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ABSTRACT

Prediction of kindergarten and preschool childrenis alphabetic knowledge was examined
with respect to child characteristics (e.g., age, SES, emergent literacy skills), letter properties
(e.g., alphabetic order, letter name structure, sound properties), and child by letter factors (e.g.,
letters used to spell a certain childis name). A single, multilevel model including all types of
factors was created, allowing for between-item, between-subject, and subject by item analyses.
All zero-order and unique predictors of childrenis letter name and letter-sound knowledge were
identified. Factors of each type were reliably predictive of outcomes, although most of the
model variance was attributed to differences among children. Implications of using the new

modeling technique as well as practical application for early childhood classrooms are discussed.



ACQUISITION OF ALPHABETIC KNOWLEDGE:
EXAMINING LETTER- AND CHILD-LEVEL FACTORS IN A SINGLE,
COMPREHENSIVE MODEL

Importance of Alphabetic Knowledge

Alphabetic knowledge, defined as knowledge of letter names and letter sounds,
represents one of the most important emergent literacy skills for young children (Whitehurst &
Lonigan, 1998). Such knowledge signifies a beginning understanding of the structure of print
(i.e., the idea that printed words are made up of individual letters). It also signifies the
application of the alphabetic principle: the notion that spoken words can be broken into
individual phonemes and these phonemes often correspond to individual letters or letter
combinations.

The significance of alphabetic knowledge as it relates to later reading acquisition has
been well established. Correlations between measures of alphabetic knowledge in preschool and
kindergarten and later reading ability range from .33 to .76 (Scarborough, 1998), and letter name
and letter-sound knowledge each contribute uniquely to subsequent reading and spelling abilities
(McBride-Chang, 1999). Thus, with respect to other emergent literacy skills as well as child
background characteristics, early alphabetic knowledge has been noted as one of the best
predictors of later reading ability (see Adams, 1990, pp. 61-64); this finding was recently
confirmed by Schatschneider and colleagues (Schatschneider, Fletcher, Francis, Carlson, &
Foorman, 2004).

Acquiring Alphabetic Knowledge

Compared to other areas in literacy such as phonological awareness or decoding,
alphabetic skill acquisition has not received a great deal of attention. The relatively small
number of studies that have been conducted on alphabet learning may be separated into two
groups according to the theoretical and analytical approaches used. One perspective has been to
treat letters similarly to other language stimuli, focusing on inter-letter differences as
explanations for variability in their acquisition, henceforth called the linguistic approach. A
second approach, that of individual differences, emphasizes the variability that exists among
children in their acquisition of alphabetic skill.

Letter Properties and the Linguistic Approach



Early studies of alphabetic knowledge focused on letter discrimination (Davidson, 1935;
Gibson, Gibson, Pick, & Osser, 1962; Lahey & McNees, 1975; Smythe, Stennett, Hardy, &
Wilson, 1970-71b; see Guralnick, 1972 for review), consistent with the then-current belief that
reading was a primarily visual activity. These studies established that younger children often
had difficulty discriminating (and thus naming) letters with highly similar forms (e.g., the
lowercase forms of B, D, P). Other findings concerning childrenis developing knowledge of
letters and sounds emerged from purely descriptive studies (Mason, 1980; Read, 1971; Smythe,
Stennett, Hardy, & Wilson, 1970-71a; Worden & Boettcher, 1990). None of the studies was
concerned with individual differences among children, instead treating letters or groups of letters
as the unit of interest. In doing so, the studies attempted to describe typical patterns in alphabetic
knowledge development across children.

Discrimination studies such as these have found that children tend to distinguish
uppercase letters more readily than lowercase letters (Smythe et al., 1970-71a, 1970-71b), master
the names of uppercase letters before lowercase letters (Smythe et al., 1970-71b; Worden &
Boettcher, 1990), name more letters from the first half of the alphabet than the second half
(Smythe et al., 1970-71a), and learn letter-sound associations most easily when the letteris name
contains the letteris sound (Read, 1971). Their conclusions, however, do not conform to todayis
theories of literacy acquisition or more rigorous research standards, given the data collected
(often using only a sample of letters as opposed to all 26 letters, failing to collect data on other
pertinent skills the children brought to the task, the overall small number of participants
involved) and a general lack of appropriate statistical analyses, with many of the studies relying
on researchersi mere inspection of tables tallying across participants the percentages of correct
answers for each individual letter.

Nevertheless, these early studies are significant in that letters were understood to be
important stimuli whose specific properties might reliably affect acquisition of their names and
sounds. With increased appreciation of the interrelatedness of language and literacy, letters
became more appropriately recognized as linguistic stimuli. As such, the notion of a
developmental trajectory for alphabetic knowledge continues; linguistic stimuli often follow
developmental patterns. For example, infantsi expanding speech production and perception
abilities set the trajectory for phoneme acquisition (e.g., Olmstead, 1971, as cited in Owens,
2005; Sander, 1972). The ability to manipulate smaller and smaller chunks of linguistic stimuli



(e.g., words, syllables, onsets/rimes, phonemes) during the development of phonological
awareness provides a second example of developmental patterns within this domain (Anthony,
Lonigan, Driscoll, Phillips, & Burgess, 2003). Along these lines, research has shown that
children are more likely to know letter names than letter sounds (e.g., Dodd & Carr, 2003; Mann
& Foy, 2003; Treiman, Tincoff, Rodriguez, Mouzaki, & Francis, 1998), and both abilities
increase with age.

More recent studies have taken this approach when examining additional letter properties.
An example is the influence of letter name structure on knowledge of letter sounds in young
children (McBride-Chang, 1999; Read, 1971; Treiman, Berch, & Weatherston, 1993; Treiman,
Tincoff, & Richmond-Welty, 1996, 1997; Treiman et al., 1998; Treiman, Weatherston, & Berch,
1994). Many letter names contain their corresponding sounds, taking one of two forms: the
consonant-vowel pattern of /consonant sound/ + /i/ like the letter B or the vowel-consonant
pattern of /e/ + /consonant sound/ like the letter F. Preschoolers are well aware of these
regularities, particularly the consonant-vowel form (Treiman et al., 1997). These findings have
led to the hypothesis that children are able to use their segmentation abilities and the initial
sounds of letter names as cues for the lettersi sounds (e.g., the /b/ in /bi/ or, in the case of the
errors mentioned above regarding the sounds of Y and W, the /w/ in /wai/, the /d/ in /dablju/;
Treiman et al., 1997; Treiman et al., 1994). Accordingly, Treiman and colleagues (Treiman et
al., 1997; Treiman et al., 1998) have found that the sounds of letters in which the first sound of
the letter name correctly corresponds to its letter sound (i.e., letter names following the
consonant-vowel pattern like the letter B) were easier to learn than letters whose names began
with a vowel (i.e., vowel-consonant letter names like F) or letters whose names and sounds
showed no association (e.g., W). Although the Treiman et al. (1998) data did not show such an
effect for knowledge of letter names, McBride-Chang (1999) did find a relation between letter
name structure and letter name knowledge: Children were more likely to know the names of
letters whose names included the letter sound (i.e., consonant-vowel and vowel-consonant
letters) than those letters whose names were not associated with their respective sounds, although
the effect disappeared with age. Unsurprisingly, given these findings, a modest relation existed
between knowing both a particular letteris name and sound (McBride-Chang, 1999) .

Other letter properties reliably related to childrenis knowledge of letter names and/or
sounds included whether the letter was associated with more than a single sound (e.g., B and /b/



versus C and /k/, /s/), whether the letter was a consonant or vowel, the letteris position within the
alphabet, and its manner of articulation® (McBride-Chang, 1999; Treiman et al., 1998).

Having reviewed the above findings, the influence of letter properties on childrenis
developing alphabetic knowledge seems unquestionable. The precise nature of these relations
remains vague, however. None of the studies mentioned above has included all of these factors
within a single analysis, allowing for identification of potential moderating or mediating
variables. It also seems likely that such relations would depend on the specific letter under
investigation (e.g., knowledge of sounds of letters with no association names may be better
predicted by linguistic features than the nature of the letter name) or even the skills brought to
the task by the child (e.g., the necessity of phonological processing skills for segmenting the
letter sound from its name). Yet, none of the studies has successfully looked at differences
among individual letters or interactions among factors and letters due to the complexity of the
required statistical analysis. Finally, the analyses used in the linguistic approach are focused on
letter properties and require aggregation of data across participants. As noted, any individual
differences that bear on childrenis alphabetic knowledge, such as age, sex, cognitive ability,
emergent literacy skill, and others discussed in the following section, are ignored or, in the case
of age, occasionally controlled through sample selection.

Child Characteristics and the Individual Differences Approach
Acknowledging the importance of the skills and abilities that children bring to a task as

well as the extent to which children are shaped by their surroundings, findings from other

! Consonant sounds are classified along three dimensions characterizing how the sound is
physically produced: place of articulation, manner of articulation, and voicing or whether the
vocal cords vibrate (Moats, 2000). Place of articulation concerns the mouth position from which
the sound is produced, with sounds classified as bilabial (lips), labiodental (lips/teeth),
interdental (tongue between teeth), alveolar (tongue behind teeth), palatal (tongue against the
roof of the mouth), velar (back of the mouth), or glottal (throat). Manner of articulation concerns
whether the airflow used to produce the sound is obstructed, and consists of two major
categories. Obstruents are those consonant sounds which involve an obstruction of airflow,
while sonorantsi airflow remains unobstructed, resulting in a continuous sound. Subcategories
of obstruents include stops (completely obstructed airflow), fricatives (partially obstructed
airflow), and affricates (completely obstructed airflow before air is slowly released). Sonorants
include liquids (airflow is very slightly obstructed but the sound remains continuous), nasals
(airflow is directed through the nasal cavity), and glides (a consonant sound transitions
immediately into a vowel sound); vowel sounds are also classified as sonorants.



researchers have focused on the influence of child characteristics on alphabetic knowledge
acquisition.

An obvious characteristic brought by a child to an alphabetic task is knowledge of his or
her name. The effect of childrenis knowledge of their names on their alphabetic knowledge has
been established. Children are more likely to know the letter names, but not the sounds, for the
letters in their first names although this relation is somewhat dependent on letter case. Letters in
childrenis last names have not been found to affect childrenis knowledge of letter names or
sounds (Treiman & Broderick, 1998; Treiman & Kessler, 2004).

Child background characteristics may also affect childrenis alphabetic knowledge. Letter
naming abilities relate to motheris years of education, child 1Q, family literacy environment (as
measured by the Family Literacy Environment Scale, Griffin & Morrison, 1997), number of
months spent in child care, receptive vocabulary, and race (with Caucasian children tending to
know more letters than minority children; Christian, Morrison, & Bryant, 1998). Additional
work (Bowey, 1995; Dodd & Carr, 2003) has supported the notion that children of higher
socioeconomic status (SES) tend to outperform those of lower SES on measures of alphabetic
knowledge, demonstrating that such findings are robust across the various ways the construct has
be operationalized: motheris level of education (Christian et al., 1998), community affluence
(determined from zip codes; Dodd & Carr, 2003), and parental occupations (Bowey, 1995).

Finally, alphabetic knowledge is associated with a number of cognitive abilities and
emergent literacy skills (Burgess & Lonigan, 1998; de Jong & Olson, 2004; Lonigan, Burgess, &
Anthony, 2000; Mann & Foy, 2003). Mann and Foy (2003) found relations among preschoolersi
verbal working memory, expressive vocabulary, phonemic awareness, rhyme awareness, naming
speed, speech perception, and letter-sound and name production. Much of the variance in letter-
naming abilities, however, was shared among these variables. The same was true when looking
at letter-sound knowledge; yet letter-naming, speech perception, age, and phonemic awareness
all contributed independently to letter-sound production.

de Jong and Olson (2004) also found relations between phonological memory, rapid
naming, vocabulary, and a composite alphabetic knowledge measure. After controlling for age
and performance 1Q, they found that phonological memory and rapid naming abilities both
accounted for unique variance in alphabetic knowledge (when measured at the same time point)
as well as in alphabetic knowledge growth (when used to predict alphabetic knowledge 12 to 18



months in the future). Vocabulary failed to contribute to the development of alphabetic
knowledge once phonological memory and rapid naming were taken into account.

Lonigan and colleagues (Burgess & Lonigan, 1998; Lonigan et al., 2000) also focused on
the skills that facilitate childrenis alphabetic knowledge development, including oral language,
rhyme awareness, initial sound discrimination, blending, and elision. Burgess and Lonigan
(1998) found that, initially, all measures reliably correlated with letter name production and
letter-sound production, although some of these relations disappeared with time. When looking
at change over the course of a year, all measures except oral language and blending predicted
growth in letter name knowledge, and only oral language failed to predict later letter-sound
knowledge. Of all the variables, only phonological elision, letter name knowledge, and letter-
sound knowledge were unique contributors to alphabetic knowledge growth; oral language and
chronological age did not contribute to growth in alphabetic knowledge once these other factors
were taken into account.

Similar findings were reported by Lonigan, Burgess, and Anthony (2000) in their study
of older and younger preschoolers over the course of 12 to 18 months. Letter name and sound
abilities were combined into a single measure of letter knowledge for this study. Other tasks
were similar to those used in Burgess and Lonigan (1998), with the addition of a performance 1Q
measure for the younger sample and measures of environmental print and print concepts for both
samples. With the exception of nonverbal intelligence, all constructs were reliably related to
subsequent letter knowledge. Structural equation modeling revealed that the younger sampleis
letter knowledge was predicted by their oral language and phonological abilities. For the older
sample, concurrent measures of phonological processing abilities, environmental print, and print
concepts predicted letter knowledge at Time 1 but none of the constructs contributed to letter
knowledge at Time 2 once initial levels of letter knowledge (i.e., Time 1 levels) were taken into
account.

The individual differences approach has thus identified a number of child characteristics
which influence alphabetic knowledge acquisition, including background factors (e.g., age, SES,
childis name), cognitive abilities (e.g., 1Q, memory, rapid naming), and emergent literacy skills
(e.g., print concepts, phonological awareness). As with the linguistic approach, however, these
studies are not clear with regard to the precise relations between the various child factors and
alphabetic knowledge. Again, each study has chosen only a handful of potentially relevant



factors to study, and the unique contributions reported are dependent on the other variables
included in that specific analysis; the possibility of mediators is highly likely. Secondly, and in
direct contrast to the linguistic approach, the individual differences approach does not consider
the significance of the task stimuli in its analyses and aggregates performance across letters.
Once more, comparisons among letters and/or interactions among letters and child characteristics
remain unexamined.

Approaches to Studying Alphabetic Khedge: Statistical Considerations

As reviewed above, research conducted on the acquisition of alphabetic knowledge has
implicitly taken one of two approaches: the linguistic approach, in which letter properties are
expected to predict letter naming and letter-sound production abilities, and the individual
differences approach, in which emphasis is placed on the characteristics and skills brought to the
tasks by the children. These approaches are reflective of a more general challenge in psychology
regarding the difficulties of statistical analysis when utilizing language stimuli (e.g., cognitive
research on language, memory, and perception). The difficulty lies in attempting to discern
participant versus stimuli effects. In drawing reliable conclusions from studies involving
language stimuli, both contexts must be considered or parameter estimates are rendered
inaccurate. This issue was first noted by Coleman (1964), and has been discussed as the
language-as-fixed-effect fallacy (Clark, 1973; Raaijmakers, Schrijnemakers, & Gremmen, 1999;
Wike & Church, 1976) or the more general problem of attempting to include nonorthogonal
factors in a regression analysis (Lorch & Myers, 1990).

Multilevel models (e.g., hierarchical linear models or HLM; Raudenbush & Bryk, 2002)
provide a new means of addressing this issue (see Richter, 2006 for further discussion).
Multilevel models are specifically aimed at analyzing nested data, and allow simultaneous
modeling of the effects of both levels (subject and item) on the outcome of interest.

In the specific case of alphabetic knowledge, multilevel models allow for the integration
of findings from both the linguistic and individual differences approaches through nesting letters
(and their properties) within children (and their characteristics). In addition to modeling the
effects of both letter and child characteristics simultaneously, the nesting structure allows
variables dependent on both the particular letter and a specific child to be entered into the model
(e.g., the letter beginning a specific childis name). The totality of these considerations makes



multilevel models the most suitable and practical means of investigating those letter- and child-
level factors identified as influencing childrenis acquisition of alphabetic knowledge.



