480 .780 -0.332 0.612 -0.543 1480 .587

   x T1 PA -0.118 0.105 -1.122 1480 .262 -0.020 0.112 -0.180 1480 .858

  For LS x NA  

    Intercept -0.925 0.620 -1.493 1480 .136 -0.608 0.654 -0.930 1480 .353

   x T1 PA -0.037 0.097 -0.383 1480 .701 -0.227 0.110 -2.058 1480 .039

  For NUM x NA  

    Intercept -0.483 0.472 -1.024 1480 .307 -0.307 0.493 -0.624 1480 .533

   x T1 PA 0.002 0.067 0.024 1480 .981 -0.197 0.084 -2.335 1480 .020

  For LNLS x vowel  

    Intercept 0.068 0.545 0.124 1480 .902 0.905 0.538 1.681 1480 .093

   x T1 PA -0.056 0.108 -0.522 1480 .601 -0.047 0.105 -0.443 1480 .657

  For LS x vowel  

    Intercept -0.428 0.542 -0.791 1480 .429 0.326 0.548 0.595 1480 .552

   x T1 PA -0.059 0.100 -0.597 1480 .551 -0.124 0.101 -1.233 1480 .218

  For T1 score  

    Intercept 1.397 0.181 7.720 1480 .000 0.764 0.244 3.126 1480 .002

 With NA as reference letter type  

  For intercept1  

    Intercept -0.354 0.452 -0.784 1480 .433 -1.788 0.444 -4.030 1480 .000

    T1 Age 0.467 0.373 1.252 1480 .211 0.068 0.335 0.203 1480 .839

    T1 PA 0.020 0.073 0.270 1480 .787 -0.092 0.077 -1.188 1480 .235

    Implementer1 -0.447 0.417 -1.070 1480 .285 -0.908 0.369 -2.457 1480 .014

    Implementer2 -1.057 0.500 -2.113 1480 .034 -1.501 0.461 -3.258 1480 .002

  For LNLS x CV  

    Intercept 0.243 0.584 0.417 1480 .677 1.215 0.549 2.212 1480 .027

   x T1 PA -0.031 0.100 -0.307 1480 .759 0.177 0.099 1.778 1480 .075

  For LS x CV  

    Intercept -0.047 0.578 -0.081 1480 .936 0.686 0.552 1.243 1480 .215

   x T1 PA -0.042 0.093 -0.458 1480 .647 0.109 0.094 1.159 1480 .247

  For NUM x CV  
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    Intercept -0.091 0.417 -0.219 1480 .827 0.595 0.434 1.369 1480 .171

   x T1 PA 0.034 0.059 0.580 1480 .561 0.194 0.074 2.620 1480 .009

  For LNLS x VC  

    Intercept 0.562 0.593 0.948 1480 .344 0.964 0.558 1.727 1480 .084

   x T1 PA -0.140 0.101 -1.383 1480 .167 0.096 0.100 0.953 1480 .341

  For LS x VC  

    Intercept -0.233 0.588 -0.397 1480 .691 0.891 0.556 1.602 1480 .109

   x T1 PA 0.001 0.093 0.006 1480 .995 0.138 0.095 1.454 1480 .146

  For NUM x VC  

    Intercept -0.073 0.428 -0.171 1480 .864 0.176 0.457 0.386 1480 .700

   x T1 PA 0.027 0.060 0.447 1480 .654 0.061 0.077 0.787 1480 .431

  For LNLS x NA  

    Intercept 0.310 0.519 0.596 1480 .551 -0.025 0.575 -0.043 1480 .966

   x T1 PA -0.119 0.102 -1.164 1480 .245 0.176 0.111 1.588 1480 .112

  For LS x NA  

    Intercept -0.442 0.515 -0.858 1480 .391 -0.300 0.619 -0.486 1480 .627

   x T1 PA -0.039 0.095 -0.411 1480 .681 -0.030 0.109 -0.278 1480 .781

  For LNLS x vowel  

    Intercept 0.551 0.623 0.884 1480 .377 1.212 0.580 2.089 1480 .037

   x T1 PA -0.058 0.105 -0.549 1480 .583 0.150 0.104 1.441 1480 .150

  For LS x vowel  

    Intercept 0.055 0.620 0.089 1480 .930 0.634 0.590 1.074 1480 .284

   x T1 PA -0.061 0.097 -0.629 1480 .529 0.072 0.100 0.723 1480 .470

  For NUM x vowel  

    Intercept 0.483 0.472 1.024 1480 .307 0.307 0.493 0.624 1480 .533

   x T1 PA -0.002 0.067 -0.024 1480 .981 0.197 0.084 2.335 1480 .020

  For T1 score  

    Intercept 1.397 0.181 7.720 1480 .000 0.764 0.244 3.126 1480 .002

 With VC as reference letter type  

  For intercept1  

    Intercept -0.428 0.436 -0.980 1480 .327 -1.612 0.408 -3.955 1480 .000
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    T1 Age 0.467 0.373 1.252 1480 .211 0.068 0.335 0.203 1480 .839

