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ABSTRACT

The purposc of the study was to outline the development of children’s initial
rcading and phonological-processing skills. As a first step towards literacy, children
learn letter names, and then several months later, as a second step, children develop onsct
identity and onset phonetic-cue rcading. These in turn are followed a few months later by
coda identity and coda phonetic-cuc reading. Grapheme-phoneme correspondences are
acquircd for onscts before codas, and knowledge of grapheme-phoneme correspondences
develops before onset and coda deletion, respectively. Children can rccognize which one
word out of three docs not rhyme before they can recognize which word has a difterent
onsct or coda. Grapheme-phoneme correspondences for onscts and codas are nceded
before children can identity the word with the different onsct or coda. To read words by
analogy, children need to know grapheme-phoneme correspondences for onscts and
codas. However, only children with well-cstablished onsct- and coda-delction ability
were profi nt in reading words by analogy. Although phoneme-counting ability d
rcading and spelling were significantly corrclated, the significance disappeared when age
was statistically controlled. The findings do not support the theory that there is a causal
rclationship between phoneme counting or phoneme awareness and reading and spelling

ability.
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INTRODUCTION

The focus of the proposcd rescarch is to determine how children first learn to
rcad. Although there are many theorics of reading development, there is a gencral
consensus that children need to understand the underlying phonological structure of
words to begin reading (Adams, 1990; Bradlcy & Bryant, 1983; Ehri, 1991; Liberman,
Shankweciler, Fischer, & Carter, 1974; Morais, Cary, Alegria, & Bertelson, 1979; Ricben
& Perfetti, 1991; Stahl & Murray, 1994). The ability to conncct the undcrlying
phonological structure of words to print is the acquisition of the alphabetic princi -, the
understanding that lctters represent the sounds of speech.

There are two prominent phonologically based theorics of carly recading
acquisition. According to the first thcory, children need to lcarn the individual sov s or
phoncmes of words, letter-sound associations and how these letter-sounds arc blended
togcther to facilitate the acquisition of the alphabetic principle. For example, a child first
Icarns grapheme-phoneme correspondences (GPCs), or individual sounds or phonemes
such as /h/, /a/, /t/, and then how they are strung together to produce a word, such as Aat.
Children must therefore acquire phoneme awarcness before learning to read (Bradley &
Bryant, 1983). The rescarch reported here demonstrates that this view is incorrect.

A sccond theory is that children lcarn to rcad first, before they can blend or
segment individual phonemes in words (Ehri, 1984; Goswami, 1986; Perfetti, Beek, Bell,
and Hughes, 1987). For example, Goswami (1986) proposed that preliterate children
lcarn to rea  words by analogy, reading an unknown word, such as Aat, by comparing its

spelling sequence to a known word, such as car. Goswami indicates that rcading by
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analogy requires an understanding that the end of rhyming words are spelled the same
because they sound the same, an understanding believed to facilitate the acquisition of the
alphabetic principle. In Goswami’s view, young children do not need phoneme
awareness to lcarn how to rcad and writc; instead children can learn reading by an gy
skills. Although beginning readers can read by analogy for known words, especially
when the known word is present, the research reported herc demonstrates that read g by
analogy is not part of the first step towards literacy.

In contrast to these prominent theories, a third theory called the ABC-GPC theory
ot reading will be proposed here that to begin reading preliterate children need basic
letter knowledge and phoneme identity rather than phoneme awareness or reading by
analogy. First, letter knowledge is the automatic recognition of letter names and their
symbols. Second, phoneme identity is the awarencss that, for instance, the b sound heard
at thc beginning of thec words book and ball is the same b sound heard in the words rabbit
and crib. The type of phoneme identity that is required or devcelops first is onset identity,
the recognition that two words share the same initial consonant sounds, for cxamp™  hook
and ball share an initial » sound, or please and plant share the initial p/ consonant cluster.
Third, once children have letter knowledge and onsct identity, they form grapheme-
phoneme correspondences for word onsets by attaching letters of the alphabet to
beginning word sounds. Grapheme-phoneme correspondences promote initial word
recognition on the basis of onc or two salicent letter-sound cucs.

According to the ABC-GPC theory, the first step in initial reading development is

learning letter names and acquiring onsct identity. Over time, children acquire letter-
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sound associations for letters at the beginning of words, and children partially recognize
new words by using letter-namcs or letter-sound cues for word onscts. This latter
strategy is belicved to represent an carly or rudimentary stage of reading called phonctic-
cuc reading (Ehri & Wilce, 1985; Penncy, Drover & Dyck, n.d., 2007 submitted).

The key difference between cac  of the reading theories presented above is the
mechanism that promotes initial alphabetic insight. However, cach view accepts the
notion that children must acquire the alphabetic principle in order to read an alphal ic
script proficiently. I will first explain the concept of the alphabetic principle and how
insight into the alphabetic nature of language is related to carly reading. I will then
provide a short summary of a few non-phonologically based reading stratcgics, which do
not promotc alphabctic insight. Following the non-phonological recading strategics,
phonologic ly based reading theories will be reviewed. Evidence-based theorics on the
development of phonological awareness in young children will be discussed, and then the
rclationship between phonological development and reading acquisition. T will provide a
bricf review of the cvidence supporting the two prominent reading theorices, and show
why both theorics are incomplete. The final section of the introduction will present an
overvicw of the third reading theory proposed, the ABC-GPC recading theory, and
rescarch hypotheses will be formulated which arise from the theory.

Alphabetic Principle and Reading

It is widely accepted that insight into the alphabetic nature of written Engli  is

the key to reading development (Adams, 1990). Generally, the alphabctic principle is

defined as the undcrstanding that letters represent sounds or phonemes in spoken words.
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The words phonecme and sound arc not true synonyms, but they arc used in the current
document to mecan the same, unless stated otherwise. A phoneme is defined as the basic
unit of an alphabctic script or the smallest unit of sound that can change a word’s
mecaning (Ladcfoged, 2001). For example, changing the phoncme /p/ in peak to the
phoneme /b/ produccs beak, a different word with a different meaning. However, a
phoneme is not onc sound, but is typically “a group of sounds that cannot, scparatcly,
distinguish words in a given language™ (Ladefoged, 2001, p.186). In the English
language, for instance, there are two p sounds represented by the phoneme /p/, an
unaspirated p and an aspirated p”, heard in the words spare and pear, respectively.
Normally, older children and adults who are native speakers perceive these two p sounds
as the same sound, but young children or non-native speakers can perceive two ditferent
sounds.

Wh :identitying individual phonemes in a word is difficult, the main advantage
of having an alphabctic system is that the units of speech (phonemes) can be represented
with symbols (lctters); the disadvantage is that learning to rcad using an alphabetic code
is hard for many children. Before learing to read, a child listens and focuses on the
mecaning of words rather than the exact sounds in the words. Then, in learning to rcad,
the child must focus on the sounds in cach word and represent thosc by letters.

Individual phonemes in a word are not casy to perceive because a phoneme, such
as /b/, in a word can have a number of acoustically different sounds or will be produced

ly )
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and hode have two slightly different b sounds because of the vowels that oceur afte  the
initial /b/ phoneme.

During spcech the vocal apparatus moves continuously from one position to
another or “co-articulates™ to producc different sounds. In other words, the position of
the articulators and therefore the sound crcated during the production of a given phoneme
in a word depends on the phoneme just articulated, the phoneme currently being
articulated, and the phoneme to be articulated next. Co-articulation allows for a more
efficicnt form of communication than would the slow process of individually producing
cach phonctic gesture. As a result of co-articulation, humans arc able to produce strings
of the clemental phonctic gestures at a rate of 10 to 15 segments per sccond and 200
syllables per minute (Ladefoged, 2001; Oakhill & Beard, 1999).

The disadvantage of co-articulation is that it can make perception of the
phonemes and learning the alphabctic code difticult. Children do not segment the
individual phonemes in a spoken word, and therefore have difficulty attaching them to a
letter. This is because the phonemes are deeply embedded in the word pronunciation, and
the acoustic cues for one phoneme overlap with the cues for preceding and subscquent
phoncmes. In other words, co-articulation affects children’s ability to conncect the Ietters
in a word accurately to the constituent phonemes (Oakhill & Beard, 1999). However,
children must learn the underlying phonological structure of words to begin decoding
words written in an alphabetic script. Acquisition of the alphabetic principle occurs once

children lcarnt.  individual 1 corr Hond aally to & Ttonemwe in oken
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words (Adams, 1990; Liberman ct al., 74; Liberman & Shankweiler; 1987; Oakhill &
Beard, 1999).
Non-Phonological Reading Theorics

Some rescarchers argue that the alphabetic principle is not necessary for in  al
rcading acquisition (Goodman, 1965; 1986). Opponents of phonologically bascd rcading
theorics reject the notion that initial reading relies on the transcription of letters to sounds.
Non-phonologically based reading theories gained some support becausc of obscrvations
that beginning readers acquire non-phonological rcading strategics more casily than
phonological ones (Goodman, 1986). However, a review of the literature shows that non-
phonological strategics, such as whole-word and visual-cuc rcading strategies do not
promote truc rcading ability.

Whole-word theory involves reading words strictly as whole units or logograms:
there is no analysis of words into letter-sound units. The whole-word method is based on
the assumption that children will deduce the basis of the alphabetic principle as a result of
lcarning to rcad. Those who support whole-word rcading theorics insist that break g
words down into individual phonemes confuses beginning readers, and thercfore isolates
print from its functional use of communicating a message (Goodman, 1986).

In a comprchensive study, Secymour and Elder (1986) examined reading errors of
children entering a Scottish primary school who were taught whole-word rcading
stratcgics during the first ycar. At the beginning of the year, children did not know Ictter-
so lassociations and wer¢  Htable torcad. Thet  yearrcadin prc  amdid

include any phonics training. After the first year, Seymour and Elder (1986} tested the
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children’s word reading ability. The children could decode familiar words that had been
taught, but Scymour and Elder found that the majority of children could not rcad
unfamiliar words. This suggested that the whole-word rcading program was not
gencerative; whole-word training did not gencralize beyond the specific words taught.  An
cxamination of the children’s reading crrors revealed that the words produced were not
similar in phonological structure to the target words. When the children crred on familiar
words, synonyms were often produced that prescerved the meaning of the written words,
such as tiger for lion, or girl for lady. In the wholc-word training, the children had
learned the connection between written words and their meaning, but could not ree  the
words through a phonological stratcgy.

In the second year of instruction, children were encouraged to “sound out™ 2
initial letters of words, and children were given direct instruction in letter-sound
associations and word-attack skills. Final testing, at the end of the second year, revealed
that the children’s reading crrors were regularisations, (e.g. rcading of as off), and
ncologisms, which reflected the underlying phonological structurc of the target words
rcad. On the basis of the rcading crrors made, the authors suggested that the target words
were being “sounded out™ through a phonological decoding mechanism. Scymour and
Elder (1986) concluded that the children had lcarned to evaluate the phonological
structurc of words as a direct result of Icarning letter-sound associations through w  d-
attack instruction. Whilc whole-word reading instruction mcthods did not generate

independent decoding skills, instruction in letter-sound associations and word attack
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skills generated a phonologically mediated decoding strategy that did result in
independent word reading.

Byrne (1991) examined whether whole-word strategics promoted alphabetic
insight in preliterate children. Byrne taught children to read two words, far and bat, by
mcans of a wholc-word reading strategy. The children were taught to associate ca
printed word with a picture that represented its meaning. Bymne argued that if whole-
word rcading gencrates alphabetic insight, the children will — duce that the letter f°
represents the /f/ phoneme and the letter b represents the /b/ phoneme. Children were
given a forced-choice task after the training, in which they were asked to identify a
printed word, cither fun or bun, by laying the printed word next to the correct picturc.
Only 53 percent of the children produced the correct response, indicating that the children
relicd on a *gucssing” strategy to produce the correet picture-word combination rather
than on a phonological stratcgy.

Byrne (1991) concluded that the whole-word training had failed to promote the
undcrstanding that the Ictters fand b represented the phonemes /7 and /b/ in the wo  Is fat
and bat, respectively. Learning to read whole words that differed in the first letter was
not sufficient to produce letter-sound associations for onscts. The view that childr
lcarn lctter-sound associations by first lcarning to rcad whole words was not supported.

Most whole-word reading theorists encourage children to use “guessing’, typically
called prediction, as a critical carly word-rcading strategy. There 1s a difference between
word prediction based on overall context, and learning to recognize words as whole units.

Children taught to read by memorizing whole words can identify only the words ta  ht
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(Scymour & Elder, 1986), while prediction can help children identify words that may or
may not have been taught before. However, prediction is not cquivalent to decoding
words on the basis ot a phonological strategy. In prediction, children guess a word's
pronunciation on the basis of salicnt contextual cues and maybe a limited knowledge of
Ietter-sound associations for initial or final lctters; they do not analyze the underlying
phonological structure of the word and relate that to the printed letters. Although wholc-
word rcading theorists maintain that prediction 1s critical for initial rcading acquisi i,
the cvidence that supports this vicw is not convincing.

Goodman (1965), the founder of the whole-word reading movement, was the first
to obscrve that children made fewer reading crrors when they rcad words in a runn g
text than when they read words in isolation. The errors that the children made when
rcading words in a full text were syntactically and semantically consistent with the other
words in the sentence, but this was not the case when children read isolated words. These
obscrvations Icad to the belicf that young readers relicd on the story’s context to read or
predict the pronunciation of new words.

However, a significant problem with Goodman’s (1965) study was that the
1solated target words were words taken from texts that were read after the target words.
This is problematic for two rcasons; first. children read the isolated target words (¢ text
condition) before the texts (context condition), and sccond, different words were not used
in cach condition, in other words, Goodman did not control for practice cffects. In the
context condition, practice effects may have facilitated accurate word pronunciations

rather than context effects, suggesting that Goodman’s findings might not be valid.
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Many researchers believe that the prediction strategy is unreliable for decoding
unusual or unpredictable words and can cause scrious comprchension crrors. For
instance, Gough (1993) argued that the use of prediction might help with reading highly
predictable words, but context is rarcly helpful for decoding new, unusual or untar it
content words that have the least predictability. Beginning readers can casily memorize
simple fun. on words, such as the and it, which are words with the greatest
predictability, but not content words, such as cheetah, which arc words with the lcast
predictability (Gough, 1993).

Donaldson and Reid (1985) explained that reliance on prediction often causcs
scrious crrors that alter the mcaning of a story, affecting comprehension. The authors
proposcd that a sentence read two difterent ways would still have the same meaning only
if the words uscd did not affect the syntax. Changing the verbal tense of a word in a
sentence may not affect our understanding of the principle action, but a simple verb
substitution can change the meaning of a sentence. For example, Donaldson and Reid
reasoncd that changing the sentence “Tom “~"'~-2d Dick and waved his flag ' to *Tom saw
Dick and waved his flag’ changes the meaning of the sentence subtly, and will therefore
alter comprchension of a story. In the tirst sentence Tom had followed Dick, but in the
second sentence Tom only saw Dick; he may not have followed him (Donaldson & Reid,
1985).

To correct tor reading errors caused by prediction, such as word substitution, a
child must know the cffects of different words on the meaning of a sentence. This will

happen only when a child can rcad or decode the actual words in a sentence, and when a
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child knows what the differences between these words mean. Donaldson and Reid
(1985) stated that prediction was an immature and ineffective word decoding strategy.
and that rcliance on prediction does not generate accurate decoding ability. Inaccurate
word decoding resulting from the use of prediction causes scrious reading and
comprchension crrors. Accurate word decoding is only obtained by teaching chilc 1 an
independent phonological decoding strategy.

Contrary to Donaldson and Reid (1985), Goodman did not regard word
substitution, such as plane for jet, as a scrious rcading crror. Goodman cncourages young
readers to substitute synonyms, or other similar words, for unfamiliar words, as long as
the flow of a text is preserved. For example, producing the word gir/ for the printed word
lady woulc ¢ considered acceptable because it preserves the meaning of the story.
Goodman (1965) belicves that the primary benefit of letting children read textis tk - a
less-skilled reader can begin to recc  ize unknown yet predictable words with the  Ip of
context in a way not possible from isolated word reading. However, such a child 1s still
unable to decode new words. A child that uscs prediction is merely guessing word
pronunciations from pictures, themes or other contextual cucs.

Stanovich, Cunningham, and Freeman (1986) conducted a longitudinal study to
cvaluate children’s usc of context to help them decode words in running text during their
first ycar of school. The children were initially classified as cither skilled recaders « - less-
skilled rcaders. At the beginning of the year, Stanovich ct al. (1986) found that the usc of
contc skil i oste ¢

prediction was a strategy best used by children who alrecady know how to read.
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Stanovich ct al. (1986) found that once the less-skilled readers were able to read words,
after nearly a ycar of rcading instruction, the less-skilled readers also obtained the same
bencefits from prediction as the skilled readers had obtained. Stanovich ct al. (198¢
concluded at beginning readers could not grasp the context of a story, and thus usc
contextual cucs, without some degree of recading ability.

The converging cvidence from Byrne (1991), Donaldson and Reid (1985),
Scymour and Elder (1986), and Stanovich ct al. (1986) indicatcs that whole-word reading
theory is not a comprchensive theory ¢ initial reading acquisition. While prediction may
help a child preserve the flow of a story, children must have some reading ability to
understand the story context, which cnables them to make predictions. Furthermore,
although children can memorize spelling patterns and recognize words on the basis of
these, no onc has shown that wholc-word reading, or prediction produces an independent
decoding strategy.

Another non-phonological recading strategy that has gained recognition is visual-
cuc rcading. Visual-cue reading is different than whole-word reading in that the child
responds to only a salicnt part of the word rather than the entire word (Gough, 19¢
Gough & Hillinger, 1980). Visual-cue reading doces not include sounding out or
phonologically decoding any part of a word (Gough & Jucl, 1991) and children usually
have little knowledge of letter-sound associations. For ecxample, in visual-cue reading, a
child learns to recognize the word car - "because the letter M in the middic has two

humps, like a camel. According to visual-cuc reading theory, carly word reading ~ dircet
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and visual, while later word reading is mediated by letter-sound correspondences and is
phonological (Gough, 1993).

The visual-cue theory proposes that carly word rcading involves lecarning s it
words. Support for visual-cue reading comes from obscrvations that prelitcrate children
can recognize words by associating some part of a word or its context to its
pronunciation. Children learn to recognize first words dircctly from exposure to street
signs, storc or toy logos, and books with carcgivers. For cxample, a child can recognize
the word stop only if it occurs with the red street sign, or the word MacDonald's only if 1t
contains the big yellow “M™ on the red background. The pairing of an arbitrary responsc
to an arbitrary stimulus is usually called paired-associate lcarning. In this type of
lecarning, words arc treated as logograms, meaning the child recognizes the word
pronunciations on the basis of their visual forms only rather than by letter-sound
associations. A child can build a large sct of visual-cuc or sight words by rchearsing
these word  ronunciations several times. Then, when children learn letters and letter-
sound associations, they b 'n to notice letter-sound units in the known sight words
that help distinguish the words from one another. This can lcad to a later st of  d
that is based on alphabetic insight. In this later stage children recad new words by
analyzing their underlying phonological structure (Goodman, 1965: Gough & Jucl, 1991).

In a classic study, Gough (1993) first cxamined whether beginning rcaders
between 4 and 5 years of age sight rcad words by noticing or memorizing parts of the
word, referred to as the Local Hypothesis, or as wholes, referred to as the Global

Hypothesis. Two separate experiments were conducted to compare these hypotheses. In
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the first cxperiment, Gough (1993) tested whether the child associates the word’s
pronunciation with some cxtrancous visual-cuc rather than its letters. If the child leamns
to sight rea  using visual-cucs, once the cue is removed, the child should not recognize
the word. Alternatively, if the child lcams to sight-read words as wholes, then removal of
the salient visual-cuc should have no effect on word recognition.

Half of the children tested Icarned a list of four similar words (BAG, BAT. AG,
RAT), and the other half Icarned a list of four dissimilar words (BOX, LEG, SUN. AT).
The words were printed on individual flashcards, and one word in cach sct had an
obvious thumbprint on the corner of the card. This meant that for cach list, there were
three ‘clean’ words and one ‘thumbprint” word. The children were screened for their
ability to rcad the four target words, and those who read any of the words were excused
from the study. The remaining children were taught to produce and recognize the target
words through repetition and reinforcement of correct responses. The experiment:  trial
was conducted when the child was able to read the words twice without crrors. After the
training trial, and without interruption or warning, the child was tested on the word
without the thumbprint, followed by two successive clean words, then the thumby — nt
only. then two more clean words, and finally on onc of the « :an words again, but with
the thumbprint on it.

Gough (1993) found that the children learned the thumbprint-word item
significantly faster than any of the other three words in cach list, and that it was the only
item lcarned on first sight. When shown the word without the tI - bprint, less the  lf

of the children could recognize the word. In contrast, nearly all of the children cor |
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recognize the thumbprint without the word. Furthermore, Gough tound that the pairing
of the thumbprint with a diffcrent word, a word that had previously been lcarned on its
own resulted in almost all of the children disregarding the word and identifying the
thumbprint or the word previously associated with the thumbprint.

Gough (1993) concluded that the childre  were not processing the phonetic
featurcs or letters of the training words, and that very few beginning rcaders Icarn to
associate the word to its printed form. Instead, if an obvious or irrclevant cuc was paired
with a word, children learned to associate the spoken word with that cue and overlooked
the word or its letters. This paired-associate learning can take place when a visual or
salient cuc is paired with a word’s pronunciation, so that both arc stored together in the
child’s long-term memory. A written word is recalled when a reader recognizes the
paircd visual-cuc. The paired visual-cuc, or the thumbprint, acts as the retricval cue for
the word's pronunciation.

While the results found in the first experiment described above are consistent with
the Local Hypothesis, as proposed by Gough (1993), they do not climinate the possibility
that children may be ablc to Icarn words as wholes, the Global Hypothesis. Gough knew
that the children could have Icarned the thumbprint and the word as two scparate v oles,
so that lcarning one whole and not the other tells us nothing of whether the word or its
letters is recognized as a whole.

For the second experiment, Gough (1993) proposed that if words were Icarned as
wholes, th-  hiding half of thec word would destroy word recognition. However, if parts

of words were learned, then hiding half of the word should not affect word recognition.
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The child should recognize one half, but not the other half of the word. The flash  ds
and training proccdures were the same as the first experiment. A different group of 4 to 5
year old children were individually taught to rcad four words (LAMB, DUCK, FIf |
PONY) to a criterion of reading all words twice without errors. The child was then asked
if he or she could recognize a word when part of it was hidden. The first and sccond
halves of cach word were shown separately. Gough (1993) counted the number of times
children responded either to each half of the words, both halves, the first and not  :
sccond half, the second and not the first half, or ncither half. Although sclectivity was
not absolute, cvery child showed at lcast some sclectivity, ¢ | no children treated cvery
word as a whole. This suggested that beginning readers typically use sclective
association when learning to sight-rcad new words rather than memorizing words as
wholcs, consistent with the Local Hypothesis.

Gough (1993) explained that preliterate children who learn to read by rﬁcmorizing
whole wor  or by connecting visual-cues unrelated to the phonological represent  on of
the words might have difficulty remembering these words because such connections are
arbitrary. Arbitrary connections arc typically harder to storc and retricve than a set of
structurcd connections. Also, visual-cue reading does not assist children in identifying or
decoding new words. For instance, “knowing that ELEPHANT is the long word, or that
CAMEL is the word with two humps, docs not help the child to decode the word
HORSE™ (Gough, 1993, p.188). Until the child acquires the alphabetic principle, - or
she will learn word pronunciations through visual-cues, an iture and inctficient

rcading tc nique.
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Non-phonological reading strategics may be used in the carly stages of reading,
but neither the wholc-word nor visual-cuc theorics explain how children gain insight into
the phonological structure of words, or how they lcarn associations between letters and
sounds. Acquisition of the alphabetic principle is essential for developing independent
dccoding skills, and initial rcading achicvement (Byme, 1991; Gough, 1993: Gough &
Hillinger, 1980; Scymour & Elder, 1986; Stanovich ct al., 1986). Accuratc word
decoding, cither in isolation or in a text, requirces the ability to analyze a word
phonologically to the degrec that letters can be decoded into sounds (Adams, 1990; Ehri,
1992; Qakhill & Beard, 1999; Ricben & Perfetti, 1991). For beginning readers,
knowledge of associations between letters and sounds provides the basis for a strong sclf-
directed learning of unfamiliar word pronunciations (Byrne, 1991; Gough, 1993:1 i &
Robbins, 1992; Perfetti, 1995; Rack, Hulme, & Snowling, 1993; Ehri., 1984).

Phonological Development

Phonological awarcness is a heterogencous skill that develops progressively over
the coursc of children’s language development (Treiman & Zukowski, 1996). Usually,
the detection of syllables in a spoken word is the carliest phonological skill to develop
(Liberman ct al., 1974). Syllables arc the fundamental units ot speech production and
pereeption, and they are the natural processing units of speech during infancy (Jusczyk,
Houston, & Goodman, 1998). Aftcr syllables, children develop an ability to recognize
and producc rhymes (Goswami & Bryant, 1990). Children develop a sensc of rhyme
through singing songs, reciting nursery thymes, and playing thyming g >s. Goswami

and Bryant (1990) found that preliterate children could recognize and produce rhy  ing
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words, such as heak, seek, leek, and peck. After rhymes, the next phonological skill to
emerge is the ability to segment or blend onscts and rimes in words. For example, truck
can be broken into two phonological units; onc is the onset or the 1 unit, while the
sccond is the rime or the uck unit. Onscts and rimes are phonological units that ca  be
larger than the phoneme but smaller than the syllable (Stahl & Murray, 1994, p. 222).
Awareness of phonemes — the ability to recognize or manipulate phonemes in spoken
words — is considered to be the most difficult and final sound awareness to develop
(Adams, 1990; Liberman ct al., 1974 Stahl & Murray, 1994).

Liberman ct al. (1974) uscd a tapping task to cxamine preliterate children’s ability
to tap out syllables and phonemes in a word. For example, in the phoneme-tapping task,
a child hearing the word dog should tap three times for cach of the three phonemes, /d/,
/a/. /g/. In an analogous syllable-tapping task, a child shoul :ap three times for the three
syllables in *hospital’. Liberman ct al. (1974) rcported that many of the children could
tap out the syllables of the target words, but not the phonemes. Liberman ct al. nc 1 that
only the first-grade children who had received reading instt  tion in school were able to
segment the target words into phonemes. This suggested that reading instruction might
somchow be directly related to their ability to detect phonemes. Liberman ct al. (1974)
therefore proposed that while syllable counting emerged before reading instruction,
phoneme-tapping ability developed only after some reading instruction had taken place.