PURPOSE OF THE PRESENT STUDY

As demonstrated by the review above, a number of factors have been identified that may
affect childrenis letter name and sound development. A simultaneous examination of both child-
level and letter-level factors is required in order to create a more comprehensive yet
parsimonious model of alphabetic knowledge acquisition, and such an opportunity is afforded
via the use of multilevel modeling. The creation of such a model, in turn, will facilitate insights
regarding the best means of promoting such knowledge in young children, through informing the
development of potentially more effective alphabetic curricula.

Use of multilevel models to investigate factors identified as influencing childrenis
acquisition of alphabetic knowledge allowed the present study to address the following
questions.

la. What letter-level and child-level factors are predictive of childrenis ability to correctly
name a given letter?

Replication of a number of relations among letter properties, child characteristics, and
letter naming ability was anticipated. Children should be more likely to know the names of
letters when they know the letter sound, when the letter is in their name, when uppercase and
lowercase forms are similar, and when letters fall at the beginning of the alphabet. Letter names
should be easier to learn when their sounds are represented in their names, although there should
be no difference in learning names of letters with consonant-vowel and vowel-consonant names.
Letters in childrenis first names and nicknames should also be more easily learned, particularly
the first letter of these names or if the children are aware of the letteris use in spelling his/her
first name, but the effect might not extend to childrenis middle or last names. The ability to
name a letter should also be positively related to reciting that letter name while singing the
alphabet song. Manner of articulation for letter sounds may not be related to letter-naming, nor
should there be a consonant versus vowel or single versus multiple sound effect.

With respect to child characteristics, child age is hypothesized to positively predict letter
name knowledge, as will general verbal ability. Children of lower SES and/or minority status
may be less likely to know letter names than children of higher SES or of Caucasian background.
Letter names should be easier to learn for children who have higher phonological abilities
(awareness/manipulation, memory, and access), with phonological elision ability showing the
strongest predictive relation. Furthermore, extrapolating from McBride-Changis (1999) work on



the association between letter naming and letter-sound abilities and her finding that letter name
structure predicted knowledge of letter names as well as letter sounds, childrenis phonological
abilities were expected to moderate the effect of letter name structure. Children with higher
elision and/or blending abilities should be more capable of segmenting and isolating the letter
sound from its name, promoting learning of the sound. Learning the sound, in turn, may
facilitate learning the letter name, leading to interactions between these abilities and those letters
whose names indicate their sounds. Print awareness and the ability to recite the alphabet should
also be positively related to letter name knowledge.

1b. What letter-level and child-level factors account for unique variance in childrenis
ability to name a given letter?

Analysis of the full model was largely exploratory in nature; as far as | am aware, there is
no research that includes both letter properties and child characteristics within a single analytical
framework. Background variables such as age, SES, general verbal ability, and minority status
were not anticipated to predict letter naming once other child-level variables (i.e., early literacy
abilities) were included in the model.

1c. How much variability in childrenis letter name knowledge can be attributed to
differences among letters (as linguistic units)? How much variability in letter name knowledge
is due to factors brought by children to alphabetic tasks (i.e., child characteristics)?

Given the great individual differences among children, more variability was expected to
be attributed to child characteristics than to letter properties.

2a. What letter-level and child-level factors are predictive of childrenis ability to provide
the sound of a particular letter?

As with question (1a), prior research provides a number of hypotheses to be replicated
regarding predictors of letter-sound knowledge. Knowing a letteris name should reliably predict
knowing its sound. Letter sounds should be easier to learn when their sounds are represented in
letter names. Specifically, letters whose names follow the consonant-vowel pattern should be
learned first, followed by those letters with vowel-consonant names, and finally those letters
whose names have no association with their sounds. Letters associated with multiple sounds
may be more difficult to learn than those associated with a single sound. The properties of
sounds might also affect letter-sound learning: Letters representing obstruent sounds (e.g., B, V,
J) should be learned before those representing sonorant sounds (e.g., A, L, M, W), and stop
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consonants (e.g. B, D) should be particularly easy to learn. Unlike letter name knowledge, letter-
sound knowledge may not be related to alphabetic order, similar versus dissimilar case forms,
letters contained in childrenis names, or letters recited during singing of the alphabet song.

Letter-sound knowledge was hypothesized as being positively predicted by age, general
verbal ability, SES, and non-minority status. Children with stronger phonological abilities,
particularly elision skill, will outperform those with lower abilities, as will children with greater
print awareness and alphabet recitation skills. As discussed above, phonological abilities may
moderate the effect of letter name structure.

2b. What letter-level and child-level factors account for unique variance in childrenis
ability to give the sound of a particular letter?

Hypotheses regarding this question were limited, as explained for letter name knowledge
under question (1b). Again, age, SES, general verbal ability, and minority status variables were
not expected to account for unique variance once early literacy abilities were included in the
model. Variables coding for the articulatory features of letter sounds will not uniquely predict
letter-sound knowledge once other linguistic features are included.

2¢. How much variability in childrenis letter-sound knowledge can be attributed to
differences among letters (as linguistic units)? How much variability in letter-sound knowledge
is due to factors brought by children to alphabetic tasks (i.e., child characteristics)?

More variance was expected to be attributed to child factors than to letter properties.

The answers to all of the above questions were compared across two independent samples
of children, replicating the model with respect to participant age, various background
characteristics, and alternative measures of relevant constructs. In addition, the study was
conducted with a methodological goal in mind: to test the feasibility of multilevel models as an
appropriate means of analyzing both between- and within-subject factors in the context of

language stimuli, including the analysis of cross-level interactions among such factors.
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METHOD

The methodology of the study took advantage of the power of multilevel models for
analyzing nested data, allowing for examination of a number of both child-level and letter-level
variables. Two separate samples were used to explore the replication of the model across
kindergarten- and preschool-aged children and various measures of relevant constructs.

Kindergarten Sample
Participants

Participants were 244 children (53% female) originally assessed for the Wagner,
Torgesen, and Rashotte (1994) study. The original sample of children (n = 288) was randomly
selected from kindergarten classrooms in Tallahassee, Florida. Data for 44 children who had
moved out of the school district were incomplete and thus disregarded, although these children
did not appear to differ from the final sample (see Wagner et al., 1994). Children ranged in age
from 5:0 to 6:9 (M = 5:8). Seventy-five percent of the children were White, and 25% were
African American. All children spoke fluent English and had passed an articulation screening
measure (Bryant & Bryant, 1983).

Measures

Kindergarten participants completed assessments designed to gauge their letter name and
letter-sound knowledge as well as a number of additional constructs previously identified as
influencing alphabetic knowledge acquisition (see Wagner et al., 1994 for a fuller description of
the following measures). All assessments included practice items during which the children
were familiarized with the tasks.

1. Letter naming ability was assessed using all 26 uppercase letters, presented in an
invariant, random order (a = .97). Each letter was scored dichotomously, with correct answers
receiving a 1 and incorrect answers receiving a 0.

2. Letter-sound knowledge was assessed by presenting the children with each of the 26
uppercase letters and asking them to provide the sound it made. Although participants were
prompted to provide all sounds for those letters corresponding to multiple phonemes, the present
study considered any of the multiple sounds as correct for a given letter (i.e., a composite score
would have a maximum of 26, not 36). The letters were presented in a fixed, random order and
scored dichotomously as described above (a = .96).
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3. Phoneme elision ability was assessed by asking the children to say a word and then say
what the word would be if a given consonant sound was deleted. The maximum possible score
on this measure was 15 (a = .90).

4. Phoneme blending ability was assessed by giving the children sets of isolated
phonemes which they were asked to blend together in order to form a word. The maximum
possible score on this measure was 15 (a = .90).

5. Phonological memory was assessed via a sentence memory task. Children listened to
19 recorded sentences, which they were asked to repeat verbatim. Over the course of the task,
sentence length gradually increased from 4 to 21 words (o = .81).

6. Rapid naming (RAN) was assessed using 6 x 5 matrices of digits. Children were
asked to name the digits serially as fast as they could, and were given two trials. The amount of
time required to name the entire matrix was recorded (split-half reliability with Spearman-Brown
correction, r =.90). Although the score as reported in Wagner et al. (1994) reflects the average
of this total time across both trials, scores were recalculated in terms of the average number of
items named per second for the purposes of this study.

7. General verbal ability was assessed using the VVocabulary subtest of the Stanford-Binet
Intelligence Scalé4th ed.; Thorndike, Hagen, & Sattler, 1986; a =.81). This subtest is a
measure of expressive vocabulary.

The parents of participating children were asked to complete a brief survey, indicating
their occupations and levels of education. This information was scored according to the
Hollingshead (1975) Four Factor Index of Social Status, and parentsi average level of education
was used as a measure of SES in analyses. The letters occurring in participantsi first and last
names and their relative positions (i.e., first letter of the name versus any other position within
the name) were also coded.

Procedure

Participants were assessed individually by trained research assistants. Tasks were
administered in a random order over the course of a number of sessions, depending on the
particular needs of individual children. All tasks were completed within a 2-week time interval.

Preschool Sample
Participants
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Participants were 50 children (58% female) sampled from two preschool/daycare
programs in Tallahassee, Florida. Children ranged in age from 3:1 to 4:11 (M = 4:3). Thirty-
eight percent of the children were White and 62% were African-American. All children used
English as a first language. Children were recruited specifically for this study.

Measures

Participants completed a battery of assessments relevant to the acquisition of alphabetic
knowledge. All tasks except letter naming, letter-sound knowledge, and alphabet recitation
included practice items. The following measures, although slightly different from those used
with the kindergarteners, parallel the constructs assessed in the kindergarten sample:

1. Letter naming ability was assessed using all 26 uppercase letters, which were
presented in a different random order for each participant. Each letter was scored
dichotomously, with correct answers receiving a 1 and incorrect answers receiving a 0 (a = .97).

2. Letter-sound knowledge was assessed by presenting the children with each of the
uppercase letters and asking them to provide the sound it made. Any response which constituted
a viable sound for the letter presented were scored as correct (i.e., tense or lax vowel sounds,
hard or soft consonant sounds). As with the letter naming task, letters were presented in a
different random order for each participant and responses were scored dichotomously (a = .97).

3. Phonological elision ability? was assessed by asking children to provide the word that
resulted when a portion of a given word was removed. Half of the items offer pictorial
representations of responses in a multiple choice format, and half of the items required a verbal
response, following an open response format. The task progresses from deletion of words (i.e., in
compound nouns) to syllables to phonemes. The maximum possible score on this measure was
18 (a =.75).

4. Phonological blending ability was assessed by asking children to provide the word that
resulted when phonological segments were blended together. As with the elision task, items
were split between multiple choice and open response formats and progressed from the blending
of words to syllables to sub-syllables (including onsets, rimes, and individual phonemes). The

total possible score was 21 (a = .81).

2 The elision, blending, memory, and RAN tasks were preliminary versions of subtests for the
Test of Preschool Emergent Literadgveloped by Lonigan, Wagner, Torgesen, and Rashotte (in
press).
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5. Phonological memory was assessed by asking children to repeat nonwords of
increasing length and complexity as spoken by the task administrator. The maximum possible
score on this task was 20 (a = .83).

6. RAN was assessed using an object naming task. Children were asked to name two 7 x
4 matrices of pictures of common objects as quickly as they could. The time required to name
the entire matrix was recorded, and the score reflects the average number of items named per
second across both trials (split-half reliability with Spearman-Brown correction, r = .80).

7. General verbal ability was assessed using the Receptive One-Word Picture Vocabulary
Test(Brownell, 2000). Raw scores will be used for analyses (o = .96).

In addition, participants in the preschool sample also completed the following measures
which were not included in the kindergarten battery:

8. Alphabet recitation was assessed by asking the children to sing their IABCs.T
Recitations were recorded using an Olympus DS-2000 Digital VVoice Recorder, and
transcriptions of the audio files were created using Microsoft Word. Credit was given for each
letter clearly articulated (i.e., no credit was given for slurring iL M N O PT), regardless of the
order in which they were recited (a =.88). A composite score was also created for this measure,
indicating the total number of letters each child recited.

9. Print awareness was assessed via the Print Awareness subtest of the Test of Preschool
Emergent LiteracyLonigan et al., in press). The task requires demonstrating knowledge of print
concepts, such as discriminating letters and words, by pointing to the picture (of four) which
correctly depicts the answer to the examineris question. The maximum possible score on this
measure was 22 (a =.91).

10. Name spelling ability was assessed by asking the children whether they knew which
letters were used to write their names. Participants received a point for each correct, non-
redundant letter given (i.e., iBettyT has four non-redundant letters), and scores were computed in
two alternative forms: (1) a dichotomous score of whether the child knew the first letter of his or
her first name and (2) a ratio of the number of correct, non-redundant letters given to the total
number of non-redundant letters used to spell his or her name.

Similar to the kindergarten sample, the parents of participating children were asked to
complete a brief survey. Their occupations and levels of education were scored according to the
Hollingshead (1975) index, and parentsi average level of education was used as a measure of
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SES in analyses. Parents were also asked to list any nickname commonly used to refer to their
child. The relative positions of letters occurring in participantsi first names, middle names (if
given), last names, and nicknames (if applicable) were also coded.

Procedure

Children were assessed individually by the researcher and a fellow graduate student in a
quiet area at the participating preschool/daycare centers. Tasks were administered in a fixed
order over the course of two to three sessions. All tasks were administered within a 2-week time
period.

Item Variables

A number of relevant characteristics of letter names and sounds were coded for inclusion
in analyses:

1. Vowel versus consonant. Dummy codes were used to indicate those letters which were
vowels (1) versus consonants (0).

2. Alphabetic order. Letters were sequentially numbered to indicate their position within
the alphabet (i.e., 1 i 26).

3. Similar case forms. Similar to Treiman and Kessler (2004), dummy codes were used
to indicate those letters whose uppercase and lowercase forms are similar (e.g., Pp; 1) versus
different (e.g., Bb; 0).

4. Multiple sounds. Following Treiman et al. (1998), dummy codes were used to indicate
those letters commonly associated with multiple sounds (e.g., C; 1) versus those associated with
only a single sound (e.g., D; 0).

5. Letter name structure (consonants only). Dummy codes were created to distinguish
consonant-vowel (B, C, D, G, J, K, P, T, V, Z), vowel-consonant (F, L, M, N, R, S, X, Y), and
no association letter names (H, Q, W), in accordance with Treiman et al. (1997; 1998). The
letters X and Y were included under the vowel-consonant category, as at least one of their letter-
sounds can be derived by segmenting off the initial sound of the letter name.

6. Manner of articulation. The manner by which letter sounds are articulated was
captured in a set of dummy codes for stops (B, C, D, G, K, P, T), nasals (M, N), fricatives (F, S,
V, Z), affricates (J), glides (H, W, Y), and liquids (L, R) . The letters X and Q were placed in
their own category. A dummy code indicating the super-ordinate distinction between obstruents
(0) and sonorants (1) was also created.
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Analysis

Analysis proceeded separately for the kindergarten and preschool samples and for the two
dependent alphabetic knowledge variables: letter name and letter-sound knowledge. Two
multilevel models were utilized. Both models required use of the Bernoulli distribution due to
dichotomous outcome variables (i.e., whether the child knows the letter name or the letter-
sound), and estimated the probability of knowing a letter name or sound given the entered
variables.

Two-level hierarchical generalized linear model (HGLM)

The simplest means of conceptualizing the problem is as a two-level model with letters
nested within children (Raudenbush & Bryk, 2002). Although, theoretically, the model includes
three types of factors (i.e., child variables, letter variables, and child x letter variables dependent
on both the specific child and the specific letter under investigation, such as whether a particular
letter is the first in a given childis name), both the letter and child x letter variables are assumed
to represent fixed effects. The present interest lies in detecting those letter-level patterns which
hold for all children in the samples; letter effects are not expected to vary across children (e.g., it
is not the case that some children are more likely to know the sounds of stop consonants than
other children).

In this model, both letter factors and child x letter factors are included at Level-1 in the
model, and these are nested within children at Level-2, with the unconditional model:

Level-1Model
Prob(Y, =1B;) = ¢,
log 1?—;)“ =n; = By,
Level-2 Model
Boj =Yoo T Ho
where ¢; is the probability that a child with child characteristics j, will know a letter, given

letter and child x letter characteristics i. B is the log-odds of ¢; , which is a function of the

ij?
mean log-odds (y,,) plus the main random effects of child specific characteristics (14,;). This

two-level HGLM was used for addressing research questions (1a), (1b), (2a), and (2b),
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concerning the zero-order and unique relations of variables with childrenis letter name and letter-
sound knowledge.