    T1 PA 0.047 0.071 0.658 1480 .511 -0.031 0.071 -0.436 1480 .662

    Implementer1 -0.447 0.417 -1.070 1480 .285 -0.908 0.369 -2.457 1480 .014

    Implementer2 -1.057 0.500 -2.113 1480 .034 -1.501 0.461 -3.258 1480 .002

  For LNLS x CV  

    Intercept 0.317 0.571 0.554 1480 .579 1.039 0.520 1.999 1480 .045

   x T1 PA -0.058 0.098 -0.587 1480 .557 0.116 0.095 1.225 1480 .221

  For LS x CV  

    Intercept 0.027 0.566 0.047 1480 .963 0.510 0.523 0.975 1480 .330

   x T1 PA -0.069 0.091 -0.764 1480 .445 0.049 0.089 0.545 1480 .585

  For NUM x CV  

    Intercept -0.018 0.400 -0.045 1480 .964 0.418 0.396 1.056 1480 .292

   x T1 PA 0.007 0.057 0.130 1480 .897 0.133 0.067 1.991 1480 .046

  For LNLS x VC  

    Intercept 0.636 0.506 1.256 1480 .210 0.788 0.495 1.593 1480 .111

   x T1 PA -0.167 0.100 -1.677 1480 .093 0.035 0.096 0.365 1480 .715

  For LS x VC  

    Intercept -0.160 0.500 -0.320 1480 .749 0.714 0.491 1.454 1480 .146

   x T1 PA -0.026 0.092 -0.288 1480 .773 0.077 0.090 0.859 1480 .391

  For LNLS x NA  

    Intercept 0.383 0.591 0.647 1480 .517 -0.201 0.583 -0.344 1480 .730

   x T1 PA -0.146 0.101 -1.450 1480 .147 0.116 0.107 1.082 1480 .280

  For LS x NA  

    Intercept -0.369 0.588 -0.627 1480 .531 -0.477 0.627 -0.760 1480 .447

   x T1 PA -0.066 0.093 -0.709 1480 .478 -0.091 0.105 -0.865 1480 .387

  For NUM x NA  

    Intercept 0.073 0.428 0.171 1480 .864 -0.176 0.457 -0.386 1480 .700

   x T1 PA -0.027 0.060 -0.447 1480 .654 -0.061 0.077 -0.787 1480 .431

  For LNLS x vowel  

    Intercept 0.624 0.611 1.022 1480 .308 1.036 0.553 1.874 1480 .061

   x T1 PA -0.085 0.104 -0.818 1480 .414 0.089 0.100 0.897 1480 .370
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  For LS x vowel  

    Intercept 0.128 0.608 0.211 1480 .833 0.457 0.562 0.813 1480 .416

   x T1 PA -0.088 0.095 -0.923 1480 .356 0.012 0.095 0.122 1480 .903

  For NUM x vowel  

    Intercept 0.557 0.456 1.220 1480 .223 0.131 0.460 0.285 1480 .775

   x T1 PA -0.029 0.064 -0.444 1480 .657 0.136 0.078 1.743 1480 .081

  For T1 score  

    Intercept 1.397 0.181 7.720 1480 .000 0.764 0.244 3.126 1480 .002

 With CV as reference letter type  

  For intercept1  

    Intercept -0.446 0.425 -1.049 1480 .295 -1.194 0.379 -3.148 1480 .002

    T1 Age 0.467 0.373 1.252 1480 .211 0.068 0.335 0.203 1480 .839

    T1 PA 0.054 0.070 0.771 1480 .441 0.102 0.067 1.519 1480 .129

    Implementer1 -0.447 0.417 -1.070 1480 .285 -0.908 0.369 -2.457 1480 .014

    Implementer2 -1.057 0.500 -2.113 1480 .034 -1.501 0.461 -3.258 1480 .002

  For LNLS x CV  

    Intercept 0.335 0.496 0.675 1480 .500 0.620 0.467 1.329 1480 .184

   x T1 PA -0.065 0.098 -0.666 1480 .505 -0.017 0.092 -0.187 1480 .852

  For LS x CV  

    Intercept 0.045 0.490 0.091 1480 .928 0.091 0.470 0.194 1480 .846

   x T1 PA -0.077 0.090 -0.852 1480 .395 -0.085 0.086 -0.979 1480 .328

  For LNLS x VC  

    Intercept 0.654 0.573 1.141 1480 .254 0.370 0.509 0.726 1480 .468

   x T1 PA -0.174 0.099 -1.762 1480 .078 -0.098 0.093 -1.058 1480 .291

  For LS x VC  

    Intercept -0.142 0.568 -0.250 1480 .803 0.296 0.506 0.585 1480 .559

   x T1 PA -0.034 0.091 -0.372 1480 .710 -0.056 0.087 -0.643 1480 .520

  For NUM x VC  

    Intercept 0.018 0.400 0.045 1480 .964 -0.418 0.396 -1.056 1480 .292

   x T1 PA -0.007 0.057 -0.130 1480 .897 -0.133 0.067 -1.991 1480 .046

  For LNLS x NA  
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    Intercept 0.401 0.584 0.687 1480 .492 -0.619 0.565 -1.096 1480 .274

