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In a longitudinal study following prereading kindergartners through first grade, the variables
verbal memeory, 1Q, and speech perception (SP) together predicted 26% of growth in and 42%
of the final status of phonological awareness (PA). The correlation between initial status and
growth in PA was .51, suggesting that those who begin with high PA develop that skill more
quickly than those who begin with lower PA. Although those low and high in SP in
kindergarten had substantially different word-decoding scores by the middle of first grade
(low: M = 6.8 words; high: M = 18.1 words), this différence was no longer significant once
phonological processing was controlled, suggesting that the effect of SP on word decoding is

mediated by phonological processing ability.

Phonological awareness is one of the two strongest
longitudinal predictors of reading in children. Its ability to
predict reading is paralleled only by knowledge of the letter
names and sounds of the alphabet. Indeed, phonological
awareness is an even better predictor of subsequent reading
sbceess than is general cognitive ability, typically measured
using an IQ score. Phonological awareness has heen mea-
sured in fairly young children, perhaps as young as two
years of age (Lonigan, Barker, Burgess, & Anthony, 1995),
using measures of “‘phonological sensitivity”" (Stanovich,
1991). These measures include thyme and alliteration oddity
(e.g., Bradley & Bryant, 1985). However, measuring phono-
logical awareness in such young children is quite difficult;
measuring phonological awareness in children younger than
2 years old may be impossible.

For both diagnostic and theoretical reasons, identifying
precursors of phonological awareness is important. Practi-
cally speaking, distinguishing predictors of phonological
awareness may help educators and researchers identify those
at-risk for reading disabilities even before they begin formal
reading instruction. Early identification of those who may
need special help with reading skills is important to prevent
such children from falling behind in all aspects of formal
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school instruction (Adams, 1990). Theoretically, identifying
precursors of phonological awareness may help contribute to
a comprehensive model of reading development (Fowler,
1991; McBride-Chang, 1995a, 1996; Walley, 1993).

The purpose of this paper is to consider factors influenc-
ing the growth of phonological awareness. We first examine
possible precursors of phonological awareness in kindergar-
ten children. In particuiar, we focus on simple speech
perception as a potential precursor of phonological aware-
ness and, ultimately, word recognition. General cognitive
ability and verbal memory are also considered precursors to
phonological awareness. Furthermore, we examine the asso-
ciation between initial ability in phonological awareness and
growth in phonological awareness to determine the nature of
the development of phonological awareness.

What Is Phonological Awareness?

All phonological awareness tasks have in common the
requirement that participants recognize and manipulate the
sound structure of language. For example, skill in regenera-
tion of a word after altering it in a particular way (e.g., say
‘cowboy’ without saying ‘hoy’; say ‘rasket’ without saying
the /s/ sound) is a frequently vsed phonological awareness
task. At the most linguistically difficult level, phonological
awareness involves the ability to recognize and manipulate
phonemes (i.e., phoneme awareness), which are the indi-
vidual speech-sounds in language. For example, /n/, 2/, and
/I/ are all separate phonemes in English. Phonological
awareness, in general, is the ability to attend to and
manipulate units of speech, such as the phoneme, onset and
rime, syllable, or word.

Phonelogical awareness has been argued to be comprised
of at least three component skills (McBride-Chang, 1995b).
These capacities are general cognitive ability, verbal short-
term memory, and speech perception.

To master a phonological awareness task, children must
first understand what is required of them and be capable of
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carrying out the task. These skilis collectively constitute the
general cognitive ability demanded, to a certain extent, in alk
phonological awareness measures. Cognitive ability corre-
lates at least moderately with phonological awareness in
several studies (e.g., Wagner ¢t al., 1987; Wagner, Torgesen,
Simmons, & Rashotte, 1993).

Children must also retain in their memories the require-
menis of a given phonological awareness task and, perhaps
most important, keep in mind the stimuli they are asked to
manipulate long enough to perform the task, Typically,
children are asked to remember either individual words or
nonsense words. Remembering these words requires an
element of verbal short-term memory (Bradley & Bryant,
1985; Wagner et al., 1993).

Finally, by definiticn, speech perception should be an
integral part of phonological awareness. Because phonologi-
cal awareness is the ability to manipulate phonemes, the
simple skiil of distinguishing speech sounds, one aspect of
speech perception, must implicitly be required in all phono-
logical awareness tasks. Speech manipulations and levels of
linguistic difficulty influence performance on phonological
awareness tasks (Adams, 1990; Stahl & Murray, 1994).
Others have also suggested that speech perception may be

associated with phonological awareness (e.g., Eisen, Fowler,

& Brady, 1995; Flege, Walley, & Randazza, 1992; Manis et
al., 1997).

Using structural equation modeling, McBride-Chang
(1995b) found evidence for the simultancous unique contri-
butions of each of these three component capacities to a
phonological awareness construct, among 136 third and
fourth graders. Thus, general cognitive ability, verbal short-
term memory, and speech perception all contributed indepen-
dently to phonological awareness in concurrently collected
data. Because the data from this study were collected
concurrently, no causal relations among variables could be
established. A major goal of the present study, therefore, was
to test whether these component skills would contribute
independently to phonological awareness over time.

One criticism of the McBride-Chang (1996) research is
that all of the participants in that study were already reading,
which may have confounded the results. For example, it is
possible that these children used their reading ability to carry
out the tests of phonological awareness. Readers frequently
use pictured spelling as one strategy for performing such
tasks (Stuart, 1990). Reading skill itself certainly may be
influenced by cognitive ability (e.g., Stanovich, 1988) and
verbal short-term memory (e.g., Mann & Liberman, 1984).
Good and poor readers can be distinguished on the basis of
simple speech perception as well (DeWeirdt, 1988; Godfrey,
Syrdal-Lasky, Millay, & Knox, 1981; Lieberman, Meskiil,
Chatillon, & Schupack, 1985; Reed, 1989; Steffens, Eilers,
Gross-Glenn, & Jallad, 1992; Tallai, 1980). Thus, the
phonological awareness construct in the McBride-Chang
(1995b) study might have been predicted from the three
components largely because it involved reading itself. A
second goal of the present study, therefore, was to test
whether these component abilities would predict phonologi-
cal awareness in prereaders.