The awareness of other smaller phonological clements of speech, that of onscts
and rimes, has been shown to emerge sometime between children’s awareness of

syllables & | their awarcness of phonemes (Treiman, 1988). Treiman, 1n a scrics of
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studics (Treiman, 1983; 1985; 1988; 1992), showed that children and adults naturally
combine p. s of words in logical and predictable ways. For instance, participants would
combinc the onset fi- from the word fr-ail with the rime unit ar from another word, sfar, to
producc the new word frar. They did not break up the rime ail from frail, and the rime ar
from slar to get frai + t = frait. The subjccts did not break up the onscts or rime units of
the two words arbitrarily to produce new words. Treiman concluded that children and
adults naturally break words into onscts and rimes first rather than breaking onscts, and
rimes, into constitucnt phonemes.

Treiman and Zukowski (1996) conducted five separatc cxperiments to test their
Linguistic Status Hypothesis. According to this hypothesis, the linguistic level or status
of the unit and its sizc influences performance on difterent phonological tasks. In the
first experiment, Treiman and Zukowski used a same-different task to determine v cther
preschool and kindergarten children could more casily recognize the similarity between
two words when the similar unit was single consonant onsct, such as /p/ in pact-peel, than
when the similar unit was part of a cluster onsct, such as plan-prow. If the linguis
status of the unit influences the child’s performance, then the child should find it ¢ icrto
rccognize the shared sound when it is the whole onsct than when it is part of the onsct.
The reasoning behind this prediction is that the linguistic unit onsct is casicr to access
than arc ir  vidual phonemes within onsets. In contrast, it only the size of the unit
influcnces performance, then the child should equally recognize the shared sound when it
is the whole onsct or part of the whole onsct because the size of the unit is onc phe  eme,

such as /p/, in cither type of word pair.
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Four practice word-pairs were given first, two ‘yes’ pairs and two *no’ pairs. The
children were told that a puppct became happy when it heard two words that sounded the
same, and sad when it heard two words that sounded different. Corrective feedback was
given only 1ring the practice trials. In the experimental trials, the child had to judge
whether the puppet liked cach of the word pairs. There were 30 monosyllabic test word-
pairs, of which 20 were ‘yes” words, or words that shared an initial sound, and 10 were
‘no” words, or words that did not sharc any sounds, such as homb-drip. Ten of the “yes’
word-pairs cach shared a similar single-consonant onsct, such as the pact-peel word pair.
The other 10 *yes’ word-pairs cach began with a cluster onset, but cach pair shared only
the first consonant of a cluster onsct, such as the plan-prow word pair.

Treiman and Zukowski (1996) found that the children could recognize a shared
sound morec casily if it was a whole consonant onsct than when it was part ofaclu r
onsct. For example, the children were able to casily recognize that the words pacts and
peel shared the same beginning sound, but not for the words plan and prow. This is
becausc the cluster onsets p/ and pr are cohesive units, making it difficult to separi out
the individual target /p/ sound. This suggests that beginning readers access and compare
whole onsets more casily than individual phonemes within a cluster onsct, consistent with
the linguistic status hypothesis. The size of the unit did not influence the children’s
performance; the size of the target sound, such the single /p/ phoneme, was the same
across all word pairs. In addition, although the children did not always understand why

some word pai  sounded the same, they could recognize that the *no” word pairs were
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ctal., 1974; Stahl & Murray, 1994). In Libcrman’s ct al. (1974) phoneme tapping study
that assessed children’s ability to count the constituent phonemes in a word, the majority
of the preschool and kindergarten children could not count the phonemes in spoken
words. In contrast, the older first-grade children, who had a ycar of reading instruction,
could tap out the phonemes (Liberman ct al., 1974). Liberman ct al. suggested that
rcading instruction facilitated the children’s ability to recognize phonemes, and that
preliterate children do not have phoneme awareness. Other rescarchers have found that
preliterate children tend to be unsuccesstul in tasks of phoneme awarceness as well
(Goswami & Bryant, 1990; Murray, 1998; Perfctti ct al., 1987; Stahl & Murray, 1994;
Treiman & Zukowski. 1996).

Children’s awareness of phonemes, as determined by the phoneme-tapping task,
mecasures only onc aspect of phoneme awarencss. A phoneme-tapping task requires that
a child recognize and identify all the phonemes in a spoken word by tapping once for
cach phoneme. Other phoneme awarcness tasks, such as phoncme blending,

s aentation, deletion, and substitution, measure different aspects of a child’s emerging
awarencess of phonemes. These phoneme-manipulation tasks require that a child blend,
secgment, delete or reorder individual sounds to form new words (Stahl & Murray, 794).
Phoneme-deletion tasks require that a child recognize, scparate or remove one or more
phonemes in a spoken word to create a new word. For example, a child asked to say goat
without /g/ nceds to know how to remove the g sound to producc the new word oat. In
contrast. phoneme-blending tasks require the ability to blend different sounds together in

order to producc a word. Sometimes these sounds are two real words, such as foor and



Reading and Phonological Development - 23

ball for football, or individual sounds and rcal words, such as /h/ and at for hat, or go and
/t/ for goat, or individual sounds and a rime, such as /s/ and ight to producc sight.
Because of the many ways in which phoneme awareness is measured, accurately defining
phoncme awarencss remains an unresolved problem in reading research.

Treiman and Zukowski (1996) showed how success on different tasks of
phonological awarcness depended on the linguistic status being accessed by the task. For
cxample, deletion of the phoneme /s/ in the word nest is a more difficult task than the
deletion of /p/ in pink, an onset-deletion task. The position of the phoneme /s/ in nest
makes it harder to dclete than the phoneme /p/ in pink because /s/ is decply embedded in
the rime unit est, and is therefore not as accessible as the beginning sound or onset /p/ in
pink. However, both tasks require that a child remember the target word, the target sound
being deleted, and the sounds “left over’ once the target sound has been removed. In
somc cascs, a child’s spelling cxperience might influence his or her ability to manipulate
phoncmes. Ifa child knows the spelling scquence of a word, it might be casicer to
manipulate or blend the Ictters in the word rather than the sounds to produce the new
target word.

Pcrformance on phonological awarcness tasks, such as rhyming, onsct-rime
segmentation, syllable or phoneme counting is influenced by the cognitive demands of
the task (Adams, 1990). Pcrformance on many phoneme awareness tasks, such as
phonemc substitution or deletion, demand more than the ability to substitute or remove
phoneme in words; memory is a criti tor too. For example, phonem  ubstitution

tasks requirc the ability to sclect, remember and delete the target phoneme, the ability to
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remember 2 ncw phoneme that is to replace the old phoneme, the ability to replace the
old phoneme in the word with the new phoneme, and then the ability to blend the - w
phoneme with the remaining sounds from the old target word in order to producc i new
target word. Adams (1990) stated that phoneme manipulation tasks require “all manner
of memory skills and gymnastics™ (p.72).

Perfetti (1991) maintains that preliterate children need direct instruction to draw
their conscious attention towards phonemes. Phoneme awareness is not simply a
“working knowledge™ of phonemes, which includes the ability to perceive differences
between phonemes or to imitate a sequence of phonemes. Instcad, phoneme awar. 2ss
requires dirccting attention and analytical abilitics to the manipulation of the abstract
sounds in a word (Adams, 1990). Rcading instruction reccived in the first few years of
school can and often does direct children’s attention to phonemes, and children Icarn how
Icttcrs map onto these sounds. Conscquently, rather than phoneme awareness developing
before reading acquisition, children’s awareness of phonemes might result from formal
rcading instruction or reading acquisition.

Phonological Awarcness and Learning to Read

Although many researchers agree that reading is related to phoneme aware s,
these same rescarchers disagree about the nature and importance of this relationship
(Adams, 1990; Ehri, Numes, Willows, Schuster, Yaghoub-Zadch, & Shanahan, 2001
Goswami & Bryant, 1990; Oakhill & Beard, 1999; Perfetti, 1991). A strong corrclation
between phoneme awarencss and reading ability is now well established in the literature

(Blachman, Ball, Black, & Tangel, 1994; Bradlcy & Bryant, 1983; Ehri ctal., 2001;
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Goswami & Bryant, 1990; Liberman ct al., 1974; Stanovich, Cunningham, & Cramer,
1984), but a correlation docs not indicate a causal connection. Instead, the results  »m
some training studics, longitudinal studics, and studics of children and adults with
rcading disabilitics arc drawn on as support for a causal rclationship between reading and
phoneme awarcness (Bradley & Bryant, 1983; Jucl, 1988; MacLcan ct al., 1987; Morais
ct al., 1979; Perfetti ct al., 1987).

According to the Committee on the Prevention of Reading Ditficultics in Young
Children, “phonemic awareness is the key to understanding the logic of the alphabetic
principle and thus to the learnability of phonics and spelling™ (Snow, Burns, & Griftin,
1998, p.15). Subscquently, beginning readers must develop awareness of phoncmes first,
and only then can they learn how the letter names represent those phonemes in a word.
The assumption is that scgmentation of a word into phonemes, or the manipulation of
phonemes in a word facilitates alphabetic insight. In order to read a new word, a¢ Id
must translate cach letter into its phoneme and then blend the phonemes together to
rcconstruct the word. Support for this thcory comes from evidence obtained in scveral
phoneme-awarencss training studies (Bradley & Bryant, 1983; Lundberg, Frost, &
Peterson, 1988; Treiman & Baron, 1983).

As part of a longitudinal study. Bradley and Bryant (1983) cxamined whether
there was a causal rclationship between sound categorization of phonemes and reading.
First. the children were cach tested for sound-categorization ability in an oddity task. In

this task, the child was asked to identify the word with a different initial, middle, or end
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sound that distinguished it from two other words. For example, upon hearing the words
hill, pig, and pin, the child should identify Aill as the word with the odd initial sound.

Next, the children from the original group who could not rcad, and who scc :d at
lcast two standard deviations below the mean on the oddity task were divided into four
scparate groups. There were two experimental groups, a Sound Only and a Combination
Lectter-and-Sound group, and two control groups, a Conceptual group and a No Tr  1ing
group. Children in the two experimental groups were shown how words could be sorted
by common initial sounds “*-n, hat), middle sounds (hen, pet). and final sounds (hen,
man). Howecver, only the Combination Letter-and-Sound group was shown how letters
represented the common sounds taught. Children in the Conceptual control group were
shown how words could be categorized in scveral different ways. The children in the No
Training control group rcceived no special training.

Bradlcy and Bryant (1983) predicted that the two sound-training conditions would
promotc an awarcncss of phonemes, resulting in higher rear 1g achicvement than tor the
two control groups. As cxpected, Bradley and Bryant (1983) found that the two control
groups did not ditfer significantly in later recading or spelling achievement. The reading
and spelling scores for the Sound-Only group were consistently higher than cither of the
control groups, but this diffcrence was significant only between the Sound-Only group
and the No Training group. An uncxpected finding was that the Combination Letter-and-
Sound group achicved significantly higher reading and spelling scores than cither of the

two control groups, and significantly higher spelling scores than the Sound-Only  up.
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Bradley and Bryant (1983) discovered that the sound training was more cffective
when there was explicit instruction showing how the sounds were connected to the
alphabet, and stated that the Combination group “suceceded cven better than group |
[Sound-Only] in rcading and particularly spelling™ (p.420). Bradley and Bryant failed to
cxplain the signitficantly higher reading and spelling scores of the Combination Letter-
and-Sound group adequately. The rescarchers concluded that sound-categorization
training facilitates children’s progress in reading and spelling.

While other rescarchers have found similar results supporting the view that a child
who can recognize phonemes in words will be a better reader than a child without
phoneme awarcness (Bradley & Bryant, 1978; Frost, 2001; Liberman et al., 1974;
Lundberg, Frost, & Peterson, 1988), Bradley and Bryant's (1983) study is often cited as
strong cvidence that phoneme awareness training promotes reading development.
Bradley and Bryant’s methodology will be further examined in the section exploring
different phonological reading theorics in order to demonstrate that their inference of
causality was not justificd.

In contrast to Bradley and Bryant’s work, there are scveral researchers who
support another theory of reading development. According to this theory, children
acquirc phoneme awarencss after learning to read and spell words (Adams, 1990; 1 Hrais
ct al., 1979; Perfetti, 1985; Ricben & Perfetti, 1991). According to this view, phoneme
awarcencss is not a prerequisite for reading; instcad, reading promotes phoneme awareness
(Ehri, 1979:; 1984: Ehri et al.. 2001; Goswami, 1986; Goswami and Bryant, 1990;

Perfetti, 1985: 1991; Perfetti ct al., 1987).
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Perfetti et al. (1987) conducted a longitudinal study to test the hypothesis that
rcading and phonemc awarcness develop in a reciprocal relationship. At the beginning of
the school year, the children in Perfetti et al.’s study were classified according to their
rcading ability. Children in the Basal Rockets group were the best readers, and the Basal
Readiness readers were the poorest readers. There was a Direct Code group of ree 1
that were comparable to the Readiness readcers on study-entry reading ability. The
distinguishing fcaturc between the children in the Rockets and Readiness groups and the
Direct Code rcaders was that the latter group had been given direct phonics instruction,
while the former groups had not. Although both the Direct Code and Readiness children
had dircct phonics instruction and could read a few words, comparatively, the Readiness
children were the poorest readers.  All children were given three phoneme-awarencss
tasks (tapping or scgmentation, dcletion and blending), and onc pscudo word-read!
task. Thesc tasks were administered at the beginning of the school year, at 8§ weeks, 19
weceks. and 33 wecks into the school year. At the end of the year, two scparate reading
asscssments were used to determine the children’s reading achievement.

Overall, at the be 'nnit of the year, Perfetti ct al. (1987) found that all the
children performed poorly on phoneme synthesis or blending, deletion, and tapping tasks.
For example, only five children from the Rockets and Direct Code groups were able to
reach the success criterion of 75 percer  on phoneme blending, onc of the simplest tasks
given, Although some children were able to do some phoneme blending before true
rcading began, many were not able to do phoneme deletion. This suggested that children

might require a basic ability to blend simple sounds before learning to read.
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After a ycar of formal reading instruction, Perfetti ct al. (1987) found that many
children were able to reach the success criterion for cach task, cven on the most difficult
phoneme-tapping task. Whilc all the children showed improvement in phoneme
synthesis and delction, the children still had difficulty doing a few deletion items, such as
the /s/ in sp for spin to producc pin, or tappit  out phonemes in words. In addition, the
children found it casicr to do final deletions than initial deletions. Perfetti ct al. stated
that the relationship between reading and phonological awareness could not be defined
casily in prerequisite terms, but that in general, the results obtained were consistent with
the view that rcading and the ability to blend and delete phonemes develop ina mu  ally
supportive relationship.

Pertetti et al. (1987) concluded that a rudimentary ability to blend sounds could
develop before reading, but in general, both reading and phoneme awareness increasc
reciprocally in complexity. Also, with progress in reading.  ildren transition from being
able to do casy synthesis or blending tasks, to doing difficult phoneme deletion or  iping
tasks. However, Perfetti ct al. could not confirm whether reading developed before
phoneme awareness or vice versa. Instead, these rescarchers concluded that progre  in
rcading is directly related to progress in phoneme awarceness, and vice versa, rathcr 1an
onc skill emerging before the other.

Ehri (1983) re-examined published evidence regarding the relationship between
rcading and letter-name knowledge, and found that Icarning letter names or letter-sound
associations facilitated initial re: acquisition me  than lecarnut  the phonemic

clements of a word. Based on thesc findings, Ehri suggested that letters might pro' e
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children with visual symbols to attach to phonemes, and that acquiring letter-name
knowledge can help dircct children’s attention to the phonemes in words. These
speculations about the relationship between letter names and phoneme awarcness were
supported by results from Ehri’s et al. (2001) recent meta-analysis.

Ehri ct al. (2001) reviewed the results of more than fifty phoneme-awareness
studics conducted between 1976 and 2000. The studics included in the review cach
asscssed the cffect of phoneme-awareness instruction on the reading and spelling
achievement, for both average and poor beginning rcaders, by using an experimental
design and an adequatc control group. Ehri ctal. (2001) found that phoneme-awarencss
training had a significant cffect on the children’s reading and spelling achicvement, but
only when letter-name instruction was incorporated as well. Ehri et al. (2001) concluded
that while phonemc-awarencss training could improve children’s reading. letter-name
instruction significantly boosts the cffect of phoneme awarencss training,

Goswami (1986) and Goswami and Bryant (1990) proposcd a theory of reading
acquisition that takes intoacco  chi’ ™ :mn’s+ varcness of commonsc  © in
different words. According to this view, children’s carly awareness that different words
can have a common onsct (c.g. boat-bike) or a common rime (¢.g. train-rain) plays a
critical rolc in learning about spelling, which in turn promotes reading development.

Goswami (1986) conducted a study examining children’s ability to use an analogy
spelling strategy to read real and nonsensc words. The primary school children were first
assigned to three different reading  Hups. Group | could not read any words, while

Groups 2 and 3 were both able to read, and Group-3 children, who were a ycar older than
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the children in Group 2, were the best recaders. All children were pretested on the words
to be rcad. The children were individually tested six times in six scparate scssions, and
cach session represented a different condition. For cach session, the child was shown a
printed cluc word, and was asked to rcad scven real or nonsense words that were cither
analogous or not to the cluc word shown. The nonscnse words were created from the real
words with only onc lctter changed, thus kecping the letter scquence needed for the
analogy intact. In cach session, the child was shown two clue words and the associated
target words.

There were three types of test words. The first type was called Ta  :t words that
shared the same orthographic sequence as the clue words cither at the beginning of
words, such as beak (clue word)-bean (target word), or at the end, such as beak (cluc
word)-peak (target word), and were called Beginning and End words, respectively. The
sccond type was called Common-Letter words and shared three common letters with the
cluc words, such as beak-bask or beak-lake. The third typc was called Control we s
(three given) that were real and nonsense words. These were the Target and Com  n-
Letter clue words, such as beak (cluc word) paired with rain, tail, real (test words), or
beak with rait, kail, roal.

There were three experimental conditions: a Beginn g condition that showed the
target words analogous to the cluc words at the beginning;  End condition that showed
the target words analogous to the clue words at the end; and a No Cluc condition, where
no clue words were shown. Children in the No Clue condition received all four target

words in a given sct, and an additional three Control words. All children experienced
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cach of the three conditions twice, once for the real words and once for the nonsense
words, for a total of six experimental conditions per child. Overall, in cach experimental
session, cach child was shown two clue words before having to read the two test words
except for the No Clue condition, where no clue words were shown.

Goswami (1986) rcasoncd that if children can make analogics between clue words
and test words, they should score higher on the target words than on both the Common-
Letter words and Control words in the Beginning and End conditions, and higher than
target words in the No Clue condition. Goswami (1986) found that the children in
Groups 2 and 3 successfully recad more Target words in the Beginning and End conditions
than words in the No Cluc conditions. In addition, Goswami (1986) found that rcading
by analogy was casicr in the End condition than the Beginning condition, independent of
the children’s reading level. Goswami concluded that during the initial stages of reading.
if given a clue word that was analogous to unfamiliar words, both younger and ol r
children arc cqually capable of recading words by analogy, and rime analogics were more
cffective than analogies at the beginning of words.

The results for the first Group, the non-readers, were less clear than those for
Groups 2 and 3. The youngest children in the first group read a few words or no words,
but they were occasionally able to give correct responses for the End conditions. No
significant diffcrence was found between words read in the Beginning and the No Clue
conditions, but there was a significant difference between the End and both the Beginning
and No Cluc conditions. The non-readers in the first Group theretore found it casier to

make analogics between the endings of words (heak-peak) than between the beginnings
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of words (beak-bean). This finding was comparable to the results found for the ch  Iren
in groups 2 and 3. Goswami (1986) concluded that the older children, who were alrcady
rcading words, could rcad unfamiliar words by analogy with cluc words when shown
unfamiliar words that shared cither the first or last three lett 5. If given clue words, cven
the younger children who were not yet reading could also make analogics between words
that sharcd common orthographic sequences for the rime unit.

Goswami and Bryant (1990) theorized that a child develops a lar  * number of
words in his or her mental Iexicon to permit him or her to make analogics. Goswami and
Bryant (1990) did not deny that phonecme awareness plays an important role in reading
and spclling development. However, these rescarchers supported the view that awareness
of rhymes is the phonological skill that is essential for initial rcading, while phoneme
awarcncss was a phonological skill that emerged after reading instruction.

In summary, Perfetti ¢t al. (1987) belicves that some basic phoneme-blending
skills promote initial reading, and Ehri ct al. (2001) belicves that lcarning letter-names
together with basic phoneme scgmentation and blending promotes initial reading. Both
Perfetti et al. and Ehri ct al. believe that there is some basic level of phonological skills
available to the child before reading, and that advanced phonological skills, such as
phoncme awarcness., comes after reading. Both of these res  rchers support a reciy cal
relationship between rcading and phoneme awareness.

In contrast to Perfetti ct al., Goswami (1986) belicves that rhyme awarencss, in
particc. ‘rhymcar = between :ene of wor a' acritical role inacquir  the

alphabetic principle. Children’s carly awarcencss that different words can have a common
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rime, such as frain and rain, or a common initial sound, such as bpoat and bhike, can help
children learn about the spelling sequences of words. This learning can facilitate
children’s understanding of why some words sound similar, which in turn is important in
extracting rules about how words are spelled or pronounced. While Perfetti et al., Ehri ct
al. and Goswami cach have different views of initial reading development, cach au  or
believes that some phonological skills, such as syllable or onset-rime blending, or rhyme
analogy, come before reading while other skills, such as phoneme awareness, comes after
rcading; phoncmic awareness is therefore not an initial reading prerequisite.
Examination of Mcthodologics used in Key Training Studics

The studics reviewed and discussed above cach used different phonemic el ients
or phonological tasks, and methods to train or test children’s phonological develop :nt.
For cxample, some studics taught children to identify various sounds in words, while
others taught children to segment or blend different sounds. Across studics difterent
standardized and non-standardized reading tests were used to assess children’s reac g
ability. However, some key phonological training studics did not measure children’s
initial knowledge of letters, letter sounds or carly reading ability. These skills have been
shown to facilitate initial reading acquisition (Ehri ct al., 2001). A closer examination of
the methodologies from some key studies could help clarify which phonemic elem  tor
task, or level of literacy promotes reading acquisition.

Bradlcy and Bryant (1983) tested preliterate children on their ability to catcgorize
sounds before conducting the sound-categorization training. The children, fouror ¢

years old. had to identify the ditferent sounding word from a list of words in the Odd
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Man Out task. Bradley and Bryant asked children to point out the word with the d  crent
beginning, middle, or end sound. Although often interpreted as a phoneme-awarceness
task, thec Odd Man Out task uscd by Bradley and Bryant could be considered a task that
involves identification of onscts and rimes. For example, sclecting Aill as the odd man
out in the list 4ill, pig, and pin could be done on the basis of choosing the word with the
different onset, and sclecting Aat in the list cot, pot, and hat, and the word do/l in the list
doll, hop, and top, could be donc on the basis of choosing the word with the different
rime. Given that preliterate or beginning readers can analyze words into onscts and rimes
much casicr than into phonemes (Treiman, 1988), it is likely that the children in Bradley
and Bryant’s study were able to do the odd-man-out task by choosing the word wit a
different onsct or rime rather than a different phoneme. The level at which the children
were actually able to do the odd-man-out in the Bradley and Bryant (1983) study is
therefore ambiguous, and their interpretation of the results found may not be valid.

If the children succecded on the odd-man-out task by identifying words on ¢
basis of diffcrent onscts and rimes, then Bradley and Bryant's (1983) findings support the
theory that carly onsct and rime awareness predicts later reading success. Also, Br lley
and Bryant’s study has been interpreted as showing that phoneme-awareness training
using the oddity task caused greater reading success. However, the training administered
might have increased the children’s awareness of onsets and rimes in words; thercfore,
onsct- and rime-awareness training and not phoneme-awareness training might have

causcd greater reading achievement.
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Recall Perfetti et al. (1987), who support the view that reading develops before
phoncme awarcness, but found that preliterate children possessed a rudimentary ability to
blend individual phonemes into words or into syllables before they made progress
rcading. Then, once the children’s reading progressed, their ability to do complex
phoneme-awarcness tasks progressed. Perfetti et al. concluded that reading and phonemc
awarencss develop in a reciprocal relationship rather than one emerging before the other.

Unfortunately, Perfetti ¢t al. (1987) failed to examine children’s pre-litcracy
skills, such as letter-name knowledge or letter-sound associations that have also been
rclated significantly to initial reading development (Ehri et~ 2001). Perfetti ct al.
reported that before the children received reading instruction, many of the preliterate
children were able to read a few words, and two children in the Rockets group were able
to rcad scntences.

In a similar fashion, Goswami (1986), who found that non-rcaders werc able to
usc rcading by analogy to decodc unknown words, failed to measurc children’s carly
litcracy skills, such as knowledge of letters or letter-sound associations. This was an
unfortunatc oversight by both Perfetti ct al. (1987) and Goswami (1986) becausc other
rescarch shows that letter-name and letter-sound knowledge arc related to both
independent-word reading or reading by analogy success (Ehri & Robbins, 1992; Ehri ct
al., 2001). Therefore, one cannot rule out that carly literacy skills, that is, letter-name and
letter-sound knowledge, arc the critical prerequisites for rea  ng rather than phonological

skills of phoneme blending or reading by analogy.
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Ehri and Robbins (1992) compared preliterate children’s ability to read by
analogy to their carly litcracy and phonological recoding skills. The children were
initially classified as rcaders or non-readers on the basis of their letter knowiedge and
word-rcading ability. Participants in the study knew at lcast 11 of thel6 letters given to
them on a letter-naming pretest, but only the children who were able to read between two
and five non-words on the reading pretest were able to read by analogy. The non-readers
who could not read any words rcalized why the analogy words were different; that is,
they knew the words had different beginnings Ietter-sounds than the clue words.
However, the non-readers could not complete the necessary step of removing the clue
word onsct and then blending the target onsct onto the clue word rime to produce
target word.

