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ABSTRACT

Considerable research has been conducted examining the contribution of early
phonological memory (PM) skills on later reading ability, whereas little has
investigated whether early reading performance influences later PM, or whether there
is a bi-directional relationship between these variables. A secondary dataset was used,
containing a sample of 54 children tested across three time points during the fall of
first grade (Time 1), spring of first grade (Time 2), and spring of second grade (Time
3), to assess the nature of the relationship between reading performance and PM. (Two
simple PM measures were used in this study: pseudoword repetition and word span.)
The main purpose of this study was to determine whether there is a relationship
between PM and reading performance, and if so, in which direction. Hierarchical
regression analyses indicated that early PM does not predict later reading, nor does
early reading account for later PM development. However, correlational analyses
showed a significant relationship between early reading and later PM, but did not
point to a relationship between early PM and later reading achievement. Growth curve
modeling analyses were used to test the second hypothesis, that reading performance
would influence growth in PM development. Results from these analyses did not
provide evidence in support of such a relationship. Lastly, a series of hierarchical
regression analyses were conducted to explore whether shared variance exists between
the two PM measures included in this study, and whether one is a better early
predictor of later reading acquisition. These findings demonstrated shared variance
between the PM measures, but did not reveal that either measure predicted reading.

The results from this study are discussed regarding the importance of the PM
measure used and the necessary point in time, or in reading acquisition, when
participants should be tested. In addition, the basis of the lack of a relationship
between early PM and later reading is discussed, along with the findings that early
reading corresponds with later PM development. Limitations and proposed future
directions for research also are presented.
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CHAPTER 1

INTRODUCTION

For nearly four decades, the association between literacy and phonological
memory (PM; i.e., the temporary storage of phonologically coded information in
working memory) primarily has been investigated in a unidirectional order.
Specifically, a central question that has stirred considerable examination is: “Does
early performance in PM predict later reading acquisition?” Researchers have
conducted longitudinal and experimental projects in the attempt to answer this
question, but have reported inconsistent findings. Precisely, a number of studies
provide evidence in support of a positive relationship between early PM and later
reading performance (e.g., Alloway & Alloway, 2010; Baddeley & Gathercole, 1992;
Baddeley, Gathercole, & Papagno, 1998; Brady, Poggie, & Rapala, 1989; Gathercole
& Baddeley, 1993b; Gathercole, Alloway, Willis, & Adams, 2006; Perfetti, 1985;
Seigneuric & Ehrlich, 2005), while other work does not display such a relationship
(e.g., Sprugevica & Hoien, 2003; see Savage, Lavers, & Pillay, 2007 for review;
Wagner, Torgesen, & Rashotte, 1994). The conflicting results may be explained by
variation of several factors between studies, namely the use of a variety of PM
measures, both simple and complex measures, exercised to represent the same PM
construct, as well as participants of varying ages across studies.
This relationship in reverse, that is, the role of early literacy development on
later PM skills, has received less attention. Recently, Nation and Hulme (2011) were
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among the first researchers to examine this relationship. Their results indicated that
reading ability at age six accounted for significant variance in PM (measured by
pseudoword repetition) at age seven. Yet, when they assessed the relationship
conducted in reverse (i.e., the role of early PM on later reading performance), they
found non-significant results, unlike the findings from other research (e.g., Gathercole
& Baddeley, 1993b). These main findings demonstrate the continued variability in
results regarding early PMs effect on reading success, and introduce the potential
influence of reading on later PM development. This evidence is suggestive that it
would be worthwhile to investigate further the direction of the relationship between
reading performance and PM during the period of early reading acquisition.
Thus, the main aim of this project was to examine the relationship between
reading performance and PM over time to determine whether a correspondence
between these domains is evident and, if so, to ascertain the direction of influence. A
second goal was to examine the growth of PM and assess whether reading
performance influences this growth. These aims were analyzed using a secondary data
set with children tested three times from the fall of first grade to the spring of second
grade. In addition, because there are variations in phonological memory measures that
may contribute to differences in outcomes, this project explored the relationship
between the two PM measures and whether one predicted reading performance better
than the other.
Justification for and Significance of the Study
Association between Reading Achievement and Phonological Memory
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The relationship between orthographic abilities and phonological processes,
with a focus on PM, has been examined for quite some time. The link with
phonological processes was established initially by evidence that reading performance
was positively correlated with verbal memory for a series of words, but not with
nonverbal memory as measured by a nonverbal spatial task (Mann & Liberman,
1984). These early findings indicate that reading ability is related specifically to
phonological processes in memory, not to memory abilities in general. Other evidence
also has shown that phonological processes, specifically PM, are early predictors of
reading development.
Phonological Memory as a Predictor of Reading Development, a Unidirectional View
As mentioned earlier, the examination of the role of PM as a predictor of later
reading performance has been studied extensively (e.g., Al Otaiba & Fuchs, 2002;
Gathercole & Baddeley, 1993b; Gathercole, 1995; Puolakanaho et al., 2008).
Longitudinal studies have illustrated that early pre-reading PM skills predict later
reading progress. For example, Gathercole and Baddeley’s (1993b) study examined
the effect of PM ability for four-year old pre-readers in relation to their later reading
performance at the age of eight. Fixed-order multiple regression analyses showed that
pre-reading pseudoword repetition performance accounted for significant variance in
later reading performance, even after controlling for vocabulary knowledge when the
participants were four-years old.
Findings from Bull, Espy, and Wiebe’s (2008) study indicated that early PM
ability, measured by digit span, tested among 88 preschool students, predicted reading
performance three years later when the students were in their third year of primary
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school. Growth curve modeling results demonstrated that for every increase in verbal
span length of one digit, there was about a three-point inflation in the reading score at
the final wave of testing. Evidence from this study also showed a positive relationship
between reading performance and PM at each wave reading was evaluated, beginning
when the children were age 5 until age 7. Recently, Elwér (2014) found that PM,
measured by the verbal memory subtasks within the WRAML, at pre-kindergarten
was a significant positive predictor of reading comprehension in grades 2, 4, 8, and 9.
Specifically, results from logistic regression analyses indicated that weak early PM
skills were a predictor of later reading comprehension impairment (Elwér, 2014). The
author reported that weak PM skills adversely impact a child’s ability to comprehend
text, especially for comprehension questions that require an inferential and a semantic
understanding.
In addition, early reading intervention studies have examined early predictors
of reading success, with PM being one variable of particular interest. Prediction
studies have found that early phonological skills when children are just beginning to
learn to read, such as phonological awareness and PM, predict later reading group
differences (e.g., Al Otaiba & Fuchs, 2002; Badian, 1998; Piquard-Kipffer &
Sprenger-Charolles, 2013; Preßler et al., 2014; Puolakanaho et al., 2008). Although
these studies confirm that a relationship between reading performance and PM exists,
and that PM may be a contributor to later reading success, as stated earlier other
findings show little to no relationship between these variables.
Lack of a Relationship between Reading and Phonological Memory

4

Although a sizable body of research points in the direction of a positive
relationship between early PM development and later reading acquisition, other
studies find a lack of a relationship. There are several prediction studies that have not
shown that PM predicts later reading performance. In 2003, Sprugevica and Hoien
reported the power of early phonological skills (measured by PM, phonological
awareness, and rapid naming) for predicting later reading performance with a group of
approximately 55 kindergarten students who were tested at four different time points
up to the middle of second grade. Regression analyses revealed that phonological
awareness was the only predictor of reading performance at two time points during
first grade and at the middle of second grade. Moreover, growth analyses corroborated
the findings, with phonological awareness being the only phonological factor that
accounted for significant variance on the slope of word reading development.
Similarly, Soltani and Roslan (2013) found that PM, measured by pseudoword
repetition, did not contribute additional variance in reading performance beyond that
of phonological awareness. These authors concluded that although PM does not
explain the variance in reading performance alone, it does contribute to word decoding
ability through the domain of phonological awareness. Another study, conducted by
Wagner et al. (1994), documented non-significant results between early PM skills,
measured by a composite score of digit span and listening recall, and later reading
performance. In addition, structural equation modeling showed that kindergarten PM
abilities did not predict first-grade reading, nor did first-grade PM predict secondgrade reading performance (Wagner et al., 1994).
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A study by Gathercole et al. (2006) analyzed the relationship between a
composite of PM skills (i.e., digit span, word span, and word list matching) and
reading performance. Additional variables were assessed, including working memory
(i.e., backward digit span, counting span, and listening recall) and phonological
awareness. With a sample of 46, nine-year old, poor readers, a significant relationship
was not found between PM and reading achievement. Working memory, including
verbal and nonverbal memory tasks, however, explained significant variance in
reading performance (Gathercole et al., 2006). The authors suggested that the
relationship between PM, measured by verbal short-term memory tasks, and reading
performance is generally through the role of phonological awareness. This
relationship, the authors discussed, is more likely to be demonstrated during pre- or
early reading acquisition (Gathercole et al., 2006).
Thus, research regarding PM as a predictor of reading performance has had
variable outcomes. Despite the efforts to investigate whether a unidirectional
relationship exists, several factors have been used inconsistently (i.e., PM measure,
sample size, and age of the participants), complicating an interpretation of the
relationship. It also is unclear whether these variables are associated in the reverse
direction, that is, whether early reading performance and is linked with later PM.
Because little work has focused on the influence of reading development on PM,
further research is warranted to understand the nature of a possible correspondence
between reading and PM relate.
The Role of Reading on Phonological Memory