   x T1 PA -0.153 0.100 -1.533 1480 .125 -0.017 0.105 -0.167 1480 .868

  For LS x NA  

    Intercept -0.351 0.581 -0.604 1480 .546 -0.895 0.610 -1.468 1480 .142

   x T1 PA -0.073 0.092 -0.794 1480 .427 -0.224 0.103 -2.184 1480 .029

  For NUM x NA  

    Intercept 0.091 0.417 0.219 1480 .827 -0.595 0.434 -1.369 1480 .171

   x T1 PA -0.034 0.059 -0.580 1480 .561 -0.194 0.074 -2.620 1480 .009

  For LNLS x vowel  

    Intercept 0.642 0.604 1.064 1480 .288 0.617 0.533 1.158 1480 .247

   x T1 PA -0.092 0.103 -0.894 1480 .372 -0.044 0.097 -0.451 1480 .651

  For LS x vowel  

    Intercept 0.146 0.601 0.244 1480 .808 0.039 0.544 0.072 1480 .943

   x T1 PA -0.095 0.095 -1.007 1480 .315 -0.122 0.092 -1.315 1480 .189

  For NUM x vowel  

    Intercept 0.575 0.446 1.288 1480 .198 -0.287 0.436 -0.659 1480 .510

   x T1 PA -0.036 0.063 -0.567 1480 .571 0.003 0.074 0.037 1480 .971

  For T1 score  

    Intercept 1.397 0.181 7.720 1480 .000 0.764 0.244 3.126 1480 .002

With LS Group as reference group  

 With vowels as reference letter type  

  For intercept1  

    Intercept -0.299 0.508 -0.590 1480 .555 -1.155 0.454 -2.544 1480 .011

    T1 Age 0.467 0.373 1.252 1480 .211 0.068 0.335 0.203 1480 .839

    T1 PA -0.041 0.070 -0.590 1480 .555 -0.019 0.070 -0.279 1480 .781

    Implementer1 -0.447 0.417 -1.070 1480 .285 -0.908 0.369 -2.457 1480 .014

    Implementer2 -1.057 0.500 -2.113 1480 .034 -1.501 0.461 -3.258 1480 .002

  For LNLS x CV  

    Intercept 0.188 0.590 0.319 1480 .750 0.581 0.527 1.104 1480 .270

   x T1 PA 0.030 0.093 0.326 1480 .744 0.104 0.090 1.154 1480 .249

  For LS x CV  
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    Intercept -0.102 0.441 -0.231 1480 .818 0.052 0.417 0.126 1480 .900

   x T1 PA 0.019 0.054 0.344 1480 .730 0.037 0.064 0.576 1480 .564

  For NUM x CV  

    Intercept -0.146 0.601 -0.244 1480 .808 -0.039 0.544 -0.072 1480 .943

   x T1 PA 0.095 0.095 1.007 1480 .315 0.122 0.092 1.315 1480 .189

  For LNLS x VC  

    Intercept 0.507 0.600 0.846 1480 .398 0.331 0.537 0.616 1480 .538

   x T1 PA -0.079 0.094 -0.835 1480 .404 0.023 0.092 0.255 1480 .799

  For LS x VC  

    Intercept -0.288 0.454 -0.635 1480 .525 0.257 0.422 0.609 1480 .542

   x T1 PA 0.062 0.056 1.109 1480 .268 0.066 0.065 1.004 1480 .316

  For NUM x VC  

    Intercept -0.128 0.608 -0.211 1480 .833 -0.457 0.562 -0.813 1480 .416

   x T1 PA 0.088 0.095 0.923 1480 .356 -0.012 0.095 -0.122 1480 .903

  For LNLS x NA  

    Intercept 0.255 0.609 0.418 1480 .676 -0.658 0.591 -1.113 1480 .266

   x T1 PA -0.058 0.096 -0.607 1480 .544 0.104 0.103 1.008 1480 .314

  For LS x NA  

    Intercept -0.497 0.469 -1.059 1480 .290 -0.934 0.541 -1.727 1480 .084

   x T1 PA 0.022 0.058 0.384 1480 .701 -0.103 0.085 -1.214 1480 .225

  For NUM x NA  

    Intercept -0.055 0.620 -0.089 1480 .930 -0.634 0.590 -1.074 1480 .284

   x T1 PA 0.061 0.097 0.629 1480 .529 -0.072 0.100 -0.723 1480 .470

  For LNLS x vowel  

    Intercept 0.496 0.530 0.936 1480 .350 0.578 0.512 1.129 1480 .260

   x T1 PA 0.003 0.099 0.033 1480 .974 0.078 0.096 0.812 1480 .417

  For NUM x vowel  

    Intercept 0.428 0.542 0.791 1480 .429 -0.326 0.548 -0.595 1480 .552

   x T1 PA 0.059 0.100 0.597 1480 .551 0.124 0.101 1.233 1480 .218

  For T1 score  

    Intercept 1.397 0.181 7.720 1480 .000 0.764 0.244 3.126 1480 .002
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 With NA as reference letter type  