Ehri and Robbins (1992) cxplained that recading by analogy requires a child to
know cnough letters to recognize, for instance, that the letters in beak arc the same as
thosc in peak except tor the first Ietter in cach word. The child must also appreciate that
beak and peak rhyme. To producc an unfamiliar word (peak) trom rcading by analogy
with a cluc word (heak), the child must remove the onset from the clue word to pr uce
the rime, know the pronunciation of the first lctter of the target word, and must be e to
biend the target onsct onto the rime unit from the cluc word (Ehri & Robbins, 1992).
Children therefore need Ietter-sound associations for simple onscts, and onsct-rime
scgmentation and blending skills to successfully read by analogy. Ehri and Robbins

(1992) concluded that the children who were readers or children who had sufficient letter-
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name knowledge and some basic phonological-recoding skills could producc an
analogous target word using rime analogics.

In my review of the available literature, no studies were found that clearly showed
which orthographic or phonological clement(s) had the greatest cffect on initial reading
development. The extensive meta-analytical study undertaken by Ehri et al. (2001), onc
goal of which was to uncover the key phonological or orthographic element or skill that
had the greatest impact on initial reading development, failed to determine the critical
trigger(s) for reading acquisition. Ehri ct al. could not perform the critical analyscs of
which training tasks were the most ctfective in promoting reading development. Two
main rcasons for this was that therc were too few phonological-training studics that
applied a true experimental design with an appropriate control group, and that there was a
wide variation in the phonological training tasks used in the studics reviewed. However,
Ehri ct al. did find that tcaching letter-name or letter-sound knowledge together w
phonological skills was morc important for incrcascd rcading achicvement than
phoneme-awareness training alone. According to the ABC-GPC theory of recading
proposed here, lctter-name knowle™ s the first critical step towards reading acq  ition.
This view will be desceribed in the following section.

A Third View of Initial Rcading Acquisition

A comprchensive theory of initial reading acquisition nceds to take into account
children’s knowledge of letter names and Ietter-sound associations as well as their
phonological skills. According to the ABC-GPC theory of rcading acquisition, preliterate

children first acquire Ictter names, phoneme identity and grapheme-phoneme
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correspondences for word-initial onsets. Knowledge of letter names is often acquired in
the preschool years, between age 3 and 5. Letter-name knowledge is critical because
Ictter names can provide clues for helping the child identify words on the basis of initial
letter names heard in the word’s pronunciation, such as b for heach, and for connecting
letters with their sounds. For example, during shared parent-child alphabet lcarning, the
child hears repeatedly that letter b is for ball, book, or bed. This type of rcading
cxperience will help the child to create connections between the initial sound heard in a
word and the first Ictter of the word. Also, by hearing that certain letters go with certain
words, the child may realize letter b represents the first sound heard at the beginning of
the words ball, book, and bed (Adams, 1990; Penney ct al., n.d.; Stahl & Murray, 1994).

Evidence that letter-name knowledge is a critical factor for rcading achicvement
comes from the work of Share, Jorm, Maclcan, and Matthews (1984). Sharc ct al. (1984)
used different cognitive, language, and home-lifc measures in order to determine which
factor best-predicted children’s reading achicvement after kindergarten and first grade.
These researchers found that letter-name knowledge measured at school entry was the
single, best predictor of reading success at the end ot kindergarten compared to 39 other
variables. Lectter-name knowledge predicted subscquent reading achicvement better than
intelligence, vocabulary, phoneme scgmentation, and memory for sentences, father’s
occupational status, parcntal home reading, and TV-watching.

Treiman and Rodrigucz (1999) investigated preschool and kindergarten children’s
usc of letter names in learning to read. All of the children were tested on three word-

lecarning conditions, Name, Sound, and Visual. In the Name condition, the stimuli were
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words in which the names of the first letters in the words could be heard, such as £ for
beet. In the Sound condition, the stimuli were words in which the sounds of the first
letter in the words could be heard, such as BT for bait, and in the Visual condition, the
stimuli were words that werc visually distinct, such as BT for ham.

After completing the three word-learning tasks, the children performed a word
and picturc-reading task to asscss rcading ability. A child was shown a number of cards,
cach with two words and a colored picturc on it, and were asked to identify the items he
or she knew. In a fourth session, children’s letter name-knowledge was measured for 26
capital letters. The child was shown a card and was asked to produce the name of the
letter on it. To asscss children’s lctter-sound knowledge, a letter-sound task was given
that used the cards in the Ietter-name task, but instcad of giving the letter name cach child
was asked to say the sound of cach letter.

Treiman and Rodriguez (1999) classificed the children into two groups. The first
group was called Pre-Readers who were unable to recad any of the words on the word- and
picturc-rcading task, and the sccond group was called Novices who were able to read at
lcast onc word. For the Novices, performance on the word-learning task was
significantly better in the letter-name condition than the letter-sound, and the latter was
significantly better than performance in the visual condition. While the Novices could
usc letter-sounds to rcad words, they learned to read the stimuli more casily when letter-
names could be heard in the words. For the Pre-Readers, performance in the Name
condition was significantly higher than both the Sound and Visual conditions, betv

which there was no difference. The Pre-Readers were able to usc letter-name cucs for
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lcarning to rcad ncw words, but not letter-sound cues. Treiman and Rodriguez (1999)
concluded that knowledge of letter names helps beginning readers form connections
between letters and sounds.

Blaiklock (2004) found evidence that letter-name knowledge is a critical factor for
initial rcading and phonological development. In a longitudinal study, Blaiklock
mecasured the effects of general verbal ability, phonological  cmory, pre-cxisting reading
abilitics, and letter-name knowledge on the relationship between phonological awareness
and rcading over the first two ycars of school. In the first ycar of the study there were six
testing sessions, and in the sccond year there were three. Tests for receptive vocat  ary,
letter naming, letter sounds, phonological memory (digit span in the WISC-R), rhy
oddity, and phoneme delction were administered, as well as two word-reading tests. The
children’s recading program in school was based on a whole language approach that
focused on the importance ot rcading meaningtul texts and using contextual cues to
decode unknown words. In school, the children were taught [etter names, but not letter
sounds. However, the children were taught some grapheme-phoneme correspondences
during writing or spelling activitics, if nccessary.

Replicating carlicr findings, Blaiklock (2004) found that phonological awarcness
was significantly related to reading development even after controlling for verbal @ lity
and phonological memory. However, the ability to read a number of words developed
before the children could do phoneme deletion. More important, once the children’s age
and letter knowle” : was controlled for, many of the conc'  :nt and predictive

¢ ctions betwe  phonological awareness and later reading bec: @ ignifica
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Lctter-name knowledge was a better predictor of reading achicvement at cach time  oint
in his two-year study than either rhyme or phoneme awareness.

Blaiklock (2004) concluded that most of the connections, concurrent or
predictive, often found between measures of phoneme awarencess and reading arc
mediated by letter-name knowledge. Blaiklock’s (2004) fir  ngs suggest that learning
orthographic skills, letter names and letter sounds, encourages reading development and
phonological awareness rather than the reverse.

In onc of only a few letter-name training studies, Carroll (2004) taughta sn |
group of preliterate children several letter names in order to determine whether letter
knowledge is a precursor for phoneme awareness, or not. First, Carroll conducted an
cight-month longitudinal study in which she tested 56 preschool-children between  ree
and five years of age twice, seven months apart. Three tests were given at cach time
point, a test of letter knowledge and receptive vocabulary, an onsct-delction task, and a
phoneme-completion test in which children were asked to produce a new word, suc  as
gate, by adding a /t/ to the end of the word gay.

Carroll (2004) found that the children who knew at least one letter name cc  d
achicve some success on phonological tasks. She also found that expert letter-name
knowledge at the beginning of school was significant predictor of phoneme awarencess
cight months later. Children with good letter-name knowledge showed greater phoneme
awareness skills than children with poor letter-name knowledge. lowever, because the

phonolc cal tasks measured the children’s ability to separate onscts and to add codas,
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Carroll’s findings suggest that carly letter-name knowledge promotcs phonological
awarencess at the level of onset-rime scgmentation, and the blending of vowels and codas.

Next, Carroll (2004) conducted a letter-training experiment. Carroll
hypothesized that knowledge of letter names would increase children’s ability to isolate
and identify phonemes in words. Using a small group of 10 preschool children, Carroll
taught cight letter names, letter shapes and their distinctive features daily over a four-
week period. The letters were explicitly linked to sounds, and children were asked to
identify pictured objects that began with the letter-sounds taught.

There were three testing scssions, one betore the training began, one at the end of
the training, and a follow-up session scven weeks after the training ended. Inthe t 5t
two sessions, a letter-knowledge task and an initial phoneme-matching task were
administered. In the follow-up session, a letter-knowledge task, initial phoneme-
matching task. and thc phoneme-deletion and phoneme-completion tasks used in the
longitudinal study werc administered.

In the initial post-test results, Carroll (2004) showed that while the children’s
letter knowledge had significantly increcased, the children’s ability to do the onsct
phoncme-matching task had not. Thercfore, letter knowledge did not appear to increasc
the children’s success in the onsct phoneme-matching task. However, because this task
mecasured two skills, children’s ability to segment phonemes in words and onsct identity,
it was possiblc that letter-name knowledge influcnced the sub-skills necded in only one of

these tasks and not the other. Carroll concluded that letter knowledge did not increase the
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children’s performance on the composite tasks of phoneme identity and phoneme
scgmentation.

In contrast, on the basis of the follow-up testing, Carroll found that only the
children who knew between three and cight or more letters at post-test showed increased
phoncme-awareness skills. For example, the children who knew at Icast three letters at
post-test achieved success on the phoneme-completion task, while the children who knew
eight or more letters achicved success on the initial phoneme-matching task (a cor  osite
test of phoneme segmentation and phoneme identity) at follow-up.

Carroll (2004) concluded that carly letter-name knowledge may not have an
immediate cffect on phonological development, but did have a long-term cffect. Carroll
proposed that only children who could do the initial phoneme-matching task, med  ¢d by
their knowledge of letter names or Ietter sounds, could succeed in tasks of phoneme
awarcness. Knowledge of letter names and letter sounds is essential for learning to read,
and facilitates phonological awarcness rather than the reverse.

The findings reviewed here suggest that knowledge of lctter names devcelops first,
and 1s a critical prercquisite for reading acquisition. Although a causal relationsh
between letter-name knowledge and reading development cannot be ascertained, the
converging cvidence from important causal studics (Blaiklock, 2004; Bradley & Bryant,
1983:; Byrne & Ficlding-Bamnslcy, 1990; Carroll, 2004; Ehri et al., 2001; Murray, 1998;
Penney et al., n.d.; Treiman & Rodrigucz, 1999; Stahl & Murray, 1994; Wagner ct al.,

1997) support the hypothesis that letter-name knowledge is the first step towards literacy.
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In the ABC-GPC theory of reading, the acquisition of phoneme identity for
beginning sounds of words is the critical prerequisite for initial reading acquisition.
Phoneme identity is the identification of phonemes regardless of where they are located
in a word. For cxample, a child with phoneme identity would understand that the »
sounds heard in hall, rabbit, and disturb represent the same sound, the phoneme /b/.
Secveral rescarchers support the notion that phoneme identity is the phonological clement
nccessary to facilitate alphabetic insight — the acquisition of letter-sound associations
(Byrne & Ficlding-Bamnsley, 1990; Murray, 1998). Using the definition of phoneme
identity described above, Byrne and Ficlding-Barnsley (1990) conducted an extensive
study that showed how phoneme-identity training combined with letter-sound training for
beginning and ending sounds in words encouraged the acquisition of alphabctic insight in
preliterate children.

In Byrne and Ficlding-Barnsley’s (1990) investigation, two groups of preliterate
children were given cither phoneme-segmentation or phoneme-identity training to
determince how cach training program influcnced the acquisition of the alphabetic
principle. Before training began, the children’s knowledge of some letter-names @ 1
letter-sounds was measured. For the phoneme-identity train g, the children were taught
to recognize four target phonemes, /m/, /s/, /t/, and /J/ (the latter sound is a voiceless
palatoalveolar fricative typically spelled as sh), in the onset and coda position of words.
For cach of the four target phonemes, contour drawings were made of six familiar items,
the 's of which ¢ d ot 1o i« theb S of

words. For cach target phoneme, the experimenter showed cach child six items or cards



Rcading and Phonological Development - 46

in an array, and then named cach item in the array and com: nted that cach item began
or ended with the target phoneme. The names on cach card were repeated twice, and then
the children were asked to name the items on cach card three times. The children were
frequently remindced that all the items in the array began with or ended in the target
phoneme, such as /s/.

Immediatcly following the phoneme-identity training there was a test phase where
cach child was shown two pictures. The experimenter named cach of the two pictures,
told the child that only onc of items in the pair of pictures began with (or ended wi ) the
target phoneme, such as /s/, and then asked the child to indicate which one began with (or
cnded with) the target phoneme. For the training and testing phases, word position and
phoneme were counterbalanced. The training and test phonemes were the same, but the
scts of training and test items were different. The training and testing phases took four
days, with two target phonemes being trained and tested on cach day.

The final phasc consisted of two alphabetic-training sessions, and cach of these
scssions was followed by a transfer task. For the first alphabetic training session, the
children were taught to read two words, saf and mat, and then were taught the sounds that
represented the letters s and m. In the transfer task, the children were shown one target
word, such as mow, and were asked to choosc cither mow or sow as the correct
pronunciation of that target word. There were cight target words. For the second
alphabctic-training scssion, the children learned to read fin and hin and to pronounce the
letters f'and b; these phonemes had not been taught in the phoneme-identity training. In

the second transfer task, children were shown a word such as fat, and asked whether the
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word said fat or hat. 1f a child succeeded in this last transfer task, then he or she was
considered to have gained alphabetic insight. In both alphabctic phascs, the children
were taught Ictter-sounds for the phonemes /s/, /mv/, /t/, and /b/.

Byrne and Ficlding-Bamsley (1990) found that the phoneme-identity trained
children knew an average of only 4.5 letter names from a total of 14 tested, and only 1.3
sounds from a total of cight letter sounds tested, indicating low literacy skills. For the
phoneme-identity task, all scores were above chance with the exception of onc child, and
11 out of the 16 children reached the success criterion. This suggested that they were
able to learn to identify the target phonemes casily in onsct and coda positions in words.
Phoneme identity is thercfore highly tecachable, and once it is acquired, it can gencralize
to all sounds. For the sm transfer task, all the children who succeeded on the phoneme-
identity task, succeeded on the transfer task, indicating that phoneme identity was
sufficient to induce the alphabetic insight necessary for matching a printed word. sow or
mow, to a spoken word, mow.

On the /b transfer task, Byrne and Ficlding-Barnsley (1990) found that me - of
the children who lcamed the pronunciations tor only two words, fin and hin, along with
the pronunciation of their beginning letters, f'and b, were able solve the /b alphabe -
transfer tasks without any prior training for the target sounds. Byrne and Ficlding-
Bamsley (1990) concluded that minimal phoneme-identity training with relevant letter-
sound instruction was sufficient to est  lish the alphabetic principle, and that once
children understood the concept of phoneme identity, it could generalize to other sounds

or letter sounds casily.
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For the phoneme-segmentation training, the children were taught to break-up
words by scparating the beginning or ending sounds in spoken words. A frog puppet that
spoke strangcly togcther with picturcs of objects to represent the words being segmented
were uscd to teach phoneme-segmentation. For word-initial phonemes, the children were
shown three times how to segment a word, such as sun into *'s....un™, and tor word-tinal
phonemes, the children were shown how to segment a word, such as bus into bu....s™.
After the experimenter demonstrated cach word, the children were asked to say the  rget
word just like the frog puppet while a picture of the word was in view, and corrective
feedback was provided. There were six training words for cach target phoneme, and cach
word was paircd with a picturc of an object that represented the word. The segmentation
training had the same design as the phoneme-identity training, but the children in the
segmentation training werce not taught the sounds for the target phonemes.

After the training, the children were tested using six new words. The procedure
for the test phase was the same as the training phase, except the experimenter did it
demonstrate how to segment the word. The experimenter said the word while the word-
picturc was in view, and then asked the child to say the target word just like the puppet
would say it. The experimenter encouraged the child to segment the word three times
without corrective feedback. The training and test items, as well as the alphabetic-
training scssions and transfer tasks were the same as those in the phoneme-identity
cexperiment. The alphabetic phases tested for transfer of the /s/, /m/ and /7, /b/ phonemes,

the two latter phonemes werce not taught during training.
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The children in the phoneme-segmentation experim  t were given a phoneme-
identity task that had been used in the pilot study for the phoneme-identity experiment,
but not in the actual experiment. This task assessed whether the children had
inadvertently gained phoneme identity through learning phoneme scgmentation during
the training scssions. Awarcencss of the /s/ and /m/ phonecmes was mcasurcd using three
pictures of common objccts. For cxample, a target picture, such as a saltshaker was
placed above two different pictures, such as soup and toothbrush, and the child was asked
which word, soup or toothbrush, began with the same sound as sa/t. There were 12
comparison pairs for the /s/ and /m/ phonemes and the same target picture was used for
cach 12 pairs of the /s/ and /m/ trials, a motorbike was the target picture for the /m/
phonemc trials.

Byrne and Ficlding-Barnsley (1990) established that the segmentation-trained
children knew 3.4 letter names from a total of 21, and 0.3 sounds from a total of three,
indicating low litcracy skills. For the segmentation training, Byrne and Ficlding-
Barnsley (1990) found that altho all the children were able to learn some degrece of
onsct and coda phoneme scgmentation, there was no consistency across phonemes.
Children commonly scored h™ 1 on onc phoneme, but low on another. Across phonemes,
performance on phoneme awareness tasks for the segmentation-trained children was
thercfore less stable than for identity-trained children. The concept of phoneme
scgmentation doces not scem to generalize to other sounds casily.

For = wm v I

variability. Five out of 16 children achieved both the sir transfer criterton and a mean
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scgmentation score of 64 out of 96. However, for the remaining 11 children who were
unsuccessful on the sm alphabetic-transfer task, the mean scgmentation score of 49.6 was
not significantly different than segmentation score for the ¢l - dren who reached sm
criterion. Learning to scparate initial and final phonemes in words did not help the
unsuccessful sm-transfer children Icarn how to match a printed word, sow' or mow, to the
spoken word, mow. In contrast, the nine children who achicved the sm transter criterion
in the phoneme-identity experiment were the nine highest scorers on the identity task,
indicating a high consistency in the children’s performance across tasks. Byrne and
Ficlding-Barnslcy (1990) concluded that although all the children showed some
knowledge of phoneme segmentation, the consistency of children’s performance w
lower than for phoneme identity.

For the sm phoneme-identity transfer task. Byrne and Fielding-Bamsley (1990)
found that most of the children cither reached the success criterion for both the /s/ 1 /m/
phonemes, or not. The children who received phoneme-scgmentation training therefore
achicved the same consistency on the sm transter task as the children in the identity
experiment. However, the children who did not acquire phoneme identity for /s/ and /m/
were always inconsistent or entircly unsuccessful on the transfer tasks, and the children
who acquired phoneme identity for /s/ and /m/ phonemes, as a result of the segmentation
training, were always successful on the /s/ and /m/ transfer tasks. Byrne and Ficldi -
Barnsley (1990) concluded that the positive cftects of the phoneme-scgmentation training

were mediated by acquisition of phoneme identity. The phoneme-identity tratning
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therefore resulted in a firm understanding of phoneme identity, but the same result did not
occur by lcarning to scgment phonemes.

On the /b transfer task, four of the five children who were able to reach criterion
also rcached criterion on the sm transter task. This was a critical finding because the
children who always succeeded on the s transfer task were those who had inadvertently
acquired phoneme identity for the /s/ and /m/ phonemes. Therefore, alphabetic insight
was gained through learning phoneme scgmentation, but mainly only for the children
who had acquired phoneme-identity as well. Therefore, preliterate children appear to
grasp the principle of phoneme identity better than phoneme segmentation, and once the
concept of phoneme identity is acquired, it generalizes casily.

While the transfer scores were consistently better for word onsets than for word
codas, Byrne and Ficlding-Barnsley (1990) found that this was not a significant
difference. The rescarchers concluded that children could Iearn phoneme identity  d
phoneme segmentation skills using cither the word onset or word coda positions.
However, it is possible that the intensity of Byrne and Ficlding-Barnsley's training
encouraged the acquisition of phoneme identity or segmentation cqually in both
positions. In the absence of such direct or intense instruction. such as in a classroom,
children might acquire phoneme identity or segmentation in the onsct position of words
first, and then later in the coda position. This speculation is supported by the series of
work conducted by Treiman (1983, 1985, 1988, & 1992) and the investigation by
Treiman and Zukowski (1996), which t¢  :ther demonstrated that children and adults arc

highly sensitive to onscts and process word onsets much casier than other word po  ions.



Reading and Phonological Development - 52

In summary, Byrnc and Ficlding-Barnsley (1990) found that phoneme identity
was morc strongly rclated to gaining alphabetic insight than was phoneme scgmentation.
Also, the positive effects gained from the phoneme-segmentation training were mostly
mediated through the acquisition of phoneme identity together with relevant letters to
represent the sounds taught. The authors concluded that, in combination with lctter-name
or letter-sound knowledge, phoneme identity for only a few phonemes rather than
phoncme scgmentation was the phonological prerequisite for gaining alphabetic insight.

Murray (1998) conducted a double-blind tecaching study — ncither the participants
nor the posttest cxaminers knew who was in cach treatment conditions — to determ ¢
whether phoneme manipulation or phoneme identity was causally related to the
acquisition of alphabetic insight. Tnitially, all the children received a standard word-
rcading test, a phonctic-cuc rcading test for word onscts, an oral vocabulary test, an
alphabet-knowledge test. and a test of children’s ability to identify and manipulate
phoncmes. All of the children included in the experiment were true non-readers.

The children were divided into three groups with cach group receiving only once
typc of training, phoneme-identity training, phoneme-manipulation training, or language-
experience training. The phoneme-identity children were taught cight phonemes for
word-initial and word-final sounds, for both isolated words and words in a context. The
phoneme-manipulation children were taught how to segment and blend onscts and rimes,
and then phonemes in spoken words. The children were not taught the particular

phoneme identit  forthcso ‘st 1 manipulated. The lar 1 -cxperienced children
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heard and discussed different storics, and they created their own stories. There were no
significant group diffcrences on any of the pretests administered.

Once the individual training sessions were completed, the children first were
taught letter-sound associations for cight letters through a paired-association task. These
letters were included in words scen on the posttests. The post-tests included a phoneme-
manipulation task that mcasured children’s ability to blend, isolate, and scgment
phonemes; a phoneme-identity task that measured their ability to recognize a specific
phoneme in a spoken word; a letter-sound correspondence task that measured how casy it
was for children to match lctters and phonemes; and a phonctic-cue reading task. For the
phonetic-cuc reading task, the child was shown a word printed on a card, for exam ¢
soon, and was asked which word in a pair of spoken words, moon or soon, matched the
written word. The children were given a real word-decoding task. in which the target
words were constructed from the letter-sound correspondences that had been taught.

Of the three training conditions, Murray (1998) found that children in the
phoneme-manipulation condition scored the highest on the phoneme-manipulation test.
This indicates that the children could be taught phoneme-manipulation skills with
training, but they did not learn these in the other training conditions. Learning phoneme
identity did not appear to improve the children’s ability to scgment phonemes. These
findings indicate that phoneme identity and phoneme segmientation skills might be skills
that develop independently.

. ur phonetic  1c rcadin - Murray (1998) found that the phoneme-identity

children scored the highest and therev nos™ nfie : difference between the other two
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conditions. This indicated that only the phoneme-identity trained children gained
alphabetic insight. Murray suggested that teaching children to recognize certain
phonemes in words can help children acquire alphabetic insight and carly word
rccognition. Murray (1998) concluded that neither mere exposure to words (i.¢. language
cxpericnce), nor an ability to manipulate the phonemic segments of words (i.c. phoneme
awarencss training) was sufficient to acquire alphabetic insight or carly word recognition.

As part of his study, Murray (1998) taught all the children letter-sound
associations. There were no significant group differences on Iearning the cight letter-
sound corrcspondences taught, in neither the number of trials required to master them,
nor in accuracy. Murray (1998) interpreted this finding as evidence that learning letter-
sound associations is independent of learning phoneme identity or phoneme
scgmentation. Although this may be true, Murray did not consider that tcaching children
grapheme-phoneme correspondences together with phoneme-identity training Icad to
significantly greater gains in alphabetic insight than from phoneme-identity trainit - on its
own. Instead, Murray concluded that phoneme identity causes alphabetic insight.
However, if Ehri’s ct al. (2001) findings arc correct, that phoneme-awareness train - g
with letter instruction increases rcading outcome better than without letter instruction,
another interpretation of Murray’s findings is that learning phoneme identity together
with letter-sound connections facilitates alphabetic insight.

In the ABC-GPC theory of rcading, children acquire letter-sound associations
after letter-name knowledge and phoneme identity are established. Ehri and Wilce

(1985) demonstrated that preliterate children could usc letters or Ietter sounds to begin
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reading words by salient phonetic cues or phonetic-cue reading. Preschool and
kindergarten children were classified as cither Pre-Readers who could rcad no wor  or
only one word; Novices who could read one to 11 basic words; or Veterans could read 11
to 36 words. Novice and Veteran readers scored higher tor letter-name and letter-sound
knowledge, and word reading in text than did Pre-Readers. In the latter group, the
children did not know many letters or letter sounds.

All the children learned two different types of word spellings for a spoken word
through paired association. The visual-word spellings used letters that did not correspond
to sounds, but the letters were visually distinct, such as wHe tor the word mask. The
phonetic spellings used letters that did correspond to sounds, such as AISK for mask. The
children had scveral trials with corrective fecedback to lcarn ¢ words associated with
cach spelling pattern. Each child practiced reading six phonetic spellings and seve
visual spellings.

Ehri and Wilce (1985) found that only the Novice and the Veteran groups learned
to rcad the phonctic spellings more casily than the visual spellings, while the Pre-Readers
learned to recognize the visual spellings more casily than the phonctic spellings. This
suggested that the Pre-Readers with poor letter-name and letter-sound knowledge relied
on salient visual-cues to lecarn word spellings, while the Novices and Veterans with good
letter-name and letter-sound knowledge relied on letter-sound cues. Ehri and Wilce
(1985) concluded that children could move from being pre-readers who usce visual-cues to

rccognize words, to beginning o1 vice readers whocan  itcha )k wordtoa
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written word using onc or two salicnt letter-name or Ictter-sound cues. This latter stage
of rcading was defined as phonctic-cuc rcading.

Penney ct al. (n.d.) mapped the initial reading and phonological development of a
child, rcferred to as TM, who at seven years of age had a severe reading disability. At the
end of the first grade, TM could not recognize letters, could not read or spell words, and
had a number of phonological processing difficultics. For example, TM had difficulty
producing rhyming words and he could not discriminatc many phoneme contrasts,
particularly for vowels.