6

Over the course of several years, less research has analyzed the development of
PM as a result of educational experiences and reading acquisition. One of the first to
question the nature of this relationship was Wagner (1974) who discussed that
memory does not just increase as a result of maturation, as once believed, but is
enhanced by educational experiences, such as schooling and learning. Specifically,
PM has been found to increase over the course of learning to read, especially between
the ages of four to eight years old, from pre-reading to reading (Gathercole, Willis,
Emslie, & Baddeley, 1991). Narrowing in on literacy development, attainment of
phonological skills and learning to read has been suggested to boost both visual
memory (e.g., a child is shown a visual span of digits and is required to immediately
recite the string of digits once the visual item is removed) and auditory memory (e.g.,
digit, word, and sentence spans) (Ellis, 1990). Other researchers have proposed that
reading experience facilitates the processes of speech perception and production
(Morais, Cary, Alegria, & Bertelson, 1979) and in turn strengthens verbal memory
(Donald, 1993).
In order to ascertain the role of educational experiences on phonological
processes, the abilities of illiterate and ex-illiterate adults have been studied, as
mentioned earlier. Drawing on Wagner’s suggestion that memory may improve as a
result of educational factors, Morais, Bertelson, Cary, and Alegria (1986) studied the
differences between groups of Portuguese illiterate and ex-illiterate adults on
performance on an immediate recall task pertaining to a series of pictures. By
comparing illiterate adults with others from the same rural background who in
adulthood had recently received reading instruction, it was possible to examine
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whether learning to read affects phonological processes and memory capacity. The
researchers found that the group of ex-illiterates recalled more than the illiterate adults
on a memory task, and performed better on a phonological awareness measure.
Later, another study was conducted with adult illiterates and literates from
similar sociocultural backgrounds to examine performance on memory tasks including
pseudoword repetition and word pair association (i.e., a task requiring participants to
remember five pairs of semantically similar words and five pairs of phonologically
similar words) (Reis & Castro-Caldas, 1997). As expected, results indicated that the
adult illiterates were far less accurate in pseudoword repetition than the literate control
group. They also had significantly more trouble remembering the phonologically
similar word pairs than they did remembering the semantically similar word pairs.
Reis and Castro-Caldas concluded that learning to read enhances phonological
processes, such as the knowledge of grapheme-phoneme correspondences that help
accurate repetition of novel phonological stimuli.
Most recently, Kosmidis, Zafiri, and Politimou (2011) investigated the
performance of ex-illiterates compared to illiterates on forward digit-span (i.e., a
verbal task) and forward spatial-span (i.e., a visuospatial task that requires a
participant to retain an order of block tapping in memory). Similarly, their findings
showed that the illiterate participants did more poorly on forward digit-span than did
the ex-illiterates; however, no effect of schooling or literacy was indicated on the
forward spatial-span measure. Thus, it is plausible that the absence of literacy
experience, and concomitantly weaker phonological processing abilities, is a factor in
the poorer performance of the illiterate participants on the digit-span task.
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Yet, despite this awareness that PM may be influenced by educational
experiences, such as exposure to print, it is surprising to find that few articles have
been published looking at the role of reading progress on PM. Conti-Ramsden and
Durkin (2007) examined literacy skills, measured at age eleven, as a predictor of PM
skills (measured by pseudoword repetition) at the age of fourteen with a group of
adolescents with specific language impairment. They found that early word reading
performance predicted unique variance in pseudoword repetition at fourteen years of
age. The authors suggested that PM skills are a consequence of literacy skills. Poor
reading abilities, they argued, may cause a decline or pause in PM, affecting
performance on a task such as pseudoword repetition.
More recently, Nation and Hulme (2011), discussed previously, reported a oneyear longitudinal study beginning with six-year old participants to examine the
relationship between reading performance (based on a decoding measure and a fluency
measure) and PM (assessed with a pseudoword repetition task); their focus was on the
role of reading on PM development, however they analyzed this relationship in
reverse, as well. SEM results indicated that age six reading progress predicted growth
in PM skills by age seven, beyond oral language skills (such as vocabulary knowledge,
a variable that has been found to contribute to the relationship between reading and
PM), and in addition to the autoregressor effect of earlier pseudoword repetition, that
was the strongest predictor of later PM. Yet, findings did not reveal a significant
relationship when these variables were analyzed in reverse—the role of early PM
skills on later reading performance. Nation and Hulme concluded that learning to read
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an alphabetic writing system assists with the development of segmental phonemic
representations that in turn increase the functional capacity of PM.
These results are important because they explicitly show that reading
development influences the operation of PM beyond the contribution made by
vocabulary knowledge, as well as beyond the autoregressive effect of earlier PM
skills. Thus, there are conflicting results in the field; research indicating that PM is a
predictor of reading, that PM is not related to reading, and that PM is a consequence of
reading. The differences in results across studies are likely due to several factors (e.g.,
age of the participants, orthography, or sample size) including the measure of PM
used.
Does the Measure of Phonological Memory Matter?
The examination of the relationship between reading performance and PM has
been conducted now for several years. Yet, the results across studies are mixed.
Differing results may be due to several factors, like the measure of PM that is selected.
When taking a close look at the studies that have assessed the relationship between
reading and PM, the measure of PM has varied.
Specifically, researchers have used a variety of complex verbal span tasks,
called verbal working memory (WM), which refer to tasks involving both
phonological storage and manipulation, and simpler verbal span tasks, called verbal
short-term memory (STM), that require temporary phonological storage before
immediate recall (Baddeley, 2012). Examples of verbal WM tasks include listening
recall (Alloway & Alloway, 2010; Gathercole et al., 2006; Gathercole & Pickering,
2000; Seigneuric & Ehrlich, 2005; Siegel & Ryan, 1989; Swanson & Howell, 2001),
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backward digit span (Bull et al., 2008; Gathercole et al., 2006), and counting span
(Case, Kurland, & Goldberg, 1982; Gathercole et al., 2006). Verbal STM tasks that
measure PM are digit span, word span, or letter span (Sprugevica & Hoien, 2003), and
pseudoword repetition (Gathercole & Baddeley, 1993b; Nation & Hulme, 2011).
Several measures have been designed to target the same interest, assessing the level to
which PM ability contributes to reading acquisition. As such, researchers have found
inconsistent results.
In general, findings have supported a more consistent positive relationship
between reading acquisition and PM, when the PM task is complex, involving both
storage and verbal manipulation abilities (e.g., Alloway & Alloway, 2010; Gathercole
et al., 2006; Seigneuric & Ehrlich, 2005). Studies that have used simpler PM tasks,
involving temporary storage and immediate verbal recall, have reported less consistent
results, with some showing a positive relationship between reading performance and
PM (e.g., Al Otaiba & Fuchs, 2002; Gathercole & Baddeley, 1993b; Mann &
Liberman, 1984) and others indicating little to no association (e.g., Gathercole et al.,
2006; Wagner et al., 1994; see Savage et al., 2007 for review).
A meta-analysis on verbal memory measures reports that the relationship
between reading and verbal memory span tasks (e.g., letter/digit/word span) is
moderate at best, and sometimes non-significant (Savage et al., 2007). It is suggested
that these measures may tap top-down lexical processes and rely heavily on
vocabulary knowledge. Pseudoword repetition, on the other hand, which is an
immediate non-word repetition task, is suggested to require phonological processing
abilities more than it does top-down processes, and therefore may link more closely
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with reading performance than a span task. However, many studies have found
significant results between reading and PM (e.g., Alloway et al., 2005; Gathercole &
Baddeley, 1993b; Man & Liberman, 1984), while others have not found such a
relationship (Gathercole et al., 2006, Sprugevica & Hoien, 2003; Wagner et al., 1994).
Therefore, it is important to further explore a variety of measures of PM when
examining the direction of the relationship between reading and PM in order to
investigate which method provides more salient results, if at all.
This Study
The main purpose of this dissertation was to examine the direction of the
relationship(s) between reading performance and PM. Specifically, the study focused
on whether early PM predicted later reading, whether early reading predicted later
PM, whether this relationship was bi-directional, or whether, in fact, an association
between the two constructs would not be observed. Gathercole and Baddeley (1993b)
reported a causal relationship between early PM with participants who were four-year
old pre-readers, and later reading when the participants were eight. More closely
related to this project, however, is the work by Nation and Hulme (2011) that
documented a significant relationship between early reading and later PM, but no
relationship in reverse. Similar to this study, the participants in Nation and Hulme’s
(2011) study were first tested at the age of six. Based on this research, it was
hypothesized that the relationships between reading and PM would be bi-directional,
although with a stronger association between early reading performance and later PM.
The second purpose was to examine whether reading performance accounted
for PM growth. It was hypothesized that reading performance would predict PM

12

growth (Nation & Hulme, 2011). Lastly, this study explored the use of different PM
measures, which included two immediate recall tasks, pseudoword repetition and word
span, and compared results of each analysis to see which measure, if any, was a better
predictor of reading performance. Because the inclusion of both PM measures allowed
for comparison, this study examined the extent to which they shared variance and
whether the demands of one corresponded more closely with reading ability.
These goals were tested with a group of young students attending an
elementary school in the Northeastern region of the United States. The students were
assessed on measures of reading, vocabulary, and PM across three time points: fall of
first grade, spring of first grade, and spring of second grade. Secondary data analyses
were conducted.
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CHAPTER 2

METHODOLOGY
Participants
The dataset contained data from 76 first-grade students during fall 2003, the
first testing time (i.e., Time 1). This initial sample of students consisted of 37 girls and
39 boys, with an age range of six to seven years (M = 6 years, 3 months, SD = 3.3
months). The children were attending the first grade in an elementary school in New
England and spoke English as their native language. In spring 2004 (i.e., Time 2), 65
students remained for testing. Within this group, 32 students were male and 33 were
female.
Table 1
Demographic Information Regarding Participants who Remained in the Study (n =
54) and those who Dropped Out (n = 22)
Time 1 Age

Time 2 Age

Time 3 Age

Gender

Participants

M

SD

M

SD

M

SD

M

F

Remained
(n = 54)
Dropped Out
(n = 22)

6.44

0.34

7.06

0.34

8.05

0.34

28

26

6.41

0.32

7.02

0.33

8.03

0.32

11

11

At the end of the study, only 54 (28 male and 26 female students) of the original 76
children were still available for testing during the spring of their second grade (i.e.,
Time 3). Refer to Table 1 for a summary of the demographic information regarding
the final sample (n = 54) of participants who were included in the present project
compared to those who dropped out (n = 22). A post-hoc power analysis was
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conducted in G*power 3.15 to determine the power of this study with the provided
sample size. The power analysis revealed that a sample size of 54 participants
provided a medium effect size of f2 = 0.19, with a post-hoc power of 0.80 and α =
0.05. A conservative effect size estimate using a small effect size of f2 = 0.02 yielded a
post-hoc power of 0.13 and α = 0.05.
A group differences analysis was used to examine whether the students who
dropped out of the study differed in any ways from those who remained (see Table 2
in the results section). All participants passed an audiometric hearing screening before
taking part in the assessments during each of the three time points.
Informed Consent
Informed consent was obtained from all parents of the students who
participated in the study. The students provided their assent to participate before
testing at all three time points.
Measures
A broad set of measures was administered in the original study. For the
proposed study, analyses used data for a subset of measures. Each student was given
three standardized measures of reading, one standardized measure of expressive
vocabulary knowledge, and two experimental measures of phonological memory. Raw
scores were calculated for each measure and used in the analyses in order to more
easily detect change over time. For each measure requiring verbal production, any
pronunciation difficulties with specific phonemes by participants were noted and, for
individual children, not marked as an error for stimuli with phonemes the child was
unable to produce accurately. For example, if a student had trouble accurately
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pronouncing the phoneme /l/ and mispronounced it as the phoneme /y/, this production
difficulty was not marked as an error on test items.
Reading Performance was measured using the Word Identification, Word
Attack, and Passage Comprehension subscales of the Woodcock Reading Mastery
Tests, Revised (WRMT-R; Woodcock, 1998). The WRMT-R is a comprehensive
individual assessment of reading achievement. Every item within each subscale is
scored as either a 1 (correct response) or a 0 (incorrect response). A composite score
was used in the data analyses to represent reading performance. The reading
composite total score ranged from 0 to 219.
The Word Identification subscale is a measure of word recognition and
consists of 106 words. This subtest requires participants to read words that become
increasingly complex and less frequent in English. Testing is continued until six
consecutive words are not read correctly. The total score on this measure ranges from
0 to 106, and is based on the number of correct words read aloud by the participant.
The Word Attack task includes 45 novel pseudowords arranged in order of
difficulty. Each participant is asked to read the words aloud until the individual fails
to respond to or correctly pronounce six consecutive items. The total score on this
measure ranges from 0 to 45 and are based on the number of peudowords accurately
read aloud by the child.
The Passage Comprehension subscale from the WRMT-R was used to measure
reading comprehension. This subscale requires children to read a maximum of 68
short texts ranging from single sentences to complex paragraphs and respond to each
by filling in a blank embedded in the text. Testing is discontinued after the participant
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fails to correctly respond to six consecutive items. This measure’s total score ranges
from 0 to 68 and is based on the number of correct sentence comprehension responses.
Vocabulary was measured using the Picture Vocabulary subtest from the
Woodcock-Johnson III Tests of Achievement (Mather & Woodcock, 2001). Picture
Vocabulary measures oral language development and lexical knowledge. To
administer this measure, the examiner presents a series of pictures, one at a time, to
the participant. The participant is asked to name the picture presented. The items
become increasingly less frequent. The total score based on the total number of correct
answers, ranges from 0 to 44.
Phonological Memory was measured using two verbal-STM tasks: A
pseudoword repetition task and a word span task. The pseudoword repetition task
contained 30 items that varied in length from two to six syllables and conformed with
English phonology. Each pseudoword was read aloud one at a time; after the nonword was presented the participant repeated what he/she heard. The total score,
ranging from 0 to 30 is based on the total number of correctly repeated pseudowords.
The word span task is comprised of six sets of words, with each set containing
three strings of words. The length of the word strings progressively increases across
sets from two monosyllabic words in the first set to sequences of seven monosyllabic
words in the sixth set. Each string is read aloud to the participant at a rate of one item
per second. The participant is asked to repeat the words in the order they were
presented. This task is discontinued when a child makes an error on all three items in a
set. The total score, ranging from 0 to 81, is based on the total number of words
repeated correctly.
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Performance on both of the memory measures was recorded to facilitate
subsequent scoring.
Procedure
This data set was originally collected by school psychology doctoral graduate
students under the supervision of Dr. Susan Brady. Testing occurred over three time
points beginning in fall 2003 when the sample of students were attending the first
grade. Time 1 testing took place during October 2003. Time 2 testing was collected
during May 2004 when the students were in the spring of first grade. Testing took
place at Time 3 in May 2005 during the students’ spring of second grade. Each of the
measures of interest for this study, reading, vocabulary, pseudoword repetition, and
word span, were collected at each time point.
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CHAPTER 3