Analyses were conducted using HLM®6 software (Raudenbush, Bryk, & Congdon, 2005).
Parameters were estimated using penalized quasi-likelihood (PQL), similar to maximum
likelihood estimation for data with continuous outcomes. Although the HLM software provides
estimates for both unit-specific and population-average models, patterns of results were highly
similar for both models. Thus, unless the patterns differed across models, only the unit-specific
results, using robust standard errors, are presented. Continuous variables were grand-mean
centered, and significance levels were kept at p = .05 for all analyses, given the a priori
expectations of relations between predictors and outcomes as gleaned from the literature.
Practical considerations, however, limited the number of child and letter variables included in the
final models. Thus, variables with reliable zero-order relations with letter name or letter-sound
knowledge were systematically identified, and only these variables were included in the final full
models.

Cross-classified random effect model

The HGLM described above does not distinguish between the letter variables and child x
letter variables at Level-1. Thus, although the two-level HGLM provides accurate estimates of
model parameters, the variance is not correctly partitioned among the three types of predictors;
the variance is divided only into that due to child characteristics (Level-2) or letter characteristics
(Level-1, collapsed across both letter and child x letter factors). In order to answer research
questions (1c) and (2c), all three types of variables had to be separated through the use of a
cross-classified random effect model (Raudenbush & Bryk, 2002).

In the cross-classified random effect model, Level-1 child x letter data are cross-
classified at Level-2 by children (Level-2 rows) and letters (Level-2 columns), with the

unconditional model represented as follows:

Level-1 Model
Prob(Y, =1By) = ¢,
by
lo e =n. =B..
g 1_¢ijk r]uk 0 jk
Level-2 Model

Box = 0, +boo,‘ * Cook
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In the model, ¢, is the probability that a child, with child characteristics j, will know a letter,

given letter characteristics k and child x letter specifics i. By, is the log-odds of ¢, , which is a
function of the mean log-odds (8,) plus the main random effects of child specific characteristics
(by; ) and letter specific characteristics (¢, ). Although quite complicated, the cross-classified

random effect model correctly parcels variance among between-rows factors (i.e., between
children), between-columns factors (i.e., between letters), and between-cells (i.e., among the
specific child x letter data at Level-1), thus addressing research questions (1c) and (2c). These

estimates are calculated in the following manner (Raudenbush & Bryk, 2002; p. 387):

TbOO

Var between Level2rows = p, = T
Thoo T Teoo O

Teoo
Thoo ¥ Teoo O

Var between Level 2columns = p, = >

Thoo * T

2 1
Thoo ¥ Teoo O

Var between Levellcells = p,, = >

where I] represents the variance associated with each level or sublevel and 12 represents the
Level-1 variance.?
Again, analyses were conducted using HLM®6 software (Raudenbush et al., 2005) and

PQL parameter estimation.

*When using a binomial sampling distribution, as for the present analysis at Level-1, the
variance is heteroscedastic and dependent on variables entered into the model. Thus, the Level-1
variance is not inherently meaningful and its computation is not recommended (Raudenbush &
Bryk, 2002; p. 298). For this reason, the current analysis will only address the variance
attributed to the Level-2 sets of factors (i.e., child characteristics and letter factors, but not
specific child-by-letter factors). The within Level-2 proportion variance attributed to each set
will be calculated (i.e., ignoring the 12in the first two equations above).
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RESULTS

Prior to analysis, data were screened to identify extreme values, and outliers were
brought to the boundaries of the median +/- two interquartile ranges. The following variables
were thus adjusted: elision (8 data points), sentence memory (12 data points), and RAN (4 data
points) for the kindergarten sample, and elision (1 data point), alphabet recitation (2 data points),
and SES index scores (1 data point), as well as age (1 data point), for the preschool sample.*
Although departures from normality were noted for several variables, these variables were not
transformed, given the lack of assumptions regarding the distributions of predictor variables for
logistic regression (Tabachnick & Fidell, 1996) and the robustness of hierarchical linear models
to violations of normality (Raudenbush & Bryk, 2002). Furthermore, consistency between
model-based and robust standard error parameters was noted as an indicator of parameter
estimate accuracy and the correct specification of random effects (Raudenbush & Bryk, 2002, p.
303).

Kindergarten Sample

Descriptive statistics and within-level (Level-1 and Level-2) correlations for the
kindergarten data are presented in Table 1, Appendix A, and Appendix B, respectively. One
constraint of using HLM is its exclusion of any subjects with missing data at Level-2
(Raudenbush et al., 2005). Of the 244 kindergarteners in the original sample, 21 children were
missing child-level data; thus, 223 kindergarten children were included in analyses with letter
naming ability as the dependent variable (with 223 children x 26 letters = 5798 observations at
Level-1). One child had missing data for letter-sound knowledge; thus only 222 children were
included at Level-2 when this variable was utilized in the model, with 5772 observations at
Level-1.

The kindergarten children tended to know the majority of letter names (M = 21 letters,
probability of knowing any given letter name = 92.72%) but not nearly as many letter-sounds (M
= 11 sounds, probability of knowing any given letter-sound = 22.32%).

Zero-Order Predictors of Alphabetic Knowledge

To address research questions (1a) and (2a), concerning the zero-order relations of

* Analyses were conducted using both the adjusted and unadjusted variables, with only slight
differences in parameter estimates. All reported patterns remained the same when using the
unadjusted variables.
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Table 1
Descriptive Statistics for the Kindergarten Sample

Descriptives

Variable Name N M SD Min Max
Level-1
LN 5798 0.81 0.39 0 1
LS 5772 0.34 0.48 0 1
First name letter position
First 5798 0.04 0.19 0 1
Non-first 5798 0.16 0.37 0 1
Any 5798 0.20 0.40 0 1
Last name letter position
First 5798 0.04 0.19 0 1
Non-first 5798 0.18 0.38 0 1
Any position 5798 0.22 0.41 0 1
Alphabetic order 5798 13.50 7.50 1 26
Vowel 5798 0.19 0.39 0 1
Similar upper/lower case forms 5798  0.38 0.49 0 1
Multiple sound associations 5798  0.35 0.48 0 1
Letter name type (consonants)
Cv 5798 0.38 0.49 0 1
VC 5798 0.31 0.46 0 1
NA 5798 0.12 0.32 0 1
Manner of articulation
Sonorant 5798 0.50 0.50 0 1
Stop 5798 0.27 0.40 0 1
Nasal 5798 0.08 0.27 0 1
Fricative 5798  0.15 0.36 0 1
Affricate 5798  0.04 0.19 0 1
Glide 5798 0.12 0.32 0 1
Liquid 5798 0.08 0.27 0 1
Q, X 5798 0.08 0.27 0 1
Level-2
Male 223 0.46 0.50 0 1
Minority 223 0.25 0.43 0 1
Age (days) 223 2080.35 132.66 1829 2471
SES 223 5.05 1.15 2 7
Phon elision® 223 2.73 331 0 11
Phon blending 223 2.84 3.52 0 14
Phon memory* 223 6.39 2.84 1 13
RAN? 223 0.90 032 0.23 2
Vocabulary 223  16.79 3.18 7 24

Note LN = knowledge of letter name; LS = knowledge of letter-sound; CV
= consonant-vowel; VC = vowel-consonant; NA = no association.
®Variables adjusted for outliers.
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predictors and letter name and letter-sound knowledge, each independent variable was entered
into separate two-level HGLMs predicting each of the outcomes. The results for these analyses
are presented in Table 2, Table 3, and Table 4. Figures for all significant continuous predictors
are presented in Appendix C.

Reciprocal relations betweentter name and letter-sound knowleddgonsistent with
expectations, knowing a letteris sound reliably predicted knowing its name, with the odds of
knowing a letter name for children who already knew its sound 2.896 times the odds of children
who were not aware of the letteris sound (96.35% versus 90.11% probabilities). Conversely,
knowing a letter name made it three times as likely that a child would also know the letteris
sound (25.85% versus 10.34% probabilities).

Alphabet order and letter formContrary to hypotheses and previous findings (McBride-
Chang, 1999; Smythe et al., 1970-71a), neither alphabetic order nor the similarity of lettersi
uppercase and lowercase forms had reliable effects on the likelihood of knowing letter names.
Reliable relations were found with letter-sound knowledge as the outcome. The sounds of letters
from the beginning of the alphabet were more likely to be known than letters towards the end of
the alphabet. Unexpectedly, letters with dissimilar uppercase and lowercase forms were more
likely to be known (25.51% probability) than letters with similar case forms (17.42%
probability). This effect was perhaps due in part to the effect of alphabet order: Most of the
letters with similar case forms occur in the second half of the alphabet.

Letters in child’s nameThere was no evidence of a ifirst letter, first nameT advantage
for letter naming, nor was there evidence of an advantage for letters in other positions of the first
name as being more likely to be known than either the first letter or letters not in the childis
name. The same was true for letters in the childis last name. Nor was there an effect when these
two categories were combined to make a more general comparison (i.e., comparing letters in any
position in the name and letters not in the name).

The lack of a ifirst letter, first nameT advantage when looking at letter-sound knowledge
was anticipated. The sounds of letters in other positions within a childis first name, however,
were more likely to be known (29.91% probability) than letters not in a childis name (20.61%
probability). As with letter naming, a more general comparison was made between letters in a
childis first name, in any position, and letters not in the childis name. Children were more likely
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Table 2

Summary of Hierarchical Multilevel Models for Zero-Order Relations Between Predictors and
Alphabetic Knowledge for the Kindergarten Sample

LN as outcome LS as outcome
Variable Boo Bij tratio df pvalue Odds ratio Boo Bij t ratio df  pvalue Odds ratio
Level-1
LN -2.160 1.106 6.054 5770 <.001* 3.024
LS 2209 1063 6.010 5770 <.001* 2.896
Letter in first name

First v. not in name® 2519 -0.246 -1.038 5795 .300 0.782 -1.348 0.312 1573 5769  .116 1.366

First v. non-first® 2.754 -0.481 -1.711 5795 .087 0.618 -0.851 -0.185  -0.937 5769  .349 0.831

Non-first v. not in name® 2.519 0.235 1.796 5795  .072 1.265 -1.348 0.497 5.010 5769 <.001* 1.644

Any 2517 0139 1.254 5796 .210 1.149 -1.348 0.461 4,741 5770 <.001* 1.585
Letter in last name

First v. not in name® 2548 -0.167 -0.732 5795 464 0.847 -1.295 0.333 1.810 5769 .070 1.395

First v. non-first® 2565 -0.183 -0.714 5795 AT75 0.832 -1.108 0.146 0.742 5769  .458 1.157

Non-first v. not in 2548 0.017 0.150 5795 .881 1.017 -1.295 0.187 2.046 5769  .040* 1.206

name?

Any 2548 -0.016 -0.165 5796 .870 0.984 -1.295 0.213 2511 5770 .012* 1.238
Alphabetic order® 2544 0.002 0.279 5796 .780 1.002 -1.282 -0.056 -12.209 5770 <.001* 0.946
Vowel 2417 0847 6.332 5796 <.001* 2.333 -1.333 0.415 5.361 5770 <.001* 1514
Similar case forms 2,503 0.110 1.142 5796 .254 1.116 -1.072 -0.485  -7.373 5770 <.001* 0.616
Multiple sound associations 2.356 0.635 6.269 5796 <.001* 1.886 -1.439 0.517 8.106 5770 <.001* 1678
Letter name type (consonants)°

CVv.VC 2.604 -0.221 -2.035 5794 .042* 0.802 -1.392 0.224 2.671 5768  .008* 1.251

CV v.NA 2.094 0290 1.881 5794  .060* 1.336 -1.770 0.603 5.910 5768 <.001* 1.827

VCv.NA 2.094 0510 3516 5794  .001* 1.666 -1.770 0.848 7.996 5768 <.001* 2.336
Manner of Articulation®

Sonorant 2415 0271 3.084 5796 .002* 1.311 -1.302 0.109 2.023 5770 .043* 1.116

Level-2
Male 2.802 -0.548 -1.494 221 137 0.578 -1.133 -0.246  -0.792 221 429 0.782
Minority 2.788 -0.982 -2.226 221 .027* 0.375 -1.001 -1.015 -2.702 221 .008* 0.362
Age” 2543 0002 1394 221 .165 1.002 -1.250 0.002 1766 221 .078 1.002
SESP 2573 0879 5492 221 <.001* 2.409 -1.250 0.372 2799 221 .006* 1.450
Phon elision® 2639 0345 6.655 221 <.001* 1.412 -1.235 0.296 7931 221 <.001* 1.345
Phon blending® 2.657 0329 5209 221 <.001* 1.389 -1.234 0.307 9.742 221 <.001* 1.360
Phon memory” 2564 0285 4.429 221 <.001* 1.330 -1.266 0.276 5,516 221 <.001* 1.318
RAN® 2735 5303 8.088 221 <.001* 200.896 -1.249 2.718 6.186 221 <.001* 15.157
Vocabulary” 2564 0301 4.633 221 <.001* 1.351 -1.263 0.283 6.046 221 <.001* 1.327

Note All factors were entered into independent models. Reference group listed last for comparisons of dummy-coded variables representing single
factors. LN = knowledge of letter name; LS = knowledge of letter-sound; ABC = alphabet recitation; CV = consonant-vowel; VC = vowel-consonant,
NA = no association.

3Factors involving the positions of letters within a childis name required comparisons among three dummy-coded variables. "These factors were
centered at the grand mean. “Factors involving letter name type required comparisons among four dummy-coded variables; results for comparisons of
vowels versus specific consonant letter name types are reported in text. “Given the large number of comparisons, individual statistics for comparisons
among specific manner of articulation categories are reported in Table 13 and Table 14.
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to know the sounds for letters in their names (29.17% probability) than for letters not in their
names (20.62% probability).

A slightly different pattern held for letters in childrenis last names. There was a trend for
the sounds of letters in the first or any other position in the last name to be more likely to be
known (27.64% and 24.82% probabilities, respectively) than letters not in a childis last name
(21.49% probability) but the distinction between first or other position within the name was not
important. As would be expected, the comparison between letters in a childis last name,
regardless of position, and letters not in the last name was reliable, with children more likely to
know the sounds of letters in their last names (25.31% versus 21.49% probabilities). Thus, in the
cases of both first and last names, the important distinction is between letters used to spell the
name and those not included in the name.

Letter name structurg.As predicted, there was a tendency for letters whose names
included their sounds to have a higher probability of being known (91.56% and 93.11%
probabilities for consonant-vowel and vowel-consonant letter names, respectively) than letters
whose names had no association with their sounds (89.03% probability), a trend which reached
traditional significance levels for the comparison between vowel-consonant and no association
letters.

Also, the pool of letters considered to contain their sounds in their names can be extended
to vowels, as vowel names are the same as their respective tense sounds. Overall, names of
vowels were more likely to be known than names of consonants (96.31% probability versus
91.81% probability). Within the context of the three categories of consonant letter name
structure, vowel names were more likely to be known than any of the three types of consonant
names (consonant-vowel letters versus vowels, B;o = -0.889, t(5794) = -5.952, p <.001; vowel-
consonant letters versus vowels, Byy =-0.669, t(5794) = -4.711, p < .001; no association letters
versus vowels, Bzp =-1.179, t(5794) = -6.571, p <.001).

With respect to letter-sound knowledge, children were more likely to know the sounds of
letters following the consonant-vowel name pattern (23.73% probability) than those with vowel-

consonant names (19.91% probability) or those whose names and sounds have no association

* Comparisons involving types of letter name structure involved a set of dummy coded variables
which necessarily included a separate designation of vowels, as the letter name structure
categories applied to consonants only. Previous studies involving letter name structure had
excluded vowels entirely.
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(14.55% probability). Sounds of letters with vowel-consonant names were also more likely to be
known than letters with unassociated names and sounds, and, overall, children were most
familiar with the sounds of vowels (28.46% probability; consonant-vowel letters versus vowels,
B1o = -0.246, t(5768) = -2.692, p = .008; vowel-consonant letters versus vowels, By = -0.470,
t(5768) = -5.329, p < .001; no association letters versus vowels, Bz, = -0.848, t(5768) = -7.996, p
<.001).