  For intercept1  

    Intercept -0.796 0.483 -1.648 1480 .099 -2.089 0.529 -3.951 1480 .000

    T1 Age 0.467 0.373 1.252 1480 .211 0.068 0.335 0.203 1480 .839

    T1 PA -0.019 0.066 -0.287 1480 .774 -0.122 0.083 -1.479 1480 .139

    Implementer1 -0.447 0.417 -1.070 1480 .285 -0.908 0.369 -2.457 1480 .014

    Implementer2 -1.057 0.500 -2.113 1480 .034 -1.501 0.461 -3.258 1480 .002

  For LNLS x CV  

    Intercept 0.685 0.570 1.202 1480 .230 1.515 0.595 2.546 1480 .011

   x T1 PA 0.008 0.091 0.091 1480 .928 0.207 0.101 2.050 1480 .040

  For LS x CV  

    Intercept 0.395 0.413 0.958 1480 .339 0.986 0.499 1.975 1480 .048

   x T1 PA -0.003 0.050 -0.070 1480 .944 0.140 0.078 1.782 1480 .075

  For NUM x CV  

    Intercept 0.351 0.581 0.604 1480 .546 0.895 0.610 1.468 1480 .142

   x T1 PA 0.073 0.092 0.794 1480 .427 0.224 0.103 2.184 1480 .029

  For LNLS x VC  

    Intercept 1.004 0.580 1.733 1480 .083 1.265 0.604 2.094 1480 .036

   x T1 PA -0.101 0.092 -1.098 1480 .273 0.126 0.102 1.235 1480 .217

  For LS x VC  

    Intercept 0.209 0.425 0.491 1480 .623 1.191 0.504 2.362 1480 .018

   x T1 PA 0.039 0.051 0.772 1480 .440 0.168 0.080 2.117 1480 .034

  For NUM x VC  

    Intercept 0.369 0.588 0.627 1480 .531 0.477 0.627 0.760 1480 .447

   x T1 PA 0.066 0.093 0.709 1480 .478 0.091 0.105 0.865 1480 .387

  For LNLS x NA  

    Intercept 0.752 0.503 1.494 1480 .135 0.276 0.621 0.444 1480 .657

   x T1 PA -0.080 0.093 -0.860 1480 .390 0.207 0.113 1.836 1480 .066

  For NUM x NA  

    Intercept 0.442 0.515 0.858 1480 .391 0.300 0.619 0.486 1480 .627

   x T1 PA 0.039 0.095 0.411 1480 .681 0.030 0.109 0.278 1480 .781
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  For LNLS x vowel  