Relations Among Speech Perception, Phonological
Awareness, and Word Recognition

The concept of phonological awareness is of interest
mainly because of its ability to predict word recognition
skill. Several investigators have examined speech perception
in relation to word reading (e.g., DeWeirdt, 1988; Godfrey et
al., 1981; Lieberman et al., 1985; Reed, 1989; Werker &
Tees, 1987). Invariably, good readers are more successful at
discriminating speech sounds than are poor readers. Implicit
in this research is the idea that speech perception may have a
direct impact on word reading.

In contrast, McBride-Chang (1996) argued that speech
perception may influence word reading oniy indirectly,
through its association with phonological awareness and
related phonological processing abilities. Such phonological
processing skills probably include alphabet knowledge (e.g.,
Trieman, Weatherston, & Berch, 1994; Wagner & McBride-
Chang, 1996). Thus, speech perception may contribute
unigue variance to phonological awareness, but not to word
reading itself, once the influences of the most powerful
predictors of word recognition are controlled.

Defining Speech Perception

Qur operational definition of speech perception for the
present study was the ability to discriminate a single pair of
stop consonants, /b/ and /p/, in the words barh and path.
Thus, we tried to isolate speech perception as one of the
simplest linguistic tasks possible. In this paradigm, speech
perception is defined as the ability to distinguish bath across
several trials of a forced-choice experiment, where the only
other alternative is path. Across trials, a child hears only a
single word and identifies it by pointing to a picture of it. We
focused on this continuum because stop consonants have
been theorized to be particulardy difficult for disabled
readers (Tallal, 1980). Therefore, we anticipated that this
continuum might reveal greater variability in performance
than would other classes of continua.

Measuring speech perception this way distinguishes it
substantially from phonological awareness tasks, or “phono-
logical sensitivity” measures (Stanovich, 1991) such as
“Qdd Ore Out,” in which children have to select a word,
from among three to four choices, which does not belong.
For example, Stanovich, Cunningham, and Cramer (1984)
administered a phonological awareness task in which, for
each trial, children were asked to identify one of four words
presented that had a final sound that differed from those of
the other three. This task taxes memory and involves
multiple comparisons, aspects of phonological awareness
(e.g., Yopp, 1988), which can be distinguished from speech
perception (McBride-Chang, 1995a).

The way in which speech perception is conceptualized,
defined, and measured has important consequences for its
consideration in the literature on reading development and
disability. Although we are well aware that the stop-
consonant continuum used in the present study represents
only one kind of speech perception, we nevertheless use this
general term to communicate our commitment to distinguish-
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ing and understanding speech perception in relation to
phonological awareness. (For a review of the many complex
and rich levels of speech perception, see Nusbaum &
Goodman, 1994.)

There were four goals of this study, which started with
nonreaders who were beginnning kindergarten. These goals
focused in particular on establishing the extent to which
speech perception is integral to phonological awareness and
reading. Speech perception is of particular interest, because
its association with phonological awareness has been tested
in very few studies.

The first goal of this study was to examine associations
among speech perception and phonological awareness tasks.
In the McBride-Chang (1995b) study of third and fourth
graders, associations of speech perception tasks with phono-
logical awareness tasks were all fairly low. It may be that in

younger children, speech perception and phonological aware-

ness tasks have higher magnitudes of association because
there may be more variability among younger children in
response to speech perception tasks. For example, Nittrouer
and Studdert-Kennedy (1987) noted that consistency of
response to fricative-vowel syllables increased with age
among children ages 3, 4, 5, and 7, and adults. Thus, we
present correlational analyses of the associations of speech
perception with three measures of phonological awareness
initially and two measures of phonological awareness taken
approximately 15 months later,

Our second goal was to vse hierarchical linear modeling
(HLM) to examine the contributions of cognitive ability,
verbal memory, and speech perception to the growth of
phological awareness, assessed four times within a 15-
month period. HLM allowed us to test the contributions of
each of these abilities to the phonological awareness task,
phoneme elision, at the conclusion of the study and the
contribution to the growth rate of phoneme elision across
four testing times.

A third goal of this study was to obtain a correiation
between phoneme elision at the initial testing time and
growth in phoneme clision. From the reading literature,
there were at least three possibilities for the relation of initial
status and growth of phoneme elision. First, it was possible
that those who had an initial advantiage in phonological
awareness would capitalize on their strength and improve
their skill at a faster rate than those who began with lower
abilities, the so-called “Matthew effects,” which have been
applied to reading (Stanovich, 1986). Here, “‘the rich get
richer” in phonological awareness skill. Second, we consid-
ered the possibility that those with lower skills would, with
development, catch up to their peers, a compensatory model.
Thus, those students with initially low phonological aware-
ness might grow in phonological awareness more quickly
than those who began at a higher level. Third, it was possible
that a reliable pattern between initial status and growth of
phonological awareness could not be discerned.

A fourth goal of the present study was to examine the
extent to which initial speech perception scores were
associated with differences in subsequent word reading
across time in younger children. McBride-Chang (1996)
previcusly argued that the influence of speech perception on

word reading is probably indirect, through its effects on
phonological awareness and other phonological processing
abilities. Thus, this study ccnsidered the extent to which
speech perception predicts subsequent word recognition
ability, directly and also indirectly, after controlling for
effects of phonological awareness and alphabet knowledge.

Method
Participants

Initially, 142 children in the first semester of kindergarten
participated, 75 were female. These children were from four lower
to upper middle-class public schools in the central Florida area.
According to school records, all children had normal hearing.
Kindergartners ranged in age from 60 to BO months at time of
testing (M = 66.7, §D = 3.9) and were without obvious physical,
emotional, or cognitive difficulties, All children were tested
initially between the beginning of September and mid-November,
1994. There were 100 Caucasian, 27 African American, and 15
Hispanic/Latino participants, and all were native English speakers.