Penncy ct al. (n.d.) began an intensive rcading intervention program that went on
for four and a half ycars. The program focused on teaching TM first to recognize and
write letter names, and then later how to sclect a written word to match a spoken word
using initial and final letter sounds — phonectic-cuc reading. Using Glass-Analysis  ills
(Glass & Glass, 1976), TM was presented groups of words with common orthogra  ic
rimes, and was asked to pronounce and spell the words or rimes. For example, TM was
shown the word be and told that the letters b — ¢ say the word be, and when b is taken
away, it says e, and then . ./ was asked to spell the word be. This drill was thenr  cated
for words we, he, me, and the. The final part of the program consisted of Glass-Analysis
drills based on words TM read incorrectly in books.

Penncy ct al. (n.d.) found that after 14 months of tutoring, TM could decc - some
initial consonant sounds, and blend these onto the rime, but that he still had difTiculty
recalling the pronunciation of onscts and rimes. Th  suggests that TM acquired onsct

letter-sound associations as his knowledge of letter names and initial consonant sounds
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strengthened. These rescarchers also found that TM lcarned to sclect a printed word to
match a spoken word by onscts or codas before he Ieamned to read isolated words
independently. This supports Ehri and Wilce’s (1985) theory that an carly stage of word-
rcading or phonctic-cuc reading develops before true reading begins. On the basis of the
converging cvidence from Ehri and Wilce, Penney ct al. concluded that the formation of
grapheme-phoneme correspondences for simple consonants might therefore be
prerequisite to a phonctic-cue reading stage of rcading development that is nccessary
before true reading.

In addition, Penney ct al. found that TM could match spoken words to written
words using initial consonant sounds well before final consonant sounds. This docs not
support Byrnc and Ficlding-Barnsley’s finding that children acquire phoneme iden y in
the initial or final position of words. Penncy ct al. suggested that word-initial consonant
sounds or onsct letter sounds develop first. Therefore, one should sce initial conse  nt
sounds (onsct identity) or onsct letter-sound associations develop before final consonant
sounds (coda identity) or coda letter-sound associations.

Penney et al. (n.d.) suggested that carly rcading might begin with Ictter-name
knowledge, an ability to identify beginning sounds in words (onsct identity), and the
formation of graphecme-phoneme correspondences for single-consonant onscts, followed
later by single-consonant codas. According to Penney ct al., once a child has a sufficient
sct of grapheme-phoneme correspondences for word onsets and codas, he or she can
b~~n to match spoken words to written words using Ictter-sound :  :iations for  scts

and codas; this skill corresponds to Ehri and Wilce's (1985) phonctic-cuc rcading  gec of
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carly rcading. The findings of Penncy et al. (n.d.) supports several inferences made by
Ehri and Wilce (1985), Murray (1998). Stahl and Murray (1994), and Treciman and
Rodrigucz (1999).

In the ABC-GPC thcory of rcading acquisition, phoneme-awarceness skills
develop after children have gained alphabetic insight. Presently, true phoneme awarcness
is defined as the awarencss of cach individual phoneme in a spoken word, and the ability
to manipulate these sounds in words (Adams, 1990; Stahl & Murray, 1994). This level of
phoneme awareness is not likely to be available to children who have not received
rcading instruction and have no knowledge of Ietters and sounds (Adams, 1990,
Liberman ct al., 1974; Treiman & Zukowski, 1996).

In the 21° month of Penney’s et al. tutoring program, TM was not able to delete
onscts of words even though he could often produce a letter to represent the onsct, and he
could sclect a printed word to match a spoken word using initial consonant sounds.
Penncey ct al. (n.d.) proposed that onsct-rime scgmentation might develop after a child can
represent the phonemes by the letters rather than before. Tl does not coincide with the
popular view that children must know how to scg  :nt initial or final consonants
(phoncme manipulation) before they can learn to represent the phoneme by a letter.
Penney et al.’s findings suggest that phoneme identity might develop before phoneme
scgmentation. In addition, Murray’s (1998) work suggests  at the development of
phoneme identity and manipulation (blending and scgmenting) might be independent of
cach other. This indicates that phoneme identity may not subsume phoneme

segmentation, as suggested by Byrne and Fielding-Barnsley (1990).
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Phoneme identity appcars to be casier to acquire than phoneme manipulation
(Byrne & Ficlding-Barnsley, 1990; Murray, 1998), and performance on phoneme-
manipulation tasks often secems unstable compared to performance on phonemce-identity
tasks (Byme & Ficlding-Barnsley, 1990). Additionally, Byrne and Ficlding-Barnslcy
(1990) found that on the fb transfer task, the children who were able to reach fb criterion
also rcached criterion on the sm transfer task. Therefore, children who always suc  :ded
on the sm transfer task were the children who had inadvertently acquired phoneme
identity for the /s/ and /m/ phonemes. It appears that alphabetic insight was gained
through learming phoneme scgmentation, but mainly for children who had acquired
phoneme identity also. Byrne and Fielding-Barnsley (1990) concluded that preliterate
children acquirc phoneme identity more casily than phoneme scgmentation, and w  reas
phoneme identity gencralizes, phoneme segmentation does not. However, recall t : the
children were taught the relevant letters for the initial and final consonant sounds,
indicating letter names with phoneme identity may have promoted alphabetic insight,
which in turn may havc encouraged phoneme scgmentation. The converging evidence
(Byme & Ficlding-Barnsley, 1990; Murray, 1998; Penncy ct. al., n.d.) supports the view
that phoneme segmentation of nitial sounds, onset deletion or onsct-rime segmen  ion,
may develop after a child acquires alphabetic insight.

For scveral reasons, the findings of Stahl and Murray (1994) are the last to be
reviewed in this section. First, the work of Stahl and Murray support the idea that
children learn letter names before they develop an awarencss of phonemes, and the latter

develops only after children learn to read. Scecond, Stahl and Murray raised the issue that
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the type of phonological task, as well as the linguistic level being accessed for cach task
arc important factors to consider when examining the relationship between phonological
awarencss and reading. Finally, these authors applied a unique, comprchensive approach
in the analysis their data that was used to analyzc the data obtained in the rescarch
conducted here.

Stahl and Murray’s (1994) principle goal was to determine whether linguistic
complexity was an important factor to consider when measuring phonological awarceness.
First, Stahl and Murray re-cxamined test items in a previous study conducted by Yopp
(1988). Yopp (1988) cxamined the reliability and relative difficulty of 10 different
phonological awareness tasks, and their validity as predictors of rcading. However, the
one variable that Yopp did not control was linguistic level of the tasks given. In cach
task, Stahl and Murray (1994) took all of Yopp's items and assigned weights for the
different levels of linguistic complexity in order to get a measure of task difficulty. Task
difficulty was then correlated with participant’s mean score on cach task. A strong
correlation (.95) was found, st iesting that linguistic complexity might be a critical
tactor in phonologtical awarencss.

Stahl and Murray (19¢  separated task ditficulty from linguistic complexity in
their own investigation of the relationship between phonological awareness and rcading.
The rescarchers gave kindergarten and first-grade children four phonological-awarencss
tasks (phoneme blending, isolation, deletion, and segmentation) at four different Ievels of
linguistic ¢« plexity (onsct-rime, vowel-coda, cluster-onsct, and cluster-coda). A an

example, the blending task required a child to blend the phonological clements to
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rccognize a word, but the phonological clements to be blended could be onsets and rimes,
vowels and codas, or consonants within an onsct cluster or coda cluster. The phoneme
isolation task, for example, required a child to say the initial or final “sound’ in a word,
that sound being a simple onsct or coda, or onc of the consonants within an onsct or coda
cluster. The children also completed a letter-naming test for all upper and lower-case
letters, a spelling task, three different reading tasks, and a working-memory task (WISC-
R:; Wechsler, 1974).

Stahl and Murray (1994) found that phoneme isolation was the casiest task,
followed by blending, deletion, and segmentation, similar to Yopp’s findings. The
analysis of linguistic complexity showed that onscts and nmes were the casiest linguistic
level to analyze, followed by vowels and codas, cluster codas, and cluster onsets. This
rephicates carlier findings that preliterate children find it easicr to break words into onscts
and codas rather than phonemes (Adams, 1990; Treiman, 1988). Stahl and Murray
(1994) found that most of the children were not aware that onsct and coda clusters could
be scparated into smaller sounds. For example, most children treated onsct clusters, such
as st and p/, as wholc units and had difficulty scparating the clusters into phonemes. Of
the crrors made on the phoneme-manipulation tasks, 61 % 1 -olved treating onset clusters
as un-analyzablc wholes. This indicates that beginning readers can readily analyze words
into onscts and rimes, but not into phonemes. Accessing phonemes to do different tasks
of phoneme awareness does not scem casy or natural for preliterate children.

Stahl and Murray (1994) conducted a factor analysis in which the scores for the

four tasks were collapsed across linguistic levels. This analysis resulted in a single factor
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of task that accounted for 72.6 % of the variance in children’s reading ability. A factor
analysis was conducted on linguistic level as well, in which the scores at the four levels
of linguistic complexity were collapsed across tasks. This resulted in a single factor of
linguistic complexity that accounted for 81.7 % of the variance. In defining phonological
awarencss, the authors concluded that both factors of linguistic complexity and tasks
produced a single common factor. However, the linguistic complexity of a task
accounted for more variance in the common factor than the nature of the task. Thercfore,
the level of linguistic complexity was the single factor that best described the concept of
phonological awarcness. The authors concluded that linguistic complexity might be a
better way of defining phonological awarcness than nature of tasks.

During their examination of the relationship between phonological awarencess and
initial rcading acquisition, Stahl and Murray (1994) found that the distribution of their
data from the phonological and rcading tests was skewed. This made the interpret. on of
the results from standard correlation and regression analyscs difficult. For cxample,
ncarly all the children knew the letters of the alphabet and could manipulatc onscts and
rimes casily, but very few of these children were able to read words. Therefore, ir - rder
to interpret the results in a comprehensive manner, Stahl and Murray (1994) analyzed
their data using scatterplots and adopted a logical analysis approach to determine the
possible relationships. They reasoned, for instance, that if skill A s a nccessary by
insufficient prerequisite for skill B, and skill A is at a very low level, then skill B will
also be at a low level. However, | ausc skill A is not sufficient for skil" =™ avery h™ i

level of skill A does not necessarily mean there will be a high level of skill B. As a
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result, a scatterplot will show a curvilinear rclationship (a °j” shape or ‘r* shapc curve)
between the prerequisite skill (skill A), and the developing or emerging skill (skill B).
Participants with low lcvels of Skill A will all have low levels of Skill B as well;
however, participants with high levels of Skill A will have a wide range in Skill B.

Stahl and Murray (1994) plotted letter-name scores as a function of onset-rime
scores and found that the majority of children could do both tasks at a high level, a
smaller number of children could not do cither of the tasks, d some of the children
could only identify letters. There was only one child with poor letter-name knowledge
who could do onsct-rime manipulation. Stahl and Murray concluded that knowlec  : of
letter-names developed before onset-rime segmentation, suggesting letter names may be
prerequisite to onsct-rime segmentation.

When the total number of words recad was plotted as a function of onsct-rime
scores, Stahl and Murray found that there were only two children with poor onset-rime
scgmentation (below 70 % success criterion) who were able to read 20 or more words,
but the other children (40) who were able to read 20 or more words all had good onset-
rime segmentation above the pre-determined success criterion. The remaining children
(53) with poor or no rcadit  ability had a wide range of onsct-rime segmentation ability.
Stahl and Murray (1994) concluded that the ability to segment onscts and rimes of words
was availablc beforc word rcading, and may therefore be a prerequisite for reading. In
contrast, many children (29) were able to recad more than 21 words, but had difficulty
secgmenting rimes into vowcls and codas, and some children (8) were able to scparate

rimes into vowels and codas, but rcad fewer than 21 words. The rescarchers concluded
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that the ability to rcad words might facilitatc scgmentation of rimes into vowels and
codas, rather than the other way around.

Stahl and Murray (1994) found that the task of phoneme isolation rather than
phoneme blending, deletion, or scgmentation best distinguished readers from non-
rcaders. There were 20 children with low phoneme-isolation scores, and 18 of these
children read 21 or fewer words. In contrast, of the 81 children with high phoneme-
isolation scores, 42 rcad 21 or morc words, while the remaining 39 children read 21 or
fewer words. However, 32 of out 39 poor readers were kindergarten children who may
not have had any reading instruction. Phoneme isolation may therefore develop before
children lcarn to read, and perhaps is a critical prerequisite for reading.

In contrast, the ability to manipulate blends in the onset or in the rime, a task of
phoneme awareness, was not related to reading achicvement at all. Many children who
were not able to manipulate sounds in consonant blends were still able to read 21 or more
words. The children typically trcated blends as single units, for instance, when asked to
say flight without the /f/, a child produced ight rather than /ight. Stahl and Murray (1994)
concluded that preliterate children may not need to know that sounds, such as /1/, can be
separated into the individual sounds /f/ and /I/ in order to begin reading. This finding is
in dircct contrast to results found from a number of studies that support and promote
phoneme awareness as the key to reading acquisition. Instcad, it supports the view that
phoneme awarcness develops after rcading has begun.

Stahl and Murray (1994) concluded that letter-name knowledge may be a

prercquisite for the acquisition of onset-rime scgmentation, and that the ability to analyze
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words by onscts and rimes was more strongly related to reading than analyzing words by
phonemes. These rescarchers speculated that preliterate children first Icarn individual
letter names, and that tcaching letter names might also promote sound awareness for
thosc letters. Such awarceness can then encourage the understanding that letters in printed
words represent the sounds heard in the word’s pronunciation, which in turn may
facilitate the formation of letter-sound associations necessary for acquisition of alphabctic
insight. Finally, it was the isolation or recognition of a simple onset or coda, the casiest
of the phonological tasks administered, that distinguished readers from non-readers better
than phoneme blending or segmentation did. Nearly all the children with low pho  me-
isolation scores were poor readers. . ..erefore, the hypothesis that phoneme isolation or
identification is a prerequisite for reading cannot be ruled out.
Ovcrvicw of Early Reading Development

The evidence reviewed in the previous section suggests a sequence of nitial
rcading and phonological development. The following hypothescs are proposed on the
basis of the litcrature review, and will be tested here. First, preliterate children need to
acquire letter-name knowledge. Treiman and Rodriguez (1999) showed how Ietter-name
knowledge permitted beginning readers to acquire grapheme-phoneme correspondences.
Treiman and Rodriguez suggested that children could use letter-name knowledge cither to
learn about the sounds of letters or to learn grapheme-phoneme correspondences. Ehri et
al. (2001) found that phonemc awarcness training with letter instruction promotcd
incrcased rcading achicvement than phoneme awarcness training alone. Letter-name

knowledge is the first step towards initial word recognition.
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Developing phoneme identity for word onsets is the critical phonological-
awarencess prercquisite for initial reading acquisition. Byrne and Ficlding-Barnsley
(1990) found cvidenee that phoneme-identity training with relevant letter instruction
resulted in greater gains in alphabetic insight and carly word reading than did phoneme-
scgmentation training. Althor 1 Byrne and Ficlding-Bamsley found no difference
between children’s acquisition of phoneme identity for onscts or codas, Penney ct al.
(n.d.) found TM developed phoneme identity for word onsets first, and later for codas.

Other studies have shown in various ways that preliterate children are more
sensitive to onscts than to any other position in a word. Treiman and Zukowski (1996)
showed that young children could casily judge whether two words shared an initial sound
when the sound was a single consonant onsct, such as pacts and peel. than when it was
part of a cluster onsct, such as p/an and prow. Preliterate children naturally analyze
single consonant onsets before phonemes in words. Therefore, when children learn letter
names, they should acquire phoneme identity for onsets, onsct identity, which in turn
develops before phoneme identity for codas, coda identity.

After a child gains sufficient letter-name knowledge and onsct identity, he or she
can form grapheme-phoneme correspondences for onscts. Ehri and Wilcee (1985) found
that preliterate children who could read some words could identify unfamiliar words by
salient phonetic cucs. Penney ct al. (n.d) found that a reading-dclayed child, TM was
able to learn how to match _ >ken words to written words using letter-sound associations,

and this skill occurred for onscts before codas. The acquisition ot grapheme-phoneme
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correspondences may thercfore encourage carly-word rccognition or phonctic-cue
rcading ability for onscts first, and later for codas.

The evidence presented above, as well as in the previous scction, generated the
first two main hypotheses. Hypothesis One proposcs that substantial letter-name
knowledge and phoneme identity for word onscts are prerequisites for phonctic-cue
rcading bascd on initial sounds. Similarly, lctter-name knowledge and phonemic identity
for word codas arc prerequisites for phonetic-cue reading based on final sounds.
Hypothcesis Two proposes that phoneme identity and grapheme-phoneme
correspondences arc established for single-consonant onsets first, and then later for codas.

The acquisition of phoneme segmentation skills develops after children gain
alphabctic insight. As previously discussed, Byrne and Fielding-Barnsley (1990) tound
that children gained alphabetic insight through learning phoneme segmentation, but
mostly for the children who had inadvertently acquired phoneme identity also. However,
Byrne and Ficlding Bamslcy’s (1990) phoneme segmentation tasks were actually onsct-
rime segmentation, such as s...un, and the vowel-coda segmentation, such as hu...s. 1
interpret this to mean that onsct identity and coda identity for s and # phonemes,
acquired inadvertently through onsct-rime or vowel-coda segmentation-training
respectively, gencerated alphabetic insight rather than segmentation training on its own, or
mediated by phoneme identity.

Stahl and Murray (1994) showed that letter-name knowledge may be prere  isite
to onsct-rime scgmentation, which int  may be prerequisite to readin - Only one child

with poor letter knowledge could do onset-rime segmentation, and the remainii ildren
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cither had good letter knowledge and onset-rime segmentation, good letter-knowledge
and poor scgmentation, or neither skill. Therefore, letter-name knowledge may develop
before onsct-rime scgmentation.

Stahl and Murray found that only two children with poor onset-rime segmentation
were able to read 20 or more words, but the other children (40) who were able to read 20
or more words all had good onsct-rime scgmentation. The remaining children (53) with
who read fewer than 21 words had a wide range of segmentation scores. Onsct-rime
scgmentation appears to develop before independent word reading.

In contrast, Stahl and Murray (1994) showed that alphabetic insight is prerequisite
to vowcl-coda scgmentation. When vowel-coda segmentation scores were plotted — a
function of total words rcad, 29 of the children could read 21 or more words, but could
not do vowel-coda scgmentation tasks, while cight children were able to do vowel-coda
scgmentation, but rcad 21 or fewer words.  The rescarchers concluded that reading
ability probably facilitates vowel-coda scgmentation rather than the other way around.
Therefore, while onsct-rime segmentation might be prerequisite to reading, reading might
be prerequisite to vowel-coda scgmentation. Unfortunatcely, Stahl and Murray (1994) did
not measure the children’s knowledge of grapheme-phoneme correspondences for — scts
or codas, so it is unclear whether acquisition of grapheme-phoneme correspondences is
sufficient for acquisition of onsct-rime or vowel-coda segm:  tation.

The rescarch conducted by Penney et al. (n.d.) supports the theory that the
acquisition of grapheme-phoneme correspondences for word onscts precedes onset-rime

scgmentation. These authors found that while TM had acquired letter names, the ability
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to match spoken and written words using onsct letter-sound associations, suggesting that
TM had acquired onsct grapheme-phoneme correspondences, TM was still unable to
perform onsct deletion. This suggests that phoneme identity does not subsume phoneme
scgmentation, and instead, grapheme-phoneme acquisition might precede onsct-rime or
vowcl-coda scgmentation.

The literature reviewed above and in the previous section formed the founc ion
for the third hypothesis. The first part of Hypothesis Three proposes that children need to
acquire onsct grapheme-phoneme correspondences before they can delete onscts from
spoken words. The second part proposcs that children need to acquire coda grapheme-
phoneme correspondences before they can delete codas from spoken words.

Onset dclction is similar to onsct-rime scgmentation in that both tasks require the
child to scparatc onscts from rimes in spoken word contexts. The difference is that onsct
deletion requires the child to produce the left over rimes only, such as oat after removing
the /g/ in goat, and onsct-rime scgmentation rcquires the child to produce both the onscts
and rimes scparately, such as /s/ and un for sun. Similar reasoning applics to coda
deletion and vowel-coda scgmentation.

Evidence was presented carlier in this paper showing how Bradley and Bryant's
(1983) conclusion that phonecme awareness or sound awareness facilitated initial r¢ - ling
acquisition was incorrect for two reasons. First, Bradley and Bryant found that the
Combination Lectter- Sound group achieved significantly higher rcading and spclling
sco tatl So "Only « 1 ..is ed that teachii  children letters and

souni t¢ ther cnerated h™ ierreadin  achicvement rather than teachi:  only s¢  ds.
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Howcver, the authors concluded that the sound tcaching was the critical factor in
improving litcracy.

Second, Bradley and Bryant (1983) did not control for the linguistic status of their
oddity-task items. As previously discussed, the children may have lcarned to sort words
by common onsets or rimes rather than by common initial, middle, and final phon 1cs,
suggesting that tcaching children letters together with onset and rime sound-
categorization facilitated rcading achicvement. Thercfore, it appears that oddity-task
success may depend on the linguistic status of the test units, and on whether children
devclop alphabetic representation for those units, or not.

These speculations formed the foundation for the fourth hypothesis. The first part
of Hypothesis Four proposcs that in an oddity task, the linguistic status of the common
sound being detected 1s important. Children will recognize rime differences between
spoken words before onset and coda ditferences, and onset differences before coda
ditferences. The sccond part proposcs that children need alphabetic representation for
word onscts betore they can recognize onsct differences between spoken words, and
alphabetic representation for word codas before they can recognize coda differences
between spoken words.

Goswami and Bryant (1990) belicve that reading by analogy facilitates initial
reading acquisition. While Ehri and Robbins (1992) demonstrated that some degree of
rcading or decoding knowledge was necessary before children can read by analogy,

Penney ct al. (n.d.) found TM could begin to read by analogy once he had acquired
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grapheme-phoneme correspondences for onsets and codas. Therefore, it scems that
rcading by analogy dcvelops once children have acquired alphabetic insight.

To read by analogy, a child first needs to identify the clue word, and then be told
its pronunciation, as in Goswami’s (1986) rescarch. Next, the child needs to recognize
the resemblance between the clue word and the target word. In other words, the child
nceds to know that the cluc word at has the same pronunciation as ar in hat, the target
word to be read, which is casy to do if the two words arc shown together. Ehri and
Robbins (1992) suggested that letter knowledge and basic phonological skills, such as
onsct-rimce scgmentation or blending, were required before children could read by
analogy. However, in the study reported here, all clue words for the reading-by-analogy
task were rime units of the target words. Therefore, to produce the target word, the child
had to know how to delete only the onset of the target word, and blend the target onsct
onto the clue word shown. Consequently, one should expect to see reading by analogy
develop after the child has learned grapheme-phoneme correspondences for onscts and
codas. and can possibly segment or biend words into onsets and rimes.

In contrast, coda delction is not expected to be a prerequisite for the readir - by-
analogy task. The child must know only how to scgment the onset and rime of the  rget
word. Therefore. in addition to letter names, onsct and coda identity, and onsct an  coda
phonetic-cue reading, an important prercquisite for doing the rcading-by-analogy task
should be onsct-rime scgmentation, or onsct delction, rather than vowel-coda separation,
or coda deletion. For the fifth hypothesis, I propose that letter-name knowledge, onsct

and coda identity, phonetic-cue recading for onscts and codas, and perhaps onsct deletion
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develop before the ability to read words by analogy. While not expected to be a
prerequisite, coda deletion may still develop before reading words by analogy, and so this
rclationship will be asscssed as well.

A widcly held belief is that phoneme awareness is a critical prerequisite of
rcading acquisition (Bradlcy & Bryant, 1983; Ehri ct al., 2001; Lundberg et al., 1988). In
Liberman’s et al. (1974) investigation of children’s carly phonological development, a
task of phoneme tapping was used to measure children’s phoneme awarencss.
Liberman’s ct al. (1974) showed that preschool children were able to tap out the syllables
in words, but not the individual phonemes. In contrast, children in the first grade were
ablc to tap out the phonecmes, suggesting that formal rcading instruction may facilitate the
recognition of phonemes.

Bradley and Bryant (1983) anc  hri ct al. (2001) cach found that combinc sound
and letter instruction resulted in greater reading achicvement rather than sound instruction
without letters, but cach failed to explain the significance of letters adequately. Stahl and
Murray (1994) found that the ability to manipulate phonemes in words, such as vowcl-
coda scgmentation, develops only after children learn to read numerous words, not
before.

In accordance with the ABC-GPC thcory of rcading.  honemc awareness is a skill
that is ncither rcadily available to preliterate children, nor is it prerequisite to rcading
acquisition (Adams, 1990; Libcrman ct al., 1974; Stahl & Murray, 1994). Instead, onc
should expect to sce phoneme awareness develop after children can read words

indcpendently. Thercfore, for the sixth and final hypothesis, I proposc that children
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acquire truc rcading ability and accurate spelling skills before they are able to count
phonemes in spoken words.

The expected developmental sequence for initial reading acquisttion is as follows.
Children acquire letter-name knowledge as a first step towards literacy, and phoneme
identity for singlc consonant onsets and then codas as the second step. Next, children
with scveral grapheme-phoneme correspondences for onsets can match spoken and
written words first on the basis of the onscts, and then later on the basis of codas. Once
children have cstablished alphabetic representation for onsets and codas, they can do
onsct and coda oddity tasks, respectively, and can read by analogy. Finally, after children
can rcad and spcll a number of words, they will be able to count phonemes.

Tasks Used to Test the Hypotheses

Children’s knowledge of letter names was assessed using a timed test of naming
54 upper- and lower-casc letters of the English alphabet. Children’s onsct and coda
identification skills were mcasured using a test of Onsct and Coda Identities adapted from
Murray (1998). This test determined children’s ability to identity a target sound in a pair
of words based on recognition of the word’s onsct or coda. Children’s ability to
recognize a word by identification of the initial or final grapheme-phoneme
correspondence in the word was assessed by a Phonctic-cue Reading Task. Childr
were shown three written words and asked to identify the target word pronounced by the
cxperimenter. Children’s ability to separate word onscts and codas was asscssed using an
Onsc and Coda-Decletion T, in which children were asked to remove a sound. ¢ h as

the beginning sound /g/ from goar to produce a new word oar. The Bradley and Bryant
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(1983) Odd-Man-Out task was uscd to asscss children’s ability to detect rime, ons  and
coda differences within a set of three spoken words. The test items were controllc  for
the linguistic status of the unit being accessed.