    Intercept 0.993 0.610 1.629 1480 .103 1.512 0.624 2.425 1480 .016

   x T1 PA -0.019 0.096 -0.196 1480 .845 0.180 0.106 1.706 1480 .088

  For LS x vowel  

    Intercept 0.497 0.469 1.059 1480 .290 0.934 0.541 1.727 1480 .084

   x T1 PA -0.022 0.058 -0.384 1480 .701 0.103 0.085 1.214 1480 .225

  For NUM x vowel  

    Intercept 0.925 0.620 1.493 1480 .136 0.608 0.654 0.930 1480 .353

   x T1 PA 0.037 0.097 0.383 1480 .701 0.227 0.110 2.058 1480 .039

  For T1 score  

    Intercept 1.397 0.181 7.720 1480 .000 0.764 0.244 3.126 1480 .002

 With VC as reference letter type  

  For intercept1  

    Intercept -0.588 0.466 -1.260 1480 .208 -0.898 0.410 -2.191 1480 .028

    T1 Age 0.467 0.373 1.252 1480 .211 0.068 0.335 0.203 1480 .839

    T1 PA 0.020 0.065 0.315 1480 .753 0.046 0.062 0.746 1480 .456

    Implementer1 -0.447 0.417 -1.070 1480 .285 -0.908 0.369 -2.457 1480 .014

    Implementer2 -1.057 0.500 -2.113 1480 .034 -1.501 0.461 -3.258 1480 .002

  For LNLS x CV  

    Intercept 0.477 0.556 0.857 1480 .392 0.324 0.488 0.665 1480 .506

   x T1 PA -0.031 0.089 -0.349 1480 .727 0.039 0.085 0.456 1480 .648

  For LS x CV  

    Intercept 0.187 0.394 0.474 1480 .635 -0.205 0.367 -0.557 1480 .577

   x T1 PA -0.043 0.047 -0.911 1480 .363 -0.029 0.056 -0.509 1480 .611

  For NUM x CV  

    Intercept 0.142 0.568 0.250 1480 .803 -0.296 0.506 -0.585 1480 .559

   x T1 PA 0.034 0.091 0.372 1480 .710 0.056 0.087 0.643 1480 .520

  For LNLS x VC  

    Intercept 0.796 0.489 1.626 1480 .104 0.074 0.462 0.159 1480 .874

   x T1 PA -0.140 0.091 -1.548 1480 .122 -0.042 0.086 -0.492 1480 .622

  For NUM x VC  
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    Intercept 0.160 0.500 0.320 1480 .749 -0.714 0.491 -1.454 1480 .146

   x T1 PA 0.026 0.092 0.288 1480 .773 -0.077 0.090 -0.859 1480 .391

  For LNLS x NA  

    Intercept 0.543 0.578 0.940 1480 .348 -0.915 0.557 -1.643 1480 .100

   x T1 PA -0.120 0.092 -1.300 1480 .194 0.038 0.098 0.391 1480 .695

  For LS x NA  

    Intercept -0.209 0.425 -0.491 1480 .623 -1.191 0.504 -2.362 1480 .018

   x T1 PA -0.039 0.051 -0.772 1480 .440 -0.168 0.080 -2.117 1480 .034

  For NUM x NA  

    Intercept 0.233 0.588 0.397 1480 .691 -0.891 0.556 -1.602 1480 .109

   x T1 PA -0.001 0.093 -0.006 1480 .995 -0.138 0.095 -1.454 1480 .146

  For LNLS x vowel  

    Intercept 0.784 0.597 1.313 1480 .190 0.321 0.523 0.615 1480 .538

   x T1 PA -0.058 0.095 -0.613 1480 .540 0.012 0.090 0.134 1480 .894

  For LS x vowel  

    Intercept 0.288 0.454 0.635 1480 .525 -0.257 0.422 -0.609 1480 .542

   x T1 PA -0.062 0.056 -1.109 1480 .268 -0.066 0.065 -1.004 1480 .316

  For NUM x vowel  

    Intercept 0.716 0.608 1.178 1480 .239 -0.583 0.558 -1.045 1480 .297

   x T1 PA -0.002 0.096 -0.023 1480 .982 0.059 0.096 0.613 1480 .540

  For T1 score  

    Intercept 1.397 0.181 7.720 1480 .000 0.764 0.244 3.126 1480 .002

 With CV as reference letter type  

  For intercept1  

    Intercept -0.401 0.455 -0.881 1480 .379 -1.102 0.404 -2.731 1480 .007

    T1 Age 0.467 0.373 1.252 1480 .211 0.068 0.335 0.203 1480 .839

    T1 PA -0.023 0.063 -0.355 1480 .722 0.018 0.061 0.290 1480 .772

    Implementer1 -0.447 0.417 -1.070 1480 .285 -0.908 0.369 -2.457 1480 .014

    Implementer2 -1.057 0.500 -2.113 1480 .034 -1.501 0.461 -3.258 1480 .002

  For LNLS x CV  

    Intercept 0.290 0.477 0.608 1480 .543 0.529 0.451 1.174 1480 .241
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   x T1 PA 0.012 0.088 0.133 1480 .895 0.067 0.084 0.799 1480 .424