From the initial testing time to the final testing time, 15 months
later, the sample size dropped by approximately 28%. r-Tests
revealed no significant differences between those who stayed and
those who left on age, 1Q (Block Design or Vocabulary Subtests),
phonological awareness (phoneme elision, sound isclation, pho-
neme synthesis), word reading, memory, letter sound knowledge,
or speech percepticn at Time 1. However, the two groups did differ
significantly in letter name knowledge, 1(140) = 2.48, p < .05,
with those who dropped out (n = 38) scoring lower (M = 9.5) than
did those who remained in the stady (n = 104; M = 13.7).

The children’s ages may have been one factor in this disappoint-
ing 28% attrition rate. Informal conversations with teachers
revealed that (a) these families considered moving easier with
younger children, who were not yet “firmly entrenched™ in their
particular schools, and (b) many of the families of the children from
these schools were, as a population, fairly mobile.

We wanted to make use of as much of the data as we had
available at each testing time. Sample sizes for various analyses
differed because of occasional absences of the children and the
overall attrition rate. Therefore, differing ns will be noted through-
out the paper.

Procedure

At the initiation of the study, kindergarten teachers were asked to
select students from their classrooms whom they judged to be
nonreaders and to give these children’s parents letters explaining
the nature of the study and permission slips soliciting their
children’s participation. Teachers judged that approximately 70%
of their students were essentially nonreaders at the beginning of
kindergarten.’

1 This was a longitudinal investigation of cognitive abilities
contributing to future reading success as well as a study attempting
to train reading-related skills to groups of children over a 16-week
pericd. Training focused on synthesis and elision of words,
syllables, and individual phonemes. However, there were no
differences in the experimental and control groups’ abilities in
phonological awareness, word reading, spelling, or alphabet knowl-
edge at any point in the study. Furthermore, correlations among the
measures of phonological awareness, speech perception, cognitive
ability, memory, and alphabet knowledge were similar for the two
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Children were tested a total of four times, from September of
1994 through February of 1996. Testing was done at approximately
5-month intervals, in fall of 1994, spring of 1995, fall of 1995, and
winter of 1996, The first assessment and the final assessment were
fairly lengthy. The middle two assessments consisted only of four
short tasks.

For each assessment, children were tested individually in a quiet
room at school during regular school hours. Testers were the
present author and a total (across four semesters of testing) of 25
trained undergraduate psychology majors in their junior or senior
years. Only the first author administered the speech perception task
and the Wechsler Preschool and Primary Scale of Intelligence
(WPPSL, Weschler, 1989) Block Design. The remaining tasks were
administered by several testers, under the direct supervision of the
first author. Kindergartners were tested for 2025 min each time., A
variety of colorful stickers were offered as rewards for participation
following each session. Measures of cognitive ability, verbal
short-term memory, speech perception, phonological awareness,
word reading, and alphabet knowledge were administered to all
participants. The order of these tasks was random to maintain the
interest of the children and to conform to time constraints. These
tasks are described here.

General cognitive ability. The Block Design subtest of the
WPPSI (Wechsler, 1989) was used to estimate nonverbal reasoning
skill. General verbal ability in these children was measured using
the Vocabulary subtest of the Stanford-Binet Intelligence Scale
(Thorndike, Hagen, & Sattler, 1986). These tasks were adminis-
tered during the fall of 1994 only.

Verbal short-term memory.  An experimental Memory for Num-
bers task was administered. Children were asked to repeat back
numbers orally presented by the experimenter. Digit strings
increased from two to six items in a rew. Three trials of each length
were presented. When children missed all three trials of one length,
testing was discontinued. These tasks were scored using a system
that gives some partial credit for partly correct responses (Torgesen
& Houck, 1980). This task was administered in the initial testing
only.

Speech perception. Speech perception was measured using a
forced-choice identification paradigm. Participants were asked to
listen to stimuli presented on a MacIntesh computer and determine
whether, at each trial, the word they heard was bath or path. These
stimuli were borrowed from Miller, Green, and Schermer (1985)
and differed only in voice onset time.

Stimuli were initially created by having an adult male speaker
read sentences containing each word (e.g., “She did not see the
bath/path.”). The words bath and path were then isolated from the
rest of the sentence and edited to form 13 stimuli along a voice
onset (VOT) continuum. Portions of periedic energy were removed
from the end of closure of /b/ in the /bacth/ segment and repeated
with segments of aperiodic energy from the end of the closure of

groups. The training may have been ineffective for a variety of
reasons, including the large sizes of the groups of children (up to 20
at a time), the relatively small amount of time spent on training
(less than 30 min per week), and the multitrack schedules of the
children, which meant that some children were always on vacation
during the training sessions. It should be noted that, although the
training did not appear to have any effect on the children, it is
possible that this focus in some way changed the longitudinal
relations among the variables considered in the present study. In
particular, this training may have weakened the relations of
cognitive ability, memory, and speech perception to phonological
awareness over time.

the /p/ in /pacth/ to form the stimuli. These stimuli were presented
at 7, 12, 15, 19, 21, 26, 32, 35, 39, 45, 48, 53, and 59 ms of VOT,
from a clear “bath” to a clear “path,” respectively. Each stimulus
was 418 ms in length. For example, the clearest “bath” stimulus
consisted of 7 ms of /o/ and 411 ms of /aeth/, whereas the clearest
“path” consisted of 59 ms of /p/ and 359 ms of /acth/. All stimui
were perceived by native speakers as unedited speech.

On an accompanying sheet, children saw pictures of a bath and a
path. Children were tutored as extensively as necessary by the
experimenter on identifying these words and distinguishing them.
Some children had no difficulty identifying each picture, and others
needed some help understanding what a path was. Following this
initial tutorial, children listened to the computer pronounce the
words. Once children had been trained to point to ore of the two
choices depending on whal the computer “said” in three practice
trials, they were asked to identify these sounds for the test itself.
For each tral, children pointed to either the bath or the path picture,
and the experimenter circled this selection on an accompanying
sheet. There were 39 trials.