Sound propertiesUnexpectedly, names and sounds of letters associated with multiple
sounds were more likely to be known (95.22% and 28.47% probabilities for letter name and
letter-sound knowledge, respectively) than those associated with only a single sound (91.34%
and 19.17% probabilities). The majority of letters in this category (five out of nine) were
vowels, already seen to have a large effect on their own. This effect, however, remained reliable
even after controlling for the over-presence of vowels (Bip = 0.324, t(5795) = 2.817, p = .005 for
letter naming, and Byo = 0.519, t(5769) = 5.664, p < .001 for letter-sound production). Although
it was originally thought that association with multiple sounds would impede the learning of any
given sound, having more than a single sound may have actually created additional opportunities
for children to demonstrate their sound knowledge (i.e., two or more responses could be counted
as icorrectT for these letters whereas only a single icorrectT answer existed for letters associated
with single sounds).

Also unexpectedly, manner of articulation of lettersi associated sounds was a reliable
predictor of childrenis alphabetic knowledge. Sonorants were more likely to be known (93.62%
and 23.27% probabilities, respectively) than obstruents (91.80% and 21.38% probabilities).
More specific classifications of sound production were also reliably related to letter name and
sound knowledge (see Table 3 and Table 4). For letter name knowledge, the overall pattern was
that names of vowels and nasals were more likely to be known (95.58% and 96.79%
probabilities, respectively) than fricatives (93.67% probability), stops (92.79% probability), and
glides (93.29% probability), but that there were no differences within these two groupings. All
of these categories were, in turn, more likely to be known than the letters Q or X’ (89.99%

® This effect only approached significance in the population-average model for letter-sound
knowledge, p = .053.

" A separate category had to be created for these two letters in order to achieve an exhaustive
vector of dummy codes. Each of these lettersi (most typical) sounds actually corresponds to two
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probability), which were more likely to be known than affricates (82.47% probability) or liquids
(82.47% probability), but affricates and liquids did not differ from one another. For letter sound
knowledge, all of the following sound categories differed significantly from one another, with
the exception of liquids and fricatives: Nasals were the most likely to be known (50.27%
probability), followed by stops (36.98% probability), vowels (26.43% probability), glides
(18.89% probability), Q and X (11.84% probability), liquids (6.99% probability) and fricatives
(8.22% probability), and, finally, affricates (0.06% probability).

Child demographicsThere was no effect of sex or age on the likelihood of knowing
letter names or sounds. The restricted age range most likely negated finding such an effect.
Caucasian children were more likely to know letter names and sounds than minority children
(94.20% versus 85.89% probabilities for letter name knowledge; 26.88% versus 11.75%
probabilities for letter-sound knowledge). Unsurprisingly, children with higher levels of SES
were more likely to know letter names and sounds than those of lower SES. General verbal
ability also positively predicted the likelihood of knowing a letter name or sound and accounted
for 12.07% and 13.01% of the child-level variance in the models, respectively.

Phonological processing abilitiesAll phonological processing abilities showed reliable,
positive relations with letter name knowledge. Children with higher elision, blending,
phonological memory, and RAN scores were more likely to know letter names and sounds than
children with lower phonological abilities. Noting the 95% confidence intervals for the odds
ratios and the variance accounted for by each variable (see Table 5), RAN was the strongest
predictor of letter name knowledge, followed by elision, blending, and phonological memory,
which were not different in the strength of their relations to the outcome. For letter-sound
production, phonological elision and blending abilities accounted for the most child-level
variance, although phonological elision, blending, and memory did not appear to differ from one
another in their prediction of such sound knowledge. Again, RAN accounted for a sizeable
amount of Level-2 variance, and had a coefficient significantly greater than those of the other

phonological predictors.

phonemes produced in two different manners: /k/ (stop) and /w/ (glide) for Q and /k/ (stop) and
/sl (fricative) for X. Accordingly, they could not be classified into a single manner of
articulation category.
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Interactions between letter name type and childrenis elision and blending abilities were
tested, with letter name knowledge as the outcome of interest. None of the interaction terms was
significant (see Appendix D for parameter estimates); kindergarten children were not any more
or less likely to know the names of letters with particular letter name structures based on their
phonological elision and blending abilities.

Main effects for letter name structure and phonological ability were modified by
interactions for both elision and blending when predicting childrenis letter-sound knowledge,
with these relations depicted in Figure 1 (see Appendix E for parameter estimates). The pattern
described above, where children were most likely to know the sounds of vowels, followed by
consonants with (1) consonant-vowel, (2) vowel-consonant, and (3) no association letter names
held for children with rather low levels of phonological skill. With higher levels of elision
ability, vowels maintained their advantage, followed by vowel-consonant, consonant-vowel, and
no association letters, although there did not appear to be differences between knowledge of (1)
vowels and vowel-consonant letters or (2) consonant-vowel and no association letters for
children with the highest elision skill. With higher levels of blending ability, vowels again
maintained their advantage, followed by vowel-consonant and no association consonants, the
difference between which gradually decreased. Sounds of letters with consonant-vowel names
were the least likely to be known for those children with high blending abilities.

Unique Predictors of Alphabetic Knowledge

To address research questions (1b) and (2b), all reliable zero-order predictors of letter
name and letter-sound knowledge were entered into full models to identify their unique
contributions in predicting the outcomes. At Level-2, these models included minority status,
SES, general verbal ability, and all phonological skills. Age was also retained as a covariate. At
Level-1, the model for letter name knowledge included variables indicating letter name structure
(and, by default, the vowel versus consonant distinction), association with multiple sounds,
knowledge of the lettersi sound, and manner of articulation. Level-1 for the letter-sound
knowledge model included whether the letter-name was known, alphabet position, whether the
uppercase and lowercase forms of the letter were similar, the in-name versus not in name
distinction for both first and last names, association with multiple versus single sounds, the letter
name structure, and the specific manner of articulation of the sound. Problems of
multicollinearity precluded including both letter name structure and manner of articulation
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Figure 1 Zero-order relations between the probability of knowing a letter-sound, letter name
structure, and phonological processing skills for the kindergarten sample. CV = consonant-
vowel; VC = vowel-consonant; NA = no association.
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factors in a single, full model.® The results from the full models including the letter name
structure factor are reported in Table 6 and Table 7, along with results specific to manner of
articulation variables when these were entered into separate full models not including the letter
name structure variables (Table 8 and Table 9).

Knowledge of a letteris sound, letter name structure, association with multiple sounds,
RAN, SES, and manner of articulation uniquely predicted kindergartenersi letter name
knowledge. Children who knew the letteris sound were 2.364 times more likely to also know its
name, and letters associated with multiple sounds were 1.290 times more likely to be known than
those associated with single sounds. Holding other factors constant, children were most likely to
know names of (1) vowels, followed by (2) vowel-consonant letters, and (3) consonant-vowel
and no association letters, between which there was no statistical difference. Both RAN and SES
continued to be positively related to knowledge of letter names. Comparisons between specific
manner of articulation categories are presented in Table 8. Overall, names of nasals, vowels,
fricatives, glides, and stops were more likely to be known than affricates, liquids, and Q and X,
which did not differ from one another. Nasals, vowels, and fricatives were more likely to be
known than stops, but stops and glides did not differ, nor did fricatives and vowels. Nasals did
not differ from vowels, but were more likely to be known than fricatives.

Knowledge of a letteris name, inclusion of the letter in the childis first name, position of
the letter within the alphabet, case form, association with multiple sounds, and RAN ability
demonstrated unique relations with childrenis letter-sound knowledge, and there was also an
interaction between letter name structure and phonological blending skill.® Children who knew
the letteris name were 2.699 times more likely to also know its sound. Sounds of letters were
more likely to be known if the letter appeared in the childis first name, had dissimilar uppercase

® The categories included in the letter name structure and manner of articulation factors showed
great overlap. Of the ten letters in the consonant-vowel letter name category, only three were not
also stop consonants. Two of the three letters in the no association letter name category were
glides, and the third was Q (placed in a separate category consisting of only itself and X). Both
nasals consonants also had vowel-consonant letter names, as did both liquids.

% Interactions between letter name structure and elision ability were non-significant and removed
from the model to retain power. In the full model with the manner of articulation variables, the
relation between elision and letter-sound knowledge did reach traditional levels of significance
(Bos = 0.109, t(214) = 2.043, p = .042), with elision skill positively predicting letter-sound
knowledge.

32



Table 6
Summary of Hierarchical Multilevel Models for Unique Relations Between Predictors and Letter
Name Knowledge for the Kindergarten Sample

Variable Intercept Coefficient t ratio df  pvalue Odds ratio
Level-1
LS 3.011 0.860 4.737 5758 <.001* 2.364
Multiple sound associations ~ 3.011 0.255 2.060 5758 .039* 1.290
Letter name type®
CVv.VC 2.563 -0.233 -2.172 5758 .030* 0.792
CV v. NA 2.151 0.178 1.057 5758 291 1.195
CV v. Vowel 3.011 -0.682 -4.195 5758 <.001* 0.506
VCv. NA 2.151 0.411 2.623 5758 .009* 1.509
VC v. Vowel 3.011 -0.449 -2.728 5758 .007* 0.639
NA v. Vowel 3.011 -0.860 -3.789 5758 <.001* 0.423
Level-2
Minority 3.011 0.145 0.401 214 .688 1.157
Age® 3.011 0.000 0.314 214 754 1.000
SESP 3.011 0.669 4839 214 <.001* 1.953
Phon elision” 3.011 0.054 0.969 214 334 1.055
Phon blending® 3.011 0.105 1.883 214 .061 1.111
Phon memory” 3.011 0.083 1.416 214 .158 1.086
RAN® 3.011 4.271 6.539 214 <.001* 71.604
Vocabulary” 3.011 0.087 1.462 214 145 1.091

Note All factors were entered into a single full model. Multicollinearity prevented including
manner of articulation categories in this model, and the results of a second full model in which
manner of articulation replaced the letter name structure factor are reported in Table 8.
Reference group listed last for comparisons of dummy-coded variables representing single
factors. LS = knowledge of letter-sound; CV = consonant-vowel; VC = vowel-consonant, NA
= no association. Intercepts for non-letter name structure variables represent the full model
with vowels as the reference group.

#Factors involving letter name type required comparisons among four dummy-coded variables.
"These factors were centered at the grand mean.
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Table 7
Summary of Hierarchical Multilevel Models for Unique Relations Between Predictors and
Letter-Sound Knowledge for the Kindergarten Sample

Variable Intercept Coefficient tratio df pvalue Oddsratio
Level-1
LN -1.962 0.993 5.302 5751 <.001* 2.699
Letter in first name? -1.962 0.298 2.872 5751 .005* 1.347
Letter in last name® -1.962 0.049 0.527 5751 598 1.050
Alphabetic order” -1.962 -0.042 -7.093 5751 <.001* 0.959
Similar case forms -1.962 -0.246 -3.095 5751 .002* 0.782
Multiple sound associations  -1.962 0.547 5.342 5751 <.001* 1.728
Letter name type®
CVv.VC -1.754 0.249 2.787 5751 .006* 1.283
X Blending -1.754 -0.076 -3.025 5751 .003* 0.927
CVv.NA -1.968 0.463 4,008 5751 <.001* 1.589
X Blending -1.968 -0.107 -3.376 5751 .001* 0.899
CV v. Vowel -1.962 0.456 3.462 5751 .001* 1.578
X Blending -1.962 -0.078 -2.730 5751 .007* 0.925
VCv. NA -1.968 0.214 1.901 5751 .057 1.238
X Blending -1.968 -0.031 -1.082 5751 .280 0.970
VC v. Vowel -1.962 0.207 1.580 5751 114 1.230
X Blending -1.962 -0.002 -0.097 5751 923 0.998
NA v. Vowel -1.962 -0.006 -0.037 5751 971 0.994
X Blending -1.962 0.028 0.916 5751 .360 1.029
Level-2
Minority -1.962 -0.049 -0.146 214 .884 0.952
Age® -1.962 0.000 0.331 214 741 1.000
SES” -1.962 0.052 0.436 214 663 1.054
Phon elision” -1.962 0.090 1.902 214 .058 1.094
Phon blending® -1.962 0.207 4901 214 <.001* 1.230
Phon memoryb -1.962 0.087 1.655 214 .099 1.091
RAN® -1.962 1.038 2.301 214 .022* 2.824
Vocabulary” -1.962 0.081 1.639 214 102 1.084

Note All factors were entered into a single full model. Multicollinearity prevented including
manner of articulation categories in this model, and the results of a second full model in which
manner of articulation replaced the letter name structure factor are reported in Table 9.
Reference group listed last for comparisons of dummy-coded variables representing single
factors. Intercepts for non-letter name structure variables represent the full model with vowels
as the reference group. LN = knowledge of letter name; CV = consonant-vowel; VC = vowel-
consonant, NA = no association.

®Factors involving letters within a childis name required comparisons between two dummy-
coded variables: any position within the name and not in the name. °These factors were
centered at the grand mean. °Factors involving letter name type required comparisons among
four dummy-coded variables and their interactions with phonological blending.
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and lowercase forms, and was associated with more than a single sound. Figure 2 shows the
probability of knowing a given letter-sound based on the letter name structure and childis
phonological blending ability. The pattern is similar to the interaction described above, with the
exception that there is no longer a relative advantage for vowels: For children with poor blending
abilities, consonant-vowel letter sounds are the most likely to be known, followed by vowel-
consonant letters, and then no association letters and vowels, between which there appeared to be
very little difference. For children with higher blending skill, the sounds of no association and
vowel-consonant letters were the most likely to be known, followed by vowels and then
consonant-vowel letters. Holding all other variables constant, children with higher RAN skills
were more likely to know letter sounds than those with lower abilities. Finally, the following
general pattern for manner of articulation was seen: the sounds of stops were most likely to be
known, followed by (1) nasals, (2) vowels, (3) glides, (4) Q and X, (5) liquids and fricatives,
which did not differ from one another, and (6) affricates.
Partitioning of Variance in Alphabetic Knowledge

Unconditional cross-classified random effect models'® were run for both outcomes in
order to correctly partition the variance into that due to between-child factors versus between-
letter factors (research questions [1c] and [2c]), with the results presented in Table 10. Of the
Level-2 model variance, 92.12% and 74.51% were attributed to child characteristics in the letter
name and letter-sound knowledge models, respectively, and 7.88% and 25.49% were attributed
to letter properties. Thus, although some of the variability in learning letter names can be
attributed to letter properties, particularly in the case of learning letter-sounds, a larger
proportion of the variance is attributed to those characteristics and skills brought to the task by
children.
Summary of Kindergarten Findings

Letter name structure and lettersi sound properties were important letter-level predictors
of both letter name and letter-sound knowledge, as were race, SES, general verbal ability, and

' The parameter estimates obtained with the cross-classified random effect model were highly
similar to the two-level hierarchical generalized linear model. The average probability of
knowing any given letter name or sound was 93.79% and 16.38%, in the former and 92.64% and
22.32% in the latter. The estimates of random effects for the child-level were 1Jy00 = 6.908 and
oo = 6.036, respectively, for letter naming and o0 = 7.870 and oo = 4.757 for letter-sound
production. As expected, the major difference between the models was the estimate of the
Level-1 variance.
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Figure 2 Unique relations between the probability of knowing a letter-sound, letter name
structure, and phonological processing skills for the kindergarten sample. CV = consonant-
vowel; VC = vowel-consonant; NA = no association.
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Table 10
Results of the Unconditional Cross-Classified Random Effects Models for Letter Name and
Letter-Sound Knowledge in Both Samples

Kindergarten Preschool
Parameter LN LS LN LS
Intercept, 6o 2.714 -1.638 1.274 -0.766
Row (between-children) random effect, oo  6.908 7.870 7.101 6.248
Column (between-letters) random effect, U0 0.591 2.692 0.692 0.922

Note LN = letter name knowledge as outcome; LS = letter-sound knowledge as outcome.
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phonological abilities at the child-level. Knowledge of a letteris sound predicted knowing its
name, and knowledge of a letteris name predicted knowing its sound. Letters included ina
childis first and last name, alphabetic order, and similarity of uppercase and lowercase forms
were additional letter-level predictors for letter-sound knowledge.

When letter name knowledge predictors were considered in a full model, race, SES,
general verbal ability, and all phonological skills except RAN did not uniquely predict letter
name knowledge. The full model for letter-sound knowledge continued to show letters in a
childis first name, letter name structure, alphabetic order, similarity of case forms, sound
properties, and RAN skill as accounting for unique variance, along with an interaction between
phonological blending and the letter name structure factor.