RESULTS
Analysis Plan
Data were analyzed in multiple ways to address the three aims of this project.
First, preliminary analyses were conducted to gain a general understanding of the data
from the group of participants who remained in the study (n = 54) and that from the
group who dropped out (n = 22). Frequency and descriptive analyses were run for all
measures at Time 1, including reading, vocabulary, and the two phonological memory
(PM) measures (i.e., pseudoword repetition and word span). Then, a group differences
analysis was operated to investigate the differences, if any, between the participants
who dropped out of the study (n = 22) and those who remained (n = 54) at Time 1, the
time wave that included the full group of participants who later dropped out at Times 2
or 3.
For the remainder of the analyses, only the sample of participants who
participated throughout the entire project (n = 54) was examined. Descriptive analyses
were performed to examine the change, if any, in mean scores on all measure across
the three time points. Preliminary correlation analyses were run for all measures
across the three time points (i.e., fall of first grade (Time 1), spring of first grade
(Time 2), and spring of second grade (Time 3)). Next, the trajectories of each variable
were graphed by the variables' means for the three time points. Following these visual
graphs, a series of repeated analyses of variance (R-ANOVAs) were performed to
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determine whether the participants’ performance on the measures significantly
increased over time.
Following preliminary analyses, hierarchical regression analyses and multilevel modeling tests were performed to investigate the aims of this study. To address
Aim 1, examining the Time 1 predictors of PM, and of reading performance at Time 2
and Time 3, a series of eight hierarchical regression analyses were conducted. The first
four regression analyses were used to examine the initial predictors of PM and the
latter four to investigate the contributing predictors to reading performance at Times 2
and 3. Next, Aim 2, investigating whether reading performance predicts the growth of
PM, was studied using growth curve modeling. Finally, hierarchical regression
analyses were operated to explore the shared variance between the PM measures
(pseudoword repetition and word span) and investigate the best PM predictor of
reading performance; these analyses addressed Aim 3.
Preliminary Analyses (Descriptive, Correlational, and Group Differences
Analyses)
Comparing Groups: Analysis of Differences between Participants who Remained in
the Study (n = 54) and those who Dropped Out (n = 22)
Descriptive analyses were conducted to explore the mean performances of the
participants who remained in the study (n = 54) and those who dropped out (n = 22)
on the four dependent measures at Time 1 (refer to Table 2 for descriptive results of
the dependent variables at Time 1 for the participants who remained in the study
versus those who dropped out).
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Table 2
Summary of Descriptive Statistics for Variables at Time 1 for Participants who
Remained (n = 54) versus those who Dropped Out of the Study (n = 22)

Variable

Time 1
Participants who remained
Participants who dropped out
(n = 54)
(n = 22)
M
SD
M
SD

Vocabulary

19.69

3.00

19.36

3.47

Reading

40.24

23.16

41.91

25.51

Word Span

33.59

8.95

35.91

7.19

Pseudo. Rep.a

14.61

5.50

13.18

5.29

Note. aPseudo. Rep. refers to Pseudoword Repetition.
A one-way between-groups multivariate analysis of variance (MANOVA) was
performed to investigate Time 1 group differences between the students who remained
in the study (n = 54) and those who dropped out (n = 22). Five dependent variables
from Time 1 were used: age, vocabulary, reading, word span, and pseudoword
repetition. The independent variable was participant standing in the study (i.e.,
students who remained versus those who dropped out). There was a statistically nonsignificant result between participant standing, indicating that those who remained in
the study did not differ significantly from those who dropped out of the study on the
combined six dependent variables, F (5, 59) = 0.53, p = 0.75; Wilks’ Lambda = 0.96;
multivariate eta-squared = 0.04. A chi-square test was used to determine whether
group status was based on gender. The chi-square test indicated no significant
association between gender and group status, χ2 (1, n = 54) = 0.02, p = 0.88, phi =
0.02.
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For the participants who remained in the study (N = 54), descriptive analyses
were run to analyze the mean scores for each variable across the three time points
(refer to Table 3 for descriptive results of the participants who remained (N = 54) at
Times 1, 2, and 3).
Table 3
Descriptive Statistics for Children who Remained in the Study at Times 1, 2, and 3
(N = 54)
Time 1
Variable

a

Maximum

Time 2

Time 3

M

SD

M

SD

M

SD

Vocabulary

44

19.69

3.00

21.33

3.15

23.83

2.91

Reading

219

40.24

23.16

91.33

20.44

125.26

19.10

Word Span

81

33.59

8.95

38.85

9.36

42.80

9.45

Pseudo Rep.a
30
14.61
5.50
Pseudo Rep. refers to Pseudoword Repetition.

15.54

5.92

18.41

5.00

Correlations between the Dependent Variables for Participants who Remained in the
Study (N = 54)
Preliminary assumption testing was conducted to check for normality,
linearity, univariate and multivariate outliers, homogeneity of variance-covariance
matrices, and multicolinearity, with no serious violations noted.
Correlational analyses were computed to determine relationships between the
four variables (Reading, Vocabulary, Word Span, and Pseudoword Repetition) at
Times 1, 2, and 3 for the participants who remained in the study. (See Table 4 for
correlational analyses computed for the four dependent measures across the three time
points (total of 12 variables) for these participants).
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The correlational analyses indicated that each measure (Vocabulary, Reading,
Word Span, and Pseudoword Repetition) strongly correlated with itself across the
three time points. Each measure’s correlations at the three time points were no less
than 0.50, and the majority of the correlations were 0.60 and above. Specifically,
strong significant relationships occurred between all the variables at different time
points: Vocabulary at Time 1 and Time 2 (r = 0.59), Time 1 and Time 3 (r = 0.60), and
Time 2 and Time 3 (r = 0.75); Reading at Time 1 and Time 2 (r = 0.61), and Time 2
and Time 3 (r = 0.84); Word Span at Time 1 and Time 3 (r = 0.72), and Pseudoword
Repetition at Time 1 and Time 2 (r = 0.80), Time 1 and Time 3 (r = 0.61), as well as at
Time 2 and Time 3 (r = 0.73).
Next, the relationships between Reading and Word Span were examined across
the three time points. Correlations showed that Word Span at Time 1 moderately
correlated with Reading at Time 1 (r = 0.46), but did not have a relationship with
Reading at Time 2 or Time 3. Word Span at Times 2 and 3 significantly correlated
with Reading at each time point; there was a small to moderate correlation between
Word Span at Time 2 and Reading at Time 1 (r = 0.33), Time 2 (r = 0.27), and Time 3
(r = 0.28). Similarly, Word Span at Time 3 had a small to moderate relationship with
Reading at Time 1 (r = 0.39), Time 2 (r = 0.27), and Time 3 (r = 0.28).
Pseudoword Repetition and Reading did not have many significant
correlations. For instance, Pseudoword Repetition at Time 3 was the only time point
when a relationship was present with Reading at Times 1 (r = 0.26), 2 (r = 0.39), and 3
(r = 0.33). In other words, Pseudoword Repetition at Time 1 and Time 2 did not
significantly correspond with Reading at Times 1, 2, or 3.
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There was a moderate to strong relationship between the two PM measures
across the three waves of time. Respectively, Pseudoword Repetition at Time 1
significantly correlated with Word Span at Time 1 (r = 0.48), Time 2 (r = 0.33), and
Time 3 (r = 0.41); Pseudoword Repetition at Time 2 significantly correlated with
Word Span at Time 1 (r = 0.50), Time 2 (r = 0.48), and Time 3 (r = 0.51); and finally,
Pseudoword Repetition at Time 3 had a moderate relationship with Word Span across
each time. Specifically, Pseudoword Repetition at Time 3 significantly related to
Word Span at Time 1 (r = 0.43), Time 2 (r = 0.48), and Time 3 (r = 0.46). These
correlations suggest shared variance between PM measures.
The relationships between Vocabulary and the other variables are less central
to this study, but still important to note. For Reading, performance at Time 1 had a
small to moderate relationship with Vocabulary at Time 2 (r = 0.32) and Time 3 (r =
0.27). At Time 2, there was a moderate relationship with Vocabulary at Time 1 (r =
0.38), Time 2 (r = 0.38), and Time 3 (r = 0.36); and Reading at Time 3 also was found
to be moderately associated with Vocabulary at Time 1 (r = 0.42), Time 2 (r = 0.33),
and Time 3 (r = 0.42).
Both PM measures likewise were found to correspond with vocabulary levels.
At Time 1, Word Span significantly correlated with Vocabulary at Times 1 through 3
(r = 0.33; r = 0.27; r = 0.38, respectively). At Time 2, Word Span significantly related
to Reading at Time 1 and Time 3 (r = 0.30).
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Table 4
Pearson Correlation Coefficients for the Dependent Measures at Time 1, Time 2, and Time 3 (N = 54)
Measures
1
2
3
4
5
6
7
8
9
10

25

1. Vocabulary 1

1

2. Vocabulary 2

0.59** 1

3. Vocabulary 3

0.60** 0.75** 1

4. Reading 1

0.18

5. Reading 2

0.38** 0.38** 0.36** 0.61** 1

6. Reading 3

0.42** 0.33** 0.42** 0.50** 0.84** 1

7. Word Span 1

0.33** 0.27*

0.38** 0.46** 0.22

0.21

1

8. Word Span 2

0.30*

0.15

0.30*

0.33** 0.27*

0.28*

0.54** 1

9. Word Span 3

0.29*

0.40** 0.41** 0.39** 0.27*

0.28*

0.72** 0.51** 1

0.32*

0.27*

12

1

10. Pseudo. Rep.a 1 0.36** 0.15

0.35** 0.09

0.12

0.13

0.48** 0.33** 0.41** 1

11. Pseudo. Rep.a 2 0.40** 0.26*

0.35** 0.14

0.22

0.22

0.50** 0.48** 0.51** 0.80** 1

12. Pseudo. Rep.a 3 0.46** 0.26*

0.39** 0.26*

0.39** 0.33** 0.43** 0.48** 0.46** 0.61** 0.73** 1

Note. Pseudoword Repetition and Word Span are Phonological Memory (PM) measures.
*p < .05. **p < .01.
a

11

Pseudo. Rep. refers to Pseudoword Repetition.

Word Span at Time 3 had a small to moderate relationship with Reading at all three
times (r = 0.29, r = 0.40, r = 0.41, respectively).
Performance on Pseudoword Repetition significantly related to Vocabulary at
small to moderate levels. For Time 1, Pseudoword Repetition had a moderate
relationship with Vocabulary at Times 1 (r = 0.36) and 3 (r = 0.35). At Time 2,
Pseudoword Repetition significantly correlated with Vocabulary across each time
point (Time 1: r = 0.40; Time 2: r = 0.26; Time 3: r = 0.35). Finally, Pseudoword
Repetition at Time 3 had a small to moderate correlation with Vocabulary at Time 1 (r
= 0.46), Time 2 (r = 0.26), and Time 3 (r = 0.39).
Repeated Analyses of Variance to Study Change in Dependent Variables over
Time
Four one-way repeated measures analyses of variance (R-AVOVAs) were
performed to study the change of vocabulary, reading, and both PM measures (i.e.,
word span and pseudoword repetition) across the three time points (fall of first grade,
Time 1; spring of first grade, Time 2; spring of second grade, Time 3). Repeated
ANOVAs were run to assess whether there were significant increases in each variable
over time (refer to Table 5 for means, standard deviations, and repeated ANOVA
results for each variable over time). Time was shown to have a significant effect on all
variables.
First, a repeated ANOVA was conducted to compare the scores of vocabulary
at Time 1, Time 2, and Time 3 (refer to Figure 1 for an illustration of the change in
vocabulary performance over time). There was a significant effect for time, Wilks’
Lambda = 0.25, F (2, 52) = 76.79, p < 0.01, ω2 = 0.24.
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Figure 1
Graph of Vocabulary Mean Raw Scores at Times 1, 2, and 3
Vocabulary Mean Score at Each Time Point
29

Mean Scores

27
23.83

25
21.33

23
21

19.69

19
17
15
1

2
Time

3

Note. Time 1: Fall of 1st grade, Time 2: Spring of 1st grade, Time 3: Spring of 2nd
grade.