Averages of perceptions of these segments across many trials
tend to be categorized uniformly as either “bath” or “path” and are
generally not classified as ambiguous (e.g., Lieberman & Blum-
stein, 1988). A previous study (McBride-Chang, 1995b) adminis-
tered these same stimuli to third- and fourth-grade children and
showed standard categorization of this continuoum. Total stimuli
correctly named according to the consensus of children from this
previous study (McBride-Chang, 1995b) was the measurement unit
for this task. That is, all stimuli from 26 to 59 ms of VOT were
categorized as correct if children identified them as “‘path,”
whereas stimuli from 7 to 21 ms of VOT were counted as correct
when they were identified as “*bath.” This measure was adminis-
tered in the fall of 1994 only. The obtained internal consistency
reliability for this task was .78.

Phonological awareness. Three measures of phonological
awareness were administered to all children. The first was phoneme
synthesis, created based on similar measures discussed in Wagner
et al. (1997). This task has children begin by blending word
syllables (e.g., pen + cil). Children are eventually asked te blend
onsets and rimes, and then single phonemes. This task is discontin-
ued when five items in a row are scored incorrectly. Different
numbers of points are assigned for each trial, For example, a score
of two points is assigned if children respond “cat’ when given the
sounds /k/ + /aet/. If the child says “hat,” instead, for these stimuli
one point is assigned. Zero points are assigned when no synthesis
occurs or children respond with “don’t know.” For more difficult
items, up to 10 points may be assigned for a single response. This
occurs when many individual phonemes must be blended together.
There are 29 test items altogether, and a maximum score of 131 is
possible. This test was administered in the initial testing time only.

The second phonological awareness task, phoneme elision, was
also introduced by Wagner et al. (1997). This task requires children
to segment sounds. Children begin by segmenting compound
words (e.g., say “cowboy” without saying “boy’). They then
continue segmenting syllables (e.g,. say “window” without saying
“dow” and phenemes (e.g., say “rasket” without saying the /s/
sound}. Again, the task is discontinued when five items in a row are
missed. The task consists of 3 compound word items, 1 syllable
item, and 21 phoneme items. Responses are scored as either correct
or incorrect (1 or 0), and there are 25 trials. This task was
administered at all four testing times.

A final phonological awareness task included in the battery was
based on the sound isolation task created by Stanovich, Cunning-
ham, and Cramer (1984). In this test, children are required to give
individual sounds. Items involve first saying a word (e.g., fin) and
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then identifying the sound (always a single-consonant onset
phoneme) heard in that word that is not present in a second rhyming
word (e.g., in). For example, the experimenter would ask each
child, “Say “pie.” What sound do you hear in ‘pie’ that you do not
hear in ‘eye?” ” The correct answer in this case would be /p/. The
item-difficulty level remained constant across all 12 trials of this
measure. This task was administered in the initial and final testing
periods only.

At the initiation of the study, a decision was made to focus on the
growth of phoneme elision across time. This decision was made
based on pilot studies that showed that phoneme synthesis tended
to improve fairly rapidly (and thus show minimal variance by the
end of first grade) and that sound isolation items were all fairly
uniform in their level of difficulty (so that children had some
tendency either to master most items or to master very few of them,
leading tc minimal variation). In contrast, phoneme elision tends to
be developmentally more difficult then phoneme synthesis and is
graded in difficulty level.

Alphabet knowledge. Children were tested on their knowledge
of letter names and letter sounds. Uppercase letters were presented
in random order to the children. These letters were displayed in
large print on a single piece of paper. Children were first asked to
name the letter. They were then asked to give the sound made by
each. Any spoken phoneme recognized as corresponding to the
written Jetter in English was considered an acceptable response.
For example, the letter C might be described to make either the /s/
or the /k/ sound. Thus, a maximum score of 26 was possible for
each task. Letter-sound and letter-name knowledge were assessed
at each testing time, but only the results of testing in the fall of 1994
are discussed here.

Word reading. Word reading was assessed using the word
identification subtest of the Woodeock Reading Mastery Tests—
Revised (Woodcock, 1989: Form H). This test was administered
across all four testing times.

Results

Age was not significantly associated with any variable
measured in the present study. Therefore, it is not included in
the following analyses.

Descriptive statistics on inijtial and final measures and
internal consistency reliabilities for all experimental tasks
are given in Table 1. All tasks had adequate variability.

One question addressed by these data wag the extent to
which a measure of speech perception and various measures
of phonological awareness were associated concurrently and
longitudinally. Table 2 shows these correlations.

Speech perception was moderately correlated with each
phonological awareness measure, even the two taken 15
months after initial testing.

Growth Models of Phoneme Elision

The second question addressed by the present study
centered on predicting growth rate of and final status of a
single measure of phonological awareness, phoneme elision.
We used HLM to examine the extent to which four variables
would contribute unigue variance to the development of
phoneme elision. Of particular interest was whether our
measure of speech perception would contribute unique
variance to phoneme elision once other variables had been

Table 1
Descriptive Statistics on All Relevant Variables
Variable M SD  Range n ICR

Verbal reasoning® 98.2 139 68-164 140
Nonverbal reasoning® 93 27 1-16 140
Memory® 382 118 12-60 142 85
Speech perception® 274 57 1437 141 .78
Letter names® 126 9.1 026 142 .95
Letter sounds® 6.6 1.7 0-26 142 96
Phoneme elision, T1P 38 27  0-12 142 .83
Sound isolation, T1b 2.7 43 0-12 141 97
Phoneme synthesis, T1® 142 131 (0-73 141 .90
Phoneme elision, T4% 80 49 025 104
Sound isolation, T4t 81 46 0-12 103
Word identification, T1® 0.1 04 03 142
‘Word identification, T2¢ 1.1 25 0-14 128
Word identification, T3* 60 96 (0-53 107
Word identification, T4° 12.6 3.7 0-66 104

Note. ICR = internal consistency reliability, measured only at
Time 1 (T1), for experimental measures only. T2 = Time 2; T3 =
Time 3; T4 = Time 4. :

aStandard score. "Raw score for experimental measure. “Raw
score for standardized measure.

controlled. We also used measures of IQ, both verbal and
nonverbal, and short-term verbal memory to predict pho-
neme elision.