  For NUM x CV  

    Intercept -0.045 0.490 -0.091 1480 .928 -0.091 0.470 -0.194 1480 .846

   x T1 PA 0.077 0.090 0.852 1480 .395 0.085 0.086 0.979 1480 .328

  For LNLS x VC  

    Intercept 0.609 0.556 1.094 1480 .274 0.278 0.495 0.562 1480 .573

   x T1 PA -0.097 0.090 -1.085 1480 .278 -0.014 0.085 -0.162 1480 .872

  For LS x VC  

    Intercept -0.187 0.394 -0.474 1480 .635 0.205 0.367 0.557 1480 .577

   x T1 PA 0.043 0.047 0.911 1480 .363 0.029 0.056 0.509 1480 .611

  For NUM x VC  

    Intercept -0.027 0.566 -0.047 1480 .963 -0.510 0.523 -0.975 1480 .330

   x T1 PA 0.069 0.091 0.764 1480 .445 -0.049 0.089 -0.545 1480 .585

  For LNLS x NA  

    Intercept 0.356 0.568 0.628 1480 .530 -0.711 0.554 -1.284 1480 .200

   x T1 PA -0.077 0.091 -0.841 1480 .400 0.067 0.098 0.685 1480 .493

  For LS x NA  

    Intercept -0.395 0.413 -0.958 1480 .339 -0.986 0.499 -1.975 1480 .048

   x T1 PA 0.003 0.050 0.070 1480 .944 -0.140 0.078 -1.782 1480 .075

  For NUM x NA  

    Intercept 0.047 0.578 0.081 1480 .936 -0.686 0.552 -1.243 1480 .215

   x T1 PA 0.042 0.093 0.458 1480 .647 -0.109 0.094 -1.159 1480 .247

  For LNLS x vowel  

    Intercept 0.598 0.588 1.017 1480 .310 0.526 0.519 1.014 1480 .311

   x T1 PA -0.015 0.094 -0.163 1480 .871 0.041 0.090 0.452 1480 .651

  For LS x vowel  

    Intercept 0.102 0.441 0.231 1480 .818 -0.052 0.417 -0.126 1480 .900

   x T1 PA -0.019 0.054 -0.344 1480 .730 -0.037 0.064 -0.576 1480 .564

  For NUM x vowel  

    Intercept 0.530 0.599 0.885 1480 .376 -0.379 0.555 -0.683 1480 .495

   x T1 PA 0.041 0.095 0.428 1480 .668 0.087 0.095 0.916 1480 .360
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  For T1 score  

    Intercept 1.397 0.181 7.720 1480 .000 0.764 0.244 3.126 1480 .002

With LNLS Group as reference group  

 With vowels as reference letter type  

  For intercept1  

    Intercept 0.197 0.498 0.394 1480 .693 -0.576 0.429 -1.344 1480 .179

    T1 Age 0.467 0.373 1.252 1480 .211 0.068 0.335 0.203 1480 .839

    T1 PA -0.038 0.083 -0.458 1480 .647 0.058 0.078 0.753 1480 .451

    Implementer1 -0.447 0.417 -1.070 1480 .285 -0.908 0.369 -2.457 1480 .014

    Implementer2 -1.057 0.500 -2.113 1480 .034 -1.501 0.461 -3.258 1480 .002

  For LNLS x CV  

    Intercept -0.308 0.449 -0.685 1480 .494 0.003 0.402 0.007 1480 .994

   x T1 PA 0.027 0.065 0.420 1480 .674 0.027 0.069 0.386 1480 .699

  For LS x CV  

    Intercept -0.598 0.588 -1.017 1480 .310 -0.526 0.519 -1.014 1480 .311

   x T1 PA 0.015 0.094 0.163 1480 .871 -0.041 0.090 -0.452 1480 .651

  For NUM x CV  

    Intercept -0.642 0.604 -1.064 1480 .288 -0.617 0.533 -1.158 1480 .247

   x T1 PA 0.092 0.103 0.894 1480 .372 0.044 0.097 0.451 1480 .651

  For LNLS x VC  

    Intercept 0.011 0.461 0.025 1480 .981 -0.248 0.415 -0.598 1480 .550

   x T1 PA -0.082 0.067 -1.231 1480 .219 -0.054 0.071 -0.770 1480 .442

  For LS x VC  

    Intercept -0.784 0.597 -1.313 1480 .190 -0.321 0.523 -0.615 1480 .538

   x T1 PA 0.058 0.095 0.613 1480 .540 -0.012 0.090 -0.134 1480 .894

  For NUM x VC  

    Intercept -0.624 0.611 -1.022 1480 .308 -1.036 0.553 -1.874 1480 .061

   x T1 PA 0.085 0.104 0.818 1480 .414 -0.089 0.100 -0.897 1480 .370

  For LNLS x NA  

    Intercept -0.241 0.475 -0.508 1480 .611 -1.237 0.483 -2.563 1480 .011

   x T1 PA -0.061 0.069 -0.895 1480 .371 0.026 0.085 0.309 1480 .757
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  For LS x NA  