To asscss children’s spelling ability, a bricef spelling test was given in which
children were asked to spell words taken from the Onset- and Coda-Deletion Test. Early
word-rcading ability was asscssed using an experimenter-created Word-Decoding Task
that measured children’s decoding ability for real words. A cading-By-Analogy (RA)
task adapted from Goswami and Bryant (1990) was used to mcasurc children’s ability to
rcad ncw words using rime analogics. This task measures children’s ability to blend an
onsct from a target word, such as the /s/ in sat, onto the clue word or rime unit, ar. All
cluc words on this rcading-by-analogy task were real words with a V-C (vowel-
consonant) structure, such as af and if, theretore, segmentation of target-word onscts, but
not cluc-word onscts, may be necessary for achicving RA success. Although coda
delction is not expected to be a prerequisite for reading by analogy. this rclationship will
be asscssed as well.

A phoneme-counting task was uscd to assess childre s ability to recognize the
individual sounds or phonemes heard in spoken words. Children were taught how to
recognize and represent individual phonemes in words using small fish tokens, and then
the children were asked to use the tokens themsclves to represent and count the phonemes
heard in words spoken by the experimenter. This task is similar to Liberman’s ct al.
(1974) phoneme-tappii  task, in which children had to tap once with a wooden dowcl for

cach sound hecard in a word. The usc of tokens to represent the phonemes removes the



Rcading and Phonological Development - 75

extra memory component of having to hold the sounds in memory to count them. A child
can represent cach phoneme with a token at the same time as he or she identifics 1t,
similar to the Liberman et al. task, and then count the tokens afterwards.

Mecthod of Analysis

To test cach hypothesis, scatterplots were generated and a logical analysis
approach uscd by Stahl and Murray (1994) was applied. Scatterplots show two variables
plotted against cach other with cach participant represented by a single point in a two-
dimensional space. If skill X is a prerequisite for skill Y, one should sec a J-shapc
scatterplot in which variable Y remains near floor values below a critical level of X,
Above the critical level of X, there will be values of Y above the floor. If skill X is
necessary for the development of skill Y, the absence of X will necessarily imply
abscnce of Y, but the presence of X does not ensure ¢ presence of Y (Stahl & Mi - ay,
1994, pp.226). However, while the finding of a J-shaped curve between skill Xan Y
would be consistent with X being a prerequisite for Y, but it would not necessarily  nply
causality. It may be that skill X is not a prerequisite for skill Y, but simply that X
develops carlier than skill Y.

Scatterplots of cach variable were plotted as a function of age, and as a function
of other tasks. Stahl and Murray (1994) used a cutoft of 70 % success to indicatec mastery
of a task. A more stringent cutotf of 80 % success was used here to indicate mastery on
the letter naming, onset- and coda-identity, onset- and coda-phonctic-cue rcading, and
odd-man-out tasks. For the reading, spelling, and phoneme-awareness tasks there was no

80 % mastery criterion. The acquisition of expert reading and spelling ability is a life-
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long process that takes years, and neither rcading nor spelling can be considered as
‘mastered” when a child can read or spell 35 words. Instead, there were three categorics
of reading and spelling success. There were the Non-Readers (NR) or Spellers (NS), who
rcad or spclled fewer than 10 words accurately, the Emergent Readers (ER) or Spellers
(ES) who rcad or spelled between 10 and 34 words accurately, and the Real Readers (RR)
or Spellers (RS) who read or spelled 35 or more words accurately. For the phoneme-
awarcness test, because only three children achieved the pre-set 80 % mastery crit on,
two categorics of phoneme awareness success were created. There were the children
without phoneme awareness who received a zero score (failure) in the phoneme-counting
test, and the children with phoneme awareness who received a score of cight or hi;  or
(success) in the same test.
METHOD

Participants

Upon reccipt of cthical approval from the Interdisciplinary Committee on Ethics
in Human Rescarch (ICEHR) at Memorial University, the principle rescarcher distributed
and obtained lctters of informed consent from the participant’s parcnts or guardians. All
the children enlisted said they wanted to participate when asked, and throughout the
course of the study, nonc of the children indicated in any way that they wanted to stop
participating. The children were recruited from a local daycare, an after-school
cnrichment centre, and an clementary school in the St. John's arca. A total of 60 children
were initially recruited, but there were five children that did not complete all the tests

because two moved out of the province, and three went on vacation. Therefore, the data
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used in the final analyses is based on a samiple size of 55 children. There were 20 -
school children aged 3:10 to 5:5 ycars ot age, 17 kindergarten children aged 5:0 to 6:5
years of agc. and 18 first-grade children aged 6:6 to 7:3 years of age.

The children’s literacy expericnces before their participation in the current study
were not ascertained. While the preschool children’s literacy experiences are unknown,
the kindergarten and first-grade children obviously had some formal reading and spelling
instruction before participating in the current study. In all Newfoundland and Labrador
schools, the arcas of reading, spelling and writing, as well as listening, speaking, viewing,
and other ways of representing lar  1age are classified as General Curriculum Outcomes.
These outcomes arcas arc the foundation for the English Language Arts Curriculum
Guides (Government of Newfoundland and Labrador, Education, n.d.). Whilc the
outcomes guides cmphasize that children should know letter names and letter sounds. and
have phoneme awarencess by the completion of the third gre |, there are no instructional
programs described. Mainly, the type of reading and spelling instruction that the students
rceeive is left to the discretion of the particular school or individual teacher, and t¢  hers
are encouraged to usc a whole language approach for teaching reading and spelling and
other subject arcas. Although the kindergarten and first-grade children in the pres
study did receive formal reading instruction before particip  1g in the study, they may or
may not have received explicit letter, Ietter-sound. or phoneme-awarencess instruction.

The sample did not include children with cognitive impairments (i.c., cogn  ve
dclay, Down’s syndrome, autism. or brain dam: ), hearing or specch impairments, or

behavioural problems (i.c., at  ion dcficit disorder or hyperactivity) as reported by
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parents or school officials. None of the children scored more than two standard
deviations below the mean on the Pcabody Picture Vocabulary Test-Revised (Dunn &
Dunn, 1981). The Raven's Colored Progressive Matrices (Raven, Court, & Raven,
1986), a test of children’s non-verbal reasoning ability was administered as well; none of

the children scored more than onc and a half standard deviations below the mean.

Testing Procedures

Children were tested individually in five sessions of 30-minutes within a five-
wecek period. The children were tested in a small quict room at their preschool, school, or
atter-school activity centre. The testing rooms were free of distractions and had no
alphabetic material displayed. For the two standardized tests the children sat to the right
of the experimenter at a small square table. For the remaining tests, the child and the
cxperimenter sat on the floor opposite cach other, sitting on a large pillow cach. The
cxperimenter wore a large pr |, le and yellow striped hat during cach session and s ke
with the children in a playful manner before cach session to help make them feel
comfortable. As a break from the testing, the experimenter played a briet hide-n-scck
card game between the sceond and third tests in cach session. The experimenter hid ten 4
x 6 inch picturc cards in the testing room while the child covered his or her cyes and
counted to 20. At the end of cach scssion the children were  raised for their efforts and
given stickers. At the end of the final session, cach child chose a small toy as a reward.

All children recceived the two standardized tests in the first session. In cach group,
half of the children received the PPVT-Revisced first, followed by the CPM, while the

other half received the CPM first tollowed by the PPVT-Revised. The phoneme-counting
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test was always administered in scssion five because any alphabetic or phonological
lcarning occurring in the first four testit  scssions should assist the children during the
phoneme-counting test, and failure on the phoneme-counting test after receiving training
on various phonological tasks would indicate that the phonemec-counting test was very
difficult and not casily acquired by young children.

The remaining nine tests were categorized according to their estimated ditficulty.
Category A, the casy tests, included rapid Ictter naming, phonemc identity, and ph ctic-
cue reading. Category B, the modcrately difticult tests, included the onsct- and coda-
deletion test, odd-man-out test, and the pretest for reading by analogy. Category C, the
difficult tests, included reading, spelling, and reading by analogy. For sessions two,
three, and four, a test was chosen randomly from category A, B, and C and then
administered to the child, This arrangement was chosen so that a child would receive once
casy test, onc moderately difficult test, and a ditficult test ra  er than three difficult tests
in cach session. Excluding the two standardized tests, no partial marks were given 1 any
of the ninc tests administered. Each correct response was scored as a one, and cach

incorrect responsc was scored as a zero.

Tests Administered
Peabody Picture Vocabulary Test-Revised edition (PPYT-Revised)

The PPVT-Revised is a test of receptive vocabulary for current Standard Ei - lish.
The experimenter followed the standard procedures for administering the PPVT-Revised
(Dunn = Dunn. 1981) tfor M. On hir 1 1 ir showed |

child four pictures of common objects or actions and said a word. The children indicated
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the picture that best matched the stimulus word. The time to administer the PPVT-
Revised was approximately 15 minutes.
Raven's Colored Progressive Matrices (CPM)

The CPM is a test of general non-verbal reasoning for individuals between six and
89 ycars of age, and measures their ability to complete both whole or uniform visual
patterns and ordered or scquential visual patterns (Raven, ct al., 1986). There arc two
scrics of test items, A and B, and the items in both tests arc colored matrices or patterns
that increasc in their degree of difficulty within scts and between sets. Children cannot
movc to the B set scrics without completing the A sct first. There are 24 test items in test
scrics A, which has two subscts, sct A with 12 items and set Ay, with 12 items, and there
arc 12 items in test scries B.

In sct A, the children were shown a pattern with a picce missing and were asked
to indicate the correct missing picce from six picces that would complete the pattern. In
the A test series (Ay, items), the children were shown three patterns with a fourth p - crn
missing and again had to sclect the missing pattern from six patterns. To solve for the
fourth pattern the children needed to make an analogy based on the three original patterns
shown in the scquence. In sct B, the children were shown items with patterns like 2
patterns in scts A and A, but they were more difficult, and again the children had to sclect
the missing picces. The time to administer the CPM was approximatcly 20 minutcs.
Rapid Letter-Naming (RLN) test

Participants reccived two sepa ¢ letter-namit  trials, onc with ™" upper-casc

Ietters and one with 26 lower-case letters in random order. Half of the children in cach
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group reccived the upper-case letters first, while the other half received the lower-casc
letters first. Both scts were printed in 40-point Arial font in black ink in landscape format
on 8.5 x 11 inch standard white paper. The letters were arranged in four rows of five
letters cach, and one row of six letters.

Participants were instructed to name the letters on cach sheet of paper as quickly
as possible working from left to right in cach row. Using a blank sheet of paper, t
experimenter demonstrated the left to right dircction by moving a finger across the top of
the page. The experimenter asked if the child understood the direction indicated and if
necessary repeated this movement and instruction until the child understood. The
children were told that it was more important to get the name of the letters right than to
go fast. The experimenter timed cach test trial and recorded any crrors the children made.
Onset and Coda Identities (OID and CID) test

The identity test is a verbal test that assesses children’s ability to recognize a

target word from a pair of spoken words that begins with or ends in a given target sound.
For thc OID test, the experimenter first told the child that he/she was going to play a
repeating game, and th  asked the child to repcat a funny phrase. such as “we will see
the moon soon™. The experimenter then said the target onsct sound, such as /s/, and asked
the child to repeat it. The child was then asked which of two words had the target onsct
sound /s/. For example, the experimenter said, Do you hear /s/ in the word moon or
soon?” 1f the child did not respond, the experimenter repeated the word pairs once only.
[f there was still no responsce, the experimenter asked the child to choose the word that

would best answer the question. The same procedures were used for the CID test., but the
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target sounds were in the coda position. For example, for the target sound /p/, the test
sentence was “Have you seen a cat wearing a cap?™ and the word pair was cat and cap.
All test items were single consonant onscts or codas, all target sounds to be detected were
n p k b gtz s m d and cach test sct contained 10 sentences. Half of the children
received the OID test first and half received the CID test first.

This test was modeled after the Phoneme Identities Test created by Murray er ol.
(2000). In Murray’s test, children indicate the target word from a word pair with the
target sound, cither an onsct, coda, or middle sound, and these target sounds arc arranged
randomly. For the current study, only one test item was taken directly from Murray ct
al.’s test, that being ‘we will see the moon soon’, and the principal experimenter created
the remaining 19 test items.

Murray’s test items were not used becausc the principal experimenter wanted to
control for linguistic factors that were not controlled in Murray's Phoneme Identity Test.
First, Murray ct al.’s (2000) test does not distinguish items according to their linguistic
complexity. In the present study, children were tested scparately for onsct identity and
coda identity skills. Second, the Murray ct al. test words within a pair did not have the
same or similar vowcls, so the vowel similarity of cach word pair was not controlled. In
the OID and CID test used here, the items have the same or highly similar sounding
vowels in every word pair. Third, in Murray et al.’s test some of the target consonant
sounds were embedded in consonant clusters or had digraph spellings. The target words

uscd here have single-consonant o1 ts and codas and contained no digraphs.
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Onset and Coda Phonetic-cue Reading (OPCR and CPCR) test

Test procedures were adapted from Penney, Drover and Dyck (2003). This test
assesscs children’s ability to identify onc of three written words that match a spok
word. There were 14 test items for the OPCR and CPCR test sets. For cach test-trial,
three written words were printed in upper-casce letters in 70-point Times New Roman font
in black ink. Each sct of threc words was arranged in landscape format on an 8.5 X 11
sheet of white paper. For the OPCR test, the three written words had ditferent beginning
Ictters but the same middle and ending letters, such as MOB, SOB, JOB. For the CPCR
test, the three written words had the same beginning and middle letters but differcnt
ending letters, such as HAT, HAM, HAD. Two target words on the CPCR test arc words
with a final silent e (MAKE and GAVE). For this reason, the written non-target words
were words also spelled with a silent e at the end. Half of the children received the
OPCR test first and half received the CPCR test first.

For both the OPCR and CPCR, the cxaminer lct the children know that they
were going to play a “word-finding game™. First, the experimenter showed the child the
three written words and then said, “Can you tell me whichword wys 7, 'vi  the
spoken word. The child was allowed to make a first choice, and the experimenter asked
the child if that was his or her final response. If the child said ‘no’, the child was asked to
makc a sccond choice. If there was no response, the child was asked to make the best
choice, and the child’s final response was recorded. The children responded to cach item
in all the trials. The same procedure was uscd for the parallel CPCR test. For cach test,

the target letter-sounds were m, p. s, f. L r. . d. b, z. v. hard ¢, and hard g.
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Odd Man Out (OMO) test

The OMO test asscsses children’s ability to indicate which word out of three
words has a diffcrent rime, onsct, or coda. The material and procedures for this test were
modecled after Bradley and Bryant's (1983) oddity test. Whereas Bradley and Bryant did
not control for the linguistic complexity of the target sounds, the goal here was to
cxaminc the effect of linguistic complexity by comparing children’s ability to recognize
words with different rimes. Accordingly, the Odd-Man-Out test had three parts, the Rime
Oddity Test (R-OMO), the Onset Oddity Test (O-OMO), and the Coda Oddity Test (C-
OMO). Each scparate test had 10 target items. To control for potential practice effect the
children received one of the following three testing orders: R-OMO, O-OMO, C-OMO;
0-OMO, C-OMO, R-OMO; C-OMO, R-OMO, O-OMO. There were 18 children who
received the first test order, 19 had the second order, and 18 had the third order.

Betore the children were tested on the oddity test, they were trained on a picture
task that taught the concept of the OMO. For the picture task, the experimenter told the
child they were going to play a picture game, and that he or she had to identify the picture
that did not belong or was different. For cach trial, the child was shown a sctof'th ¢
picture cards with different objects or animals on each of them. Two of the cards were
related in some way, making the third card the odd man out. For example, the first sct of
picturc cards was a pink pig, a yellow sun, and a yellow moon. The child was asked if
the three pictures were the same, . 1 if the response was “no™ the child was then asked to
point to the odd man out. Ifthe child  osc the wrong card, the experimenter aske  (f the

child was surc that it was the different one. If the response was “yes™, the experimenter
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cxplained why the response was incorrect, and asked the child to choose again. 1f the
child chose the wrong card again, the experimenter indicated the correct card and
cxplained that it was the odd man out becausce it was the only card that was pink and an
animal, in the case of the first sct of picture cards. The experimenter then continued with
the remaining picture scts. The procedures for the second and third sct of picture ¢ ds
were the same as the first, and the position of the odd card was always chosen randomly.
Nonc of the children had difficulty Icarning the concept of the OMO test.

Following the picture task, the children received cach of the three experimental
test scts. For cach OMO test set, the child was first told that he or she was going to play
a listening gamc that was like the picture game. Before administering cach of the tests,
the experimenter taught the children the concept of rimes, onsets and codas by asking the
child a number of structured questions with corrective feedback. For example, before the
onsct-OMO test sct, the experimenter asked the child, “What is the first sound you hear in
the word duck?” 1t the child said /d/, the experimenter continucd by asking the child to
produce another word beginning with the same sound as duck. If the child did not
respond, the experimenter asked whether the words van and duck had the same beginning
sound. Ifthe child said ‘yes’ the experimenter provided the correet response, but it the
child said ‘no’, the experimenter said, “Good, you are right™, and again asked the child to
produce another word with the same beginning sound as duck. If the child produced a
correct responsc, the experimenter began the onsct experimental test. 1f the child was
again unsuccessful in producing a word beginning with /d/, the experimenter asked the

child whether duck or van had the same beginning sound as do//, and then whether lump



Reading and Phonological Development - 86

or dol/ had the same beginning sound as desk. If the child responded correctly in cach of
the latter trials, the experimenter continued onto the experimental test, but if the child
gavc incorrect responsces, testing stopped. The experimenter noted whether the child
could recognize or gencrate words containing the target training-sounds, or not. The
child had to at least rccognize whether words had the same target sound to proceed to the
cxperimental test. Although not all the children could produce a word that rhymed,
began with or ended in the same sound as a target training-word, they were all able to
rccognize which word in a pair of words shared the same rime, beginning or ending
sounds as the target training-word. The training procedures were the same for the rime
and coda test sets, cxcept the target sounds for the training words were rimes and codas,
for the R-OMO and C-OMO tests respectively.

For cach of the experimental tests, the child was asked to say which word was the
odd man out becausc it had cither a different rime, beginning or ending sound. The
experimenter said, “Listen carcfully, I will say three words and you tell me which word s
the odd man out.” Once the child chosc a word, he or she was asked if the word choscen
was correct. If the child replied *no™, the experimenter asked the child to say the correct
word. The three words were repeated twice only, if necessary. No corrective feedback
was provided, and testit  stopped if a child made five consecutive crrors. Because the
OMO test was a long and difficult task, the experimenter frequently gave encouragement
to cach child throughout the training and experimental tests.

Onset and Coda Deletion (OD and CD) test
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A dclction test was used to assess the children’s ability to remove onscts and
codas within spoken words. The onsets and codas to be deleted were single consonants,
and the word remaining after the onsct or coda was deleted was a rcal word familiar to
young children. The child was taught the concept of beginning sounds before the onscet
dcletion test and ending sounds before the coda deletion test using the onsct and coda
odd-man-out training materials, procedures, and criteria respectively. There were 12
target items for cach test sct (OD and CD), and the words each had a simplc consonant-
vowel-consonant structure with regular spelling patterns. Half of the children reccived
the onsct delcetion test first, and half received the coda deletion test first.

For both tests, the experimenter told the children that they were goingtop 7 a
“sound-chopping game” for which they had to chop beginning or ending sounds out of
words and say the sound left over. The onset deletion test required the children to say the
word remaining after the initial sound was removed. For example, the experimenter
asked “What is pit without the /p/?” the correct response was “it”. The coda delction test
required the children to say the word remaining after the final sound was removed. For
cxample, the experimenter asked “What is mole without the /1/?” the correct responsc was
“mow”". No corrective feedback was provided during the experimental trials, and testing
stopped if a child made five consccutive crrors.

Reading by Analogy (RA) test

The rcading by analogy test used here assessed the children’s ability to rea  a

target word when given a clue we | that thymed or had the same orthographic scquence

as the end of the target word, its rime unit. The children were told that they were going to
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be word detectives, and like all detectives they were going to be given a word cluc  at
would help them solve a mystery. The experimenter showe  the child the first clue word
and read it aloud, such as ar, and then spelled the word aloud. The children were© n
asked to read the clue word aloud also. Then, with the clue word visible, the children
were asked to read the mystery words.

For the RA test, there were cight clue words, at, in. it, ink, and, ark, ice,ar  var,
onc for cach of the cight scts of mystery words. The first six scts of mystery words had
five words per trial, and the final two scts had six words per trial, for a total of 42 mystery
(target) words. In cach trial, there were four mystery words with single-consonant onsets,
such as bat, mat, sat, and rat for the at cluec word, or sand, land, hand, and band t¢  the
and cluc word, and one or two mystery words with digraphs, such as ¢/ in chat tor the ar
clue word, or cluster onsets, such as gr in grand and the st in stand for the and clue word.
Testing stopped at the end of a sct after five consccutive crrors had been made.
Real-word reading test

The children were shown ecight lists of words, one list at a time, and asked to rcad
cach word aloud. There was a total of 66 words, of which 43 were words taken from
items in the phonctic-cue reading test, deletion test, reading by analogy test, and phoneme
counting test, and 23 were words chosen by the experimenter. The words were printed on
cight sheets of 8.5 x ' white paper in Twenticth Century MT font using black ink. For
cach list, the words were presented in a column in the center of the page. Because the
words increased in difficulty, the first two lists cach had five words on it. and the third list

had six words on it, and cach list was printed in the same 45-point font. The rema  ing
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five lists, containing the most difficult words, cach had 10 words on them in the same 25-
point font. To build the children’s confidence, the first two words on the test were 4 and
I, which were counted in the total score. Testing stopped at the end of a list after five
consccutive crrors had been made.
Real-word spelling test

The children were told they were going to play a spelling game. The
experimenter said, “Listen carcfully as [ say a word and a sentence.” The experimenter
said the word to be spelled, and a sentence containing the word to give the word’s
meaning. After cach target word and sentence was given, the experimenter then asked
the child, “Please spell out loud the word . If a child did not understand what
spelling was, the experimenter used the first word, /, as an example. Three out of 35
children did not understand the concept of spelling; they were tested on the first It of
words anyway, and given a score of zcro. The test words were the same words used in
the Real-Word Reading Test. Testing stopped atter five consccutive crrors had been
made.
Phoneme counting (PC) test

There were three parts in the phoneme-counting test. In the training trials, the
children were taught the coneept of counting phonemes in words. In the pretest trials,
children were given a pretest to determine whether they had learned the concept of
phoneme counting. In the experimental trials, the children were tested on 22 new words

in order to determine the children’s phoneme-counting ability.
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The first sct of training words was [, hi, and kite presented in that order. The
sccond sct of training words was A4, may, and cake, and the third sct was owe, go, and
goat. It was thought that by beginning training with a onc-phoneme word, such as /. and
then progressing to a two-phoneme word, such as /i, and then a three-phoneme word,
such as kite, would facilitate the children’s understanding that words arc made-up of
individual sounds or phonemes that are strung together and can be counted. The pretest
words were words with two or three phonemes cach, site, tie, bve, rain, ape, ray. t low,
and hoar. The pretest words contained similar sounding vowels (o, i and a) as the
training words. It was thought that controlling the sounds of the vowels in the training
and pretest words would make the pretest casier to do than if the sounds of the vowels
were all different. The 22 experimental words had between one and four phonemes cach
and were randomly sclected from words in the Real-Word Reading test. The pretest and
experimental words were presented to the children in a random order.

The cxperimenter cxplained that the child was going to play a game called
‘catching fish’. Five small fish-shaped tokens were lined up and the experimenter put on
a pclican hand puppet. The child was told that pelicans like to catch and cat fish, but that
this pelican was allowed to catch a limited number of fish only. To decide how many
fish the pelican could catch, the child had to determine or count the number of phonemes
in a word. The experimenter then demonstrated how to represent phonemes with fish
tokens for the first sct of training words.

In the first training tral, the experimenter said, “There 1s one sound in the word /

", and then repeated the word 7 while using the pelican to pick up one fish token. ¢
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cxperimenter explained that the pelican was allowed to pick up or catch one fisht  ausc
there was only one sound in the word /. The same dialoguc was used to demonstrate the
two sounds in /44, and then the three sounds in kite. The experimenter then gave the
puppct to the child and asked, “How many sounds do you hear in the word /. and
provided feedback. The same procedure was followed for Ai and Aite. This same training
procedure was repeated, for cach set of training words, until cither the child could count
the correct number of phonemes in cach sct of training words, or up to a maximum of
five times. This mcans that the first sct was given up to five times, the sccond set up to
five times, and the third sct up to five times, if necessary. If after the fifth repetition of
the third sct of training words the child could not produce the correct number of
phonemes, further testing stopped. There was only one chil  who did not complete the
training trials successfully, thus she did not do the pretest or cxperimental test.

If the child completed the training trials successfully, a pretest was given on nine
new words. The child was told that he or she had to win a *semi-final’ game in order to
play the ‘championship’ game. For cach of the pretest words, the experimenter asked the
child, *“Can you show mc how many sounds you hear in the word by catchii  the
right number of fish?” The child then responded by collecting the fish. Although  cy
were not required to do so, most of the children attempted to say each of the sounds
aloud. The criterion for success on the pretest was 8 out of 9, but if a child scored below
6 out of 9, he or she did not procced to the cxperimental test.

At the start of the experimental test, the child was told that therc were many more

words and that they might hear more than three sounds in a word. For cach experimental
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trail, the experimenter asked the child, “Can you show me how many sounds you hear in
the word by catching the right number of tish?” The child then responded by
collecting the fish. The experimenter repeated the word once, if necessary, but no

feedback was provided. Testing stopped after five consccutive crrors.

RESULTS
Descriptive Statistics
Tables 1, 2, and 3 show the means and standard deviations for age and all tests
administcred for cach group. Table 4 shows the average age and test means, standard
deviations, and minimum and maximum scores obtained on cach test for the whole
sample. In cach table, the descriptive statistics for the phoneme identity, phonetic-cuc

rcading, and dclction tests are presented for cach of the phonological levels assessed.
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Table 1.

Age and test means and standard deviations (Std. Dev.) for the Preschool group. Group

size or n =20

Mecan Std. Dev.