A linear growth model was fitted for the four times of
observation of phoneme elision. The linear model was
chosen from an examination of the scatterplot of the data and
by comparing it with other competing models. Scatterplots
revealed a fairly linear increment of phoneme elision across
four time observations, although for some cases, the incre-
ment from Time 1 to Time 2 was somewhat flat. This seemed
to suggest a quadratic model with acceleration occurring
after Time 2. However, the fit of the quadratic model was
poor; the acceleration term was basically zero, x2(126,
N =127) = —.006, p = .95, with its standard error being 18
times the size of the coefficient. It took 156 iterations for the
model to converge, whereas the linear model converged
after 15 iterations. We also tried a “reduced quadratic™
model, which included only the quadratic but not the linear
coefficient. The fit was equally poor.

The linear model was fitted on data from 128 children,

Table 2
Correlations Among Phonological Awareness Variables
and Speech Perception

Variable 1 2 3 4 5 6

1. Speech perception —

2. Phoneme elision, T1 31 —

3. Sound isolation, T1 43 36 —

4. Phoneme synthesis, T1 41 28 42 —

5. Phoneme elision, T4 44 50 54 40 —

6. Sound isolation, T4 A3 21 41 34 56 —
Note. N = 102. Correlations above .30 were significant at p <

{03, two-tailed. T1 = Time 1; T4 = Time 4.
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maost but not all of whom had observations at each of the four
testing times. HLM does not require the same number of
data points for all subjects (Bryk & Raudenbush, 1992).
Because there were approximately 5 months between each
observation, the four observation points were treated as
equally spaced and coded as —3, —2, —1, and O from the
first to the last observation, With this coding the intercept of
this lincar growth model was the mean phoneme elision
score at the final observation when the children were in the
middle of first grade. Table 3 contains the results of this
linear growth model.

In Table 3, the intercept or mean of the last observation
was 8.3 phoneme elision items. The slope of 1.54 indicates
that, on average, children acquired 1.5 more items on the
phonological awareness measure for each 5-month interval.
Both coefficients are significantly different from zero. The
OLS error variance of 4.5 was large, as expected, due to the
small sample of data points. It indicates that the standard
error of estimate at each time point is about two test items.
Parameter variance associated with both the intercept and
slope was large and significant, indicating variability among
children in their growth trajectories. This interindividual
variation in growth was to be explained by these children’s
initial abilities in speech perception, coguitive skills, and
short-term memory.

Before considering the contributions of these predictor
variables to final status and growth in phoneme elision, we
did an additional analysis of the linear growth model to leok
at the association of initial statns and growth in phonological
awareness. In this case, the observation points were coded
for Times 1 through 4 as 0, 1, 2, and 3, respectively. Thus,
the intercept became the mean of the initial observations.
The cormrelation between the intercept or initial status of
phoneme elision and the slope or growth in phoneme elision
was .51, p < .01, This association supported the idea that
those who are skilled in phonological awareness initially
tend to show more rapid growth in phonological awareness
ahility as well.

We then considered the extent to which the predictor
variables would account for variance in growth and final
status of phoneme elision. Two person-level models were
fitted to account for the growth variation. Results are
contained in Table 4.

In the first model, nonverbal reasoning, vocabulary, and
memory, all of which were measured at the first observation
time, were used to predict both the intercept and slope of
growth in phonological awareness during the data collection
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period. For the intercept, all three predictors were positive
and significant, p << .05. On average, children higher on
these cognitive abilities that were measured at Time 1
achieved a higher level on phoneme elision 15 months later
than those who were lower on these abilities initially.
Nonverbal reasoning and vocabulary were significant predic-
tors of the slope or growth rate over the data collection time;
memory was not. For all three predictors, higher values
initially were associated with a faster rate of growth in
phoneme elision. For instance, the mean and standard
deviation of vocabulary were 98.2 and 13.9, respectively.
The regression coefficient of .031 associated with vocabu-
Jary showed that someone who was one standard deviation
above the mean on vocabulary was expected to perform the
phonological awareness task at a rate that was .43
(.031 X 13.9) faster than someone at the mean of vocabu-
lary. This faster rate translated to acquiring 1.3 (43 X 3)
more items from Time 2 to Time 3 than an average
vocabulary child and acquiring 1.7 {43 X 4) more items on
the phonological awareness task from Time 3 to Time 4 than
the average vocabulary child.

Without these predictors, the variance of the intercept and
of the slope were 21.24 and 1.17, respectively. After the
three predictors, the residual variances were 14,98 and 0.92,
respectively, for the intercept and slope. These three predic-
tors explained 29% of the variance in the intercept
[(21.243 — 14.985)/21.243 or R? — change = 29.46) and
about 22% of the variance of the slope or growth rate
(R? — change = 21.57). These variance reductions were
significant. Further statistics not included in Table 4 showed
that most of the variance reduction in the slope was
parameter variance—variance in growth rate among individu-
als, but not total variance, which also included the QLS
estimation error variance. This supports the theoretical
soundness of the selection of the predictor variables that are
not expected to be related to random errors.

The second model included these three predictors as well
as speech perception. The purpose of fitting these two
models separately was to determine how much additional
variance in growth trajectory could be explained by speech
perception over and above what had been accounted for by
the other predictors. Variance reduction by speech percep-
tion over the first predicting model was 12% for the intercept
and 4% for the slope, Both of these variance reductions were
significant. These results are also presented in Table 4. Thus,
all four component abilities combined, with speech percep-
tion included, predicted approximately 26% of the variance

Table 3
Linear Growth Model of Phonological Awareness
Fixed effect Random effect
Measure  Coefficient SE t Variance®  x%(126,N = 127)  Reliability
Intercept 8.320 453 18.359* 21.243 T85% .633
Slope 1.538 137 1L.261* 1173 260+ 341
Error = 4.552.