Three pairwise comparisons tests were used to make post hoc comparisons between
conditions. The first follow-up comparisons test indicated that there was a significant
difference between Time 1 vocabulary (M = 19.69, SD = 3.00) and Time 2 vocabulary
(M = 21.33, SD = 3.15, p < 0.01). A second paired comparisons test indicated that
there was a significant difference (p < 0.01) between the mean vocabulary during the
Time 2 (M = 21.33, SD = 3.15) and Time 3 (M = 23.83, SD = 2.91). Finally, a third
paired comparisons test showed that there was a significant difference (p < 0.01)
between Time 1 (M = 19.69, SD = 3.00) and Time 3 (M = 23.83, SD = 2.91)
vocabulary.
Second, reading performance scores were compared over time (refer to Figure
2 for an illustration of reading change over time). Time was significantly associated
with increases in reading scores, Wilks’ Lambda = 0.05, F (2, 52) = 469.24, p < 0.01,
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ω2 = 0.37. The paired comparisons tests showed a significant difference (p < 0.01)
between reading at Time 1 (M = 40.24, SD = 23.16) and Time 2 (M = 91.33, SD =
20.44), Time 2 and Time 3 (M = 125.26, SD = 19.10), and Time 1 and Time 3.
Third, word span scores were compared over time; there was a significant
effect for time on word span, Wilks’ Lambda = 0.35, F (2, 52) = 48.69, p < 0.01, ω2 =
0.07 (see Figure 3). Follow-up pairwise comparisons tests indicated a significant
difference (p < 0.01) between word span mean scores at each time point: Time 1 (M =
33.59, SD = 8.95) and Time 2 (M = 38.85, SD = 9.36), Time 2 (M = 38.85, SD = 9.36)
and Time 3 (M = 42.80, SD = 9.45), and Time 1 (M = 33.59, SD = 8.95) and Time 3
(M = 42.80, SD = 9.45).
Figure 2
Graph of Reading Performance Mean Raw Scores at Times 1, 2, and 3
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Reading Mean Raw Scores at Each Time Point
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Note. Time 1: Fall of 1st grade, Time 2: Spring of 1st grade, Time 3: Spring of 2nd
grade.
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Figure 3
Graph of Word Span Mean Scores at Times 1, 2, and 3
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Note. Time 1: Fall of 1st grade, Time 2: Spring of 1st grade, Time 3: Spring of 2nd
grade.

Figure 4
Graph of Pseudoword Repetition Mean Scores at Times 1, 2, and 3
Pseudoword Repetition Mean Scores across Time

Mean Scores
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15.54

15
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Note. Time 1: Fall of 1st grade, Time 2: Spring of 1st grade, Time 3: Spring of 2nd
grade.
In addition, a repeated ANOVA was run to compare pseudoword repetition
performance at Times 1 through 3 (see Figure 4 for the pseudoword repetition chart of
change over time). Results indicated that time had a significant effect on this variable,
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Wilks’ Lambda = 0.58, F (2, 52) = 18.86, p < 0.01, ω2 = 0.04. Follow-up pairwise
comparison tests were run to compare each pair of time points for each measure to
indicate whether the difference between the variables at different times was
significant. Results indicated significant differences (p < 0.01) between Time 1 (M =
14.61, SD = 5.50) and Time 3 (M = 18.41, SD = 5.00), and Time 2 (M = 15.54, SD =
5.92) and Time 3 (M = 18.41, SD = 5.00). However, there was not a significant
difference (p = 0.20) in pseudoword repetition performance from Time 1 (M = 14.61,
SD = 5.50) to Time 2 (M = 15.54, SD = 5.92).
Table 5
Summary of Repeated ANOVA Results with Time as the Independent Variable for
Each Dependent Variable (N = 54)
Time 1
M

SD

M

SD

M

SD

R-ANOVA Results
F
(2, 52)
p
ω2

Vocabulary

19.69

3.00

21.33

3.15

23.83

2.91

76.79 <.01** .24

Reading

40.24

23.16

91.33

Word Span

33.59

8.95

38.85

9.36

42.80

9.45

48.69 <.01** .07

Pseudo. Rep.a

14.61

5.50

15.54

5.92

18.41

5.00

18.86 <.01** .04

Variable

Time 2

Time 3

20.44 125.26 19.10 469.24 <.01** .37

*p < .05. **p < .01.
a
Pseudo. Rep. refers to pseudoword repetition.
Aim 1, Regression Analyses: Examining Bi-Directional Relationships between
Reading and Phonological Memory
In order to investigate the bi-directional relationships between reading
performance and PM, eight hierarchical regression analyses were performed to assess
the relationship between these variables in both directions at two different outcome
times, Time 2 and Time 3, and with two measures of PM (see Table 6a for predictors
of PM at Times 2 and 3, and Table 6b for predictors of reading at Times 2 and 3).
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Each regression analysis was run twice with each measure of PM (i.e., pseudoword
repetition and word span).
The first four regression analyses examined the Time 1 predictors of PM at
Time 2 and Time 3 (see Table 6a for the aims of the first four regression analyses).
The Time 1 predictors (independent variables) included PM (covariate), vocabulary,
and reading. Two analyses were run to assess the Time 1 predictors of PM at Time 2
and two analyses were used to investigate the Time 1 predictors of PM at Time 3.
Next, four regression analyses were run to investigate the Time 1 predictors of reading
at Times 2 and 3 (see Table 6b for the aims of the final four regression analyses).
Time 1 predictors included reading (i.e., the covariate), vocabulary, and PM. Two
analyses assessed the Time 1 predictors of reading at Time 2 while two analyses were
performed to examine the predictors of reading at Time 3.
Table 6a
Aim 1: Examining the Predictors of Phonological Memory (PM) at Times 2 and 3
using Hierarchical Regression Analyses
Aim

Regression Analyses

1

2
Predictors of
Phonological
Memory
3

4

Time 1 Predictors

Outcome Variables

1) Pseudoword repetition
2) Vocabulary
3) Reading

Time 2 Pseudoword
Repetition

1) Pseudoword repetition
2) Vocabulary
3) Reading

Time 3 Pseudoword
Repetition

1) Word Span
2) Vocabulary
3) Reading

Time 2 Word Span

1) Word Span
2) Vocabulary
3) Reading

Time 3 Word Span
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Hierarchical Regression Analyses 1 through 4: Time 1 Predictors of Phonological
Memory
Hierarchical Regression 1 to Assess Time 1 Predictors of Phonological Memory
(Pseudoword Repetition) at Time 2

Table 6b
Aim 1: Examining the Predictors of Reading at Times 2 and 3 using Hierarchical
Regression Analyses
Outcome
Aim
Regression Analyses
Time 1 Predictors
Variables

5

6
Predictors
of Reading
7

8

1) Reading
2) Vocabulary
3) Pseudoword repetition

Time 2 Reading

1) Reading
2) Vocabulary
3) Pseudoword repetition

Time 3 Reading

1) Reading
2) Vocabulary
3) Word span

Time 2 Reading

1) Reading
2) Vocabulary
3) Word span

Time 3 Reading

The first hierarchical regression analysis was run to examine the contributions
of Time 1 predictors in Time 2 PM variance (see Table 7 for the results). PM was
represented by the pseudoword repetition measure. The Time 1 predictors and order of
entry consisted of the following: 1) Pseudoword repetition, the covariate, 2)
vocabulary, and 3) reading. The outcome variable was pseudoword repetition at Time
2. Results indicated that pseudoword repetition exerted a large effect, explaining 64%
of the variance in pseudoword repetition at Time 2. Vocabulary was entered second
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and did not account for any additional variance. Lastly, reading was entered and did
not account for any additional variance in pseudoword repetition at Time 2 beyond
that of pseudoword repetition at Time 1. The overall model explained 65% of variance
in pseudoword repetition at Time 2, F (3, 50) = 32.37, p < 0.01. It is important to note
that pseudoword repetition at Time 1 had a strong, significant relationship with itself
at Time 2 (r = 0.80, p < 0.01). On the other hand, reading at Time 1 did not correlate
with pseudoword repetition at Time 2, the outcome variable (r = 0.14, p = 0.15).

Table 7
Hierarchical Regression Analysis 1: Time 1 Predictors of Pseudoword Repetition
Performance at Time 2
Step
Variable Added
1
Pseudoword Repetition
2
Vocabulary
3
Reading
*p < .05. **p < .01.

R change
.64
.01
.00

p
<.01**
.15
.55

Final ß
.76
.12
.05

Hierarchical Regression 2 to Assess Time 1 Predictors of Phonological Memory
(Pseudoword Repetition) at Time 3
The second regression analysis was run to measure the amount of variance
attributed by Time 1 predictors to PM at Time 3 (see Table 8 for the results from the
second hierarchical regression analysis). Time 1 predictors included: 1) Pseudoword
repetition, the covariate, 2) vocabulary, and 3) reading. Time 3 PM, measured by
pseudoword repetition, was the outcome variable. The results showed that pseudoword
repetition at Time 1 predicted 38% of the variance in pseudoword repetition at Time 3.
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Table 8
Hierarchical Regression Analysis 2: Time 1 Predictors of Pseudoword Repetition
Performance at Time 3
Step
Variable Added
1
Pseudoword Repetition
2
Vocabulary
3
Reading
*p < .05. **p < .01.

R change
.38
.07
.03

p
<.01**
.02*
.13

Final ß
.51
.25
.16

In addition, vocabulary predicted an additional 7% of unique variance in the outcome
variable, after controlling for pseudoword repetition at Time 1, R squared change =
0.07, F change (1, 51) = 6.06, p = 0.02. Reading, entered last, did not contribute any
additional variance in Time 3 PM. The overall analysis described 48% of the variance
on PM at Time 3, F (3, 50) = 14.68, p < 0.01.
Hierarchical Regression 3 to Assess Time 1 Predictors of Phonological Memory
(Word Span) at Time 2
Next, the third and fourth regression analyses consisted of the same goal, but
used word span as the PM measure. The third regression analysis was used to ascertain
the amount of variance each Time 1 predictor contributed to PM at Time 2 (see Table
9 for the results from the third regression analysis). Predictor variables were entered in
the following order: 1) Word span, the covariate, 2) vocabulary, and 3) reading. The
outcome variable was PM, measured by word span, at Time 2. In this model, word
span was the only Time 1 variable that contributed to the outcome, explaining 30% of
the variance. Vocabulary and reading did not account for significant variance beyond
that of word span. As a whole, this model explained 33% of the variance in PM at
Time 2, F (3, 50) = 7.70, p < 0.01.

34

Table 9
Hierarchical Regression Analysis 3: Time 1 Predictors of Word Span Performance
at Time 2
Step
Variable Added
1
Word Span
2
Vocabulary
3
Reading
*p < .05. **p < .01.

R change
.30
.02
.01

p
<.01**
.30
.50

Final ß
.46
.13
.09

Hierarchical Regression 4 to Assess Time 1 Predictors of Phonological Memory
(Word Span) at Time 3
Table 10
Hierarchical Regression Analysis 4: Time 1 Predictors of Word Span Performance
at Time 3
Step
Variable Added
1
Word Span
2
Vocabulary
3
Reading
*p < .05. **p < .01.

R change
.52
.00
.00

p
<.01**
.55
.53

Final ß
.67
.06
.07

The fourth regression model was run to assess the amount of variance each
Time 1 predictor (i.e., word span, vocabulary, and reading, entered in this order)
explained in PM at Time 3, with word span as the PM measure (see Table 10 for the
results from the fourth regression analysis). Similar to the third hierarchical regression
analysis, word span at Time 1 was the only predictor of PM at Time 3.
Specifically, Time 1 word span accounted for 52% of the final variance in word span
at Time 3, which explained the overall contribution in this analysis, F (3, 50) = 18.79,
p < 0.01.
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Hierarchical Regression Analyses 5 through 8: Time 1 Predictors of Reading
Performance
The following four regression analyses were used to determine the
contributions of Time 1 predictors to reading at Times 2 and 3. Two analyses were run
for each outcome variable (i.e., reading at Time 2 and reading at Time 3) in order to
analyze the contribution of PM measured by pseudoword repetition and word span.
Table 11
Hierarchical Regression Analysis 5: Time 1 Predictors of Reading Performance at
Time 2 with Pseudoword Repetition as the Phonological Memory Measure
Step
Variable Added
1
Reading
2
Vocabulary
3
Pseudoword Repetition
*p < .05. **p < .01.