Age (months) 56.45 5.66
Tests
Letter Naming

Upper-casc (26) 17.20 8.89

Lowecr-case (26) 13.50 7.
Phoneme Identity

Onsct (10) 7.35 1.81

Coda (10) 5.90 1.92
Phonctic-cuc Reading

Onsct (14) 7.60 3.14

Coda (14) 6.40 3.52
Phonecme Deletion

Onsct (12) 1.00 3.15

Coda (12) 4.40 4.77
0Odd Man Out

Rime (10) 4.95 2

Onsct (10) 2.65 2.18

Coda (10) 1.10 |
Analogy Pretest  (22) 45 1.28
Analogy Reading (42) 4.10 9.07
Word Reading (66) 2.60 3.62
Word Spelling (66) 2.25 24

(3]
wn
(8]
o0
W

Phoneme Counting (22) 1.
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Tablc 2.
Agc and test means and standard deviations (Std. Dev.) for the Kindergarten group.

Group sizcorn =17

Mcan Std. Dev.

Agc (months) 69.00 3.06
Tests
Letter Naming

Upper-casc (26) 25.23 1.30

Lower-casc (26) 23.59 2.53
Phoneme Identity

Onsct (10) 941 0.62

Coda (10) 7.94 222
Phonctic-cuc Reading

Onsct (14) 13.59 0.8

Coda (14) 11.65 3.08
Phoneme Deletion

Onsct (12) 6.59 5.28

Coda (12) .24 4.37
Odd Man Out

Rime (10) 7.18 1.81

Onsct (10) 7.00 2.47

Coda (10) 5.35 2.91
Analogy Pretest  (22) 5.71 5.63
Analogy Reading (42) 24.41 12.83
Word Reading (66) 17.53 15.66
Word Spelling (66) 10.76 9.C

Phoneme Counting (22 4.47 5.76
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Age and test means and standard deviations (Std. Dev.) for the first grade group. Group

sizc orn =18.

Agc (months)

Tests

Letter Naming
Upper-case (26)
Lowecr-case (26)

Phonemc Identity
Onsct (10)
Coda (10)

Phonctic-cuc Reading
Onsct (14)
Coda (14)

Phoneme Deletion
Onsct (12)
Coda (12)

0Odd Man Out
Rime (10)
Onsct (10)
Coda (10)

Analogy Pretest  (22)
Analogy Rcading (42)
Word Reading (66)
Word Spelling (66)

Phonemc Counting (22

Mcan Std. Dev.
81.44 3.63
25.67 0.5
25.11 1.32
10.00 0.
9.72 0.75
13.78 0.<
13.61 0.7
11.17 1.86
10 297
7.67 1.€
8.50 1.7
6.83 2.5
13.94 597
38.78 3.52
40.94 16.
30.33 14.72
12.72 6.59
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Table 4.
Means, standard deviations (Std. Dev.), minimum (Min.) and maximum (Max.) scorcs on

cach test across groups. Sample size or N = 55.

Mean Std. Dev. Min. Score Max. Score

Agc (months) 68.51 11.31 46.00 87 )

Tests

Letter Naming

Upper-casc (26) 22.45 6.67 1.00 2€ 0
Lower-case (26) 20.42 7.08 0.00 2¢ )
Phoneme Identity
Onsect (10) 8.86 1.63 5.00 10.00
Coda (10) 7.78 2.35 3.00 10.00
Phonctic-cuc rcading
Onsct (14) 11.47 3.53 4.00 14 0
Coda (14) 10.38 4.15 2.00 14.00
Phoneme Deletion
Onsct (12) 6.05 5.58 0.00 12 0
Coda (12) 7.35 4.84 0.00 12 9
Odd Man Out
Rime (10) 6.53 2.39 0.00 10.00
Onset (10) 5.91 3.32 0.00 10.00
Coda (10) 4.29 340 0.00 1C 0
Analogy Pretest  (22) 6.49 7.31 0.00 220
Analogy Reading (42) 21.73 17.20 0.00 42 0
Word Reading (66) 19.76 20.50 0.00 62 )
Word Spelling (66) 14.07 15.40 0.00 5¢

Phoncme Counting (22) 6.00 7.27 0.00 22.00
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The data were analyzed using scatterplots and a logical analysis approach adopted
from Stahl and Murray (1994). The scatterplots have two reference lines representing the
mastery criterion for test X and test Y. unless stated otherwise. The number of children
who had mastered both tests X and Y, neither test X or test Y, test Y only, and test X
only is shown. The logical analysis approach was then used to determine whether
children could do test X without success on test Y or vice versa. 1f the numbers show
that children could perform test X only if they had achicved mastery of test Y. test 1s a
possible prerequisite for test X. Success on test Y before test X is a type of correlational
evidence, indicating that onc can speculate, but not confirm that test Y is a prerequisite
for test X.

Two reference lines are shown for cach task variable plotted as a function of
another task variable, unless otherwise stated in the caption. The horizontal and vertical
lines in these graphs represent the mastery criteria for cach « - the task variables given.
The use of these reference lines divides cach graph into four quadrants. Each quadrant
represcnts those children who cither had reached the mastery criteria for cach variable,
one variable or the other, or neither variable. The numbers shown in cach quadrant (in
bold) represent the total number of children in cach of the latter categories. On all the
graphs there are circles that represent the children’s scores. A single circle represents one
child. and a circle with radiating lines or petals represents more than onc child. For
cxample, a circle with two petals represents two children who obtained the same score.

.o re I for ple ~ T ionol

unless otherwise stated. The horizontal lines represent the mastery criterion for the
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variablc given. The numbers given (in bold) above and below this line represent the total
number of children who had reached the mastery criterion or not, respectively. The
vertical lines represent the age when 50 % of the children reached the mastery criterion
for the variable given. When less than 50 % of the children had reached the mastery
criterion, the vertical line represents the age when 20 % achieved mastery. In some
cascs, zero scores were obtained in a test, and in order to show the scores clearly, some
scatterplots were plotted with negative numbers.
Hypothesis One
The first hypothesis states letter-name knowledge and onsct identity arc

prerequisites for onsct phonctic-cue reading (OPCR), and that letter-name knowledge and
coda identity arc prerequisites for coda phonctic-cue reading (CPCR). If the hypotheses
arc correct, onc should see J-shaped scatterplots for OPCR plotted as a function of letter-
name knowledge and onsct identity, and for CPCR plotted as a function of letter-n ¢
knowledge and coda identity as well. All of the analyscs for letter-name knowledge were
conducted using upper-case letter naming scores becausce the test words for the phonctic-
cuc reading test were presented in upper-case letters.

Figurc 1 shows letter-name knowledge scores plotted as a function of age. Here,
82 % of the sample had reached the letter-name mastery criterion of 21 lctters. By 74
months (6:2 ycars), 50 % of the children had mastered letter-name knowledge. Figure 2
shows onsct identity scores plotted as a function of age. Ov 1, 76 % of thes  ple
rcached the m  cry criterion for o1 tidentity, with 50 % achicving mast. _ by the ==~

of 78 months (6:6 years). Figurc 3 shows OPCR scores plotted as a function of age, with
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50 % of the children achieved OPCR mastery by the age of 78 months. Overall, 73 % of
the sample rcached the mastery criterion, and this percentage includes onc child who
missed the OPCR cutoff by 0.2 of a mark. This one child was counted as having ¢ CR
mastery for all subscquent analyses using the OPCR data (indicated by asterisks or
crosses on the relevant scatterplots). Figures 1. 2, and 3 clearly show that knowledge of
letter names for 50% of the children was acquired several months betore cither onset
identity or onsct phonctic-cuc reading. Phoneme identity and phonetic-cuc rcading for
onsets were mastered by the same age, again, scveral months after letter-name

knowledge.
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Figurc 1. Scatterplot of Letter-Name Knowledge (LNK) scores plotted as a function of

Agc in months
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Onsct Phonctic-Cue Reading (OPCR) scores plotted as a function of Age in

months. The asterisk or * represents the one child counted as having OPCR mastery

Figurc 4 shows the relationship between letter-name knowledge and onset

identity. Scventy-three pereent had established both letter names and onset identity,

whilc 15 % had cstablished neither skill. Four percent (two children) had established

onsct identity without letter names, while nine percent (five children) had mastered letter

names but not onsct identity. The two children with mastery of onsct identity but not
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letter-name knowledge werce preschoolers 61 months of age, but with exceptional
phonological skills for their age. The five children with mastery of letter names before

onsct identity were preschoolers between 47 and 58 months with phonological skills that

were expected given their age.

2 0 % 40
10 1 o 3 k

9 o o) A%

80 0 0
8 4+— —€ J— -

Onset Identity

LNK

Figurc 4. Scatterplot of Onset Identity scores plotted as a function of letter-Name

Knowledge (LNK) scores

Letter-name knowledge and onsct identity were entered in a Chi-square analysis,

and the relationship was found to be significant, (1, N = 55) - 21.56, p < 0.001,
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indicating that both variablcs were related. The conditional probability of achievi
onsct identity mastery given knowledge of 21 letter names was 0.89; the probability of
onsct identity mastery given the lack of letter knowledge was 0.20. There is a high
probability of onsct identity success if a child has learned at lcast 21 letter names.

Knowledge of letter names for 50% of the children was acquired several months
before cither onsct identity or onsct phonctic-cue reading, Figure 1 and 2. Onsct identity
and onsct phonetic-cue reading were mastered by the same age, again, several months
after Ictter-name knowledge, . .gure 3. Figure 4 together with the strong conditio
probability shows that children learn 21 out of 26 letter names before acquiring onsct
identity. Letter-name knowledge as a prerequisite for onsct identity cannot be ruled out,
consistent with Hypothesis One.

Figure 5 shows the relationship between letter-name knowledge and onsct
phonctic-cue rcading (OPCR). Here, 73 % of the total sample rcached mastery on both
Ictter-name knowledge and OPCR, while 18 % had mastered neither skill. No child had
mastered OPCR without also masterit  letter names, but nine percent had mastered
knowledge of letter names before o 2C... A Chi-square test was calculated on the
numbers shown in Figure 5 and was found to be significant, (1, N=55)=3256 <
0.001, indicating that the variables were related. The conditional probability of achicving
OPCR mastery given mastery of letter names is 0.89, but there was no chance of OPCR

mastery without mastery of letter-name knowledge first.



Reading and Phonological Development -105

- 80 % 40
14 1 P e
12 1 o o &
80 %
1 - —=T
%*
o 10 1
e o
O 4| o
10 @) o
6 - (@] 0 0 0
E (@] (@] (@] (@]
4 4 (@] (@]
1 1 5
2
0 10 20 30
LNK

Figurc 5. Onsct Phonetic-Cuc Reading (OPCRY) scores plotted as a function of Letter-
Name Knowledge (LNK) scores. The asterisk or * represents the one child counte  as

having OPCR mastery

Figurc 6 shows the rclationship between onset identity and onsct phonctic-cue
rcading (OPCR). Here, 71 % of the children had established both onsct identity and
OPCR, and 22 % had cstablished neither skill. Only one child had reached mastery on

OPCR before onsct identity, but« 'y _ ascorc of onc on the identity task. Five percent
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(three children) had mastered onsct identity but not OPCR, but it was cxpected that some

children would have onsct identity without OPCR skills.
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Figurc 6. Onsct Phonctic-Cuc Reading (OPCR) scores plotted as a function of Onsct
Identity scores. The asterisk or * represents the one child counted as having OPCR

mastery

A Chi-square test was calculated on the numbers shown in Figure 6 and was
found to be significant, (1. N — 55) —36.25. p < 0.001. indicating that the onsct | tity

and ¢ ionctic-cucreac _ w  related. . ..c conditional prol »ility of mast - for
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onsct phonetic-cuc reading given mastery of onsct identity was 0.93, while the
probability of onset phonetic-cuc reading given no onsct identity was 0.077.

The first part of Hypothesis Onc proposed that letter-name knowledge and onsct
identity precede onset phonetic-cue reading. The age data (Figures 1., 2, and 3) show that
50 % of the children mastered Ietter knowledge by 74 months (6:2 years), while the
corresponding age for both onset identity and onset phonctic-cuc reading mastery was 78
months (6:6 ycars). Figurcs 4 and 5 show that the children acquired knowledge of tter
names before both onsct identity and onsct phonctic-cuc reading. Figurc 6 shows it
with onc exception onset identity developed before onset phonetic-cuc reading. The
scatterplots of letter-name knowledge, onsct identity, and onsct phonetic-cuc rcadi
plotted as a function of age show that letter names are acquired before both onsct identity
and onsct phonetic-cuc reading. Therefore, both Ietter names and onset identity arc
possible prerequisites for onsct phonctic-cuc reading ability, consistent with the first part
of Hypothesis Onec.

The sccond part of Hypothesis Onc states that both lctter-name knowledge and
coda identity are prerequisites for coda phonctic-cue reading (CPCRY), and theref
should be mastered carlicr than CPCR. The scatterplots relating letter-name knowledge
and coda identity to CPCR should therefore show a J-shaped function. Figure 1 shows
that letter-name knowledge was established at 74 months of age (6:2 ycars) for 50 % of
the. Figurc 7 shows coda identity as a function of age. Only 58 % ot the children
rcached mastery, with 50 % rcaching mastery by 84 months of age (7:0 years). Figure 8

shows CPCR as a function of age, with 62 % of the samplec rcaching mastery. This
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percentage includes two children who missed the CPCR cutoff by 0.2 of a mark. These
children were counted as having CPCR mastery for all subsequent analyses using the
CPCR data (indicated by astcrisks or crosscs on relevant scatterplots). Figure 8 shows 50
% of the children reached the CPCR criterion by 83 months (6:11 years). Thercfore, 50
% of the children had mastered letter-name knowledge nine or ten months before

achicving mastery on cither coda identity or coda phonctic-cuc rcading,
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Figurc 7. Coda Identity scores plotted as a function of Age in months
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Figurc 8. Coda Phonetic-Cuc Reading (CPCR) scores plotted as a function of Age in

months. The asterisks or * represents the two children counted as having CPCR mastery

The relationships between letter-name knowledge and coda identity with coda
phonetic-cuc rcading arc shown in Figures 9 and 10. Figure 9 shows 55 % (30 chi ren)
of the children achicved mastery for both letter-name knowledge and coda identity, while
15 % had mastered neither skill. Two children mastered coda identity t » letter

knowledge, while Z. % had mastered lette  without coda identity.
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Figurc 9. Coda Identity scores plotted as a function of Letter-Name Knowledge (LNK)

SCOTCS

The Chi-square for letter-name knowledge and coda identity was significant, x
(1, N—55)=,.33, p<0.01, indicating the two variables were related. The conditional
probability of achicving coda-identity mastery given knowledge of 21 letter namces was
0.67, whilc the probability of mastering coda identity without 21 letter names was 0.20.
Figurc 10 shows that 62 % of the children had mastered both letter-name

knowledge and coda phonetic-cue reading (CPCR). and 18 % had mastered neither skill.
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No child mastered CPCR without also having mastered lett  namcs, but 20 % ot
children mastered lctter-name knowledge before CPCR. The Chi-square for letter-name
knowledge and CPCR was significant, 7 (1, N=55)—19.79, p < 0.001, indicating that
the two variables were related. The conditional probability of CPCR mastery give
knowledge of 21 letter names was 0.76, whilce the probability of achicving CPCR mastery

without lctter knowledge was zero.
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Figure 10. Coda Phonctic-Cue Reading (CPCR) scores plotted as a function of Letter-
Name Knowledge (LNK) scores. The asterisks or * represents the two children counted

as having CPCR mastery

Figure 11 shows the relationship between coda identity and coda phonctic-cuc
recading (CPCR). Fifty-five percent of the children had mastered both coda identity and
CPCR tests, while 35 % had mastered neither. Four percent (two children) of the

children mastered coda identity beforec CPCR, and scven percent (four children) mastered
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CPCR without coda identity. The Pearson corrclation cocfficient was calculated and was
significant, r = 0.838, p <0.001, as was the Chi-square, y° (1, N = 55) = 33.06, p < 0.001,
indicating the two variables arc related. Figure 11 suggests that coda identity and CPCR
develop simultancously, and there is no evidence to support the view that coda identity

develops prior to CPCR.
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Figurc 11. Coda Phonctic-Cue Reading (CPCR) scores plotted as a function of Coda

Identity scores. The asterisks or * represents the two children counted as having CPCR

mastery
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An cxamination of the two participants who mastered coda identity but not coda
phonetic-cuc reading (CPCR) showed that both were under 62 months of age and had not
mastcred letter-name knowledge. Given weak letter-name knowledge, mastery of CPCR
is not expected. The four children who mastered CPCR without coda identity had expert
knowledge of letter names, onsct identity, and onsct phonctic-cue reading, indicating
good letter-sound knowledge for onsets, but not for codas.

By 74 months of age, 50 % of the children had acquired letter-name knowledge,
and then by 84 and 83 months 50 % of the children acquired coda identity and coda
phonctic-cuc reading, Figures I, 7, and 8, respectively, Knowledge of letter names
devceloped 10 months before coda identity and nine months before coda phonetic—¢
rcading. Clearly, children acquire letter-name knowledge first, consistent with the sccond
part of Hypothesis One. With only two cxceptions, the analyses of the relationship
between letter-name knowledge and coda identity and coda phonetic-cuce reading s port
the findings that letter-name knowledge was attained before coda identity and coda
phonctic-cue reading, Figurc 9 and 10 data togcther with the conditional probabilitics.
However, there was no cvidence that coda identity developed prior to coda phonetic-cue
rcading, and four children developed the skills in the reverse order of the predicted
rclationship, Figure 11.

In summary, knowledge of letter names develops prior to onsct and coda identity,
and onsct and coda phonctic-cuc rcading, indicating that letter-name knowledge is a
possible prerequisite for cach of the latter skills. However, the relations | between onset

identity and onsct phonctic-cue reading and between coda identity and coda phonetic-cuce
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reading are not as clecar. In the absence of strong opposing evidence, it is rcasonable to
concludc that onsct identity and onsct | onctic-cue reading develop concurrently, as do
coda identity and coda phonctic-cuc reading.
Hypothesis Two

Hypothesis Two proposed that children acquire onsct identity betore coda identity
and onsct phonetic-cue rcading before coda phonetic-cue reading. Figures 2 and 7 show
onsct and coda identity cach plotted as a function of age, respectively. Fifty perec of
the children achicved mastery of onsct identity by 78 months, and coda identity by 84
months. Figure 12 shows the relationship between onscet identity and coda identity.
Fifty-six percent of the children had mastered both onsct and coda identity, while 22 %o
mastcred ncither task. Only one child achieved mastery for coda identity but not onsct
identity, while 20 % mastered onsct identity before coda identity. Onsct identity was
mastered before coda identity, Figures 2, 7 and 12, consistent with the first part of

Hypothesis Two.
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Figurc 12. Coda Identity scores plotted as a function of Onsct Identity scores

An ANOVA analysis was conducted to determine the relative difficulty of the
phoneme identity test at the level of onsets and codas. with grade level (preschool,
kindergarten, and the tirst gradce) as the independent variable. There was a significant
main cffect for linguistic level of the identity test, F (1, 52) = 22.35, p <0.001, and for
grade, F (2, 52) =34.43, p <0.001, but no significant intcraction cffect. Tablc 5 shows
the mecans and standard deviations for onset identity and coda identity for cach grade
level, and as predicted for b sthesis Two, onset identity means were significantly

higher than coda identity means for every grade level.
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Table 5.

Onsct Identity (OID) and Coda Identity (CID) test means and standard deviations (Std.
Dev.) at cach grade level (PS = preschool, K= kindergarten, G — first grade), » — total

number of children in cach grade

Test GRADE n Mecan Std. Dev.
OID PS 20 7.35 1.81
K 17 9.41 0.62
FG 18 10.00 0.00
CID PS 20 5.90 1.92
K 17 7.94 2.0
FG 18 9.72 0.75

Figure 3 and 8 show onset and coda phonctic-cue reading respectively plotted as a
function of age. Figure 3 shows 72 % of the children had mastered onsct phonetic-cuc
reading, with 50 % of the children achieving mastery for onset phonetic-cue reading
(OPCR) by 78 months. Figure 8 shows 62 % of the children had mastered codap  netic-
cue reading, with 50 % achieving coda phonctic-cuc reading (CPCR) by 83 months: five

months after 50 % of the chi” ~ ¢n ined OPCR.
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Figurc 13 shows the relationship between onsct phonetic-cue reading (OPCR) and
coda phonctic-cue rcading (CPCR). Sixty-two percent of the children had mastered both
OPCR and CPCR, while 27 % mastered neither skill. No child had mastered CPCR

before OPCR, but 11 % had achicved OPCR mastery before mastery of CPCR.
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Figure 13. Coda Phonetic-Cuc Reading (CPCR) scores plotted as a tunction of Onset
Phonetic-Cue Reading (OPCR) scores. The asterisk or * represents the one child counted
as having OPCR mastery. and the crosses or + r | csent the two children counted as

having CPCR mastery
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An ANOVA analysis was conducted to determine the relative difficulty of the
phonectic-cue reading task at the level of onsets (OPCR) and codas (CPCR), with grade
level (preschool, kindergarten, and the first grade) as the independent variable. There
was a significant main cffect of linguistic complexity, F (1, 52) = 13.59, p <0.001, and of
grade, F (2, 52) =54.79, p <0.001, but no significant intcraction ctfcct. Table 6 shows
thec means and standard deviations for onsct and coda phonctic-cue reading. and as
predicted for Hypothesis Two, the means for OPCR were higher than the means for
CPCR at every grade level. In summary, children develop both phoneme identity and
grapheme-phoneme correspondences for simple onsets (OID and OPCR) before phoneme
identity and grapheme-phoneme correspondences for simple codas (CID and CPC
consistent with the sccond hypothesis, Figures 2, 3, 7, 8, 12, and 13, together with Tables

5 and 6, and the ANOVA results.
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Tablc 6.
Onsct Phonetic-Cuc Reading (OPCR) and Coda Phonetic-Cue Reading (CPCR) test
mecans and standard dcviations (Std. Dev.) at cach grade level (PS — preschool, K =

kindergarten, One — first grade), 7 = total number of children in cach grade.

Test GRADE n Mean Std. Dev.

OID PS 20 7.60 3.t4
K 17 13.59 0.80
FG 18 13.78 0.43

CID PS 20 6.40 3.52
K 17 11.65 3.08
FG 18 13.61 0.78

Hypothesis Three

Hypothesis Three states that children cannot remove onsets and codas from
spoken words before achicving alphabetic representation for onscts and codas,
respectively. It Hypothesis Three is correct, onc should sce J-shaped scatterplots when
onsct delction (OD) is plotted as a function of onset phonctic-cue reading, and when coda
deletion (CD) is plotted as a function of coda phonctic-cue rcading.

Figure 3 shows that 73 % of the children tested had  astered onsct phonctic-cue

rcading, and Figurc 14 shows that only 44 °4 of the children tested had mastered onsct
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delction. The age of mastery for 50 % ot the children cannot be compared between the
deletion and phonetic-cue reading tests, but a z-test of proportions was significant, =z =
3.10, p <0.01. This indicates that the onsct deletion test was morc difficult than the onsct
phonetic-cuc rcading test.

Figurc 14 shows that onsct deletion as a function of age has a bimodal
distribution. There are two different groups, 44 % of the ch  Iren (24 children) with a
zero score in the onsct deletion test, referred to as the OD-absent children, and the
remaining children (31 children) with a score of five or greater in the onsct delction test,
referred to as the OD-present children. The OD-absent children were mostly younger

preschool children, while OD-present children were mostly older first-grade children.
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Figurc 14. Onsct Deletion (OD) scores plotted as a function of Age in months. The

scorcs marked with asterisks or * represents the OD-absent children

Tablc 7 compares the performance of OD-absent and OD-present children on
letter-name knowledge, onset identity, coda identity, onsct phonctic-cuc reading (OPCR),
coda phonctic-cuc rcading (CPCR), onsct odd-man-out (O-OMO), and coda odd-man-out
(C-OMO) in pereentages, means and standard deviations. 2 majority of the OD-absent
children had not mastered onset identity, coda identity, OPCR, or CPCR; just over alf

had mastered knowledge of letter names; only one child had mastered O-OMO:; and none



|
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had mastcred C-OMO. In contrast, all of the OD-present children had mastered Ietter
names, onsct identity, OPCR, and CPCR, and a large majority had mastered coda
identity, O-OMO and C-OMO. The OD-absent children are clearly different than the
OD-present children in that they had less developed alphabetic and phonological-

processing skills.

Table 7.

Percentages (°6), means, and standard deviations (Std. Dev.) for the number of OD-
absent and OD-present children with mastery of Letter-Name Knowledge (LNK). Onsct
Identity (OID), Coda Identity (CID), Onsct Phonctic-Cuc Reading (OPCR). Coda
Phonctic-Cuc Reading (CPCR), Onsct Odd-Man-Out (O-OMO), and Coda Odd-Man-Out
(C-OMO), n — the number of children in cach group.

OD-absent OD-present
(n=24 (» 30D

Tests % mean Std. Dev. % mean Std. Dev.
LNK 58 18.3 8.45 100 25.7 0.53
OID 46 7.6 1.74 100 98 0.37
CID 17 5.8 1.80 90 93 1.25
OPCR 42 8.5 3.50 100 13.8 0.40
CPCR 13 6.4 3.12 100 13.5 0.85

0-OMO 4 3.1 2.36 84 8.1 2.07
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Figure 15 shows the relationship between onset phonetic-cuc reading and ¢ ct
deletion. Forty-four percent of the children had mastered both tasks, and 29 % had
mastered ncither task. No child scored above zero on the onsct-deletion task before
mastering onsct phonetic-cue reading, but 27 % had mastered onsct phonetic-cue reading

before onset deletion.
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Figure 15. Onsct Deletion (OD) scores plotted as a function of Onset Phonetic-Cuce

Reading (OPCR) scores
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A Chi-square analysis of the onsct phonetic-cue reading and onsct deletion
variables was significant, y° (1, N =55) = 17.47, p = 0.001, indicating that thc variables
arc related. The conditional probability of onsct-delction mastery given mastery of onsct
phonctic-cuc reading was 0.62. whilc the probability of achieving onsct deletion without
onsct phonctic-cuc rcading was zcro.

The proportion of children who reached the mastery criterion on onsct phonetic-
cuc rcading was significantly higher than the proportion of children rcaching the mastery
criterion on onsct deletion, Figure 3 and 14 together with the =-test results. In addition,
children mastered onset phonetic-cue reading before onsct deletion, Figure 15. The
findings reported here indicate that onsct phonctic-cuc rcading develops before onsct
deletion, consistent with Hypothesis Three.