*p < .05,
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Table 4
Contrasting Models of Phonological Awareness
Fixed effect Random effect
Measure . Coefficient SE t Variance R? change (%)
Unconditional model
Intercept 21,243
Slope 1.173
Conditional Model 1
Intercept 14.985 29.46
Nonverbal reasoning 0.022 0.009 2.414*
Vocabulary 0.141 0.030 4.758*
Memory 0.065 0.033 1.969*
Slope 0.920 21.57
Nonverbal reasoning 0.006 0.003 1.912*
Vocabulary 0.031 0.010 3,158+
Memory 0.007 0.011 0.680
Conditional Model 2
Intercept 13.170 12.11
Nonverbal reascning 0.021 0.009 2.3093+
Vocabulary 0.103 0.031 3.357*
Memory 0.047 0.032 1.474*
Speech perception 0277 0.074 3.740*
Slope 0.883 4.02
Nonverbal reasoning 0.006 0.003 1.869*
Vocabulary 0.024 0.011 2.246*
Memory 0.004 0.011 0.379
Speech perception 0.048 0.025 1.896*
Note. R? change is the perceniage of variance reduced by the additional predictors in the current
model over the previous model.

*p < 05, one-tailed.

in growth of phoneme elision and 42% of the variance in
final status of the phonological awareness measure.

Speech Perception and Reading

There are several ways of considering the data on speech
perception in relation to word reading. Because most
previous studies of reading in relation to speech perception
have looked at group differences (i.e., good and poor
readers—DeWeirdt, 1988; Godfrey et al., 1981; Reed, 1989)
and because we were interested in what the practical effects
of a single speech perception task on subsequent reading

might be, we looked at reading skill for those high and low
in speech perception. For each time period, we divided
children, based on a median split from the whole Time 1
sample, into those who were low (scoring 27 and lower) and
high (scoring 28 and above) in speech perception. Results
are shown in Table 5.

These differences across time were striking, with those
who began with high speech perception scores having
out-performed. those with low speech perception scores at
every time point.

Hierarchical regression was also used to examine these
data among all participants. Once the Block Design and

Table 5
t-Test Comparisons of Word Recognition for Those High and Low in Speech Perception
Speech perception
Word Low High

identification® M SD n M SD n t dr
Time 1 0.04 0.26 76 0.23 D.58 65 —2.46*% 139
Time 2 0.54 1.00 67 1.64 2,78 61 —2.56* 126
Time 3 3.26 9.38 54 8.83 9.14 53 —3.11% 105
Time 4 6.84 11.40 51 18.10 13.60 53 —4.57* 102

*"Woodcock Word Identification raw score.
*p < 05, two-tailed.
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Vocabulary subtests were used to predict word recognition,
speech perception was no longer a significant predictor of
word recognition at Times 1 and 2. With the addition of
phoneme elision, speech perception’s contribution to word
identification at Time 3 was nonsignificant. At Time 4,
speech perception contributed a unique 6% of the variance
in word recognition after the Block Design, memory,
vocabulary, and phoneme elision tasks had been used to
predict it (30%, collectively), for a total of 36% of the
variance explained. However, once letter naming was addi-
tionally forced into the regression equation, speech percep-
tion was a nonsignificant predictor of word recognition.?

Discussion

This study extends the literature on speech perception and
phonological awareness in young children with four find-
ings. First, we have shown that speech perception and
phenological awareness tasks are moderately associated in
young children. Second, we found that cognitive ability,
verbal memory, and speech perception together predicted
26% of the growth in and 42% of the final status of phoneme
elision across time for kindergartners starting out as preread-
ers. Third, we showed that there is a substantial association
between initial status of and growth in phoneme elision in
young children. Fourth, we demonstrated that the effects of
speech perception on subsequent word recognition may be
mediated by phonological precessing abilities. We consider
each of these findings in turn.

First, the relatively strong associations of speech percep-
tion to phonological awareness in these young children is
noteworthy. Although others (e.g., Hurford, 1991; Manis et
al., in press) have found moderate associations of measures
of speech perception and phonological awareness, this is the
first time, to our knowledge, that such an association has
been demonstrated across time in prereaders. Thus, this
study provides further evidence for a speech perception—
phonological awareness link without the confound of read-
ing experience,

The demonstration that speech perception, cognitive
ability, and short-term verbal memory are predictive of
growth in and final status of phonological awareness may be
a second useful finding in understanding early reading
development. The simplicity of these tasks makes them
among the easiest to administer to very young chiidren and
clearly distinguishes them from more difficult phonological
processing skills.

It should be noted that all children participating in the
present study had normal hearing. Thus, the significance of
speech perception for understanding phonological aware-
ness performance lies in something other than hearing per
se. Rather, it is the variability in children’s perceptual skills
that may contribute to differences in phonological awareness
performance. Speech perception tasks may, therefore, prove
to be useful early diagnostic tools in the long run for
identifying those who may have phonological awareness
difficulties and, perhaps ultimately, may be at-risk for
reading failure.

A number of phonologically based skills may contribute

to growth in phonological awareness. For example, Torge-
sen and Davis (1996) showed that response to training in
phonological awareness was affected by several phonologi-
cally based skills. Growth in phoneme segmentation was
best predicted by invented spelling and general verbal
ability, and the strongest predictors of growth in phonemes
synthesis were invented spelling and rapid naming of digits.
Cur finding that vocabulary ability contributed uniquely to
growth in phoneme elision is quite similar to that reported by
Torgesen and Davis (1996). Future studies should focus on
isolating the best longitudinal predictors of phonological
awareness as well as on the extent to which different
predictors predict different kinds of phonological awareness,
such as phoneme segmentation and phoneme synthesis
(Torgesen & Davis, 1996).