    Intercept -0.993 0.610 -1.629 1480 .103 -1.512 0.624 -2.425 1480 .016

   x T1 PA 0.019 0.096 0.196 1480 .845 -0.180 0.106 -1.706 1480 .088

  For NUM x NA  

    Intercept -0.551 0.623 -0.885 1480 .377 -1.212 0.580 -2.089 1480 .037

   x T1 PA 0.058 0.105 0.549 1480 .583 -0.150 0.104 -1.441 1480 .150

  For LS x vowel  

    Intercept -0.496 0.530 -0.936 1480 .350 -0.578 0.512 -1.129 1480 .260

   x T1 PA -0.003 0.099 -0.033 1480 .974 -0.078 0.096 -0.812 1480 .417

  For NUM x vowel  

    Intercept -0.068 0.545 -0.124 1480 .902 -0.905 0.538 -1.681 1480 .093

   x T1 PA 0.056 0.108 0.522 1480 .601 0.047 0.105 0.443 1480 .657

  For T1 score  

    Intercept 1.397 0.181 7.720 1480 .000 0.764 0.244 3.126 1480 .002

 With NA as reference letter type  

  For intercept1  

    Intercept -0.045 0.474 -0.094 1480 .925 -1.813 0.466 -3.893 1480 .000

    T1 Age 0.467 0.373 1.252 1480 .211 0.068 0.335 0.203 1480 .839

    T1 PA -0.099 0.079 -1.253 1480 .211 0.085 0.087 0.980 1480 .328

    Implementer1 -0.447 0.417 -1.070 1480 .285 -0.908 0.369 -2.457 1480 .014

    Implementer2 -1.057 0.500 -2.113 1480 .034 -1.501 0.461 -3.258 1480 .002

  For LNLS x CV  

    Intercept -0.066 0.423 -0.157 1480 .876 1.240 0.444 2.790 1480 .006

   x T1 PA 0.088 0.060 1.472 1480 .141 0.000 0.079 0.003 1480 .998

  For LS x CV  

    Intercept -0.356 0.568 -0.628 1480 .530 0.711 0.554 1.284 1480 .200

   x T1 PA 0.077 0.091 0.841 1480 .400 -0.067 0.098 -0.685 1480 .493

  For NUM x CV  

    Intercept -0.401 0.584 -0.687 1480 .492 0.619 0.565 1.096 1480 .274

   x T1 PA 0.153 0.100 1.533 1480 .125 0.017 0.105 0.167 1480 .868

  For LNLS x VC  
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    Intercept 0.253 0.435 0.581 1480 .561 0.989 0.453 2.181 1480 .029

   x T1 PA -0.021 0.062 -0.334 1480 .738 -0.081 0.080 -1.007 1480 .315

  For LS x VC  

    Intercept -0.543 0.578 -0.940 1480 .348 0.915 0.557 1.643 1480 .100

   x T1 PA 0.120 0.092 1.300 1480 .194 -0.038 0.098 -0.391 1480 .695

  For NUM x VC  

    Intercept -0.383 0.591 -0.647 1480 .517 0.201 0.583 0.344 1480 .730

   x T1 PA 0.146 0.101 1.450 1480 .147 -0.116 0.107 -1.082 1480 .280

  For LS x NA  

    Intercept -0.752 0.503 -1.494 1480 .135 -0.276 0.621 -0.444 1480 .657

   x T1 PA 0.080 0.093 0.860 1480 .390 -0.207 0.113 -1.836 1480 .066

  For NUM x NA  

    Intercept -0.310 0.519 -0.596 1480 .551 0.025 0.575 0.043 1480 .966

   x T1 PA 0.119 0.102 1.164 1480 .245 -0.176 0.111 -1.588 1480 .112

  For LNLS x vowel  

    Intercept 0.241 0.475 0.508 1480 .611 1.237 0.483 2.563 1480 .011

   x T1 PA 0.061 0.069 0.895 1480 .371 -0.026 0.085 -0.309 1480 .757

  For LS x vowel  

    Intercept -0.255 0.609 -0.418 1480 .676 0.658 0.591 1.113 1480 .266

   x T1 PA 0.058 0.096 0.607 1480 .544 -0.104 0.103 -1.008 1480 .314

  For NUM x vowel  

    Intercept 0.174 0.623 0.279 1480 .780 0.332 0.612 0.543 1480 .587

   x T1 PA 0.118 0.105 1.122 1480 .262 0.020 0.112 0.180 1480 .858

  For T1 score  

    Intercept 1.397 0.181 7.720 1480 .000 0.764 0.244 3.126 1480 .002

 With VC as reference letter type  

  For intercept1  

    Intercept 0.208 0.460 0.452 1480 .651 -0.824 0.398 -2.069 1480 .038

    T1 Age 0.467 0.373 1.252 1480 .211 0.068 0.335 0.203 1480 .839

    T1 PA -0.120 0.078 -1.546 1480 .122 0.004 0.072 0.055 1480 .957

    Implementer1 -0.447 0.417 -1.070 1480 .285 -0.908 0.369 -2.457 1480 .014
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    Implementer2 -1.057 0.500 -2.113 1480 .034 -1.501 0.461 -3.258 1480 .002