In all, the majority of variance among kindergartenersi letter name and letter-sound
knowledge was attributed to individual differences among children, as opposed to differences
among letters and their properties.

Preschool Sample

Descriptive statistics for the preschool data are presented in Table 11 (within-level
correlations are reported in Appendix A and Appendix B). Two of the 50 preschoolers in the
original sample were missing data at the child-level, leaving a sample of 48 children for the
analyses. In addition, one data point for letter name knowledge was missing for a particular
student; thus, there were 1247 observations at Level-1 when letter naming ability was included in
analyses (48 children x 26 letters - 1 letter) and 1248 observations at Level-1 for analyses
involving only letter-sound knowledge. Analyses including the letters of childrenis nicknames
or middle names were conducted with only those children for whom these data were available (n
=17, 442 observations, and n = 34, 886 observations,'* respectively).

The preschool children were slightly less familiar with letter names than the kindergarten
children (M = 17 letters, probability of knowing any given letter name = 76.78%) but were at
least as familiar with letter-sounds as the kindergarten sample (M = 11 sounds, probability of
knowing any given letter-sound = 33.44%). Analyses for addressing each research question
were the same as for the kindergarten sample, as described above.

Zero-Order Predictors of Alphabetic Knowledge
The results for research questions (1a) and (2a), identifying factors predictive of

" Parents of two children provided middle initials only.
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Table 11
Descriptive Statistics for the Preschool Sample

Descriptives

Variable Name N M SD Min  Max
Level-1

LN 1247 0.66 0.47 0 1
LS 1248 0.41 0.49 0 1
ABC 1248 0.82 0.38 0 1
First name letter position

First 1247 0.04 0.19 0 1

Non-first 1247 0.17 0.38 0 1

Any 1247 0.21 0.41 0 1
Middle name letter position

First 886 0.04 0.20 0 1

Non-first 886 0.16 0.36 0 1

Any position 886 0.20 0.40 0 1
Last name letter position

First 1248 0.04 0.19 0 1

Non-first 1248 0.17 0.37 0 1

Any position 1248 0.21 0.41 0 1
Nickname letter position

First 442 0.04 0.19 0 1

Non-first 442 0.11 0.31 0 1

Any position 442 0.15 0.36 0 1
Alphabetic order 1248 13.50 7.50 1 26
Vowel 1248 0.19 0.39 0 1
Similar upper/lower case forms 1248 0.38 0.49 0 1
Multiple sound associations 1248 0.35 0.48 0 1

Letter name type (consonants)

Ccv 1248 0.38 0.49 0 1
VC 1248 0.31 0.46 0 1
NA 1248 0.12 0.32 0 1
Manner of articulation
Sonorant 1248 0.50 0.50 0 1
Stop 1248 0.27 0.44 0 1
Nasal 1248 0.08 0.27 0 1
Fricative 1248 0.15 0.36 0 1
Affricate 1248 0.04 0.19 0 1
Glide 1248 0.12 0.32 0 1
Liquid 1248 0.08 0.27 0 1
QX 1248 0.08 0.27 0 1
Level-2
School 48 0.40 0.49 0 1
Male 48 0.42 0.50 0 1
African-American 48 0.63 0.49 0 1
Age (days)? 48  1548.33 157.07 1138 1803
SES 48 5.19 0.82 3.50 7
First letter, first name spelled 48 0.75 0.44 0 1
Percent of first name spelled 48 66.14 41.10 0 100
ABC composite? 48 21.83 3.13 1450 26.00
Phon elision® 48 8.17 3.06 2 16
Phon blending 48 12.25 3.99 6 19
Print awareness 48 13.46 6.16 2 22
Phon memory 48 10.00 3.98 2 18
RAN 48 0.58 0.17 0.27 0.90
Vocabulary 48 44.63 13.03 16 71

Note LN = knowledge of letter name; LS = knowledge of letter-sound; ABC
= alphabet recitation; CV = consonant-vowel; VC = vowel-consonant; NA =
no association.

®Variables adjusted for outliers.
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childrenis alphabetic knowledge when entered independently, are summarized in Table 12, Table
13, and Table 14. Figures for all significant continuous predictors are presented in Appendix F.

Reciprocal relations between letter name and letter-sound knowl&fgleren who
knew a given letteris sound were 25.028 times more likely to also know its name (97.07% versus
57.01% probabilities). Conversely, children who knew a given letteris name were 27.20 times
more likely to also know its sound (52.81% versus 3.95% probabilities).

Letters in child’s name Although there was no evidence of a specific ifirst letter, first
nameT advantage for letter naming, there was a general advantage for children knowing the
names of letters in any position in their first names. The probability of knowing the name of a
letter in any position within the first name was 86.82%, versus a 73.80% probability of knowing
a letter not used to spell the first name.

The patterns for names of letters in the middle or last names were different. There was
no first letter advantage for letters in the middle name but letters in non-first positions of the
middle name were more likely to be known than letters not in the name (87.33% versus 79.61%
probabilities). In general, the names of letters in any position within the middle name were more
likely to be known than letters not included in the name (85.69% versus 79.40% probabilities).
For last names, there was a first letter advantage: Children were more likely to know the name of
the first letter of their last names (89.14% probability) than letters not used to spell their last
names (75.29% probability). The names of letters in other positions within the last name were as
likely to be known as those in the first position or those not in the last name. The more general
comparison between letters in a childis last name and those not used to spell the last name was
significant; children were more likely to know the names of letters in their last names (82.26%
versus 75.28% probabilities).

With letter-sound knowledge as the outcome, there were no advantages for letters
appearing in childrenis first or last names. Sounds of letters in non-first positions of childrenis
middle names were more likely to be known (40.13% probability) than letters not included in the
name (30.10% probability). There were no differences between first and non-first position
letters or between letters that began the name and letters not included in the name, although the
general comparison between letters in any position within the middle name versus those not

included in the name was significant (40.19% versus 30.11% probabilities).
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Table 12

Summary of Hierarchical Multilevel Models for Zero-Order Relations Between Predictors and
Alphabetic Knowledge for the Preschool Sample

LN as outcome

LS as outcome

Variable Boo Bjj t ratio df pvalue Odds ratio Boo Bj tratio df p QOdds
value ratio
Level-1
LN -3.191 3303 6.927 1245 <.001* 27.201
LS 0.282 3.220 6.588 1245 <.001* 25.028
ABC 1.030 0200 0.816 1245 415 1.222 -1.079 0470 1.871 1246 .061 1.600
Letter in first name
First v. not in name® 1306 1563 2811 1243 .005* 4.775 -0.749 0593 1766 1244  .077 1.809
First v. non-first® 1734 0.866 1525 1243 127 2.376 -0.539 0382 0.999 1244 319 1.466
Non-first v. not in name? 1306 0.698 2772 1243 .006* 2.009 -0.749 0210 1177 1244 240 1.234
Any 1.036  0.849 3451 1244  .001* 2.817 -0.748 0279 1767 1245  .077 1.321
Letter in middle name
First v. not in name® 1362 -0.022 -0.050 883 .960 0.978 -0.842 0.453 1.287 883 199 1.574
First v. non-first® 1931 -0591 -1.322 883 .187 0.554 -0.400 0.011 0.028 883 .978 1.011
Non-first v. not in name® 1362 0569 2607 883 .010* 0.498 -0.842 0.442 2.017 883 .044* 1.556
Any 1349 0440 2080 884 .038* 1.553 -0.842 0.445 2281 884 .023* 1.560
Letter in last name
First v. not in name® 1114 0992 2394 1244  .017* 2.695 -0.669 0.186 0.536 1245 592 1.204
First v. non-first® 1412 0.694 1620 1244 105 2.001 -0.828 0.344 0.990 1245 .323 1.411
Non-first v. not in name® 1114 0298 1764 1244  .078 1.347 -0.669 -0.159 -0.967 1245 .334 0.863
Any 1113 0420 2580 1245 .010* 1.523 -0.669 -0.096 -0.599 1246  .549 0.909
Letter in nickname
First v. not in name® 1563 0572 1.064 438 .289 1.773 -0.562 0236 0.516 439 .605 1.266
First v. non-first® 1.269 0.867 1.648 438 .100 2.379 -0.754 0.428 0.604 439 .546 1.533
Non-first v. not in name® 1563 -0.294 -0.757 438 450 0.745 -0.562 -0.191 -0.407 439 .684 0.826
Any 1557 -0.066 -0.190 439 .850 0.936 -0.561 -0.088 -0.253 440 .801 0.916
Alphabetic order” 1253 -0.074 -5.098 1245 <.001* 0.929 -0.722 -0.074 -8.262 1246 <.001* 0.928
Vowel 1.094 0571 2678 1245 .008* 1.771 -0.764 0378 1195 1246  .233 1.459
Similar case forms 1242 -0.119 -0.723 1245 470 0.881 -0.726  0.098 0.686 1246  .493 1.103
Multiple sound associations 1.102 0281 1.736 1245 .082 1.325 -0.712 0.067 0.281 1246 .779 1.069
Letter name type (consonants)*
CVv.VC 0.829 0.554 3320 1243 .001* 1.741 -1.449 1393 7.919 1244 <.001* 4.025
CV V. NA 0.920 0.464 1657 1243 .097 1.590 -1.621 1564 4.189 1244 <.001* 4,778
VCv. NA 0.920 -0.090 -0.320 1243 749 0.914 -1.621 0171 0571 1244 568 1.187
Manner of Articulation®
Sonorant 1.120 0.153 1.024 1245 .307 1.166 -0.412 -0.571 -2.672 1246  .008* 0.565
Level-2
School 1.217 -0.053 -0.068 46 .947 3.377 -0.207 -1.201 -1.854 46 .070 0.301
Male 1543 -0.828 -1.077 46 .287 0.437 -0.477 -0509 -0.732 46 468 0.601
African-American 1112 0.134 0167 46 .868 1.143 -1.483 1278 1.957 46 .056 3.589
Age” 1120 0.008 3518 46 .001* 1.008 -0.718 0.008 4.157 46 <.001* 1.008
SESP 1.200 0.338 0.645 46 522 1.402 -0.688 0.436 0.97 46 .324 1.546
First letter, first name spelled -1.778 3915 6.369 46 <.001* 50.140 -0.343 3544 5344 46 <.001* 34.596
Percent of first name spelled” 1171 0.040 5775 46 <.001* 1.041 -0.746 0.032 4516 46 <.001* 1.033
ABC composite” 1.208 0.490 3.762 46 .001* 1.632 -0.684 0335 3.137 46 .003* 1.398
Phon elision® 1194 0352 2970 46 .005* 1.421 -0.705 0.170 1.828 46 074 1.185
Phon blending® 1229 0350 4304 46 <.001* 1.419 -0.711 0249 3552 46 .001* 1.283
Print awareness® 1181 0330 8.053 46 <.001* 1.391 -0.758 0.240 4510 46 <.001* 1.271
Phon memory” 1202 0.168 1.673 46 .101 1.183 -0.687 0106 1125 46 .267 1.112
RAN® 1228 8876 4205 46 <.001* 7161.599 -0.696 5.846 3.086 46 .004* 345.7475
Vocabulary’ 1215 0130 5116 46 <.001* 1.139 -0.714 0.070 3446 46 .002* 1.073

Note All factors were entered into independent models. Reference group listed last for comparisons of dummy-coded variables representing single
factors. LN = knowledge of letter name; LS = knowledge of letter-sound; ABC = alphabet recitation; CV = consonant-vowel; VC = vowel-consonant,

NA = no association.

3Factors involving the positions of letters within a childis name required comparisons among three dummy-coded variables. "These factors were

centered at the grand mean. °Factors involving letter name type required comparisons among four dummy-coded variables; results for comparisons of
vowels versus specific consonant letter name types are reported in text. ‘Given the large number of comparisons, individual statistics for comparisons
among specific manner of articulation categories are reported in Table 13 and Table 14.
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Letter name structureUnlike the kindergarten sample, there was not a clear pattern for
the effect of letter name structure on preschoolersi letter name knowledge. Although consonant-
vowel letters were more likely to be known than vowel-consonant letters (79.95% versus 69.62%
probabilities), there were no differences in the likelihoods of knowing consonant-vowel letter
names and vowel-consonant letter names versus letter names unassociated with their respective
letter sounds. These results are inconsistent with expectations and previous findings, as no
association letters would be expected to have the lowest probabilities of being known. Names of
vowels were more likely to be known (84.10% probability) than consonants in general (74.92%
probability; Bip = 0.571, t1(1245) = 2.678, p = .008), with more specific comparisons among letter
name structure types revealing advantages over vowel-consonant letters (84.28% probability for
vowels and 69.62% probability for vowel-consonant names; By = -0.850, t(1243) =-3.239, p=
.002) and no association letters (71.49% probability; Bsy = -0.715, t(1243) = -2.584, p = .010) but
not consonant-vowel letters (79.95% probability; Bio = -0.295, 1(1243) = -1.346, p=.179).

The effect of letter name structure on preschoolersi letter-sound knowledge, on the other
hand, was similar to the pattern seen in kindergarten. As expected, sounds of consonant-vowel
letters (48.58%) were more likely to be known than those of vowel-consonant letters (19.01%) or
letters whose sounds were unassociated with their names (16.51%); these latter groups, however,
did not significantly differ from one another. Vowel sounds (39.99%) were also more likely to
be known than sounds of either vowel-consonant (Byo = -1.043, t(1244) = -3.025, p =.003) or no
association letters (Bsp = -1.215, t(1244) =-3.569, p = .001), but sounds of vowels were no more
likely to be known than those of consonant-vowel names (Bio = 0.349, t(1244) = 0.869, p =.385).

Associated soundgJnlike the kindergarten sample and consistent with the original
hypothesis, association with multiple sounds was not a reliable predictor of preschoolersi letter
name or sound knowledge. Specific categories of letter soundsi manners of articulation were
related to childrenis letter name knowledge (see Table 13), although the general classification of
sonorant versus obstruent was not. The names of vowels (84.90% probability), stops (85.76%
probability), and glides (77.19% probability) were more likely to be known than the names of
fricatives (63.93% probability), although these three classifications, along with affricates
(78.41% probability), did not reliably differ from one another. Names of vowels and stops were
also more likely to be known than the names of nasals (72.62% probability), while nasals did not
differ from fricatives, affricates, liquids, and glides. Stops were more likely to be known than
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liquids (74.63% probability). Finally, the letters Q and X (52.32% probability) were less likely
to be known than all of the categories except fricatives, from which they did not differ.

Sounds of obstruents (39.84% probability) were more likely to be known than sounds of
sonorants (27.23% probability), but the pattern for specific manner of articulation categories was
less straight-forward when looking at knowledge of letter-sounds (see Table 14). Stops (53.78%
probability) and affricates (50.57% probability), which did not differ, were more likely to be
known than nasals (24.20% probability) and liquids (21.05% probability), which also did not
differ from one another. All of these, in turn, were more likely to be known than glides (9.70%
probability). Stops were also more likely to be known than fricatives (32.33% probability), but
there was no difference between affricates and fricatives. Stops, affricates, and fricatives were
more likely to be known than the letters Q and X (12.23% probability), while Q and X did not
differ significantly from nasals, liquids, or glides. The likelihood of knowing vowel sounds
(39.94% probability) was equivalent to knowing stops, nasals, fricatives, and affricates, but
greater than the likelihood of knowing glides, liquids, and Q and X.

Alphabetic order, alphabet recitation, and letter forilphabetic order had a reliable
effect on learning letter names and sounds: Letters from the beginning of the alphabet were more
likely to be known than letters from the end of the alphabet. Interestingly, being able to sing a
specific letteris name when reciting the alphabet was not predictive of knowing its letter name or
its sound. The similarity of lettersi uppercase and lowercase forms was not a reliable predictor
of either aspect of alphabetic knowledge.

Child demographicsThere were no effects of sex, race, preschool center, or SES on the
probability of knowing a given letter name or sound. Age was predictive of alphabetic
knowledge, with older children more likely to know a letter name or sound than younger
children. Consistent with expectations, general verbal ability also positively predicted alphabetic
knowledge. Verbal ability accounted for 34.66% and 13.57% of the child-level variance in the
letter name and letter-sound knowledge models, respectively.