A third issue addressed in the present study was the nature
of phonological awareness development. The substantial
correlation between initial status of, and growth in, phoneme
elision extended the ideas of Stanovich (1986) of “Matthew
effects” to prereading skills. It seems that, as with word
decoding and reading comprehension, those who begin with
greater phonological awareness tend te develop this aware-
ness more quickly than those who begin with less phonologi-
cal awareness. Perhaps those who are skilled in phonologi-
cal awareness seek out word/sound games, such as *“Pig
Latin" or thyming pairs, whereas those who have difficulty
in phonological awareness actively tend to avoid such
activities. Thus, it may be that as children develop, ability
and practice effects interact, bringing further up those who
are skilled and leaving behind those who are unskilled in
phonological awareness.

The fourth theme of the present findings is that the effects
of speech perception on subsequent word recognition may
be mediated by phonological processing abilities. Although
those who began with high and low speech perception
showed markedly different word recognition over the four
time periods, the effects of speech perception on word
reading were not significant once initial phonological aware-
ness and letter-name knowledge were controlled.

Overall, the results of the present study support the

2 Qur fairly conservative allowance of up to three words being
read initially on the Woodcock Word Identification subtest was
done to make use of as much data as were available and minimize
the effects of word reading on growth in phonological awareness.
However, others may be concerned that even ability to read three
words may confound the reported results. Therefore, in a separate
analysis, which included only those 91 students who read 0 words
on the word recognition subtest at the initial testing time, we looked
at the effects of speech perception on phoneme elision at Time 4. In
this analysis, hierarchical regression was used. The overall equa-
tion was significant, F(4, 86) = 10.21, p < .001. The Block Design
contributed 7% of the variance, the vocabulary subtest contributed
a unique 18% of the variance, verbal memory contributed an
additional 3% of the variance, and the speech perception measure
uniquely contributed 4% of the variance, for a total R? of 32%. In
contrast, when word recognition at Time 4 was predicted in this
sample, speech perception did not contribute significantly once
Block Design, vocabulary, short-term verbal memory, phoneme
elision, and letter-name knowledge were forced into the equation.
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previous hypotheses of McBride-Chang (1995a, 1995b,
1996) that speech perception may be among the important
precursors of phonological awareness and that its effects on
word reading may be mediated through phonological process-
ing skills. One issue to consider with reference to a model of
the development of word reading, which posits a direct link
between speech perception and phonological awareness and
an indirect link between speech perception and word recog-
nition, is timing. We have shown that speech perception and
phonelogical awareness tasks are moderately associated
prior to the emergence of word recognition abilities. This
association, and the relatively weak association of speech
perception and word recognition in older children (e.g.,
McBride-Chang, 1996; Werker & Tees, 1987), further
suggests that a speech perception—phonological awareness
link may be a fruitful one to consider in future research.

An issue of particular concern for future studies is the idea
of speech perception as a global construct. As reading
researchers, we are particularly interested in estimating
speech perception as a -potentially important predictive
variable. However, the myriad of speech measures and
conceptualizations available (Elbro, 1996; Nusbaum &
Goodman, 1994) and the fact that more traditional speech
contrasts are not necessarily correlated (McBride-Chang,
1995b) make defining and constructing adequate measures
of speech perception arduous. Tallal’'s (1980) finding that
stop consonants are the most difficult contrasts for those who
have difficulty reading may prove helpful in future studies of
reading. Given that the stop consonant continuum used in
the present study was moderately associated with perfor-
mances on phonological awareness tasks, such contrasts
may be optimal in future studies in which phonological
awareness and reading are predicted.

References

Adams, M. (1990). Beginning to read: Thinking and learning
about print. Cambridge, MA: MIT Press.

Bradley, L., & Bryant, P. (1983). Categorizing sounds and learning
to read—A cavsal connection. Nature, 301, 419421,

Bradiey, L., & Bryant, P. (1985). Rhkyme and reason in reading and
spelling. Anm Arbor: University of Michigan Press.

Bryk, A., & Raudenbush, S. W. (1992). Hierarchical linear models:
Applications and data analysis methods. London: Sage.

DeWeirdt, W. (1988). Speech perception and frequency discrimina-
tion in good and poor readers. Applied Psycholinguistics, 9,
163-183.

Eisen, A. W, Fowler, A. E., & Brady, S. (1995, April). The
perception and awareness of phonemes in young five-year-olds.
Paper presented at the meeting of the Scciety for Research in
Child Development, Indianapolis, IN.

Elbro, C. (1996). Early linguistic abilities and reading develop-
ment: A review and a hypothesis. Reading and Writing: An
Interdisciplinary Journal, 8, 453-485.

Flege, J. E., Walley, A. C., & Randazza, L. (1992). A developmental
study of native and non-native vowel perception. Journal of the
Accustical Society of America, 92, 2415.

Fowler, A. E. (1991). How early phonological development might
set the stage for phoneme awareness. In S. A. Brady & D. P.
Shankweiler (Eds.), Phonological processes in literacy: A trib-
ute to Isabelle Y. Liberman (pp. 97-117). Hillsdale, NJ: Erlbaum.

Godfrey, J. 1., Syrdal-Lasky, A. K, Millay, K., & Knox, C. M.
(1981). Performance of dyslexic children on speech perception
tests. Journal of Experimental Child Psycholegy, 32, 401-424.

Hurford, D. P. (1991). The possible use of IBM-compatible
computers and digit-to-analog conversion to assess children for
reading disabilities and to increase their phonemic awareness.
Behavior Research Methods, Insiruments, and Computers, 23,
319-323.

Lieberman, P., & Blumstein, 8. (1988). Speeck physiology, speech
perception, and acoustic phonetics. New York: Cambridge
University Press.

Lieberman, P., Meskill, R. H., Chatillon, M., & Schupack, H.
(1985). Phonetic speech perception deficits in dyslexia. Journal
of Speech and Hearing Research, 28, 480-486.

Lonigan, C. J., Barker, T. A., Burgess, S. R., & Anthony, I. L.

(1995, April). Relations between language, phonological aware-
ness, and reading development in two- to six-year-old children.
Poster presented at the meeting of the Society for Research in
Child Development, Indianapolis, IN.