R change
.38
.07
.00

p
<.01**
.01**
.77

Final ß
.56
.29
-.03

Hierarchical Regression 5 to Assess Time 1 Predictors of Reading Performance at
Time 2 with Pseudoword Repetition as the Phonological Memory Measure
The fifth regression analysis was used to assess the ability of Time 1 PM
(measured by pseudoword repetition) to predict reading performance at Time 2, after
controlling for two additional Time 1 predictor variables, reading (covariate) and
vocabulary (see Table 11 for results from the fifth hierarchical regression analysis).
Preliminary correlation analyses displayed a non-significant relationship between
Time 1 pseudoword repetition and Time 2 reading (r = 0.12, p = 0.19), which was the
predictor variable of interest. On the other hand, reading explained 38% of the final
outcome and vocabulary contributed 7% of unique variance after controlling for
reading, R squared change = 0.07, F change (1, 51) = 6.85, p = 0.01. As a whole, this
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model explained 45% of the variance in reading performance at Time 2, F (3, 50) =
13.72, p < 0.01.
Hierarchical Regression 6 to Assess Time 1 Predictors of Reading Performance at
Time 3 with Pseudoword Repetition as the Phonological Memory Measure
The sixth hierarchical regression analysis included the same independent
predictor variables: 1) Reading, 2) vocabulary, 3) pseudoword repetition (see Table 12
for the results of the sixth hierarchical regression analysis). This analysis was run to
evaluate the predictors of reading at Time 3, with specific interest in the contribution
of the final predictor entered, PM. Before the regression analysis was conducted, a
preliminary correlation analysis indicated a non-significant correlation between
pseudoword repetition at Time 1 and reading at Time 3 (r = 0.13, p = 0.17). This
regression analysis showed that the covariate, Time 1 reading, contributed a
significant 25% of variance in reading performance at Time 3. Vocabulary accounted
for 11% of the outcome variance beyond that of the covariate, R squared change =
0.11, F change (1, 51) = 9.09, p < 0.01. The total variance explained by the model as
a whole was 36%, F (3, 50) = 9.51, p < 0.01.
Table 12
Hierarchical Regression Analysis 6: Time 1 Predictors of Reading Performance at
Time 3 with Pseudoword Repetition as the Phonological Memory Measure
Step
Variable Added
1
Reading
2
Vocabulary
3
Pseudoword Repetition
*p < .05. **p < .01.

R change
.25
.11
.00

p
<.01**
<.01**
.78

Final ß
.44
.36
-.03

Hierarchical Regression 7 to Assess Time 1 Predictors of Reading Performance at
Time 2 with Word Span as the Phonological Memory Measure
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The final two regression analyses were conducted to assess the contribution of
variance explained by the Time 1 predictors (reading, vocabulary, and PM, entered
into the hierarchical regression analyses in this order) in reading at Time 2, the seventh
regression analysis (see Table 13 for results of the seventh hierarchical regression
analysis) and Time 3, the eighth regression model (see Table 14 for the results of the
eighth hierarchical regression analysis). These models differed from the previous two
analyses presented (regression five and six) in that word span represented PM for
regressions seven and eight. Preliminary correlation results from the seventh
hierarchical regression model indicated a non-significant relationship between the
main predictor variable of interest, word span at Time 1, and the outcome variable,
reading at Time 2 (r = 0.22, p = 0.06). Thus, results from this regression analysis are
quite similar to the results from the fifth regression, as pseudoword repetition and
word span both did not correlate significantly with reading at Time 2. The results from
this regression analysis showed that Time 1 reading contributed to 38% of the variance
in reading at Time 2. In addition, vocabulary at Time 1 explained 7% unique variance
in Time 2 reading, R squared change = 0.07, F change (1, 51) = 6.85, p = 0.01. The
overall analysis explained 48% of the variance in reading performance at Time 2, F (3,
50) = 15.13, p < 0.01.
Table 13
Hierarchical Regression Analysis 7: Time 1 Predictors of Reading Performance at
Time 2 with Word Span Performance as the Phonological Memory Measure
Step
Variable Added
1
Reading
2
Vocabulary
3
Word Span
*p < .05. **p < .01.

R change
.38
.07
.03
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p
<.01**
.01**
.13

Final ß
.64
.32
-.19

Hierarchical Regression 8 to Assess Time 1 Predictors of Reading Performance at
Time 3 with Word Span as the Phonological Memory Measure
The eighth hierarchical regression analysis consisted of the same Time 1
predictor variables, entered in the same order, as in the seventh hierarchical regression.
The outcome variable was reading at Time 3. Preliminary correlations showed a nonsignificant relationship between Time 1 PM, measured by word span, and Time 3
reading (r = 0.21, p = 0.06). The results are therefore similar to the results from the
sixth regression analysis because both PM measures did not correlate significantly
with reading at Time 3. The regression analysis indicated that Time 1 reading
explained 25% of Time 3 reading, and Time 1 vocabulary predicted 11% of the
variance in Time 3 reading, R squared change = 0.11, F change (1, 51) = 6.09, p <
0.01. As a whole, this model explained 38% of the variance in reading performance at
Time 3, F (3, 50) = 10.09, p < 0.01.
Table 14
Hierarchical Regression Analysis 8: Time 1 Predictors of Reading Performance at
Time 3 with Word Span Performance as the Phonological Memory Measure
Step
Variable Added
1
Reading
2
Vocabulary
3
Word Span
*p < .05. **p < .01.

R change
.25
.11
.02

p
<.01**
<.01**
.28

Final ß
.49
.38
-.14

In sum, eight hierarchical regression analyses were run to assess the
contributions of Time 1 predictor variables to PM at Time 2 (i.e., the first and third
regression analyses) and Time 3 (i.e., the second and fourth regression analyses), and
reading performance at Time 2 (i.e., the fifth and seventh regression analyses) and
Time 3 (i.e., the sixth and eighth regression analyses). The outcome’s covariate (i.e.,
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the outcome variable at Time 1) was entered first to control for that variable. The first
four regression analyses were used to investigate the early predictors of later PM, with
Time 1 reading being the main predictor of interest. These four hierarchical regression
analyses, however, indicated that reading did not contribute to the variance in later PM
ability beyond that of the PM covariate. In model 1, it was expected that Time 1
reading would not relate to or contribute significant variance in Time 2 pseudoword
repetition because these variables had a non-significant relationship indicated by
preliminary correlation analysis. The latter four regression analyses were aimed at
examining the key early predictors of later reading performance. For these analyses,
results indicated that early PM did not explain any variance in later reading
performance beyond what was accounted for by early reading and vocabulary
variables. Preliminary correlational analyses revealed a non-significant relationship
between each Time 1 PM measure and Time 2 and Time 3 reading. Thus, regression
analyses five through eight were run for the purposes of this dissertation project with
no expectation of finding valuable results.
Aim 2, Growth Curve Modeling: Investigating the Effects of Reading on
Phonological Memory Growth
Growth curve modeling (GCM) was used to assess the effects of reading on
PM growth, including both pseudoword repetition and word span (refer to Table 15
for the aim of Model 3, to analyze the effect of reading on PM). In order to assess
whether reading had an effect on PM, three models were run, each building on the
previous model. Each model was run using MIXED in SPSS.21. Model 1, the
unconditional means (UM) model analyzed the initial status of each PM measure
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separately. This model assessed whether there was variation between participants in
the initial status (i.e., intercept) for PM. Model 2, the unconditional growth (UG)
model was run to investigate the rate of growth for PM across time and to ascertain if
there was PM slope (i.e., growth) variation between individuals. Finally, Model 3, the
conditional growth (CG) model, was run to analyze the effects of reading on PM
growth (Heck, Thomas, & Tabata, 2014).
Two levels were included, Level 1 and Level 2. Level 1 referred to the intraindividual variation among the repeated measures (i.e., repeated measures). The Level
2 portion included the inter-individual variation (i.e., individuals). Thus, the repeated
measures (Level 1) were nested within the individuals (Level 2) (Hayes, 2006).
In order to run GCM in SPSS.21, the data were reorganized from a personperiod data set (one row per person; i.e., horizontal form) to a person-level data set
(i.e., vertical or long form). Time-varying variables, including reading, pseudoword
repetition, and word span, were rearranged by one row per wave of measurement (i.e.,
one row per time point) (Heck, Thomas, & Tabata, 2014). Time was coded as 0, 0.07,
0.19 to represent the time waves 1, 2, and 3 in months.
Table 15
Aim 2: Investigating whether Reading Affects the Growth of Phonological Memory
(PM) using Growth Curve Modeling
Aim

Growth Curve
Model 3

Predictor
Variable

Outcome
Variable

1. Effect of Reading on
Pseudoword
Repetition Growth

1

Reading

Pseudoword
Repetition

2. Effect of Reading on
Word Span Growth

2

Reading

Word Span
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Model 1. Unconditional Means (UM) Model with No Predictors
The unconditional means (UM) model was run first as a baseline for the
unconditional growth (UG) model. Specifically, the UM model was an intercept-only
model used to investigate variation among individuals at the initial status (i.e.,
intercept) for PM, the outcome variable, without regard to time (Heck, Thomas, &
Tabata, 2014). This model contained three parameters, including the fixed effect that
described the average PM ability at the initial point (intercept), the Level 2 (betweenindividual) random variance, and the Level 1 (within-individual) residual variance.
Two models were run, one for each PM measure (refer to Table 16 for results from the
UM model for pseudoword repetition and word span).
Table 16
Summary of Unconditional Means (UM) Models for Pseudoword Repetition and
Word Span
UM Model for Pseudoword
Repetition

UM Model for Word Span

Parameter

Estimate

SE

p value

Estimate

SE

p value

Fixed Intercept

16.19

0.67

< 0.01

38.41

1.07

< 0.01

Random
Intercept

20.26

4.77

< 0.01

43.67

12.36

< 0.01

Random Error

12.35

1.68

< 0.01

55.78

7.59

< 0.01

First, one UM model was run with the dependent variable pseudoword
repetition. The fixed effects result indicated that the intercept estimate was
significantly different from zero (β = 16.19, SE = 0.67, p < 0.01). In addition, there
was variation around the intercept between individuals, as evidenced by the
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covariance intercept estimate of 20.27 (Wald Z = 4.25, p < 0.01). The intraclass
correlation coefficient (ICC; the amount of total outcome variation that is related to
interindividual differences) was 62.13% [(20.26)/(20.26+12.35) = 0.6213]. Thus,
62.13% of the variation in pseudoword repetition was due to student differences
around the intercept. According to Shek and Ma (2011), multilevel modeling (MLM)
is generally preferred if the ICC value is at or above 0.25.
The UM model was repeated with word span as the dependent PM variable.
Results from the MIXED analysis showed that the fixed effects intercept for word
span was significantly different from zero (β = 38.41, SE = 1.07, p < 0.01).
Significant variation was established around the intercept (Wald Z = 3.53, p < 0.01).
This indicated that participants’ initial status varied significantly. The ICC value of
0.44 [(43.67)/(43.67+55.78) = 0.4391] indicates that 43.91% of the overall intercept
variation for word span was attributed to interindividual differences (Shek & Ma,
2011).
Model 2. Unconditional Growth (UG) Model with Time
Two unconditional growth (UG) models were run to investigate the growth
curves of the PM variables by taking time into effect. The UG model examined
whether the time-related slopes (change/growth) for pseudoword repetition and word
span varied across individuals. It also studied the individual changes over time and
whether individual’s rates of change varied from the population’s true slope (refer to
Table 17 for UG results).
The results from the UG model for pseudoword repetition showed significant
values for both the fixed effects intercept (β = 14.42, SE = 0.78, p < 0.01) and slope (β
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= 0.20, SE = 0.03, p < 0.01) parameters. The mean estimated intercept was 14.42 and
the growth rate was 0.20. Thus, individual performance on pseudoword repetition
increased at a rate of 0.20 across time. The random error term associated with the
intercept was significant (Wald Z = 4.38, p < 0.01), indicating that variation occurred
at the intercept between individuals. The slope’s random error term was also
significant (Wald Z = 1.95, p = 0.05), meaning that there was a significant amount of
variation in the slope among individuals. The correlation between the intercept and the
slope parameters was negative (β = -0.44; Wald Z = -1.96, p = 0.05). This suggests
that individuals with higher PM abilities, measured by pseudoword repetition, had
slower growth and those who had lower initial PM scores had faster growth.
Table 17
Summary of Unconditional Growth (UG) Models for Pseudoword Repetition and
Word Span
UG Model for Pseudoword
Repetition