Phonological praessing abilities Similar to the kindergarteners, phonological
processing abilities were generally positively predictive of the preschoolersi letter name
knowledge. Children with higher elision, blending, and RAN scores were more likely to know a
given letter name than children with lower phonological skills. Blending and RAN skills were
also reliable, positive predictors of letter-sound knowledge, although the relation with elision
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ability did not reach traditional levels of significance. Phonological memory was not predictive
of the preschoolersi alphabetic abilities. Of the phonological processing abilities assessed, RAN
again accounted for the greatest amount of child-level variance when looking at letter naming,
followed closely by phonological blending ability, and finally, phonological elision skill (see
Table 5). Phonological blending and RAN skills accounted for similar amounts of variance in
preschoolersi letter-sound knowledge. The wide confidence interval surrounding the log-odds
estimate for RAN, however, suggests that the magnitude of this finding should be interpreted
with caution.

There was no evidence of interactions between phonological elision and blending
abilities and letter name structure when looking at preschoolersi letter name knowledge (see
Appendix G). For letter-sound knowledge, however, main effects for letter name structure and
phonological ability were modified by interactions for both elision and blending (Figure 3; see
Appendix H for parameter estimates). As seen with the kindergarten sample, the general pattern
found for letter name structure (i.e., sounds of vowels and consonant-vowel letters as more likely
to be known than those of vowel-consonant and no association letters) held only for those
children with low phonological abilities. As elision abilities increased, consonant-vowel letters
maintained their advantage, but the probability of knowing the sounds of vowel-consonant letters
surpassed that of knowing the sounds of vowels. The probability of knowing the sounds of no
association letters remained low, regardless of elision ability. Thus, for children with higher
levels of elision ability, the sounds of consonant-vowel letters were most likely to be known,
followed by the sounds of vowel-consonant letters, vowels, and no association letters. A similar
pattern held for blending, with the probability of knowing the sounds of vowel-consonant letters
eventually equivalent to the probability of knowing the sounds of consonant-vowel letters. Also,
as blending skill increased, differences among all letter name structure types gradually
decreased.

Print awareness, alphabet recitation (composite), and name spehilpfabetic
knowledge was positively related to childrenis print awareness; the probability of giving a letter
name or sound was higher for children with more print knowledge than for those with lower
levels of print awareness. Print awareness accounted for 67.32% and 37.54% of the child-level
variance in the models of letter naming and letter-sound production, respectively.

48



1.000
0.900 _——
0.800 - -

0.700 - P
7 —2CV

0.600 - -
-~
0.500 - /// Ve
- ---NA
0.400 — - C Vowl
0.300 | ~

0200 L . L e eemmemam e a
0.100
0.000

Probability

2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

Elision

1.000
0.900 -
0.800
0.700
0.600 -
0.500
0.400 -
0.300
0.200
0.100

0.000 T T T T T T T T T T T T
6 7 8 9 10 11 12 13 14 15 16 17 18 19

Probability

— Vowel

Blending

Figure 3 Zero-order relations between the probability of knowing a letter-sound, letter name
structure, and phonological processing skills for the preschool sample. CV = consonant-vowel;
VC = vowel-consonant; NA = no association.
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Although the ability to pronounce a particular letter name when singing the ABCs was
not predictive of knowing that specific letter name, overall alphabet recitation ability was
positively related to both letter naming and letter-sound production abilities. That is, children
who were better at singing the alphabet (i.e., recited more of the letter names) were more likely
to know letter names than those who were less familiar with the Alphabet Song and this relation
was strong (accounting for 32.26% and 21.14% of the child-level variance).

Children who had more knowledge regarding the spelling of their first names were more
likely to know the names and sounds of letters than those who were less aware of their namesi
spellings (accounting for 44.12% and 28.42% of the child-level variance, respectively), even if
this awareness extended only to being able to give the first letter of their first name (89.45%
probability for letter naming and 96.08% probability for letter-sound production if able to give
the first letter of name versus 14.46% and 41.50% probabilities if unable to give this letter
name).

Unique Predictors of Alphabetic Knowledge

A full model was used to examine research questions (1b) and (2b), the independent
relations between predictors and childrenis letter name knowledge. At Level-1, the letter name
knowledge model included whether the letter-sound was known, the use of the letter (in any
position) to spell the childis first, middle, or last name, alphabet position, the structure of the
letter name, and the specific manner of articulation of the letter-sound. Level-2 of this model
included age, verbal ability, the childis ability to spell his or her name, phonological elision,
phonological blending, RAN, print awareness, and the alphabet recitation composite. For the
model of letter-sound knowledge, whether the letter name was known, the use of the letter (in
any position) to spell the childis middle name, alphabet position, letter name structure, and
manner of articulation categories were included at Level-1. Level-2 included age, verbal ability,
the childfs ability to spell his or her name, phonological elision,*? phonological blending, RAN,
print awareness, and the alphabet recitation composite. Interactions between letter name

structure and phonological elision and blending abilities were also included.

2 Elision was included in the full model despite its non-significant zero-order relation because of
its interaction with the letter name structure factor; models including interaction terms must also
include all main effects.
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As with the kindergarten models, multicollinearity prevented both the letter name
structure and manner of articulation variables from being entered into the model at the same
time. The results reported in Table 15 and Table 16 are for the model including the letter name
structure variables, whereas the results for the comparisons among the specific manner of
articulation categories are presented in Table 17 and Table 18.

Only letter-sound knowledge, alphabetic order, print awareness, and RAN were reliable
independent predictors of preschoolersi ability to name a given letter. Children who knew a
letteris sound were 11.916 times more likely to also know its name, and letter names were more
likely to be known if they were from the beginning of the alphabet. Children with higher levels
of print awareness and RAN skills were more likely to know letter names. With respect to
manner of sound articulation, the only significant comparisons showed that glides were more
likely to be known than either nasals or fricatives (see Table 17).

Many of the variables were unique predictors of preschoolersi knowledge of letter-
sounds. Children were 17.384 times more likely to know a given letter-sound if they also knew
its name. Sounds of letters were more likely to be known if the letters were from the beginning
of the alphabet,® and if they were used to spell the childis middle name. General verbal ability
was negatively related to letter-sound knowledge, although the effect was small (i.e., holding all
other predictors constant, the probability of knowing a given letter-sound for the range of
vocabulary scores in the sample was 0.40% to 0.00%)."*

Relations for letter name structure and phonological elision and blending are shown in
Figure 4. When looking at the relation of letter name structure with childrenis elision skills (and
holding all other factors constant), the sounds of consonant-vowel letters were most likely to be
known, with little difference among the likelihoods of knowing the sounds of vowel-consonant
letters, no association letters, or vowels. Elision skill interacted with consonant-vowel letters,
where children with higher abilities were more likely to know the sounds of letters of this type,
although the effect was small. Interaction terms for the other letter name types and elision skill
were not significant. When modeling the interaction of letter name structure with childrenis

" The unique relation between alphabet position and letter-sound knowledge did not reach
significance in the full model including the manner of articulation variables, Bsg = -0.025, t(866)
=-1.671, p=.095.

“ The negative coefficient for verbal ability is most likely due to the inclusion of a suppressor
variable in the model (Tabachnick & Fidell, 1996) and not reflective of a true negative relation.
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Table 15
Summary of Hierarchical Multilevel Models for Unique Relations Between Predictors and Letter
Name Knowledge for the Preschool Sample

Variable Intercept Coefficient tratio df pvalue Odds ratio
Level-1
LS -0.448 2.478 5198 867 <.001* 11.916
Letter in first name® -0.448 0.644 1.848 867 .065 1.904
Letter in middle name? -0.448 0.018 0.067 867 947 1.018
Letter in last name? -0.448 0.342 1.699 867 .089 1.408
Alphabetic order” -0.448 -0.061 -3.385 867 .001* 0.941
Letter name type®
CVv.VC -0.654 0.229 0.949 867 343 1.258
CV v.NA -0.440 0.016 0.047 867 963 1.016
CV v. Vowel -0.448 0.0238 0.054 867 .958 1.024
VCv. NA -0.440 -0.214 -0.681 867 496 0.808
VC v. Vowel -0.448 -0.205 -0.490 867 624 0.814
NA v. Vowel -0.448 0.008 0.019 867 985 1.008
Level-2
Age” -0.448 0.003 1.562 38 126 1.003

First letter, first name spelled  -0.448 1.494 1.390 38 173 4.457
Percent of first name spelled®  -0.448 -0.031 -1.610 38 115 0.970

ABC composite” -0.448 0.119 0971 38 .338 1.127
Phon elision® -0.448 0.049 0.457 38 650 1.050
Phon blending” -0.448 -0.050 -0.432 38 .668 0.951
Print awareness” -0.448 0.281 2974 38 .006* 1.324
RAN® -0.448 4.457 2.182 38 .035*  86.235
Vocabulary” -0.448 -0.025 -0.629 38 533 0.975

Note All factors were entered into a single full model. Multicollinearity prevented including
manner of articulation categories in this model, and the results of a second full model in which
manner of articulation replaced the letter name structure factor are reported in Table 17.
Reference group listed last for comparisons of dummy-coded variables representing single
factors. Intercepts for non-letter name structure variables represent the full model with vowels
as the reference group. LS = knowledge of letter-sound; CV = consonant-vowel; VC = vowel-
consonant, NA = no association.

®Factors involving letters within a childis name required comparisons between two dummy-
coded variables: any position within the name and not in the name. "These factors were
centered at the grand mean. “Factors involving letter name type required comparisons among
four dummy-coded variables and their interactions with phonological blending.
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Table 16
Summary of Hierarchical Multilevel Models for Unique Relations Between Predictors and
Letter-Sound Knowledge for the Preschool Sample

Variable Intercept Coefficient tratio df pvalue Odds ratio
Level-1
LN -4.261 2.856 4,681 864 <.001*  17.384
Letter in middle name® -4.261 0.553 2.750 864 .007* 1.738
Alphabetic order” -4.261 -0.047 -3.195 864 .002* 0.954
Letter name type®
CVv.VC -5.674 1.659 7.795 864 <.001* 5.254
X Blending -5.674 -0.086 -1.468 864 142 0.918
X Elision -5.674 0.097 1.110 864 .268 1.102
CV v.NA -5.282 1.267 2.013 864 .044* 3.552
X Blending -5.282 -0.054 -0.278 864 781 0.948
X Elision -5.282 0.383 1.896 864 .058 1.467
CV v. Vowel -4.261 0.247 0.457 864 647 1.280
X Blending -4.261 0.146 1.003 864 317 1.157
X Elision -4.261 0.319 2.222 864 .026* 1.375
VCv. NA -5.282 -0.392 -0.722 864 470 0.676
X Blending -5.282 0.032 0.206 864 837 1.033
X Elision -5.282 0.286 2.059 864 .039* 1.331
VC v. Vowel -4.261 -1.413 -2.912 864 .004* 0.244
X Blending -4.261 0.232 2.061 864 .039* 1.261
X Elision -4.261 0.222 1.789 864 073 1.248
NA v. Vowel -4.261 -1.021 -2.033 864 .042* 0.360
X Blending -4.261 0.200 1.530 864 126 1.221
X Elision -4.261 -0.064 -0.379 864 .705 0.938
Level-2
Age® -4.261 0.000  0.050 38 961 1.000
First letter, first name spelled  -4.261 1.469 1.777 38 .083 4.343
Percent of first name spelled®  -4.261 -0.004 -0.342 38 134 0.996
ABC compositeb -4.261 0.099 1.021 38 314 1.104
Phon elision” -4.261 -0.260 -2.342 38 .025* 0.771
Phon blending” -4.261 0.188 1.403 38 169 1.207
Print awareness” -4.261 0.120 1.231 38 226 1.128
RAN® -4.261 0.380 0.174 38 .863 1.462
Vocabularyb -4.261 -0.074 -2.503 38 017* 0.928

Note All factors were entered into a single full model. Multicollinearity prevented including
manner of articulation categories in this model, and the results of a second full model in which
manner of articulation replaced the letter name structure factor are reported in Table 18.
Reference group listed last for comparisons of dummy-coded variables representing single
factors. Intercepts for non-letter name structure variables represent the full model with vowels
as the reference group. LN = knowledge of letter name; CV = consonant-vowel; VC = vowel-
consonant, NA = no association.

#Factors involving letters within a childis name required comparisons between two dummy-
coded variables: any position within the name and not in the name. "These factors were
centered at the grand mean. “Factors involving letter name type required comparisons among
four dummy-coded variables and their interactions with phonological blending.
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Figure 4 Unique relations between the probability of knowing a letter-sound, letter name
structure, and phonological processing skills for the preschool sample. CV = consonant-vowel;
vowel-consonant; NA = no association.
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blending skills, sounds of consonant-vowel letters remained the most likely to be known. The
likelihoods of knowing the sounds of vowel-consonant letters, no association letters, and vowels
were virtually identical for children with low blending abilities. As blending skill increased, the
probabilities of knowing vowel-consonant and no association letters remained similar, but the
sounds of both of these types of letter names became more likely to be known than vowel
sounds. For children with the higher levels of blending abilities, there appeared to be no
difference in the probabilities of knowing consonant-vowel, vowel-consonant, and no association
letter-sounds, all of which were more likely to be known than vowel sounds. Thus, although the
likelihood of knowing the sounds of all letter name types increased with higher blending skills,
the effect was greater and highly similar for consonant letters as compared to vowels.

The pattern for specific comparisons between manner of articulation categories was less
clear than with the kindergarten samples (see Table 18). Stops, vowels, affricates, and fricatives,
which did not differ, were more likely to be known than glides, as were nasals and Q and X,
which also did not differ from one another. Stops, affricates, and fricatives were also more likely
to be known than liquids, and stops and affricates were more likely to be known than nasals and
the letters Q and X. No other comparisons were significant.

Partitioning of Variance in Alphabetic Knowledge

Table 10 presents the results of the unconditional cross-classified random effect models™
used to answer research questions (1c) and (2c). Of the Level-2 variance in the letter name and
letter-sound knowledge models, 91.12% and 87.14%, respectively, were attributed to differences
among children, and 8.88% and 12.86% were attributed to differences among letters. Once
again, individual differences in childrenis background characteristics and emergent literacy
abilities were more influential on their knowledge of letter-sounds than were letter properties.

Summary of Preschool Findings

> The parameter estimates obtained with the cross-classified random effect model were highly
similar to the two-level hierarchical generalized linear model. The average probability of
knowing any given letter name or sound was 78.14% and 31.73%, in the former and 76.78% and
33.44% in the latter. The estimates of random effects for the child-level were 1Jy00 = 7.101 and
oo = 6.250, respectively, for letter naming and oo = 6.248 and oo = 5.070 for letter-sound
production. As expected, the major difference between the models was the estimate of the
Level-1 variance.
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Alphabetic order, letter name structure, and manner of articulation were zero-order letter-
level predictors of preschoolersi knowledge of both letter names and letter-sounds, as were age,
general verbal ability, name spelling ability, phonological blending skill, RAN skill, print
awareness, and alphabet recitation at the child-level. Knowledge of a letteris sound and its use
in spelling first, middle, or last names were additional letter-level predictors of letter name
knowledge, along with the child-level skill of phonological elision. For letter-sound knowledge,
letter name knowledge and use in spelling the middle name were also predictive at the letter-
level.

In the full model, only letter-sound knowledge, alphabetic order, print awareness, and
RAN accounted for unique variance in letter naming ability, with a single significant comparison
among manner of articulation categories. For letter-sound knowledge, letter naming ability, use
of the letter to spell the middle name, alphabetic order, manner of articulation, and verbal ability
all accounted for unique variance, along with interactions between letter name structure and
phonological elision and blending skills.

Individual differences among the preschoolers were the major source of variance for both
types of alphabetic knowledge. Letter properties played less of a role in the acquisition of letter

names and sounds.
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DISCUSSION

Overall, the present results replicate and expand previous findings. Briefly, the following
results were replicated in both the kindergarten and preschool samples: letter naming was an
easier and less variable task than letter-sound production (e.g., Dodd & Carr, 2003; Mann & Foy,
2003; McBride-Chang, 1999; Treiman et al., 1998), names and sounds from the beginning of the
alphabet were more likely to be known than those from the end of the alphabet (e.g., McBride-
Chang, 1999; Smythe et al., 1970-71a), children were highly likely to know the names and
sounds of those letters included in their first names (Treiman & Broderick, 1998; Treiman &
Kessler, 2004), and, although emergent literacy skills (Burgess & Lonigan, 1998; de Jong &
Olson, 2004; Lonigan et al., 2000; Mann & Foy, 2003; Treiman et al., 1996) and background
characteristics (Bowey, 1995; Burgess & Lonigan, 1998; Christian et al., 1998; de Jong & Olson,
2004; Dodd & Carr, 2003; Lonigan et al., 2000) predicted alphabetic knowledge, childrenis
skills in blending, elision, RAN, alphabet recitation, and print awareness influenced this
knowledge to a greater extent than characteristics such as age, SES, race, and verbal ability.