  For LNLS x CV  

    Intercept -0.319 0.407 -0.784 1480 .433 0.251 0.370 0.678 1480 .498

   x T1 PA 0.109 0.058 1.882 1480 .060 0.081 0.064 1.276 1480 .202

  For LS x CV  

    Intercept -0.609 0.556 -1.094 1480 .274 -0.278 0.495 -0.562 1480 .573

   x T1 PA 0.097 0.090 1.085 1480 .278 0.014 0.085 0.162 1480 .872

  For NUM x CV  

    Intercept -0.654 0.573 -1.141 1480 .254 -0.370 0.509 -0.726 1480 .468

   x T1 PA 0.174 0.099 1.762 1480 .078 0.098 0.093 1.058 1480 .291

  For LS x VC  

    Intercept -0.796 0.489 -1.626 1480 .104 -0.074 0.462 -0.159 1480 .874

   x T1 PA 0.140 0.091 1.548 1480 .122 0.042 0.086 0.492 1480 .622

  For NUM x VC  

    Intercept -0.636 0.506 -1.256 1480 .210 -0.788 0.495 -1.593 1480 .111

   x T1 PA 0.167 0.100 1.677 1480 .093 -0.035 0.096 -0.365 1480 .715

  For LNLS x NA  

    Intercept -0.253 0.435 -0.581 1480 .561 -0.989 0.453 -2.181 1480 .029

   x T1 PA 0.021 0.062 0.334 1480 .738 0.081 0.080 1.007 1480 .315

  For LS x NA  

    Intercept -1.004 0.580 -1.733 1480 .083 -1.265 0.604 -2.094 1480 .036

   x T1 PA 0.101 0.092 1.098 1480 .273 -0.126 0.102 -1.235 1480 .217

  For NUM x NA  

    Intercept -0.562 0.593 -0.948 1480 .344 -0.964 0.558 -1.727 1480 .084

   x T1 PA 0.140 0.101 1.383 1480 .167 -0.096 0.100 -0.953 1480 .341

  For LNLS x vowel  

    Intercept -0.011 0.461 -0.025 1480 .981 0.248 0.415 0.598 1480 .550

   x T1 PA 0.082 0.067 1.231 1480 .219 0.054 0.071 0.770 1480 .442

  For LS x vowel  

    Intercept -0.507 0.600 -0.846 1480 .398 -0.331 0.537 -0.616 1480 .538

   x T1 PA 0.079 0.094 0.835 1480 .404 -0.023 0.092 -0.255 1480 .799
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  For NUM x vowel  

    Intercept -0.079 0.613 -0.129 1480 .898 -0.657 0.561 -1.172 1480 .242

   x T1 PA 0.138 0.104 1.335 1480 .182 0.101 0.101 0.997 1480 .319

  For T1 score  

    Intercept 1.397 0.181 7.720 1480 .000 0.764 0.244 3.126 1480 .002

Notes.  Multiple analyses performed and reported due to use of dummy coded variables.  Num = number; T1 = time 1 (screening or 

pretest); PA = Test of Preschool Emergent Literacy Phonological Awareness subtest; LNLS = letter name and letter sound; CV = 

consonant-vowel letter type; LS = letter sound; VC = vowel-consonant letter type; NA = no association letter type. 
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APPENDIX E 

 

Human Subjects Approval and Informed Consent Materials 

 
Office of the Vice President For Research 

Human Subjects Committee 

Tallahassee, Florida 32306-2742 

(850) 644-8673 . FAX (850) 644-4392 

 

APPROVAL MEMORANDUM 

 

Date: 7/16/2007 

To: Shayne Piasta 

Address: 2014 Midyette Road, No. 703, Tallahassee, FL 32301 

Dept.: PSYCHOLOGY DEPARTMENT 

 

From: Thomas L. Jacobson, Chair 

Re: Use of Human Subjects in Research 

Developing Emergent Literacy Skills: The Impact of Alphabet Instruction 

 

The application that you submitted to this office in regard to the use of human subjects in the research 

proposal referenced above has been reviewed by the Human Subjects Committee at its meeting on 

7/11/2007 2:30:00 PM.  Your project was approved by the Committee. 

 

The Human Subjects Committee has not evaluated your proposal for scientific merit, except to weigh the 

risk to the human participants and the aspects of the proposal related to potential risk and benefit. This 

approval does not replace any departmental or other approvals, which may be required. 

 

If you submitted a proposed consent form with your application, the approved stamped consent form is 

attached to this approval notice.  Only the stamped version of the consent form may be used in recruiting 

research subjects. 

 

If the project has not been completed by 7/14/2008 you must request a renewal of approval for 

continuation of the project. As a courtesy, a renewal notice will be sent to you prior to your expiration 

date; however, it is your responsibility as the Principal Investigator to timely request renewal of your 

approval from the Committee. 

 

You are advised that any change in protocol for this project must be reviewed and approved by the 

Committee prior to implementation of the proposed change in the protocol.  A protocol 

change/amendment form is required to be submitted for approval by the Committee.  In addition, federal 

regulations require that the Principal Investigator promptly report, in writing any unanticipated problems 

or adverse events involving risks to research subjects or others. 

 

By copy of this memorandum, the Chair of your department and/or your major professor is reminded that 

he/she is responsible for being informed concerning research projects involving human subjects in the 

department, and should review protocols as often as needed to insure that the project is being conducted 

in compliance with our institution and with DHHS regulations. 

 

This institution has an Assurance on file with the Office for Human Research Protection. The Assurance 

Number is IRB00000446.   HSC No. 2007.535 
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