Figurc 9 showed that sixty-two pereent of the children tested had mastered coda
phonctic-cue rcading, with 50 % achicving mastery by 83 months (6:11 ycars) of age.
Figurc 16 shows that 51 % of the children tested had mastered coda deletion, with 50 %
achicving mastery by 87 months of age. Children mastered coda phonctic-cuc rea  ng
four months carlicr than coda deletion. Although most of the children who recachc  the
mastery criterion for coda deletion were older than 65 months (5.5 ycars), Figure 16
shows that there were children between 46 and 55 months old (4:2 to 4:7 years) who

could do some of the coda deletion itcms.
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Figurc 16. Coda Decletion (CD) scores plotted as a function of Age in months

Figure 17 shows coda delction plotted as a function of coda phonetic-cuc reading.
Forty-four percent of the children had mastered both tests, and 31 % had mastered  ither
test. Seven percent (four children) had mastered coda deletion but not coda phonctic-cue

rcading, and 18 % had mastered coda phonetic-cue reading but not coda delction.
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Figurc 17. Coda Deletion (CD) scores plotted as a function of Coda Phonetic-Cuce
Reading (CPCR) scores. The asterisks or * represents cach CD-discrepant child, and the

crosscs or  represents the two children counted as having CPCR mastery

According to Figure 17, there were 10 children (marked with asterisks in Figure
17) who could do coda deletion, a score of three or higher, without mastery of coda
phonctic-cue reading. These children are called the CD-discrepant children because their
ability to do coda deletion without alphabetic representation for codas was considered

unusual. The remaining 45 children showed the predicted sequence of development



Reading and Phonological Development -128

between coda phonetic-cue reading and coda deletion, and are called the CD-normal
children. A comparison of the alphabetic and phonological processing skills between the
CD-discrepant children and the CD-normal children was therefore conducted.

Table & shows that none of the CD-discrepant children had mastered coda
identity, coda phonetic-cue reading, onset deletion, or coda odd-man-out, and only onc or
two CD-discrepant children had mastered onsct phonetic-cuc recading and onsct odd-man-
out. In contrast, most of the CD-normal children had mastered Ictter-name knowledge,
onsct and coda identity, and onsct and coda phonetic-cue reading. Just over half'h
mastered onsct deletion (three more children missed the onsct deletion criterion by .6 of
a mark), and scveral children had mastered onset and coda odd-man-out. Therefore, the
CD-normal children had both better alphabetic and phonological processing skills than
the CD-discrepant children, Table 8. The coda-deletion performance for the CD-normal
children was consistent with their coda phonetic-cue-reading performance, and with the
other onsct and coda tests. However, the CD-discrepant children’s coda-deletion
performance was discrepant not only with their coda phonetic-cue-rcading performance,
but with their performance on the other alphabetic and phonological tests, particularly on
the coda tasks. Except for letter-name knowledge and onsct identity, the CD-discrepant
and CD-normal children were clearly different. Their ability to do coda deletion was
uncxpected and unusual given their poor coda phonetic-cue reading and phonological-

processing skills overall.
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Table 8.

A comparison between the percentages (%), means, and standard deviations (Std. — v.)
for the number ot CD-discrepant and CD-normal children with mastery of Letter-Name
Knowledge (LNK), Onset Identity (OID), Coda Identity (CID). Onset Phonetic-Cue
Reading (OPCR), Coda Phonctic-Cue Reading (CPCR), Onsct Odd-Man-Out (O-OMO),
Coda Odd-Man-Out (C-OMO), and Onsct Delction (OD), with t-rests (n — sample size).

CD-discrepant group CD-normal group t-tests
(n=10) (n=45)

Tests % mcan  Std. Dev % mcan Std. Dcv df {
LNK 70 19.4 8.97 84 231 5.96 53 1.63"™
OID 60 8.00 1.56 80 9.04 1.59 53 -0.88"™
CID 0 5.10 1.29 71 8.38 2.10 53 4.72%x
OPCR 3 8.80 3.79 80 12.07 302 53 2% <
CPCR 0 4.50 1.58 76 11.69 3.32 53 6.65%**
O0-OMO 2 2.60 2.17 47  6.64 3.09 53 3.92%x*
C-OMO 0 1.30 1.83 29 496 3.32 53 3.35%%

OD 0 0.00 0.00 53 8.50 3.44 3 4.39%**
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During the administration of the coda-deletion test the CD-discrepant children
were obscrved to behave unusually. First, during the practice trials, with the exception of
onc child, nonc of the CD-discrepant children knew what ending sounds were when
asked. Nonc of them were able to produce words containing the target codas, and they all
had considcrable difficulty understanding what was meant by ending sounds. Although
all of the 10 CD-discrepant children did learn to identify words with the same codas, six
children barely qualified in the training. Second. during both the practice and
experimental trials, five of the CD-discrepant children had to be reminded to identify or
remove the ending sound rather than the beginning sound or rime for several items. Five
children had to have practice or experimental items repeated twice before responding
correctly. Third, during the experimental trials, tive of the children were obscrved to
hold their breath at the end of the target word, and two silently mouthed the coda to be
removed. The children who showed this unusual behavior seemed to be inhibiting the
cnunciation of the coda, and often produced an odd sounding or shortened vowel sound.
For cxample, /oss without the /s/ sounded more like an L sound plus a schwa sound.,
making it difficult to discern whether the child had actually produced the precise target
sound. /aw. These responses were counted as being correct.

The obscrvation that the CD-children were holding their breath and mouthing the
coda silently raised the question of whether they were using a phonologically bascd
strategy to do the coda-delction test. Seven out of the 10 CD-discrepant children  owed
this unusual behavior, while only two out of the 45 CD-normal children showed this

behavior. A z-fest comparing the proportion of CD-discrepant and CD-normal ch1 - cn
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showing this unusual bchavior was significant, z = 6.26, p <0.01. Thc proportion
children who scemed to be inhibiting the coda sound was higher for CD-discrepant
children than the CD-normal children. The two CD-normal children who showed this
unusual bechavior had mastered coda phonctic-cue recading, while just missing mastery tor
coda dcletion.

Coda phonctic-cue reading was mastered four months carlier than coda del  on,
Figurc 9 and 16. However, it scemed that some children, the CD-discrepant children, had
somg coda-deletion ability betore coda phonctic-cue reading, Figure 17. The coda
deletion performance of these CD-discrepant children was not consistent with their
performance on the coda phonetic-cue reading task, but this was not the case for the CD-
normal children. The CD-normal children had both better alphabetic skills (letter
naming, onsct and coda phonctic-cue reading) and phonological processing (onset and
coda identity, onsct and coda odd-man-out. and onset deletion) than the CD-discrcpant
children, Table 8. Thesc latter findings together with the age findings, the behavioral
obscrvations, and the z-rest results suggest that the C™ -discrepant children did not
actually know how to delete codas. The CD-discrepant children only appcared to have
coda-dclction ability before alphabetic representation for codas because they were
inhibiting the pronunciation of ending sounds by holding their breath or mouthing the
coda silently.

If the scores of the CD-discrepant children are climinated, Figurc 17 shows the
predicted J-shaped curve. Only children who reached the mastery criterion for coda

phonetic-cue rcading, with scores of 11 or higher were able to achicve a score of six or
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higher on the coda-dceletion task. A Chi-square analysis of the coda phonetic-cue reading
and coda-dclction variables was significant, y* (1, N = 55) = 16.66, p < 0.001, indicating
that the variables were related. The conditional probability of achieving coda-deletion
success given mastery of coda phonctic-cue reading was 0.69, while the condition:
probability of coda deletion without mastery of coda phonctic-cue reading was zcro.
With the climination of the coda-delction scores for the CD-discrepant children, the age
findings, Figurc 9 and 16, and Figurc 17 together with the Chi-square results and the
conditional probabilitics indicate that coda phonctic-cuc reading or alphabetic
representation for codas precedes coda deletion, consistent with the third hypothesis.
Hypothesis Four

Part one of the fourth hypothesis proposes that children will be able to detect rime
differences between spoken words before onset differences, and onset differences betore
coda differences. Part two of Hypothesis Four proposcs that onset phonctic-cuc reading
precedes the ability to do the onset odd-man-out test. When onset odd-man-out scores
are plotted on a scatterplot as a function of onsct phonctic-cue rcading, Hypothesis  our
predicts a J-shaped relationship with onset odd-man-out scores incrcasing above some
chance level only for children with well-developed onset phonctic-cue reading skills.
Similar rcasoning applics for the parallel coda tasks: only those children with coda
phonctic-cue-rcading ability will be able to do the coda odd-man-out test.

Figurc 18, 19, and 20 shows th  less than 50 % of the children tested achieved
the 80 % mastery criterion on the rime odd-man-out, onset odd-man-out, and coda odd-

man-out tests, respectively. Thercfore, the age for when 20 % (11 out ot 55 children) of
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the children achicved mastery of the rime (R-OMO), onset (O-OMO) or coda odd-man-
out (C-OMO) tests were calculated. Figure 18 shows 40 % of the children had mastered
R-OMO, with 20 % achieving mastery by 71 months of age (5:11 years). Figurc 19
shows 38 % had mastered O-OMO, with 20 % achicving mastery by 78 months of age
(6:6 yecars). Figure 20 shows 24 % had mastered C-OMO, with 20 % achieving mastery
by 83 months of'age (6:11 ycars). Figurcs 18, 19, and 20 show 20 % of children
mastered R-OMO sceven months carlier than O-OMO, which was mastered five me  ths

carlier than C-OMO.
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Figure 19. Onsct Odd-Man-Out (O-OMO) scores plotted as a function of Age in months
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Figurc 20. Coda Odd-Man-Out (C-OMO) scores plotted as a tunction ot Age in 1 nths

A repeated-measurcs ANOVA was conducted to examine the relative diftficulty of
the rime, onset, and coda odd-man-out tests. The independent variable was grade
(preschool, kindergarten, and first grade), and the dependent variable was linguistic
complexity (rimes, onscts, and codas). Table 10 shows the means for cach of the odd-
man-out subtests at cach grade. There was a significant main cffect of linguistic level,
(2, 104) = 36.99, p < 0.001, a significant main cffect of grade level, F(2,52)=32.81,p <

0.001, and a significant interaction, F (4, 104) = 8.34, p <0.001. The rime-oddity test
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was casicr than the onsct- and coda-oddity tests, and onsct oddity was casier than coda
oddity.

Table 10.
Mecans and standard deviations (Std. Dev.) for Rime Oddity (R-OMQO), Onset Odd  + (O-
OMO). and Coda Oddity (C-OMO) tests at the Preschool (PS), Kindergarten (K), and

First Grade (FG) levels, n = total number of children in cach grade

Tests Grade Mean Std. Dev. i
R-OMO PS 4.95 2.44 20
K 7.18 1.81 17

FG 7.67 1.94 18

0-OMO PS 2.65 218 20
K 7.00 2.47 17

FG 8.50 1.79 18

C-OMO PS 1.10 1.41 20
K 5.35 2.91 17

FG 6.83 2.57 18




Reading and Phonological Development -137

Because there was a significant interaction cffect, three onc-way repeated-
measurcs ANOVAs were conducted, one at cach grade level, along with a priori
Bonferroni pair-wisc comparisons between the means for cach subtest. For the preschool
group, there was a significant linguistic level effect, (2, 38) =31.49, p <0.001. The
three pair-wisc comparisons were significant: rime oddity (R-OMO) was casier than
onsct oddity (O-OMO), p < 0.005, R-OMO was casicr than coda oddity (C-OMO), p <
0.001, and O-OMO was easicr than C-OMO, p < 0.005.

For the kindergarten group, there was a significant linguistic level effect, £ = (2,
32) =8.39, p < 0.005, and two pair-wisc comparisons were significant; O-OMO and C-
OMO, p < .01, and R-OMO and C-OMO, p <.025. The R-OMO and O-OMO tests did
not diffcr, but both were casier than the C-OMO test. For the first-grade children,  cre
was a significant linguistic level effect, (2, 34) = 10.74, p < 0.001, and onc of the three
pair-wise comparisons was significant: O-OMO and C-OMO, p < 0.001. The only
significant finding was that O-OMO was casier than C-OMO.

Twenty percent of the children mastered the rime-oddity test at 71 months, the
onsct oddity at 78 months, and the coua oddity five months later at 83 months, Figures
18, 19, and 20 respectively. The age data together with the results from the repeated-
measurcs ANOV As indicate that rime and onsct diffcrences arc normally casier to detect
than coda differences, with rime differences being casier than onsct differences for very
young children.

Part two of Hypothesis Four states that children need to have alphabetic

representation for onscts before they can do the onsct odd-man-out test. Figure 21 shows
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onsct odd-man-out plotted as a function of onsct phonctic-cuc reading. Thirty-cight
percent of the children had mastered both onsct oddity and onset phonctic-cue reai 1g
(OPCR), while 27 % had mastered neither test. There were no children who met the
mastery criterion for onsct odd-man-out without OPCR mastery, but 35 o had rcached
the OPCR mastery criterion before the onsct-odd-man-out mastery criterion. Mastery of
onsct phonetic-cue reading was achicved before mastery of onset odd-man-out, consistent

with part two of Hypothesis Four.
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Figurc 21. Onsct Odd-Man-Out (O-OMO) scores plotted as  function of Onsct
Phonctic-Cuc Reading (OPCR) scores. The asterisk or * rej :sents the one child counted

as having OPCR mastery

Figure 22 shows coda odd-man-out plotted as a function ot coda phonctic-cuc
rcading (CPCR). Twenty-four percent of the children had mastered both coda odd-man-
out and CPCR, whilc 38 % had mastered neither test. There were no children who met

the coda odd-man-out mastery criterion without CPCR mastery, but 38 % had rcached the
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CPCR mastery criterion without mastery of coda odd-man-out. Mastery of coda
phonetic-cue reading was achicved before mastery of coda odd-man-out, consistent with

part two of Hypothesis Four.
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Figurc 22. Coda Odd-Man-Out (C-OMO) scores plotted as a function of Coda Phe  :tic-
Cue Reading (CPCR) scores. The asterisks or * represent the two children counted as

having CPCR mastery

Forty perr 11,38 %, anc = %ot  child achicv 1thc tery

the rime-, onsct-, and coda-oddity tests, Figures 18, 19, and 20 respectively. Also. 20 %



Reading and Phonological Development -141

of the children mastered the rime-oddity test at 71 months, the onset oddity at 78  onths,
and the coda oddity five months later at 83 months, Figurcs 18, 19, and 20 respectively.
These findings together with the results from the repeated-measurcs ANOV As indicate
that rime and onsct diffcrences are casicr to detect than coda ditferences, with rime
differences being casier to detect than onset differences for the youngest children,
consistent with the first part of Hypothesis Four. Furthermore, children achicve mastery
of onsct phonetic-cue reading before mastery of onset odd-man-out, Figure 21, and
mastery of coda phoncetic-cuc reading before mastery of coda odd-man-out, Figure 22,
These findings suggest that alphabetic representation for onscts and codas may be
prerequisites for onsct and coda odd-man-out, respectively, and therefore supports the
sccond part of Hypothesis Four.

Hypothesis Five

The fifth hypothesis proposed that letter-name knowledge, onsct and coda
identity, onsct and coda phonctic-cue rcading, and onsct deletion arc prerequisites  r
rcading by analogy (RA). Although it is not ecxpected to be a prerequisite. coda deletion
may develop before reading by analogy as well.

The analyses conducted in Hypothesis One clearly show that the children acquired
letter names before onsct and coda identity and onsct and coda phonctic-cue readn
Thercfore, only the scatterplots or data between reading by 1logy and onsct and coda
identity and onsct and coda phonetic-cuc reading arc reported.

F*" ir¢ "7 shows *~ 1 1 "of RA two  achild “oor ly,in

presence of analogy cluc words, plotted as a function of age. Thirty-six percent of the
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children reached the 80 % mastery criterion for rcading by analogy, with 20 % of the

children achieving RA mastery by 81 months (6:9 years).
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Figurc 23. Rcading by Analogy (RA) scores plotted as a function of Age in months

The scatterplot of reading-by-analogy scores as a function of onsct identity scorcs
is not shown, but the results were clear. Thirty-four percent of the children reached the
80 % mastery critcrion for both onset identity and analogy, and 24 % mastered neither

task. There were no children who mastered reading by analogy without onsct identity,
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but 42 % mastered onsct identity without reading by analogy. With onc cxception,
analogy scores rose above zero or onc only for children with onset identity scores of cight
or higher. The data show that children mastered onsct identity before they could read
words by analogy.

The scatterplot of reading-by-analogy scores plotted as a function of coda i ntity
(not shown) showed that 33 % of the children mastered both coda identity and rcading by
analogy, while 38 % mastcred ncither task. Two children (four percent) mastered reading
by analogy before coda identity, but 14 children (25 %) mastcred coda identity before
rcading by analogy. The data show that, with a couple ot exceptions, children normally
mastered coda identity before they could read words by analogy.

Figurc 24 shows rcading by analogy plotted as a function of onset phonetic-cue
rcading. Scventy-three percent of the children mastered onset phonetic-cue reading, and
only 36 % mastered rcading by analogy. A z-fest comparing the proportions of children
rcaching the 80 % mastery criterion on both tests was found to be significant, = = 4.21, p
< 0.01. Onsct phonetic-cuc recading was thercfore easicr to do than reading by analogy.

Figurc 24 shows that 36 % of the children mastered both onset phonetic-cuc
rcading and rcading by analogy, and 27 % mastered ncither task. None of the children
mastered reading by analogy without onset phonetic-cue reading, but 36 % had mastered
onsct phonctic-cue reading without analogy. With onc exception, rcading-by-analogy
scores rosc above zero or onc only for children with an onset phonetic-cuc reading score
of 12 (86 % success) or greater. Onsct phonctic-cuc reading preceded the ability to read

words by analogy.
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Figurc 24. Reading by Analogy (RA) scores plotted as a function of Onset Phon ¢c-Cuc
Reading (OPCR) scores. The asterisk or * represents the one child counted as having

OPCR mastery.

Figurc 25 shows the relationship between reading by analogy and coda phe  :tic-
cuc reading (CPCR). Sixty-two percent of the children mastered coda phonetic-cuc
rcading, and only 36 % mastcred reading by analogy. A z-test comparing the proportions

of children reaching the 80 % mastery criterion for reading by analogy and coda
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phonctic-cuc reading was significant, - = 2.83, p < 0.01. The coda phonctic-cuc rcading
test was therefore easier to do than the analogy test.

Figurc 25 shows that 36 % of the children mastered coda phonetic-cuc reading
and rcading by analogy, whilc 38 % mastered ncither task. No child mastered rcading by
analogy without coda phonctic-cuc reading, but 25 % mastered coda phonetic-cue
rcading without rcading by analogy. Figure 25 shows that there was only onc child with
a CPCR score less than six and an analogy scorc above 20. Coda phonctic-cuc reading

preceded the ability to read words by analogy.
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Figure 25. Recading by Analogy (RA) scores plotted as a function of Coda Phonetic-Cuc
Reading (CPCR) scorcs. The asterisks or * represents the two children counted as having

CPCR mastery.

Forty-four percent of the children mastered onsct deletion, Figure 14, and only 36
%% mastered reading by analogy. Figurc 23. A z-test comparing the proportions of
children rcaching the 80 % mastery criterion for analogy and the proportion of children
rcaching the 80 % criterion for onset deletion was not significant. This suggests the

ncither test was significantly casier than the other.
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Figurc 26 shows the relationship between reading by analogy and onsct deletion.
Thirty-five percent of the children mastered both reading by analogy and onsct deletion,
and 55 % mastered ncither task. One child reached the 80 % mastery critcrion for
rcading by analogy before reaching mastery of onsct deletion, and five children (n - 2
percent) mastered onset deletion without mastery of analogy. The Pearson correl: on
cocfficient was calculated and was significant, = 0.862, p = 0.01. Figure 26 together
with the z-rest and correlation results suggest that onsct deli on and reading by ar  ogy
develop simultancously, and there is no cvidence to support the view that onc dev  Hps
before the other at the 80 % mastery criterion.

In contrast, Figurc 26 shows that none of the children rcached the 80 % mastery
criterion in onsct deletion without the ability to read at Icast 50 % of the target words
(The 50 % horizontal line shown in Figure 26) in the reading-by-analogy test. However,
15 % (cight children) read 50 % or morc of the target words in the reading-by-analogy
test, but did not reach the 80 % criterion in onset deletion. Thus, some skill below the 80
% mastery criterion in reading by analogy develops before children achieve the 80 %

mastery criterion in onsct deletion.
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Figure 26. Rcading by Analogy (RA) scores plotted as a function of Onsct Delcetion

(OD) scores

Fifty-onc percent of the children tested mastered coda deletion, Figure 16, while
only 36 % mastered reading by analogy. Figure 23. A z-fest comparing the proportions of
children achicving the 80 % mastery criterion on both tests was not significant, indicating
that rcading by analogy and coda deletion were cqually difficult.

Figurc 27 shows the rclationship between reading by analogy and coda deletion

(Data from the 10 CD-discrepant children were not included in the scatterplot). Thirty-
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cight percent (17 out of 45 children) of the children reached the 80 % mastery crite on
for both analogy and coda dclction, and 40 % (18 out of 45 childrcn) mastered neither
task. Three children (scven percent) mastered reading by analogy before coda del  on,

and sceven children (16 %) mastered coda deletion before reading by analogy.
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Figure 27. Reading by Analogy (RA) scores plotted as a function of Coda Deletic  (CD)

scores (10 CD-discrepant children not included), N — 45
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The Pearson correlation coctficient was calculated and was significant, » = 789,
p=0.01. Figure 27 together with the z-fest and correlation results suggest that coda
deletion and reading by analogy develop simultancously, and there is no evidence
support the view that one develops before the other at the 80 % mastery criterion.

In contrast, Figurc 27 show that with the exception ot one child, none of the
children mastered coda deletion without the ability to read at least 50 % of the target
words (50 % horizontal line shown in Figurc 27) n the recading-by-analogy test.
However, 15 % (cight children) recad half or more of the target itcms on the reading-by-
analogy test without mastery of coda deletion. Thus, some skill below the 80 % mastery
criterion in reading by analogy develops betore children achicve the 80 % mastery
criterion in coda deletion.

In summary, lctter-name knowledge, onsct and coda 1dentity, and onset and coda
phonctic-cue reading preceded the ability to read words by analogy (with the clue word
present) and theretore cannot be ruled out as prerequisites.  1ese findings are consistent
with Hypothesis Five. Also, Hypothesis Five proposed that onset and perhaps cc
deletion m™ " t develop before reading by analogy. This proposal was not supported: it
was found that some skill in the reading-by-analogy test used here developed betore
children achicved the ability to delete onsets or coda of words, Figure 26 and 27,
respectively.

Hypothesis Six
The final hypothesis states that children require substantial readn  and spelling

ability before they can do the phoneme-counting test. Figure 28 shows word reading
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scorcs plotted as a function of the children’s age. The horizontal lines distinguish

between the three reading groups: Non-Readers (0 — 10 words read), Emergent Readers

(10 - 35 words read), and Recal Readers (greater than 35 words rcad). Forty-five p

‘ent

(25 children) of the children were Non-Readers (NR), 29 % (16 children) were Emergent

Readers (ER), and 25 % (14 children) were Real Readers (F
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Figurc 28. Word Reading scores for Non-Readers (NR), Emergent Readers (ER), and

Real Readers (RR) plotted as a function of their Age

nths.
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Figurc 28 shows that no child under the age of 60 months (5:0 ycars) was able to
rcad any isolated words, but by 74 months of age (6:3 years), all children were able to
rcad 10 or more isolated words. Children five years of age or older were able to read
isolated words.

Figurc 29 shows spelling scores plotted as a function of the children’s age. The
horizontal lines distinguish the three spelling groups: Non-Spellers (0 — 10 words),
Emecrgent Spellers (10 - 35 words), and Real Spellers (greater than 35 words). Fifty-one
pereent (28 children) of the children were Non-Spellers (NS), 40 % (22 children) were
Emergent Spellers (ES), and nine pereent (five children) were Real Spellers (RS). Figure
29 shows that no child under the age of 62 months (5:2 years) was able to spell any words
correctly, but by 73 months of age (6:2 years) all the children were able to spell 10 or

morc words correctly.
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Figurc 29. Word Spelling scores for Non-Spellers (NS), Emergent Spellers (ES), and

Real Spellers (RS) plotted as a function of their Age in months.

Figure 30 shows phoneme-counting performance plotted as a function of age.

Phoneme-counting scores had a bimodal distribution. The scores below the horize  1al

line shown on Figure 30 represent 56 % (31 children) ot the children who cither did not

pass the phoneme-counting pretest or were given a zero score on the phoneme-con

ting

experimental test. . .ese children are called the Zero-Phoneme-Counting (Z-PC) group.

The scores above the horizontal line represent 44 % (24 children) of the children who
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scored cight or higher in the phoneme-counting experimental test. These children are
called the Non-Zero Phoneme-Counting (NZ-PC) group. Figure 30 shows that the
performance of the Z-PC and NZ-PC children in the phoneme-counting test overlapped

across all ages.

25 - -
] 0
b 0 0
3 o § o
151
b (@] @] @]
1 Nz-pC © o o b © ¢ °
h @]
g 1 1 2
1 v
] zpc
] o o b$ WMo 44 o b o
2
40 50 60 70 80 90

AGE (months)

Figurc 30. Phoneme-Counting (PC) scores for the 31 Zero Phoneme-Counting children
(Z-PC) and the 24 Non-Zcro Phoneme-Counting children (NZ-PC) plotted as a function

of their Age in months.
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Figure 31 shows phoneme-counting scorcs plotted as a function of the number of
words rcad on the Real-Word Reading Test. The reading performance of the Z-PC and
NZ-PC groups overlapped across all ages. Three non-readers were in the NZ-PC group,

and five real-readers were in the Z-PC group.
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Figurc 31. Phoneme counting (PC) scores for the 31 Zero Phoneme-Counting chi cn
(Z-PC) and the 24 Non-Zcro Phoneme-Counting children (NZ-PC) plotted as a tunction
of Word-Reading scores. The vertical lines distinguish between the three reading groups:

Non-Readers (NR), Emergent Readers (ER), and Rcal Readers (RS)
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The Pearson corrclation between reading scores and phoneme-counting scores
was significant, » = 0.537, p <0.01. The Pearson corrclations between age and phoneme
counting and between age and reading were also significant, r = 0.592, p <0.01, and r =
0.746, p < 0.01, respectively. A partial correlation between phoneme counting and
rcading, age controlled, was not significant, pr = 0.179. When the cffects of age were
controlled, the relationship between phoneme counting and reading was no longer
significant.