However, a number of findings failed to be replicated. For instance, results failed to
replicate the ifirst letter, first nameT advantage described by Treiman and Broderick (1998).
The current studyis comparisons between letters in first, non-first, and no position within the
childis name comprised a more specific test of this seeming advantage. The inclusion of such
comparisons also most likely contributed to detection of the ifirst letter, last nameT advantage
for the preschoolers. This finding may be an artifact of the preschool setting: For many daycare
and preschool settings, children are not expected to spell their full last names. Furthermore, the
current studyis more complete analysis of the effect of letter name structure (i.e., inclusion of
vowels and interactions with phonological processing abilities in the model) failed to exactly
replicate earlier work of McBride Chang (1999) and Treiman and colleagues (Treiman et al.,
1998). When analyses were extended to include blending and elision skill, results showed that
the advantage for letters whose names include their sounds holds mainly for children who are
just beginning to grasp the phonological concepts of emergent literacy. Of course, that the child-
and letter-level variance was correctly partitioned via use of multilevel models can also be
pinpointed as a reason for discrepancies with the previous literature.

Synthesis of the present findings sheds light on the three hypotheses proposed to account

for the mechanisms by which children learn such associations. As described previously, the first
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is that children use their knowledge of letter names as aids in learning their associated sounds
(e.g., McBride-Chang, 1999; Treiman et al., 1996; Treiman et al., 1998; Treiman et al., 1994).
The second is the pronounceability hypothesis, which focuses on the difficulty of learning the
letter-sound correspondences for stop consonants, because the sounds of stops are always
pronounced in conjunction with a schwa vowel sound and are greatly affected by coarticulation
(Byrne & Fielding-Barnsley, 1990). Finally, the syllable position hypothesis of Stuart and
Coltheart (1988) proposes that letter-sound correspondences are most easily acquired for those
sounds frequently occurring at the boundaries of syllables. These sounds tend to include
obstruents, such as stops and fricatives. Looking across the current results for the letter name
structure, consonant versus vowel, and manner of articulation factors, only the first of these
hypotheses can be supported; letter-sound knowledge was reliably affected by both whether
children were aware of letter names as well as the particular letter name structure category into
which letters were classified. Stop consonants were among the types of consonants most, not
least, likely to be known, which provides evidence against the pronounceability hypothesis. As
for the syllable hypothesis, there was not a clear advantage for letters corresponding to obstruent
sounds, and vowel sounds, which most often occur in medial positions within syllables and are
believed to be more difficult, were more likely to be known than most consonant sounds. Thus,
the amalgamation of current findings speaks to the importance of letter name knowledge, in
conjunction with additional child-level skills, in learning letter sounds.

The results also demonstrate the converse relation, that letter-sound knowledge may
influence letter name learning, and suggest that learning of letter names or sounds mutually
reinforce one another. For example, effects were found for letter name structure and sound
properties on letter naming ability, results which seem counterintuitive. Both factors were
originally proposed as affecting only letter-sound development. An explanation for the
unexpected advantage for vowels over most types of consonants also supports the reciprocity of
letter name and sound knowledge: Children hear vowel names not only when these names are
spoken but also when their tense sounds are heard, and exposure in either instance might
reinforce name and sound knowledge. Note that this vowel advantage is not due to measurement
ISSues or pure exposure; despite the present study accepting both the tense and lax vowel sounds
as correct, similar results were reported for a sample in Treiman et al. (1998) when only lax

sounds were accepted. The plausibility and nature of this mutual relation between letter naming
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and letter-sound productive as explanations for such findings should be examined in future
research.

Construct validity is of central importance to interpreting the results of the present study,
and is another area in need of further investigation. Clearly, relations among letter name
structure and manner of articulation must be disambiguated. Likewise, the interplay of these
factors and alphabet position ought to be examined: An alternative explanation for the effect of
alphabet order is that there are more vowels, letters with consonant-vowel names, and stop
consonants in the beginning half of the alphabet. Yet, all of these factors contributed uniquely in
the full models, indicating that the overlap is not complete or may be due to additional,
mediating variables (such as such as when children are physically capable of producing the
sounds of letters and used in letter names; see recent work by Justice, Pence, Bowles, Wiggins,
& Cabell, 2006). Further analyses with these factors as the outcomes of interest are necessary
for disentangling these relations.

At the child-level, relations among print awareness, alphabet recitation, and alphabetic
knowledge are in need of further explication. The relations of print awareness and alphabetic
recitation to knowledge of letter names and sounds are logical, yet their causal explanations are
lacking. A major limitation of the study was the inability to incorporate the role of print
exposure. Thus, the extent to which print awareness and alphabetic recitation act as measures of
knowledge versus exposure remains unclear.

Finally, the strong, consistent, and unique association of RAN with both measures of
alphabetic knowledge deserves further attention. This relation was not unexpected; although
there are various schools of thought as to whether RAN measures general processing speed (e.qg.,
Wolf & Bowers, 1999), automaticity as specifically related to orthography or reading tasks (e.g.,
Bowers & Wolf, 1993), or access and/or retrieval from phonological memory (e.g., Wagner et
al., 1987), each explanation entails speed and accuracy when linking visual and oral information.
As the ability to forge and retrieve such associations is critical to learning to recognize letters,
their names, and their sounds, it may be this associative or paired-learning skill which accounts
for the relation between RAN and alphabetic knowledge. On the other hand, young childrenis
completion of a RAN task may be more dependent on their ability to sustain attention than the
other tasks included in the assessment battery, since all of the remaining tasks involved a more

didactic exchange between the examiner and child which may have aided in maintaining their
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focus on the task at hand. In this case, RAN would act as a proxy measure for attentional
abilities (see e.g., Wolf & Bowers, 1999), where children who are better able to focus and attend
to the world around them (including the print to which they are exposed and other opportunities
to implicitly gain knowledge about letters and sounds) acquire more alphabetic knowledge. A
more solid interpretation regarding the nature of the relation between RAN and letter name and
sound learning is dependent upon a better understanding of the RAN task itself (Logan,
Schatschneider, & Wagner, 2006).

Implications for Practice

Although the causal implications of these findings are unclear, they provide suggestions
for ways to increase the efficacy of early alphabetic instruction. These suggestions, however, are
preliminary and ought to be tested in future studies before being implemented in early childhood
classrooms.

As discussed, the relation found among letter name and letter-sound abilities, in its many
forms (e.g., letter name structure, manner of articulation) suggests that these skills may mutually
reinforce acquisition of one another. Early childhood teachers may wish to consider presenting
these concepts simultaneously. Teaching the name and sound associations of letters at the same
time may aid children in firmly establishing the relations among print, names, and sounds.

Additionally, the results indicated a rote learning of the ABC song: alphabet recitation
was predictive of alphabetic knowledge only when conceptualized as a composite score. Being
able to say a specific letter name during the recitation did not necessarily translate into being able
to learn that letteris name or sound. Furthermore, this relation disappeared once other factors
were taken into account. These findings suggest that teachers and parents should not depend on
alphabet recitation as an indicator of letter name mastery or even the beginning awareness of the
significance of individual letters. Explicit instruction rather than drill in ABC singing may be
necessary for some children to learn the connections between letter names and the printed visual
symbols.

The findings also have implications for the sequence in which letters and sounds are
taught, as well as the amount of time spent on particular letters. Currently, many classrooms
follow a iletter-a-weekT curriculum, with the same types of activities repeated until the entire
alphabet is learned (e.g., see McGee & Richgels, 1989; O'Connor, Jenkins, & Slocum, 1995;

Treiman et al., 1994). In practice, there is currently little research-based rationale for
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determining the order in which letters are taught. Some teachers start at A and work towards Z,
while others endeavor to teach those letters which are frequently used to spell common short
words (e.g., B, A, T, S because of the large number of words these letters generate) and/or
attempt to separate those letters which may be visually confusing to students (e.g., not teaching
lowercase B and D during consecutive weeks). Still other teachers base their alphabetic teaching
upon thematic aspects of the curriculum (e.g., teaching A the week prior to going on a field trip
to an apple orchard) or the letters used to spell a number of their studentsi names. The results of
this study, in contrast, would suggest that letter names and sounds be taught based on their
properties as well as the skills brought by children to the tasks; the results may even be taken as
preliminary support for individualizing instruction based on these factors (see e.g., Connor,
Morrison, & Katch, 2004; Connor, Morrison, & Petrella, 2004; Connor, Morrison, & Slominski,
in press). Not all letters are learned with equal ease; some letters or sounds may be learned
almost implicitly through their inclusion in a childis name, repetition of the alphabet, or with the
cue of the letteris name. Mastery of other letters such as W and Q might require more explicit
instruction, given the low probability of knowing letters from the end of the alphabet, whose
names have no association with their sounds, and the greater difficulty of their articulation for
young children. Similar to learning to read (e.g., see Torgesen, Wagner, & Rashotte, 1994;
Wagner, 1988; Wagner & Torgesen, 1987), acquiring alphabetic knowledge is even more
difficult for children who enter the classroom with disadvantages in terms of background
characteristics, vocabulary, or emergent literacy skills (National Research Council, 1998). These
results indicate that both the sequence and requisite amount of time devoted to alphabetic
learning may vary according to letter and child. The specifics of how such instruction should
proceed remain to be identified and more research is necessary to determine these ibest
practices.T
Limitations

Various limitations of the study have been noted, including the inability to determine the
causality of these relations, uncover the mechanisms explaining the relations among variables,
compare letter name structure and manner of articulation variables in the same model, and
incorporate the role of print exposure. Concerns regarding Type | errors are legitimate, given the
large number of variables, although all comparisons were planned a priori. Limited variability in

the kindergartenersi letter name knowledge may have led to an inability to detect certain effects,
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and power issues prevented including all desired within- and between-level interaction terms.
Finally, further replication of results using the multilevel model would be desirable, given the
innovation of using such models in this context.

Conclusion

The present study attempted to better describe the relations among letter properties and
child characteristics as predictors of childrenis letter name and letter-sound knowledge. This
was accomplished through incorporation of factors from both the linguistic and individual
approaches within a single, multilevel model. Results both replicated and extended findings in
the literature, with factors at each level reliably predictive of childrenis alphabetic knowledge.
Changes in variablesi predictive utility when examined in different contexts (e.g., between-level
interactions, full models) highlighted the importance of including both types of factors within
one framework.

From a purely analytical perspective, this work provides an answer to the statistical
problems plaguing the study of linguistic stimuli, and researchers are encouraged to further
explore its usefulness in other paradigms. Theoretically, the study provides insight into one of
the most important aspects of emergent literacy. Researchers and practitioners alike may want to
consider the implications of this study as they continue to work to promote young childrenis

acquisition of beginning reading skills.
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APPENDIX C
Zero-Order Relations for Continuous Predictors and Letter Name and/or Letter Sound

Knowledge in the Kindergarten Sample

1.000
0.900
0.800 ~
0.700 ~
0.600 ~
0.500
0.400 ~
0.300
0.200 +—
0.100 ~
0.000 — T T T T T T T T T T T T T T T T T T T T 1

1 3 5 7 9 11 13 15 17 19 21 23 25

Letter Position

Probability

Figure C1 Zero-order relation between the probability of knowing a letter-sound and alphabetic
order for the kindergarten sample.
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Figure C2 Zero-order relations between the probability of knowing a letter name or letter-sound
and socioeconomic status (SES) for the kindergarten sample.
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Figure C3 Zero-order relations between the probability of knowing a letter name or letter-sound
and vocabulary for the kindergarten sample.
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Figure C4 Zero-order relations between the probability of knowing a letter name and
phonological processing skills for the kindergarten sample. For presentation, RAN scores were
multiplied by 10 to achieve equivalent X-axis values.
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Figure C5 Zero-order relations between the probability of knowing a letter-sound and
phonological processing skills for the kindergarten sample. For presentation, RAN scores were
multiplied by 10 to achieve equivalent X-axis values.
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APPENDIX F
Zero-Order Relations for Continuous Predictors and Letter Name and/or Letter Sound

Knowledge in the Preschool Sample

1.000
0.900 ~
0.800 A
0.700 ~ =~

0.600 - - -
0.500 - >~ — — PreK letter naming

~ < - - - - PreK letter-sounds
0.400 - T~

0.300 T - .

0.200 - el

0100{ Tl

0.000 b+
1 3 5 7 9 11 13 15 17 19 21 23 25

Letter Position

Probability

Figure F1 Zero-order relations between the probability of knowing a letter name or letter-sound
and alphabetic order for the preschool sample.
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Figure F2 Zero-order relations between the probability of knowing a letter name or letter-sound
and age for the preschool sample.
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Figure F3 Zero-order relations between the probability of knowing a letter name or letter-sound
and vocabulary for the preschool sample.
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Phonological Processing

Figure F4 Zero-order relations between the probability of knowing a letter name and

phonological processing skills for the preschool sample. For presentation, RAN scores were
multiplied by 10 to achieve equivalent X-axis values.
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Figure F5 Zero-order relations between the probability of knowing a letter-sound and
phonological processing skills for the preschool sample. For presentation, RAN scores were
multiplied by 10 to achieve equivalent X-axis values.
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Figure F& Zero-order relations between the probability of knowing a letter name or letter-sound
and print awareness for the preschool sample.
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Figure F7. Zero-order relations between the probability of knowing a letter name or letter-sound

and alphabet recitation ability for the preschool sample.
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Figure F8 Zero-order relations between the probability of knowing a letter name or letter-sound
and name spelling ability for the preschool sample.
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APPENDIX |

Percent Correct for Letter Names and Letter-Sounds for the Kindergarten and Preschool Samples

Kindergarten Preschool

Letter LN LS LN LS

87.89%  60.36% 77.08%  62.50%
80.72%  46.40% 81.25%  50.00%
84.30%  44.14% 78.72%  62.50%
79.37%  51.35% 72.92%  52.08%
81.61% 44.14% 72.92%  39.58%
82.06%  28.83% 56.25%  35.42%
76.23%  39.19% 64.58%  52.08%
79.82%  19.82% 75.00%  35.42%
83.41% 44.14% 66.67%  33.33%
72.20% 0.45% 66.67%  50.00%
76.68%  31.98% 68.75%  43.75%
67.26%  29.28% 66.67%  37.50%
91.48%  57.21% 60.42%  41.67%
81.17%  44.14% 66.67%  31.25%
87.00%  32.88% 85.42%  52.08%
83.41%  48.65% 75.00%  50.00%
78.48%  22.52% 54.17%  33.33%
77.13%  12.16% 62.50%  31.25%
84.30% 17.57% 68.75%  47.92%
83.41%  50.45% 60.42%  50.00%
89.69%  13.06% 52.08%  37.50%
8251% 25.23% 50.00%  33.33%
73.54%  40.99% 60.42%  22.92%
77.13%  31.98% 54.17%  20.83%
90.13%  40.54% 62.50%  14.58%

77.58%  18.92% 62.50%  47.92%
Note LN = letter name knowledge; LS = letter-sound
knowledge.
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APPENDIXJ
FSU Human Subjects Approval

rida State
TR‘?A[T\

Office of the Vice President For Research
Hurnan Subjects Committes
Tallahassee, Florida 32306-2763

{850} 844-8633 - FAX {B30) 644-4382

APPROVAL MEMORANDUM
Date: 2/4/2005

To:

Shayne Piasta

Mc 1270

Dept.: PSYCHOLOGY DEPARTMENT

From: John Tomkowiak, Chair 5.3

Re: Use of Human Subjects in Research
Predicting Alphabetic Knowledge in Preschoolers

The forms that you submitied to this office in regard to the use of human subjects in the proposal
referenced above have heen reviewed by the Human Subjects Committes at its mesting on
1#1212005. Your project was approved by the Commilles.