UG Model for Word Span

Estimate

SE

p value

Estimate

SE

p value

14.42

0.77

< 0.01

34.36

1.16

< 0.01

0.20

0.03

< 0.01

0.47

0.06

< 0.01

27.92

6.38

< 0.01

45.95

14.73

< 0.01

Random Slope

0.03

0.01

0.05

0.00

0.00

--

Intercept+Slope

-0.44

0.22

0.05

0.18

0.56

0.75

6.22

1.20

< 0.01

35.65

4.85

< 0.01

Parameter

Fixed Intercept
Fixed Slope
Random Intercept

Random Error
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The UG model was run once more to assess the growth in word span over
time. This model did not converge. Thus, results are to be interpreted with caution and
may not be valid. Estimates of the fixed effects intercept and growth parameters
showed significant results indicating that the intercept (β = 34.36, SE = 1.16, p < 0.01)
was greater than zero, and there was a positive rate of change (β = 0.47, SE = 0.06, p <
0.01). These results suggest that the mean initial status (Time 1) of word span was
34.36 with a positive rate of 0.47 per time wave. The random error term for the
intercept estimate of 45.95 was significant (Wald Z = 3.12, p < 0.01), indicating
variance between participants at the initial status point. However, the random error
associated with the growth parameter was so small (β < 0.01) that it was unable to
converge and thus was not modeled.
Model 3. Conditional Growth (CG) Model with Reading Performance
The conditional growth model incorporated the time-varying, mean-centered
reading predictor. This model tested the effect of reading performance on the growth
trajectory of PM ability within and between students. Moreover, this analysis provided
information about whether reading performance was a predictor of the PM intercept
and growth parameters. It should be noted that the CG model is only supposed to be
run when the previous model, the UG model, identifies a significant growth trajectory
(Hayes, 2006). In addition, preliminary correlational analyses have indicated a nonsignificant relationship between reading and PM at different time points. This model
was run solely for the purposes of this dissertation project despite foreseeing nonsignificant results with the reading predictor added. The CG models did not converge
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for pseudoword repetition or word span due to a lack of variance surrounding the
slope. Thus, the result estimates are not valid and should be interpreted with caution.
The first CG model was run to examine the reading performance effect on the
growth trajectory of PM. Similar to the first two models, the intercept fixed effect was
significant (β = 14.37, SE = 0.96, p < 0.01). In addition, the linear growth parameter
was significant (β = 0.20, SE = 0.08, p < 0.05). The reading effect estimate was small
(β < .01) and not significant. The covariance parameters, including the intercept and
slope variance associated with reading performance, were not significant. Reading was
not found to significantly affect the growth of pseudoword repetition.
Lastly, the CG model was run to investigate the effects of reading performance
on word span growth. Just as it was determined in models 1 and 2, the word span
initial status differed significantly from 0 (β = 28.63, SE = 2.00, p < 0.01). However,
the slope and reading estimates were not significant. In addition, the covariance
parameters were analyzed to investigate whether variance occurred between
participants on the word span task due to a reading effect. Yet, these results were
unable to converge as a result of model 2 not converging.
Aim 3, Exploratory analyses: Examining Phonological Memory Measures
Hierarchical regression analyses were conducted to explore the level of shared
variance between the two PM measures, as well as evaluate which PM measure was a
better predictor of reading performance (see Tables 18a and 18b for the aims of the
exploratory analyses).
Hierarchical Regression Analyses to Examine the Shared Variance between the
Phonological Memory Measures: Pseudoword Repetition and Word Span
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Four hierarchical regression analyses were run to examine whether word span
and pseudoword repetition shared variance. Two sets of regression analyses were
conducted, the first set to address shared variance between word span at Time 1 and
pseudoword repetition at Time 3, and the second set examined the shared variance
between pseudoword repetition at Time 1 and word span at Time 3. Each regression
was run in the reverse order. In the first model, word span at Time 1 was entered first,
followed by Time 1 pseudoword repetition. The outcome variable was pseudoword
repetition at Time 3 (see Table 19). The results showed that Time 1 word span
contributed 18% of the variance in Time 3 pseudoword repetition, when not
controlling for the covariate.
Table 18a
Aim 3: Exploring the Shared Variance between Phonological Memory (PM)
Measures
Regression Analyses
1

Time 1 Predictor Variables
1) Word Span
2) Pseudoword Repetition

2

1) Pseudoword Repetition
2) Word Span

3

1) Pseudoword Repetition
2) Word Span

4

Time 3 Outcome Variable

Pseudoword Repetition

Word Span

1) Word Span
2) Pseudoword Repetition

Time 1 pseudoword repetition contributed an additional 22% of the variance beyond
that of word span at Time 1. The overall model explained 40% of variance, F (2, 51) =
16.98, p < 0.01.
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Table 18b
Aim 3: Exploring the Shared Variance between Phonological Memory (PM)
Measures and the Best Predictor of Reading Performance
Regression Analyses

Time 1 Predictor Variables

1

1) Reading
2) Pseudoword Repetition
3) Word Span

2

Time 3 Outcome
Variable

Reading

1) Reading
2) Word Span
3) Pseudoword Repetition

For the second model, the predictors were entered in the reverse order (i.e.,
pseudoword repetition entered first followed by word span). In this model, Time 1
word span was not found to contribute any unique variance in the outcome, Time 3
pseudoword repetition, beyond what pseudoword repetition at Time 1 contributed to
the outcome, specifically, 38% of variance.
Table 19
Summary of Hierarchical Regression Results for Examining the Shared Variance
between Time 1 Word Span and Time 3 Pseudoword Repetition
Step
Variable Added
1
Word Span
2
Pseudoword Repetition
1
Pseudoword Repetition
2
Word Span
*p < .05. **p < .01.

R change
.18
.22
.38
.02

p
<.01**
<.01**
<.01**
.17

Final ß
.17
.53
.53
.17

The overall model explained 40% of the variance, F (2, 51) = 16.98, p < 0.01. These
two models indicate the presence of shared variance between the PM measures.
Specifically, word span was initially found to contribute variance in pseudoword
repetition at Time 3 (ß = 0.17, p < 0.01), when it was entered alone. Yet, that variance
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contribution did not occur when Time 1 pseudoword repetition was the first predictor
entered into the model, indicating that word span and pseudoword repetition share
variance rather than word span holding unique variance in pseudoword repetition.
Table 20
Summary of Hierarchical Regression Results for Examining the Shared Variance
between Time 1 Pseudoword Repetition and Time 3 Word Span
Step
Variable Added
1
Pseudoword Repetition
2
Word Span
1
Word Span
2
Pseudoword Repetition
*p < .05. **p < .01.

R change
.17
.36
.52
.01

p
<.01**
<.01**
<.01**
.48

Final ß
.08
.69
.69
.08

Next, models three and four were run to investigate the shared variance
between pseudoword repetition at Time 1 and word span at Time 3 (refer to Table 20
for hierarchical results regarding the shared variance between pseudoword repetition
at Time 1 and word span at Time 3). In the third model, Time 1 pseudoword repetition
was entered first and Time 1 word span was entered second. On its own, pseudoword
repetition contributed a significant 17% of the variance in word span at Time 3. Time
1 word span explained an additional 36% of the variance in the outcome, Time 3 word
span. This overall model explained 53% of the variance, F (2, 51) = 28.50, p < 0.01.
Next, in the fourth model, the predictors were reversed. Time 1 word span was entered
first and accounted for 52% of the variance, although pseudoword repetition at Time 1
did not contribute any unique variance in the outcome variable beyond what was
explained by Time 1 word span. This model explained an overall variance of 53%, F
(2, 51) = 28.50, p < 0.01. Shared variance is again shown in these models between
word span and pseudoword repetition. When entered first, pseudoword repetition
contributed significant variance (ß = 0.08, p < 0.01) in later word span performance,
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but it did not explain variance in the outcome when it was placed in the model second.
It is evidenced by the ß values that Time 1 word span holds more weight (ß = 0.17, p
< 0.01) in Time 3 pseudoword repetition than does Time 1 pseudoword repetition in
Time 3 word span (ß = 0.08, p < 0.01).
Hierarchical Regression Analyses to Investigate the Best Phonological Memory (PM)
Predictor of Reading Performance
The goal of the next analyses was to investigate the best PM predictor of
reading performance based on the results from two hierarchical regression analyses.
Preliminary correlational analyses indicated a non-significant relationship between
Time 3 reading and both PM measures, word span at Time 1 (r = 0.21, p > 0.05) and
pseudoword repetition at Time 1 (r = 0.13, p > 0.05). For the purposes of this project,
the regression analyses were run despite the lack of relationship between the
independent variables and the dependent variable.
The Time 1 PM measures participated as the predictor variables and Time 3
reading was the outcome variable. In addition, Time 1 reading was placed in each
model first to control for its contribution in the outcome variance. Two models were
run; for the first model, pseudoword repetition was entered into step 2, following Time
1 reading, and word span was entered into step 3, the order of PM measures was
reversed for the second model.
In the first model, reading at Time 1 was entered into step 1 and exerted a large
effect, explaining 25% of the variance in reading at Time 3 (F (1, 52) = 17.20, p < .01.
Neither word span nor pseudoword repetition accounted for any additional variance,
which was expected due to the lack of correlation between these variables and reading
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at Time 3. The overall model explained 26% of variance in reading at Time 3, F (3,50)
= 5.91, p < .01 (see Table 21 for hierarchical regression results).
When the entry of the PM variables was reversed, the model again explained
26% of the variance in reading at Time 3. In step 1, Time 1 reading was entered into
the model and accounted for 25% of the variance, F (1, 52) = 17.20, p < .01. In the
second step, pseudoword repetition at Time 1 was entered and did not explain any of
the variance beyond that of reading at Time 1. Similarly, in step 3, Time 1 word span
was entered and did not explain additional variance in the outcome variable. The
overall model explained 26% of variance in Time 3 reading, F (3,50) = 5.91, p < .01
(see Table 21 for results).
Table 21
Summary of Hierarchical Regression Results for Phonological Memory Predictors
of Reading Performance at Time 3
Step
Variable Added
1
Reading
2
Word Span
3
Pseudoword Repetition
1
Reading
2
Pseudoword Repetition
3
Word Span
*p < .05. **p < .01.