Manis, F. R., McBride-Chang, C., Seidenberg, M. S., Keating, P,
Doi, L. M., Munson, B., & Petersen, A. (1997). Are speech
perception deficits associated with developmental dyslexia?
Journal of Experimental Child Psychology, 66, 211-235.

Mann, V. A,, & Liberman, L Y. (1984). Phonclogical awareness and
verbal short-term memory. Journal of Learning Disabilities, 17,
592-599.

McBride-Chang, C. (1995a). Phonological processing, speech
perception, and reading disability: An integrative review. Educa-
tional Psychologist, 30, 109-121. ‘

McBride-Chang, C. (1995b). What is phonological awareness?
Journal of Educational Psychology, 87, 179-192.

McBride-Chang, C. (1996). Models of speech perception and
phonological processing in reading. Child Development, 67,
1836-1856.

Miller, J. L., Green, K., & Schermer, T. M. (1985). A distinction
between the effects of sentential speaking rate and semantic
congruity on word identification. Perception and Psychophysics,
36, 329-337.

Nittrouer, S., & Studdert-Kennedy, M. (1987), The role of coarticu-
latory effects on the perception of fricatives by children and
adults. Journal of Speech and Hearing Research, 30, 319-329.

Nusbaum, H. C., & Goodman, J. C. (Eds.). (1994). The develop-
ment of speech perception: The transition from speech sounds to
spoken words. Cambridge, MA: MIT Press.

Reed, M. A. (1989). Speech perception and the discrimination of
brief auditory cues in reading disabled children. Journal of
Experimental Child Psychology, 48, 270-292.

Stage, 8. A., & Wagner, R. K. (1992). Development of young
children’s phonological and orthographic knowledge as revealed
by their spellings. Developmental Psychology, 28, 287-296.

Stahl, S. A,, & Murmay, B. A. (1994). Defining phonological
awareness and its relationship to early reading. Jowrnal of
Educarional Psychology, 83, 221-234.

Stanovich, K. E. (1986). Matthew effects in reading: Some
consequences of individual differences in the acquisition of
literacy. Reading Research Quarterly, 21, 360-406.

Stanovich, K. E. (1988). The right and wrong places to look for the
cognitive locus of reading disability. Annals of Dyslexia, 38,
154-177.

Stanovich, K. E. (1991). Changing models of reading and reading
acquisition. In L. Rieben & C. A. Perfetti (Eds.), Learning to
read: Basic research and its implications (pp. 19~32). Hillsdale,
NI: Erlbaum,

Stanovich, K. E., Cunningham, A. E., & Cramer, B. B. (1984).
Assessing phonological awareness in kindergarten children:



630 McBRIDE-CHANG, WAGNER, AND CHANG

Issues of task comparability. Journal of Experimental Child
Psychology, 38, 175-190.

Steffens, M. L., Eilers, R. E., Gross-Glenn, K., & Jallad, B. (1992).
Speech perception in adult subjects with familial dyslexia,
Journal of Speech and Hearing Research, 35, 192-200.

Stuart, M. (1990). Processing strategies in a phoneme deletion task.
Quarterly Journal of Experimental Psychology, 424, 305-327.

Tallal, P. (1980). Auditory temporal perception, phonics, and
reading disabilities in children. Brain and Language, 9, 182—
198.

Thorndike, R. L., Hagen, E. P,, & Sattler, J. M. (1986). Stanford-
Binet Intelligence Scale (4th ed.). Chicago: Riverside.

Torgesen, J. K., & Davis, C. (1996). Individual difference variables
that predict response to training in phonological awareness.
Journal of Experimental Child Psychology, 63, 1-21.

Torgesen, J. K., & Houck, G. (1980). Processing deficiencies in
learning disabled children who perform poorly on the digit span
task. Journal of Educational Psychology, 72, 141-160.

Treiman, R., Weatherston, S., & Berch, D. (1994). The role of letter
names in children’s learning of phoneme-grapheme relations.
Applied Psycholinguistics, 15, 97-122.

Wagner, R. K., Balthazor, M., Hurley, 8., Morgan, S., Rashotte, C.,
Shaner, R., Simmons, K., & Stage, S. (1987). The nature of
prereaders’ phonological processing abilities. Cognitive Develop-
ment, 2, 355-373.

Wagner, R. K., & McBride-Chang, C. (1996). The development of
reading-related phonological processing abilities. Annals of
Child Development, 12, 177-206.

Wagner, R. K., Torgesen, J. K., & Rashotte, C. A. (1994).
Development of reading-related phonological processing abili-

ties: New evidence of bi-directional causality from a latent
variable longitudinal study. Developmental Psychology, 30,
73-87,

Wagner, R. K., Torgesen, J. K., Rashotte, C. A., Hecht, S. A,
Barker, T. A., Burgess, 8. R., Donzghue, 1., & Garon, T. (1997).
Changing causal relations between phonological processing
abilities and word-level reading as children develop from
beginning to fluent readers: A five-year longitudinal srudy.
Developmental Psychology, 33, 468479,

Wagner, R. K., Torgesen, J. K., Simmons, K., & Rashotte, C. A,
(1993). Development of young readers’ phonological processing
abilities. Journal of Educational Psychology, 85, 83-103.

Walley, A. C. (1993). The role of vocabulary development in
children’s spoken word recognition and segmentation ability.
Developmental Review, 13, 286-350.

Wechsler, D. A, (1989), Wechsler Preschool and Primary Scale for
Children—Revised. San Antonio, TX: The Psychological Corpo-
ration.

Werker, J. F., & Tees, R. C. (1987). Speech perception in severely
disabled and average reading children, Canadian Journal of
Psychology, 41, 48-61.

Woodcock, R. W. (1989). Woodcock Reading Mastery Tests—
Revised. Circle Pines, MN: American Guidance Service.

Yopp, H. K. (1988). The validity and reliability of phonemic
awareness tests. Reading Research Quarterly, 23, 159-177.

Received December 9, 1996
Revision received February 26, 1997
Accepted April 24, 1997 &