This a};}g. il dies not a.:;;;m.sa«u ,,:u::ﬁ,» departme rovals which may be required.
If the: praject has not been completed by 1/11/2006 you must request renewed approval for

continuation of

You are advised that any change in protocol in this project must be approved by resubmission of the
project fo the Committee for approval. Also, the principal investigator must prompily repord, in
writing, any unexpected problems causing risks to research subjects or others.

ﬁv copy of this memorandum, the chairman of your department and/or your major professor is

inded that ha/she is responsible for being informed concerning research projects involving
human subjects in the cimdrtmen* and should review protocols of such investigations as often as
needed to insure hat the project is being conducted in compliance with our institution and with DHHS
requlations.

This irstilution has an Assurance on file with the Office for Protection from Research Risks. The
Assurance Mumber is IRBO000G445,

oo Richard Wagner
HSC Mo. 2004899
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APPENDIX K

Sample Consent Form and Parent Questionnaire

Dear Parent,

I am writing as a current graduate student in the Psychology Department at Florida State University, in the hope that you will
grant permission for your child to participate in a research study, Predicting Alphabetic Knowledge in Preschoolemncerning
young childrenis knowledge of the alphabet and how this is influenced by environmental and cognitive factors.

Your childis participation will involve giving the names and sounds of the letters of the alphabet and completing other tasks
assessing both language and pre-reading skills. The total time involved is approximately 50 minutes, over the course of two
sessions, and all tasks will be individually administered in an open area at your childis preschool program. As part of the study,
we will audiotape your child singing their ABCs in order to ensure later accuracy in scoring; these digital recordings will not
identify your child by name. The digital files will be stored on a password protected computer in the research lab, will be
accessed only by the researchers, and will be deleted no later than August 30, 2008.

Should you decide to participate, we also ask that you complete the attached survey on your childis behalf and return it to your
childis teacher along with this signed consent form.

Although the results of the study may be published, your childis name will not be used, as the information accrued over the course
of the study will remain confidential, to the extent allowed by law. Upon completion of the study, a summary of its major
findings will be made available to you through your preschool program. Potential benefits of participation include a better
understanding of the acquisition of alphabetic knowledge, which may inform early childhood literacy curricula and lead to
improved student reading outcomes.

The participation of both you and your child in this study is voluntary, and you may withdraw your consent at any time without
penalty. We will be happy to provide you with your childis results, if indicated below. In addition, the Center your child attends
is requesting permission to obtain copies of your childis data in order to better serve his/her instructional needs. Your childis data
will be shared with the Center only with your consent, and your child may participate in the study regardless of your decision on
this issue. If you have any additional questions or concerns, please email piasta@psy.fsu.ecur call (850) 402-0639. You may
also contact Dr. Richard Wagner at rkwagner@psy.fsu.edr (850) 644-1033. Thank you in advance for your consideration and
support.

Sincerely,
) ., PN — 1
xﬁfﬁwm@_ V.1 FrS e e
Shayne B. Piasta Richard K. Wagner
Psychology Graduate Student Alfred Binet Professor of Psychology
PERMISSION FORM
I GIVE permission for my child, , to participate in the above study.

[] Check if you would like a copy of your childis results.
Please check one of the following:
1 YES My childis data may be shared with the preschool/child care center named below.

L] NO Do not share my childis data with the preschool/child care center named below.

Parentis Signature Date

Name of childis preschool/child care center

If you have any questions about your rights as a subject/participant in this research, or if you feel you have been placed at risk,
you can contact the Chair of the Human Subjects Committee, Institutional Review Board, through the Vice President for the
Office of Research at (850) 644-8533.
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Parent Survey

Piease complete the following form, in reference to your child.

13 Child's full name: _

23 Does your child frequently go by a nickname? Y / N

Nickname(s), if applicable:

3y Child’s gender: M / F

4} Child’s birthdate (Month/Day/Year): / /

53 Date of entry into preschool program (Month/Year):

6} I English your child's first langnage? Y / N

f

71 How much education (school, training, ete.) have you had? Please circle one answer.

Less than 8" grade
Completed 8™ grade, but did not go to high school
Went to high school, but did not graduate

Graduated from college

-3 L B L) bl e

»

81 Do you work outside the home? Y / N

If ves, what is vour occupation?

Graduated from high school, but did not po to college or ether school
Went to college (at least ane year), but did not graduate or had specialized training

Some education after college, like graduate school, medical school, law school

9y How much education {school, training, ete.) has your spouse/partner had?

Please circle one answer.

1. Less than 8" grade
. Completed 8 grade, but did not go to high school
. Went to high school, but did not graduate

e Fe dad B2

6. Graduated from college

. Graduated from high school, but did not go to college or other school
. Went to college (at least one vear), but did not graduate or had specialized training

7. Some education after college, like graduate school, medical school, law school

10) Does your spouse/partner work outside the home? Y /

If wes, what is his’her occupation?

N

82




REFERENCES

Adams, M. J. (1990). Beginning to read: Thinking and learning about pridémbridge, MA:
The MIT Press.

Anthony, J. L., Lonigan, C. J., Driscoll, K., Phillips, B. M., & Burgess, S. R. (2003).
Phonological sensitivity: A quasi-parallel progression of word structure units and
cognitive operations. Reading Research Quarterly,,3d0-487.

Bowers, P. G., & Wolf, M. (1993). Theoretical links among naming speed, precise timing
mechanisms and orthographic skill in dyslexia. Reading & Writing, 569-85.

Bowey, J. A. (1995). Socioeconomic status differences in preschool phonological sensitivity and
first-grade reading achievement. Journal of Educational Psychology, ,8#6-487.

Brownell, R. (2000). Receptive One-Word Picture Vocabulary TBstvado, CA: Academic
Therapy Publications.

Bryant, B. R., & Bryant, D. L. (1983). Test of Articulation Performance-Scredustin, TX:
PRO-ED.

Burgess, S. R., & Lonigan, C. J. (1998). Bidirectional relations of phonological sensitivity and
prereading abilities: Evidence from a preschool sample. Journal of Experimental Child
Psychology, 70117-141.

Byrne, B., & Fielding-Barnsley, R. (1990). Acquiring the alphabetic principle: A case for
teaching recognition of phoneme identity. Journal of Educational Psychology, ,&D5-
812.

Christian, K., Morrison, F. J., & Bryant, F. B. (1998). Predicting kindergarten academic skills:
Interactions among child care, maternal education, and family literacy environments.
Early Childhood Research Quarterly,,581-521.

Clark, H. H. (1973). The language-as-fixed-effect fallacy: A critique of language statistics in
psychological research. Journal of Verbal Learning & Verbal Behavior.,1335-359.

Coleman, E. B. (1964). Generalizing to a language population. Psychological Reports, 1219-
226.

Connor, C. M., Morrison, F. J., & Katch, L. E. (2004). Beyond the reading wars: Exploring the
effect of child-instruction interactions on growth in early reading. Scientific Studies of
Reading, 8305-336.

Connor, C. M., Morrison, F. J., & Petrella, J. N. (2004). Effective reading comprehension

instruction: Examining child x instruction interactions. Journal of Educational
Psychology, 96682-698.

83



Connor, C. M., Morrison, F. J., & Slominski, L. (in preparation). The impact of preschool
instruction on children’s literacy skill growth.

Davidson, H. P. (1935). A study of the confusing letters B, D, P, and Q. Journal of Genetic
Psychology, 4,7458-467.

de Jong, P. F., & Olson, R. K. (2004). Early predictors of letter knowledge. Journal of
Experimental Child Psychology, 88%4-273.

Dodd, B., & Carr, A. (2003). Young children's letter-sound knowledge. Language, Speech, &
Hearing Services in Schools,,3428-137.

Gibson, E. P., Gibson, J. J., Pick, A. D., & Osser, H. (1962). A developmental study of the
discrimination of letter-like forms. Journal of Comparative & Physiological Psychology,
55, 897-906.

Griffin, E. A., & Morrison, F. J. (1997). The unique contribution of home literacy environment
to differences in early literacy skills. Early Child Development & Care, 127-1,2883-
243.

Guralnick, M. J. (1972). Alphabet discrimination and distinctive features: Research review and
educational implications. Journal of Learning Disabilities,,327-434.

Hollingshead, A. B. (1975). Four factor index of social statuslew Haven: Yale University
Press.

Justice, L., Pence, K., Bowles, R., Wiggins, A., & Cabell, S. (2006, July). Test of four
hypotheses concerning the order of alphabet-letter learning. Poster presented at the
annual meeting of the Society for the Scientific Study of Reading, Vancouver, Canada.

Lahey, B. B., & McNees, M. P. (1975). Letter-discrimination errors in kindergarten through third
grade: Assessment and operant training. Journal of Special Education, $91-199.

Logan, J. A. R., Schatschneider, C., & Wagner, R. K. (2006). Serial naming and isolated naming
in the prediction of reading. Manuscript submitted for publication.

Lonigan, C. J., Burgess, S. R., & Anthony, J. L. (2000). Development of emergent literacy and
early reading skills in preschool children: Evidence from a latent-variable longitudinal
study. Developmental Psychology, ,3®6-613.

Lonigan, C. J., Wagner, R. K., Torgesen, J. K., & Rashotte, C. A. (in press). Test of Preschool
Emergent Literacy

Lorch, R. F., & Myers, J. L. (1990). Regression analyses of repeated measures data in cognitive

research. Journal of Experimental Psychology: Learning, Memory, and Cognitign, 16
149-157.

84



Mann, V. A., & Foy, J. G. (2003). Phonological awareness, speech development, and letter
knowledge in preschool children. Annals of Dyslexia, 5349-173.

Mason, J. M. (1980). When do children begin to read: An exploration of four year old children’s
letter and word reading competencies. Reading Research Quarterly,, 03-227.

McBride-Chang, C. (1999). The ABCs of the ABCs: The development of letter-name and letter-
sound knowledge. Merrill-Palmer Quarterly, 45285-308.

McGee, L. M., & Richgels, D. J. (1989). "K is Kristen's": Learning the alphabet from a child's
perspective. Reading Teacher, 4316-225.

Moats, L. C. (2000). Speech to print: Language essentials for teachgatimore: Paul H.
Brookes.

National Research Council. (1998). Preventing reading difficulties in young children
Washington, D. C.: National Academy Press.

O'Connor, R. E., Jenkins, J. R., & Slocum, T. A. (1995). Transfer among phonological tasks in
kindergarten: Essential instructional content. Journal of Educational Psychology,,87
202-217.

Owens, R. E., Jr. (2005). Child development. In Language development: An introducti@th
ed., pp. 64-99). Boston: Pearson.

Raaijmakers, J. G. W., Schrijnemakers, J. M. C., & Gremmen, F. (1999). How to deal with "the
language-as-fixed-effect fallacy”: Common misconceptions and alternative solutions.
Journal of Memory and Language,,416-426.

Raudenbush, S. W., & Bryk, A. S. (2002). Hierarchical linear models: Applications and data
analysis method@8rd ed.). Thousand Oaks, CA: Sage.

Raudenbush, S. W., Bryk, A. S., & Congdon, R. (2005). HLM: Hierarchical linear and nonlinear
modeling (Version 6.02a). Lincolnwood, IL: Scientific Software International.

Read, C. (1971). Pre-school children's knowledge of English phonology. Harvard Educational
Review, 411-34.

Richter, T. (2006). What is wrong with anova and multiple regression? Analyzing sentence
reading times with hierarchical linear models. Discourse Processes, 221-250.

Sander, E. K. (1972). When are speech sounds learned? Journal of Speech and Hearing
Disorders, 3755-63.

Scarborough, H. S. (1998). Early identification of children at risk for reading disabilities. In B.

K. Shapiro, P. J. Accardo & A. J. Capute (Eds.), Specific reading disability: A view of the
spectrum(pp. 75-120). Timonium, MD: York Press.

85



Schatschneider, C., Fletcher, J. M., Francis, D. J., Carlson, C. D., & Foorman, B. R. (2004).
Kindergarten prediction of reading skills: A longitudinal comparative analysis. Journal of
Educational Psychology, 9865-282.

Smythe, P. C., Stennett, R. G., Hardy, M., & Wilson, H. R. (1970-71a). Developmental patterns
in elemental reading skills: Knowledge of upper-case and lower-case letter names.
Journal of Reading Behavior, 24-33.

Smythe, P. C., Stennett, R. G., Hardy, M., & Wilson, H. R. (1970-71b). Developmental patterns
in elemental reading skills: Visual discrimination of primary-type upper-case and lower-
case letters. Journal of Reading Behavior, 8-13.

Stuart, M., & Coltheart, M. (1988). Does reading develop in a sequence of stages? Cognition, 30
139-181.

Tabachnick, B. G., & Fidell, L. S. (1996). Using multivariate statistic&3rd ed.). New York:
HarperCollins.

Thorndike, R. L., Hagen, E. P., & Sattler, J. M. (1986). Stanford-Binet Intelligence Scalth
ed.). Chicago: Riverside.

Torgesen, J. K., Wagner, R. K., & Rashotte, C. A. (1994). Longitudinal studies of phonological
processing and reading. Journal of Learning Disabilities, 2276-286.

Treiman, R., Berch, D., & Weatherston, S. (1993). Children's use of phoneme”grapheme
correspondences in spelling: Roles of position and stress. Journal of Educational
Psychology, 85%466-477.

Treiman, R., & Broderick, V. (1998). What's in a name: Children's knowledge about the letters in
their own name. Journal of Experimental Child Psychology,, 90-116.

Treiman, R., & Kessler, B. (2004). The case of case: Children's knowledge and use of upper and
lowercase letters. Applied Psycholinguistics, 2813-428.

Treiman, R., Tincoff, R., & Richmond-Welty, E. D. (1996). Letter names help children to
connect print and speech. Developmental Psychology, ,305-514.

Treiman, R., Tincoff, R., & Richmond-Welty, E. D. (1997). Beyond zebra: Preschoolers'
knowledge about letters. Applied Psycholinguistics, 1891-4009.

Treiman, R., Tincoff, R., Rodriguez, K., Mouzaki, A., & Francis, D. J. (1998). The foundations
of literacy: Learning the sounds of letters. Child Development, §2524-1540.

Treiman, R., Weatherston, S., & Berch, D. (1994). The role of letter names in children's learning
of phoneme”*grapheme relations. Applied Psycholinguistics, 197-122.

86



Wagner, R. K. (1988). Causal relations between the development of phonological processing
abilities and the acquisition of reading skills: A meta-analysis. Merrill Palmer Quarterly,
34, 261-279.

Wagner, R. K., Balthazor, M., Hurley, S., Morgan, S., Rashotte, C. A., Shaner, R., et al. (1987).
The nature of prereaders' phonological processing abilities. Cognitive Development, 2
355-373.

Wagner, R. K., & Torgesen, J. K. (1987). The nature of phonological processing and its causal
role in the acquisition of reading skills. Psychological Bulletin, 1Q1192-212.

Wagner, R. K., Torgesen, J. K., & Rashotte, C. A. (1994). Development of reading-related
phonological processing abilities: New evidence of bidirectional causality from a latent
variable longitudinal study. Developmental Psychology,,33-87.

Whitehurst, G. J., & Lonigan, C. J. (1998). Child development and emergent literacy. Child
Development., §848-872.

Wike, E. L., & Church, J. D. (1976). Comments on Clark’s "the language-as-fixed-effect
fallacy." Journal of Verbal Learning & Verbal Behavior, ,1319-255.

Wolf, M., & Bowers, P. G. (1999). The double-deficit hypothesis for the developmental
dyslexias. Journal of Educational Psychology,,9115-438.

Worden, P. E., & Boettcher, W. (1990). Young children’s acquisition of alphabet knowledge.
Journal of Reading Behavior, 2277-295.

87



BIOGRAPHICAL SKETCH

Shayne Piasta was born in Massachusetts in 1982. She attended the College of the Holy
Cross in Worcester, Massachusetts and majored in psychology under the advisement of Dr.
Annette Jenner. As the Collegeis 1999-2000 Fenwick Scholar, she completed a thesis examining
the relations of early literacy research, educational policies, and teachersi knowledge and beliefs
regarding beginning reading. She graduated Summa Cum Laude in 2000.

Shayne began her graduate work in developmental psychology at Florida State University
in the fall of 2000, under the advisement of Dr. Richard Wagner. Her major research interest is
the integration of research and practice in the area of early literacy, particularly curricula

development and teacher knowledge.

88



	The Florida State University
	DigiNole Commons
	10-17-2006