R change
.25
.01
.01
.25
.01
.01

51

p
<.01**
.85
.36
<.01**
.48
.54

Final ß
.53
-.10
.13
.53
.13
-.10

CHAPTER 4

DISCUSSION
The present longitudinal study was one of few to investigate the bi-directional
relationship between early reading development and phonological memory (PM)
ability. The current study also examined the role of reading performance on PM
growth. Further, this study explored the relationship between PM measures, to
understand whether shared variance exists between pseudoword repetition and word
span, and whether one of these two PM measures is a better predictor of reading
achievement. Specifically, two hypotheses were proposed. First, a bi-directional
relationship between PM and reading would be present, with a stronger pull in the
direction of early reading performance predicting later PM ability, beyond what could
be explained by the Time 1 PM covariate (i.e., autoregressive effect) or vocabulary
knowledge. Second, reading performance would be a significant contributor to PM
growth and would affect the change in PM ability over time. In addition, the two PM
measures, pseudoword repetition and word span, were closely examined to explore
their shared variance. A secondary dataset was used for this study containing a sample
of 54, English-speaking students attending one public elementary school in the
Northeast region of the United States. The participants were tested three times: the fall
of first grade (i.e., Time 1), the spring of first grade (i.e., Time 2), and the spring of
second grade (i.e., Time 3). At each time point, students were administered
assessments that evaluated their reading ability (i.e., the ability to read real words
aloud, pseudowords aloud, and comprehend a passage), vocabulary knowledge (i.e.,
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expressive vocabulary), and phonological memory (i.e., two orally presented
measures, the pseudoword repetition measure and the word span measure).
Summary of the Findings
Aim 1 Findings: Determining the Nature of the Relationship between Phonological
Memory (PM) and Reading
The bi-directional relationship between PM and reading was examined with a
series of eight hierarchical regression analyses. The first four regression analyses
investigated the contributions of early reading (i.e., Time 1) to later PM ability (i.e.,
Times 2 and 3). For these analyses, Time 1 reading was the primary predictor variable,
and PM at Time 2 and Time 3 functioned as the outcome variables. The final four
regression analyses analyzed the relationship in reverse, the role of early PM ability
(i.e., Time 1) on later reading performance (i.e., Times 2 and 3). Among the latter four
models, Time 1 PM, measured by either pseudoword repetition or word span, served
as the main predictor of interest, and reading performances at Time 2 and 3 were the
outcome variables. For each direction of the relationship under investigation,
regression analyses were run separately for each PM measure, pseudoword repetition
and word span, and for the different outcome time points (i.e., Time 2 and Time 3).
The covariate (i.e., Time 1 PM or reading, depending on the outcome variable of
interest) and vocabulary variables were controlled for by being entered first and
second, respectively, into each model.
Aim 1.A: Early Reading as a Predictor of Later Phonological Memory (PM)
First, the relationships between early reading and later PM, at Times 2 and 3,
were investigated. It was hypothesized that early reading would predict later PM,
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given the hypothesis that reading is causally related to PM (Nation & Hulme, 2011).
Preliminary correlational analyses showed significant, small to moderate relationships
between Time 1 reading and Times 2 and 3 PM, except between Time 1 reading and
pseudoword repetition at Time 2 (p = 0.14, non-significant).
However, different from the results reported in Nation and Hulme’s (2011)
paper, in this study a non-significant relationship between early reading and later PM
was found on every occasion. Three explanations for these discrepant findings can be
considered and may be attributed to methodological differences between studies. First,
the sample size of 54 participants in this study does not compare to the sample of 242
students who participated in Nation and Hulme’s (2011) project. Based on a post-hoc
power analysis, the present study met a medium effect estimate with a post-hoc power
of 0.80 for a sample of 54 participants. Nation and Hulme (2011), on the other hand,
reported large effect estimates, indicating less conservative effect-size estimates than
what the present study reported. As such, their results may have been significant due
to the large sample size alone, and perhaps not due to a true effect (Tabachnick &
Fidell, 2007; van Voorhis & Morgan, 2007). Second, to determine whether Time 1
reading contributed to performance in PM at Time 2, Nation and Hulme (2011) used
structural equation modeling (SEM) with three latent variables, including reading (i.e.,
sight word and oral reading fluency), oral language (i.e., expressive and receptive
vocabulary), and phonological memory (i.e., two pseudoword repetition measures).
The present study, on the other hand, conducted four hierarchical regression analyses
to estimate this relationship, with independent variables, namely a composite score for
reading, one measure of vocabulary, and two measures of PM that were treated as
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separate. SEM has been consistently documented to be a more powerful design for
detecting significant results than first-generation regression analysis (Iacobucci,
Saldanha, & Deng, 2007). Third, other significant information lending to variation
between studies includes cultural and educational differences between the samples of
participants. Nation and Hulme’s (2011) participants were native speakers of British
English, attending their first (i.e., Time 1) and second (i.e., Time 2) primary years of
school in England, whereas this study included a sample of American Englishspeaking participants attending their second and third years of primary education (i.e.,
first and second grades). While the orthographies are the same, and the participant
mean ages at Time 1 of both studies was approximately six-years old, the participants
in the former experiment were first tested during their first year of school, whereas
those in this study were in their second year of school, the first grade. Although
necessary to address that the prediction analyses did not show similar results to the
findings from Nation and Hulme’s (2011) study, it is pertinent that the present study
demonstrated a positive relationship between early reading and later PM, presented in
the correlational analyses, as noted earlier. This project in conjunction with Nation and
Hulme’s (2011) study, are some of the few studies that have examined the relationship
between early reading acquisition and later PM.
Other findings from the four regression analyses include the strong, positive
prediction of Time 1 PM, the autoregressive effect, in later PM. Thus, little remaining
variance was available for other variables (i.e., vocabulary and reading). This was
evident in the first, third, and fourth regression analyses showing that Time 1 PM
explained 64%, 30%, and 52% of the variance in later PM, when the models as a
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whole explained 65%, 33%, and 52% of variance in later PM, respectively. Nation and
Hulme (2011), too, found the PM covariate to be strong in relation to later PM, but
their results still pointed to early reading as a predictor of PM.
On one occasion, the second regression model, Time 1 vocabulary was found
to contribute an additional 7% of variance in Time 3 PM beyond what was explained
by the covariate. This provides evidence to support the positive association between
PM and vocabulary, which is documented (e.g., Gathercole & Baddeley, 1989; 1990;
Gathercole et al., 1992; Gathercole et al., 1999; Michas & Henry, 1994). Specifically,
Gathercole, Willis, Emslie, and Baddeley (1992) found that vocabulary knowledge at
ages five and six predicted PM at ages six and eight, respectively. The authors
concluded that by the age of five-years old, vocabulary knowledge becomes a clear
predictor of subsequent vocabulary development. On the other hand, as children age
PM becomes less of a predictor of learning new words (Gathercole et al., 1992).
Aim 1.B: Early Phonological Memory (PM) as a Predictor of Later Reading
Additionally, the relationship in reverse was studied. That is, four hierarchical
regression analyses were performed to analyze the role of early PM in later reading.
Overall, the regression analyses revealed non-significant relationships between these
variables. Thus, early PM, measured by both pseudoword repetition and word span at
Time 1, was not found to significantly contribute variance in reading at Times 2 or 3,
on any occasion, similar to results reported by Nation and Hulme (2011). These results
did not come as a surprise since preliminary correlational analyses displayed nonsignificant results between early PM and later reading. However, the findings differed
from those presented in the study by Gathercole and Baddeley (1993b). One plausible
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explanation is the discrepancy between the participants’ mean age, and reading status,
at the first wave of testing across studies. Gathercole and Baddeley (1993b) initially
tested PM abilities among a sample of pre-readers who had a mean age of four-years
old. In contrast, the present study included students who were six-years old during the
first time point. Further, the participants from the present study already were reading
by the time of the initial testing, and had experienced one full year of school (i.e.,
kindergarten); the participants from Gathercole and Baddeley’s (1993b) study had not
yet attended their first year of school.
Based on what is known about PM as a predictor of reading, early PM is
suggested to be fundamental to later reading when it is tested prior to learning to read
or during initial reading acquisition (Gathercole & Baddeley, 1993a). This is because,
once reading is acquired, new variables, such as phonological awareness and reading
itself, are found to supplant the role of early PM in explaining later reading
performance (Al Otaiba & Fuchs, 2002; Scarborough, Neuman, & Dickinson, 2009;
Stanovich, 1986). Though properties of PM are related to phonological awareness,
other factors, namely letter knowledge and lexical information are additional key
contributors to phonological awareness and play a crucial role in reading development
(Alloway, 2006).
In conjunction with this discussion, results from the present study illustrated
that Time 1 reading, the covariate, and vocabulary knowledge contributed significant
variance in reading at Times 2 and 3. To be precise, early reading was found to
explain between 25% to 38% of the variance in later reading. This is supported by the
literature that demonstrates that early reading is the best predictor of later reading
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success (Cunningham & Stanovich, 1997; Scarborough et al., 2009). In addition,
vocabulary was shown to account for an additional 7% to 11% of the variance in later
reading above and beyond what the autoregressive effect of Time 1 reading. This
further provides evidence of the shared variance between reading and vocabulary
(Cunningham & Stanovich, 1997; Kamil, 2004; NICHHD, 2000; Senechal & LeFevre,
2000; Tannenbaum, Torgesen & Wagner, 2006; Verhoeven, van Leeuwe & Vermeer,
2012).
Aim 2 Findings: The Role of Reading on Phonological Memory (PM) Growth
To assess the second hypothesis that reading would affect PM growth, growth
curve modeling (GCM) analyses of multilevel modeling (MLM) were conducted. The
purpose was to add additional information regarding the role of reading in PM
development beyond what could be explained by hierarchical regression analyses run
for the purposes of Aim 1.A. For GCMs, a series of three models were run, each
adding to the previous model.
The unconditional means (UM) model, the first one run, served as the baseline
model. This model did not contain any predictors, nor did it account for time. The
purpose was to determine whether interindividual variation around the intercept, or
initial status, was present. The findings revealed significant variation around the
intercept for both PM measures. An intraclass coefficient (ICC; i.e., the amount of
total outcome variation that is related to interindividual differences) of 0.62 was found
for pseudoword repetition, indicating that about 62% of the variation around the
intercept was due to participant variation on this task. The ICC for word span was
0.44, meaning that approximately 44% of the intercept variation was explained by
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interindividual differences. Thus, this model not only indicated the presence of
interindividual variation around the initial status for each PM measure, but also that it
was necessary to proceed by adding onto this model (i.e., the effect of time) because
of its significant results.
The second model tested the growth in PM, both pseudoword repetition and
word span, with time in effect. Results from the unconditional growth (UG) model for
pseudoword repetition were represented, whereas this model did not converge for
word span. For pseudoword repetition, the findings were similar to the preliminary
repeated analysis of variance (R-ANOVA), in that there was positive change in
performance over time. In particular, pseudoword repetition ability increased at an
estimated rate of 0.20 per testing phase. In addition, there was significant
interindividual variation around the slope and the variation in the slope was found to
be negative. This implies that students with strong performance in pseudoword
repetition had slower growth following the first testing point than those who
demonstrated lower initial performance on this PM task. This may have occurred
because students with poorer PM abilities had more room for growth, as well as more
opportunity to catch up (e.g., Baddeley, 2003; see Brady (1991) for a review).
The UG model for word span did not converge for the random effects.
However, the model was able to illustrate a significant slope of 0.47 per time point,
indicating an increased rate of 0.47 for word span performance over the three time
points. Other information, such as whether variation between individuals was present,
was not explained in this model. Thus, the repeated ANOVA model that shows
significant, positive change over time, is a better fit for this PM measure.

59

Growth in PM has been documented quite extensively. Similar to the results
from the repeated ANOVAs, and the information provided from the GCMs, research
supports that PM performance positively changes over time. Historically, studies have
reported that PM nearly triples from childhood to adulthood (Dempster, 1981; Wagner
et al., 1997). More recently, Alloway, Gathercole, and Pickering (2006) examined the
growth of PM over time with a large sample of 709, four-year old students who were
followed until the age of eleven. Their findings supported previous research; PM was
found to demonstrate steady developmental improvement across time. Variation in PM
performance was suggested to relate to intrapersonal factors, such as reading
performance and language development (Alloway et al., 2006). Another study
indicated that PM growth followed a positive, linear trajectory that continuously
increased until students were about fourteen years of age (Gathercole et al., 2004). The
authors reported that the PM growth levels off by the age of fifteen (Gathercole et al.,
2004).
It was proposed that a third model, the conditional growth (CG) model, would
be run in order to determine whether reading performance had an effect on PM
growth. In conjunction with Aim 1.A of this study, the hypothesis was that reading
acquisition would contribute to PM. Furthermore, reading performance was expected
to affect the growth in PM development (Nation & Hulme, 2011). One goal of this
dissertation project was to conduct more complex models in addition to traditional
regression analyses. However, converging this model was problematic for both PM
measures, despite increases in iterations, alterations among the covariance type (i.e.,
attempts were made with the unstructured covariance matrix and the variance-
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components structure), and general trouble shooting within the SPSS.21 multilevel
modeling statistical package. Convergence errors may have been due to limited
variation around the slopes or the small sample size (Heck, Thomas, & Tabata, 2013).
As such, the previously presented four hierarchical regression analyses from Aim 1.A
best explain the role of reading achievement on PM development. To summarize those
findings, reading performance did not predict PM ability at later points, in contrast to
the results presented in previous work (e.g., Nation & Hulme, 2011).
Aim 3 Findings: Exploring the Shared Variance between Pseudoword Repetition and
Word Span, and Determining the Best Phonological Memory (PM) Predictor of
Reading
Exploratory hierarchical regression analyses were performed to investigate
both the shared variance between PM measures and to assess whether one PM
measure was a better predictor of reading. In the area of shared variance exploration,
preliminary correlational analyses, as well as four hierarchical regression results will
be discussed. The results from an additional four exploratory hierarchical regression
analyses will be explained for the topic regarding the better PM predictor of reading.
Shared variance between the two PM measures was evidenced by significant,
positive, moderate to large correlations between the pseudoword repetition and word
span measures across time. The weakest relationship, though still a moderate
association, occurred between Time 1 pseudoword repetition and Time 2 word span (r
= 0.33, p < 0.01). Time 1 word span and Time 2 pseudoword repetition (r = 0.50, p <
0.01), as well as Time 2 pseudoword repetition and Time 3 word span (r = 0.51, p <
0.01) held the strongest connections to each other. Thus, the shared variance ranged
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from small to large, but was generally moderate. To further address the question of
shared variance, four hierarchical regression analyses were conducted to evaluate
whether one PM measure at Time 1 predicted variance in the other PM measure at
Time 3. Results pointed to much overlap between the PM measures. Specifically,
Time 1 word span explained 18% of the overall 40% of variance in Time 3
pseudoword repetition, when it was entered into the model first. However, when this
order was reversed, Time 1 word span did not contribute additional variance beyond
the autoregressive effect of pseudoword repetition at Time 1. Likewise, Time 1
pseudoword repetition was found to explain 17% of Time 3 word span variance when
it preceded the entry of word span, but it did not account for any variance in Time 3
word span when it followed the entry of the covariate. As a whole, the findings show
that the PM measures contained shared variance as opposed to unique variance with
one another. It must be noted that the autoregressive effect of the Time 1 covariate
accounted for significant variance in the outcome variable. However, that only further
validates the presence of shared variance between these PM measures. Historically,
word span and pseudoword repetition measures have been best described as verbal
short-term memory (STM) measures (Al Otaiba & Fuchs, 2002; Baddeley, 2003;
Gathercole & Baddeley, 1993b; Melby- Lervåg, 2012; Metsala, 1999). They are
considered simpler PM tasks that require temporary storage, as well as immediate
verbal recall (Baddeley, 2003). Despite their assumed similarities, researchers did not
confirm whether these simpler PM measures, indeed, shared variance. Furthermore,
inconsistent findings have been reported about the relationship between PM and
reading, with some questioning about how the PM measure plays into this equation.
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For instance, Sprugevica and Hoien (2003) did not find that word span was a predictor
of reading, whereas Gathercole and Baddeley (1993b) identified that pseudoword
repetition explained variance in later reading. However, based on the results from the
present study, it appears that these variables contain shared variance and that the
variability between studies likely was due to several other inconsistent factors, such as
the sample size, the age of the participants, and additional predictor variables included
(i.e., whether one study included the autoregressive effect, phonological awareness, or
intelligence, for example, may affect the results).
Finally, exploratory hierarchical regression analyses were run to examine
whether one PM measure, word span or pseudoword repetition, was a more powerful
predictor of later reading performance. As noted previously, the Time 1 PM predictors
did not relate to the Time 3 reading variable, as shown by the non-significant
correlations. As such, hierarchical regression analyses were unable to add additional
information to this exploratory area of interest.
A cross-sectional, developmental study reported different findings.
Specifically, Metsala (1999) found variation in word span and pseudoword repetition
ability depending on the participant’s level of phonological awareness. The study
indicated that five-year old children performed better on a pseudoword repetition task
than children who were one year younger. In addition, the four-year old children were
more successful with correctly repeating words on a word span task than they were at
repeating pseudowords (Metsala, 1999). Metsala (1999) suggested that differences on
the pseudoword repetition task between age groups were related to advanced
phonological awareness development in the older individuals due to learning to read.
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Though our previous analyses indicate the presence of shared variance between the
PM measures, it may be that pseudoword repetition requires phonological processing
abilities in addition to vocabulary knowledge. Research shows that participants
perform better when repeating wordlike pseudowords than non-wordlike pseudowords
on the pseudoword repetition task (e.g., Gathercole et al., 1991; Metsala, 1999). Word
span, on the other hand, may rely more on top-down, vocabulary knowledge. In any
event, the goal of this aim was to explore the best PM predictor of reading. As
discussed previously, these results may not have been found because of the small
sample size or the timing of the first round of testing (i.e., when students were in the
first grade and already reading). Additionally, it simply may be that the PM measures
used to represent PM in the present study were the reason for the non-significant
findings between early PM and later reading, because documented inconsistencies
across studies results have been shown when simpler PM measures represent verbal
memory (see Savage et al. (2007) for a review).
Discussion of Results
The results of this study give rise to five considerations regarding the role of
early reading on later phonological memory (PM), and the role of early PM on later
reading performance. First, it is suggested that the reading status (i.e., pre-reading or
reading level) of the participants during the initial time point for testing PM may be
crucial for determining significant results between PM as a predictor of reading
achievement. Participants in this study had learned to read by the first phase of testing.
These participants were first tested during the fall of first grade; the mean age at this
time was just under six years, five months. Nation and Hulme (2011), similarly, tested
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a sample of participants who had learned to read; these students were just over sixyears old during the first time of testing. They, too, found that early PM, tested at age
six, a time when the participants had learned to read, did not predict later reading
performance (Nation & Hulme, 2011). On the other hand, studies that illustrated a
significant relationship between early PM and later reading included participants who
were pre-readers. For instance, Gathercole and Baddeley (1993b), who found that
early PM predicted later reading, examined this association with similar PM and
reading measures to those used in the present study, yet the participants were first
tested at the age of four-years old when they were pre-readers. More recently, Bull et
al. (2008) conducted a similar project with a sample of four-year old, pre-readers, who
were tested yearly until the age of seven. Like Gathercole and Baddeley’s (1993b)
findings, these authors reported that early PM captured variance in later reading
performance. Most recently, Elwér (2014) investigated the contribution of PM ability,
tested with pre-reading, pre-school children who were five-years old, in reading
comprehension during second, fourth, eighth, and ninth grades; this paper also pointed
to a connection between these variables. All of these studies included similar, simple
PM measures, such as word span or pseudoword repetition, and generally similar
reading measures. What varied was the participants’ reading status and their age when
the first phase of testing took place. Even research on adult illiterate and ex-illiterate
participants from similar socioeconomic backgrounds has documented the significant
effect of learning to read on PM development (e.g., Kosmidis et al., 2011; Reis &
Castro-Caldas, 1997).
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It may be that PM is most related to reading during the earlier years of a child
or adult’s educational development and prior to learning how to read. One explanation
to support this argument is that PM is shown to be closely associated with phoneme
awareness, a crucial variable in reading outcomes (Berninger, Abbott, Nagy, &
Carlisle, 2010; Wagner et al., 1997). During pre-reading development, it is suggested
that PM may influence the emergence of phonological awareness, particularly
phoneme awareness, thus promoting the ease of learning to read (Berninger et al.,
2010). However, once a child’s phoneme awareness is developed in tandem with
learning to read, PM may have a reduced influence on reading.
A second, alternative explanation is that simpler PM measures may not be the
best predictors of reading. Specifically, Gathercole et al. (2006) found that PM,
measured by simple PM tasks, such as digit span and word span, did not correlate with
reading performance, but did significantly relate to verbal working memory (WM)
tasks, whereas the verbal WM variable was the strongest predictor of reading. More
consistent findings support a link between verbal WM and reading attainment because
of the level of required manipulation, processing, and retention involved in verbal
WM tasks than required in simpler PM tasks (e.g., Baddeley et al., 1998; see
Demoulin & Kolinsky, 2015 for review).
Third, it is necessary to discuss the results from this study that indicate positive
correlations between early reading and later PM. Although early reading was not
found to predict later PM from the hierarchical regression analyses, the fact that an
association was present is valuable to report. How reading development influences
later PM skill is best explained by the lexical restructuring hypothesis proposed by
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Metsala (1997) and Metsala and Walley (1998). Fowler (1991), one of the first to
document this idea, hypothesized a shift in a child’s phonological system from holistic
phonological attributes (e.g., whole words or syllables) to segmental phonemic units.
In the process of learning to read, it is suggested that the phonological system
reorganizes shifting to more fine-grained phonological units. This systematic
restructuring, through learning to read an alphabetic language, in turn, may promote
growth in PM development (Metsala, 1997; Metsala & Walley, 1998).
In addition to PM being influenced by early reading, vocabulary knowledge
also was found to predict later PM. This study provides evidence to suggest that these
variables share variance and that early vocabulary knowledge promotes later PM
development. The findings of Gathercole et al. (1992) support this theory; these
authors documented that students’ vocabulary knowledge at the age of six correlated
with their PM ability two years later. These findings suggest that vocabulary
development bolsters verbal memory.
An important implication concerns the causal role of PM in reading
development. Considerable research has documented that PM is directly related to
reading achievement, and that deficits in PM are seen in children with dyslexia (e.g.,
Brady, Shankwiler, & Mann, 1983; Catts, Adolf, Hogan, & Weismer, 2005; Snowling,
Goulandris, Bowlby, & Howell, 1986). Wagner and Torgesen (1987) reported that
these weaknesses are part of the phonological deficits that contribute to reading
disabilities, such as dyslexia. Yet, the present study did not find that early PM related
to later reading. However, it did indicate that early reading linked to later PM. This
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may provide evidence to suggest that PM is a consequence of reading development,
rather than a cause.
A final point worth noting is the shared variance between word span and
pseudoword repetition, the two PM measures utilized in this study. Several studies
include one or both of these PM measures, yet no research to date has provided
evidence to suggest the existence of shared or unique variance among them. In this
study, two simpler PM measures were used to assess their correspondences with
reading. Results from the present project showed that pseudoword repetition and word
span share variance. This is important to document considering that PM measures
frequently are used interchangeably.
Limitations and Future Directions
The strengths of this study will be acknowledged before delving into its
limitations and the future directions. First, the present study contained a longitudinal
dataset with three time points. In addition, this study included two PM measures that
were compared for shared variance; a novel comparison in the field of reading
research. Another strength of this study was the similar sample of demographics (i.e.,
participants attended the same, middle-class school); this helped control for variability
in findings related to environmental factors.
Turning to the limitations of the study, a number of points will be made. First,
this study contained a small sample of 54 participants. A post-hoc power analysis
indicated that this sample size yielded a medium effect size estimate of f2 = 0.19, with
a post-hoc power of 0.80, but did not support a conservative small effect size of f2 =
0.02, with a post-hoc power of 0.13. Nation and Hulme (2011), however, reported

68

large effect size estimates in their study. This indicates that although the present study
may be underpowered for a conservative small effect size estimate, it is similar, or
more conservative, than previously published work on this topic. Originally, the
sample contained 76 participants. However, 22 students dropped out by either the
second or third testing time point. Group differences testing indicated that the
participants who remained did not differ from those who dropped out. Yet, this dropout rate of 16.72% is considered a limitation to the study because the number of
participants who could be followed longitudinally became so small. Another limitation
is that the participants were initially tested after having begun to read a year earlier.
Because the purpose of the study was to examine the nature of the relationship
between reading acquisition and PM, it would have been strongly preferable for the
initial phase of testing to occur when the students were pre-readers. The third
limitation includes the lack of ability to generalize the findings because participants
attended only one school. Fourth, this longitudinal study took place over one and onehalf year time, when participants were in their first and second grades of school. Thus,
this short duration may not have been enough time to lend significant results for
prediction tests.
Further research is needed to more thoroughly examine the relationship
between early reading acquisition and later PM. Nation and Hulme (2011) reported
one of the first studies that provided evidence in support of an association between
these variables. However, more research is warranted to test this theory. Future
research also is essential to test different PM measures, both simple PM (e.g., word
span or pseudoword repetition) and complex verbal WM measures (e.g., backward
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digit span, sentence recall) and their contributions to reading, as well as the link
between early reading and each of these measures. Additionally, it is important to
consider in the future, conducting longitudinal studies beginning at a time when
participants have not yet learned to read. This will generate a clearer understanding of
the role of reading on PM, and vise versa. Lastly, because great variability across
studies is present, researchers should attempt to provide more consistency between
studies in future work.
In sum, the present study indicates that early PM does not predict later reading,
early reading performance is associated with later PM, and word span and pseudoword
repetition contain a moderate amount of shared variance. This study did not support
Gathercole and Baddeley’s (1993) findings, in that this study found a non-significant
relationship between early PM and later reading. To a limited extent, the present work
did, however, illustrate a link between early reading and later PM, similar to Nation
and Hulme’s (2011) study. These results point to the need for further research on these
questions and to methodological factors that may improve the research on these topics.
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