Figurc 32 shows phoneme-counting scores plotted as a function of spelling scorcs.
Of the 31 Z-PC children, cight spelled more than 10 words, and three of these children
could spell more than 35 words accurately. Of the 24 NZ-PC children, 19 spelled more
than 10 words, and two of these children could spell more than 35 words accurately.

The Pearson correlation between spelling and phoneme-counting scores was
significant, » = 0.511, p <0.01. The Pearson corrclation between age and spelling was
also significant, r = 0.743, p < 0.01. However, the partial corrclation between phoneme
counting and spelling, age controlled, was not significant, pr = 0.131. Similar to the
reading results, when the cffects of age were controlled, the relationship between

phoncme counting and spelling was no longer significant.
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Figure 32. Phoncme counting (PC) scores for the 31 Zero Phoneme-Counting children

(Z-PC) and the 24 Non-Zero Phoneme-Counting children (NZ-PC) plotted as a function

of Word-Spelling scores. The vertical lines distinguish between the three spelling

groups: Non-Spellers (NS), Emergent Spellers (ES), and Real Spellers (RS)

Hypothesis Six proposed that children require substantial reading and spelling

ability before they are able to count phonemes in words; however, no evidence was found

to support this hypothesis. Figure 28, 29, and 30 show that phoneme counting, rcading

and spelling all devcelop at approximately the same age. Figure 31 and 32 show that some
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children with very low phoneme-counting scores could read and spell well and some
children with very high phoneme-counting scores read or spelled very few words.
Corrclation results show that without age as a factor, phoneme-counting ability is no
longer related to reading and spelling. There is no evidence to indicate that recading and
spelling arc prerequisites for phoneme counting, or the reverse, that phoneme counting is
a prerequisite for reading and spelling.
DISCUSSION

Two prominent phonologically based theories of rea  ng were described in e
introduction. According to the first theory, phoneme awareness is a critical prerequisite
for initial rcading development. In order to learn to read, a child must learn to sey  icnt
words into their individual phonemes and learn associations  ctween graphemes and
phonemes (Adams, 1990; Bradley & Bryant, 1983: Ehri ct al.. 2001). According to the
second theory. a child develops some level of literacy before phoneme awareness (Ehri,
1984; Goswami, 1986: Perfetti, ct al. 1987). For example, Goswami (1986) proposed
that children first Icarn to read words by analogy. Accordingly, a child can rcad an
unknown word, such as /ar, by comparing its spelling sequence to a known word, such as
cat. If this is the case, young children do not need phoneme awareness to learn how to
read and writc. Whilg this latter theory is belicved to be correct, it is incomplete.

A third and more comprehensive theory, the ABC-GPC theory of initial reading
was proposed. According to this theory, children first learn names for lctters and 5o
lcarn to recognize the different instances of phonemes in different contexts, a skill called

phoneme identity. Once children know letter names and have phoneme identity. they arc
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then able to Iearn grapheme-phoneme correspondences by attaching letters to the
phonemes they represent. When children know grapheme-phoneme correspondences for
simple onscts and codas they can begin to recognize words on the basis of this
information, a process called phonctic-cue reading. As children begin to rcad, phoneme
awarencss, such as phoneme segmentation and blending skills, begins to emerge.

Six individual hypotheses relating to the ABC-GPC theory were tested.
Hypothesis One proposcd that letter-name knowledge and onsct identity is prerequisite to
onsct phonetic-cuc reading (OPCR), and letter-name knowledge and coda identity is
prerequisite to coda phonetic-cue reading (CPCR). Hypothesis Two proposed that
children acquire onset identity before coda identity, and onsct phonctic-cuc rcading
before coda phonctic-cue reading. Hypothesis Three proposed that onsct phonetic-cue
rcading devclops before onsct deletion, and coda phonetic-cue reading before coda
deletion. Part onc of the fourth hypothesis proposed that children would detect rime
diffcrences between spoken w s before onset differences, and onsct differences  fore
coda differences. Part two proposcd that onsct phonetic-cuc recading precedes the ability
to do onsct odd-man-out, and coda phonetic-cuc reading to do coda odd-man-out.

Hypothesis Five proposed that letter-name knowledge, onsct and coda identity,
and onset and coda phonctic-cuc reading are prerequisites for the reading-by-analogy task
given in the current study, and that onsct and coda delction skills may develop before
children can reading by analogy. The final or sixth hypothesis states that children
develop substantial reading and _ :lling ability before they can count the phonemes in

spoken words. The following scction presents a summary of the major findings relevant
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to cach hypothesis, and on the basis of these findings, a developmental sequence for
initial reading and phonological development is proposed. However, the data reported
here is correlational, indicating that all conclusions of prercquisite relationships between
test variables are speculative rather than confirmed.
Letter Names as the First Step Towards Literacy

By just over six years of 3, half of the children had leamed most letter ni - 2s
(21 out of 26 lctters). This was four months carlicr than the age by which 50 % of the
children had attained onset identity, and ninc months carlicr than the age by which 50 %
had attained coda identity. Similarly, half of the children had lecarned letter names four
months carlicr than the age by which 50 % of the children had acquired phonetic-¢
rcading for onscts, and ninc months carlicr than the age by which 50 % had acquired
phonctic-cue reading for codas. Second, the scatterplots of onset and coda identity, and
onsct and coda phonctic-cue reading plotted as a function of letter-name knowledge
indicated that letter-name knowledge was usually acquired before phoneme identity for
onscts and codas, and betore phonetic-cuc reading for onscts and codas. These fin ngs
st _ortthe theory that prelitera  children leam the names of lett betore they arc able
to identify a particular phoneme when it occurs as the onset or coda of a word. a1 that
children learn letter names before they begin to recognize words by using beginning or
ending letter-sound cues, that is, betore they gain alphabetic insight. Therefore, ¢ -
name knowledge is a first step towards litcracy.

Evidence that letter-name knowledge is a critical factor for reading achievement

comes from the work of Share ct al. (1984) who found that  ter-n. : knowledge
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mecasurcd at school cntry was the single, best predictor of reading success at the end of
kindergarten. The findings from Bradley and Bryant’s (1983) phoneme-training study
have often been cited as cvidence that learning to categorize common sounds in words
not only predicts later reading success, but also may be a prerequisite. These rescarchers
taught preliterate children to identify words containing the same onsets and rimes + her
with or without tcaching letters to represent the simple onsets and rimes. Children who
had both sound and letter instruction showed greater reading achicvement than did the
children who had only the sound instruction. While Bradley and Bryant considerc  the
sound training to be the critical factor, retrospection together with the converging
cvidence obtained in the current study suggests that in fact the combination of sound
training and associating lctters with sounds was key.

In other phoneme-awareness training studies (Bradley & Bryant, 1983; By : &
Ficlding-Barnslcy, 1990; Murray, 1998), children were taught letters at the end of their
training to help them complcte the post-training reading tasks. For examplc, in the study
by Byrne and Ficlding-Barnsley (1990), children were taught the letters that would be
scen in the words on a post-training rcading task. The authors concluded that the
phoneme-identity training produced significant gains in alphabetic insight. However, an
alternative interpretation is that the phoneme-awareness training combined with teaching
letter-sound associations is the critical factor.

Ehri ct al. (2001) analyzed the results from 56 phoneme-awareness training
studies conducted over the last three decades. They found that phoneme awareness

instruction that included the usc of Ietter names increased young children’s reading
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achicvement more than did instruction that used sounds only. Ehri ct al. (2001) explained
that the concept of sounds or phonemcs is an abstract idca that is difticult for many
preschool children to grasp. Letters provide concrete, visual symbols that represent the
abstract phonemes, thus making the concept of a phoneme easier to grasp. However,
letters also provide a way of labcling phonemes and distinguishing them from onc
another.

Onc theory proposcs that knowledge of letter names promotes sound awarcness
by drawing attention to the sounds in letter names and the sounds at the beginning or
ending of words (Blaiklock, 2004; Trciman & Rodrigucz, 1999). Becausc many letter
names also share some of the phonctic features of phonemes, teaching children to identify
or sort words by beginning or ending sounds togcther with letters to represent sounds
may scrve to actively boost or consolidatec phoneme identity. as was proposed by Penney
ctal. (n.d.). In the current study, phoneme identity for onsets was acquired four months
after children attained expert Ictter knowledge, suggesting that letter names might
certainly have a role in boosting or consolidating onsct identity rather than the reverse
(Byrne & Ficlding-Barnsley, 1990; Murray, 1998).

The results reported here support Blaiklock’s (2004) findings that children learn
to recad a number of words before they arc able to do phoneme delction. When Blaiklock
controlled for age and letter-name knowledge, many of the concurrent and predictive
connections between phonological awareness and later reading became insignificant.

(2004 : often  ind

between phoneme awarceness and reading ability were mediated by letter-name
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knowledge. Blaiklock concluded that letter-name knowledge is a critical factor for nitial
rcading and phonological development, and knowledge of letter names and letter sounds
encourages the development of phonological awareness rather than the reverse.

Carroll (2004) also found cvidence that carly letter-name knowledge encourages
initial recading and is a significant predictor of later phoneme awareness. In her
longitudinal study, Carroll found that preliterate children who knew at least onc letter
name could achieve some success on some phonological tasks cight months later. In her
letter-training study, she found that only the children who acquired Ietter-name
knowledge achieved success on the follow-up phoneme-awareness tasks. Carroll (2004)
concluded that knowledge of letter-names and letter sounds is essential for lcarning to
rcad, and facilitates phonological awarencss rather than the reverse.

The findings reported here suggest that knowledge of letter names develops first,
and may therefore be a prerequisite for the acquisition of phoneme identity for onscts and
codas and phonctic-cuc rcading for onscts and codas. Although a causal rclationship
between letter-name knowledge and reading development cannot be ascertained, the
current findings together with the converging cvidence trom important causal,
correlation, and longitudinal studies (Blaiklock, 2004; Bradley & Bryant, 1983; Byrnc &
Ficlding-Barnsley, 1990; Carroll, 2004; Ehri ct al., 2001; Murray, 1998; Penney ct al.,
n.d.; Trciman & Rodrigucz, 1999; Sharc ct al., 1984: Stahl & Murray, 1994; Wagner ct
al., 1997) support the hypothesis that Ietter-name knowledge is the first step towards

li "
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Onsct and Coda Identity and Phonctic-Cuc Reading: The Second Step Towards Literacy

By six and a half ycars of age, an age when children are typically in the first grade
and receiving reading instruction, half of the children had developed both onset identity
and onsct phonctic-cue reading. The scatterplot of onsct phonctic-cue reading plotted as
a function of onsct identity showed that with only one exception, onsct identity was
acquired just before onsct phonetic-cue reading, as expected.

By nearly scven years of age or close to the end of first grade, half of the children
had acquired both coda identity and cc 1 phonctic-cuc reading. The scatterplot between
coda identity and coda phonctic-cuc reading showed that the two tasks developed
simultancously. In contrast to the prediction, there was no evidence that coda identity
devceloped before coda phonetic-cuc reading. Therefore, a year atter the acquisition of
letter-name knowledge, and six months after the acquisition of onsct identity and onsct
phonctic-cuc reading, children attain coda identity, and coda phonctic-cuc recading
concurrently.

The findings reported here support Byrne and Ficlding-Barnsley (1990) and
Murray (1998) who both found cvidence that phoneme identity combined with Ictter-
name instruction results in greater gains in alphabetic insight than phoneme segmentation
or blending combined with Ietter instruction. Therefore, phoneme identity and phonetic-
cuc rcading, both for onscts and codas, appear to develop after children gain mastery of
Ictter namcs.

While phoneme i ity phonetic-cuc rcadi  (for both onsets and codas)

were acquired simultancously rather than one before the other, more than 70 % of the
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children reached the mastery criterion on both onsct identity and onsct phonctic-cuc
rcading, and lcss than 62 % had mastercd coda identity and coda phonctic-cuc reading.
The scatterplot of onsct and coda identity, and the scatterplot of onsct and coda phonetic-
cuc reading showed, respectively, that children achicved onset-identity skills before coda-
identity skills, and onsct phonetic-cuc-reading ability before coda phonetic-cuc-reading
ability, as predicted in Hypothesis Two. The children found the onset identity task casicr
to do than the coda identity task, at cach grade level. Similarly, the onset phonetic-cuce
rcading task was casier than the coda phonctic-cue reading task, at cach grade level. This
suggests that both phoneme identity and phonctic-cue reading for onsets arc acquired
first, before codas.

The findings reported here support Penney’s et al. (n.d.) speculation that phoneme
identity and phonctic-cuc rcading is acquired for the beginning sounds in words before
the ending sounds, but they contradict Byrne and Ficlding-Bamsley (1990) finding that
children could Icarn phoneme identity in cither the onsct or coda position equally well.
However, Byrne and Fielding-Barnslcy’s children consistently (but insigniticantly)
achicved higher scores on the onsct identity task than on the coda identity task.

The finding that processing of onscts is superior to that for codas supports
Treiman's (1985) hicrarchal view of children’s phonological development. Treim
(1985) found that prelitcrate children analyze syllables into onsets and rimes morc
naturally and casily than into phonemes. Onsets in words are more accessiblc to young
children than are codas, and in terms of phonological development, preliterate children

learn to identify onscts of words first. The converging evidence together with the  rrent
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findings supports the theory that simple onscts of words arc casicr or more accessible to
young children than simple codas. Children first acquire both onsct identity and onset
grapheme-phoneme correspondences (onset phonctic-cue reading) around six years of
agce as the second step towards literacy. Some time later, they acquire phoneme identity
and graphcme-phoneme correspondences for codas.

The findings reported here also support the theory that young children can
recognize words using a phonological  coding strategy in addition to, or after visual-cue
rcading, as proposcd by Ehri and Wilce (1985). Ehn and Wilce speculated that
preliterate children transition from visual cuc-rcading to phonetic-cue reading once they
lcarn Ietter-sound associations. Recall that visual-cue reading docs not involve the use of
letter-sound associations, and is therefore not a phonological decoding strategy. Instead,
children recall word pronunciations from salient visual-cucs associated with printe
words, such as STOP on a red octagon traffic signal. Once 2 associated visual-cues are
gone the child can no longer read the words (Gough, 1993). Although phonctic-cuc
rcading ability docs not guarantce that a child can produce or rcad words, it appca  to be
the first stage towards building an accurate and independent word decoding or true
rcading ability (Adams, 1990; Tunmer & Hoover, 1993).

In conclusion, as a first step in initial reading acquis  on, children learn letter
namcs, and then several months later, as a second step, children acquire phoneme identity
and grapheme-phoneme correspondences needed for phonetic-cue reading. Phoneme

identity and phonetic-cue reading arc acquired for onsets first, and much later for codas.
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Phoneme Awarencss and Reading Development
Onset and coda deletion

After children have acquired grapheme-phonceme correspondences for onscts. they
acquire onsct-deletion ability. Nonc of the children could delete onsets before they had
mastcred onsct phonetic-cuc reading and onsct identity, but many children achicved
mastery of onset phonetic-cue recading and onsct identity without onsct deletion. These
findings arc inconsistent with Byrne and Fielding-Barnsley’s (1990) view that children
with phoneme identity will have phoneme segmentation skills. Instcad, onsct
scgmentation develops after a child has alphabetic representation for onscts, indicated by
onsct phonetic-cuce reading performance.

The results for coda phonetic-cue reading and coda deletion were somewhat
anomalous. There were 10 children, the CD-discrepant children, who did not master
coda phonctic-cuc reading before coda deletion. However, observations of the children’s
behaviour during the coda-deletion task and from an examination their orthographic and
phonological skills su_  :sted that the CD-discrepant children did not have truc coda-
deletion ability. The proportion of children showing odd behaviours, such as holding the
breath, silently mouthing codas, or producing shortened vowels, was higher in the CD-
discrepant group than in the CD-normal group. This suggested. in contrast to the « er 45
children (CD-normal group), that the CD-discrepant children were not using a
phonologically based strategy to do coda deletion.

Sccond. the CD-discrepant children had very weak coda awareness and poor onset

awareness. None of the CD-discrepant children had attained mastery of coda identity,
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coda phonctic-cuc rcading, coda odd-man-out, or onsct delction, and less than four
percent had acquired mastery of onset phonctic-cue rcading and onsct odd-man-out. In
contrast, the majority (70 % to 80 %) of CD-normal children showing the predicted
scquence of coda deletion development had attained mastery of letter-name knowledge,
onsct and coda identity, onset and coda phonctic-cuc reading, and most (50 % to 30 %)
had acquired onsct deletion and onset and coda odd-man-out. The CD-discrepant
children were clearly lagging behind the CD-normal children in terms of their
orthographic and phonological processing abilitics, and their coda-delction ability is
inconsistent with their performance on the coda identity, phonetic-cue reading, and odd-
man-out tasks. This suggested that the CD-discrepant children were somehow able to
inhibit the pronunciation of codas rather than being truly able to delete them.

Stahl and Murray (1994) speculated that some of the children in their study had a
Southern dialect such that they tended to drop tinal consonants. The authors concluded
that they were unsure whether the children were deleting the codas deliberately or simply
repeating the word as it sc  ds in their dialect. Stahl and Murray’s suspicion regarding
the authenticity of the coda deletion test coincides with the uncertaintics reported here. It
is not clear whether the CD-discrepant children were truly able to produce the target
words, or not, or if for other rcasons, such as dialect or interrupting the speech strc  n,
they could inhibit coda pronunciation. It is also possible that the children had produced
glottal stops for the codas (C. Dyck, personal communication, July 3, 2007). Further

rescarch to determine exactly what children do in the coda-deletion test is necessary if
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coda delction is to be considered a valid test of phoneme awareness. Rescarchers who
usec coda-deletion tasks should interpret them with caution.

When the data of the CD-discrepant children were removed. the expected pattern
of development emerged. None of the children could delete codas before they mastered
coda phonetic-cue reading, but many children achicved mastery of coda phonctic-cue
rcading without coda dcletion. However, even with the CD-discrepant children in 1ded,
the weight of evidence supports the prediction that coda phonetic-cue reading develops
before coda deletion. Therefore, after children acquire grapheme-phoneme
correspondences for codas, as indicated by their coda phoncetic-cuc reading performance,
the next step scems to be coda deletion. These results support Stahl and Murray's (1994)
conclusion that children develop vowel-coda segmentation after they Iearn to read.
Generally, coda scgmentation develops after a child has alphabetic representation Hr
codas, indicated by coda phonetic-cue reading performance.

Odd-man-out for rimes, onsets and codas

In an oddity test, children detect rime difterences in words before onsct
differences, and onsct differences before coda ditferences. Twenty percent of the
children acquired rime oddity by about 6.0 ycars of age, onsct oddity by 6.5 ycars of age,
and coda oddity by approximatcly 7.0 ycars of age. The preschool and kindergarten
children found the rime task casicr to do than the onset task, which in turn was casier than
the coda task. For the older, first-grade children, the rime and onsct tasks were both
casicr to do than the coda task. Overall, while 40 percent of the children achieved

success on the rime and onset tasks, only 24 percent succeeded on the coda task. . .ac
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outcomce on an oddity task is strongly influcnced by the linguistic status of the
distinguishing sounds.

The scatterplots of onsct and coda odd-man-out as a function of onset and coda
phonctic-cuc reading, respectively, showed that a child’s ability to do the onset and coda
odd-man-out tests did not develop above chance level unless he or she had mastered
onsct and coda phonctic-cuc-reading, respectively. However, a large number of children
attainced the mastery criterion on onsct and coda phonctic-cuc rcading before they could
do onsct- and coda-odd-man-out, respectively. Therefore, alphabcetic representations for
onscts developed before the ability to do the onsct-oddity task, and alphabetic
representations for codas developed before the ability to do the coda-oddity task. This
suggests that the grapheme-phoneme correspondences for onsets are prerequisites for
onsct-odd-man-out success, and grapheme-phoneme correspondences for codas arce
prercquisites for coda-odd-man-out succcss.

The findings reported here support Bradley and Bryant (1983) who found that
instruction in the oddity task (sound catcgorization), which included tcaching leticrs to
represent sounds, resulted in greater reading achievement than the same sound instruction
without letters. In light of the current findings. this is interpreted to mean that only the
children in the combined letter-sound group had lcarned the prerequisite letter-sound
associations for onscts and codas and had gaincd alphabctic insight, which is nccessary to

achicve success on the oddity task.
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Reading by analogy

Rcading by analogy for simplc words was acquired carly in lifc, between 5.0 and
6.5 years of age, but only for children with tirm alphabetic representation for onscts and
usually codas. The scatterplot analyses from Hypothesis One show that letter namics
developed before phoneme identity and phonctic-cue reading for onsets and codas. Then
the scatterplot analyscs of Hypothesis Five showed that onset and coda identity and onsct
and coda phonetic-cue reading developed before reading by analogy. The findings
reported here suggest that Ietter names, onsct and coda identity and onsct and coda
phonctic-cue reading are prerequisites for reading by analogy, as predicted in Hypothesis
Five.

The current findings support Penney ct al. (n.d.) who found that knowledge of
letter-sound associations was nccessary for knowing how to rcad by analogy. The
tindings also partially support Goswami's (1986) and Goswami and Bryant’s (199
carly rcading theory that preliterate children first Iearn to read using rcading by analogy.
However, to be considered a more complete theory, the acquisition of Ietter names,
phonceme identity and Ietter-sound associations for onscts and codas needs to be
incorporated as critical prerequisites for learning to read words by analogy. In
conclusion, converging cvidence from Penney et al. with the current findings suggests
that good orthographic skills or knowledge of letter-sound associations, as demonstrated
by the child’s ability to do phonetic-cuc reading, is prerequisite for reading by analogy.

Hypothesis Five proposed that children m™ " t also develop onsct-delction  ills

before they achieve reading by analogy (RA) skills. The RA task in the current study was
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designed as a rhyming task, but children may still require onsct-deletion skills to remove
the onsct from the target word. However, it was found that the children could rea  at
lcast 50 % of the RA test items before they mastered onset deletion, but only the children
who mastcred onsct deletion were able to achieve RA mastery. Some skill in reading by
analogy develops before complete mastery (80 %) of onsct deletion. This is not
consistent with Hypothesis Five.

Coda delction was not expected to be a prercquisite for rcading by analogy. [t
was thought that to do the rcading-by-analogy test, a child must know only how to
scparate and isolate the onsct of the target word and then blend it with the clue word or
rime given. Therctore, in addition to letter names, onsct and coda identity and onsct and
coda phonctic-cuc rcading, an important prerequisite for doing the reading-by-analogy
task would be onsct-rime scgmentation, or onsct deletion rather than vowel-coda
scparation, or coda deletion. However, the results for coda deletion (excluding the data
of the 10 CD-discrepant children) and recading by analogy were similar to thosc fi  onsct
dclction and reading by analogy. Although there were a few children with mastery of RA
before mastery of coda deletion, in general, children can read some words by analogy
without full mastery (80 %) of coda dcletion, as cxpected.

The findings reported here partially support Ehri and Robbins (1992) findings that
children need decoding knowledge. the ability to scparate words into smaller units, and
the ability to blend a part of known words with parts of unknown words to rcad by
analogy. The current findings support the idea that while letter-names, onsct and coda

identity and letter-sound associations for onscts and codas certainly precede the ability to
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rcad words by analogy, it secms children do not need to know how to delete onsets, and
usually codas of words before they can do items on the reading-by-analogy test designed
here.

The nature of the relationship between phonological processing skills and the
rcading-by-analogy task used here is therefore clarified. First, children acquire alphabetic
insight before they begin to read by analogy. In particular, knowledge of grapheme-
phoneme correspondences for onscts and codas is required. However, acquisition of
some skill in rcading by analogy, at lcast for the reading-by-analogy test utiized h  :,
does not require onsct- or coda-delction ability.

Phoneme counting and reading and spelling

When a child can read words independently, he or she can Iearn to count
phonemes in words. To do the phoneme-counting test designed here, a child must know
that a spoken word is composed of individual sounds that arc strung togcther, and that
these sounds can be scparated from ca  other. In the current study, reading and
phoneme counting or segmentation developed more or less together. Ninc children
lcarned to read 10 or more words without the ability to count phonemcs, and three
children could not read any words, but they could count phonemes. Although this  cans
that reading and spelling did not develop before phoneme counting, it also mcans that
phoneme counting did not develop before reading and spelling. Additionally, when the
age of the children was statistically controlled, the correlation between reading and

phoneme counting was no longer significant. While these findings do not show that
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rcading develops first, they do suggest that phoneme counting, a measure of children’s
phoncme awareness is not a likely prerequisite for reading.

In conclusion, the findings reported here do not support the hypothesis that
rcading and spelling develop before phoneme counting, but they do show that phoneme
counting docs not necessarily develop before reading and spelling. Although reading and
spelling develop more or less at the same time as phoneme counting, when the effect of
age is removed, the relationship between reading and spelling and phoneme counti [ is
no longer significant. This supports the view that an awarencss of individual phonemes s
not a prerequisite for reading or spelling acquisition.

Perfetti ct al. (1987) provided cvidence that children’s ability to do phoneme-
awarcncss tasks progressed when their reading ability increased. Perfetti et al. concluded
that rcading and phoneme awarcness develop in a reciprocal relationship, rather than one
emerging before the other. However, the findings reported here add two critical picces of
information: children can achieve quite high reading and spelling ability without any
awarencss of individual phonemes in spoken words, and when the effect of age 1s
statistically removed, the relationship between phoneme counting and reading and
spelling is not significant. An awareness of phonemes, as measured by the phoneme-
counting task designed here, is not a prerequisite for initial reading acquisition; instcad.
this level of phoneme awareness develops with age, as doces reading and spelling ¢ lity.
Summary

The primary pt _ sc of the current investigation was to cxamine the

developmental sequence of children’s initial reading and phonological processing skills.
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Six individual Hypotheses were tested. Letter-name knowledge develops first, followed a

few months later by onset identity and onsct phonetic-cuc reading, which in turn, are

tollowed a few months later by coda identity and coda phonetic-cue reading. Chilc :n

acquirc grapheme-phoneme correspondenccs for onsets before the ability to delete onscts
of words, and they acquire grapheme-phoneme correspondences for codas before the
ability to dclcte codas.

Reading by analogy also develops after both onset phonetic-cue reading and coda
phonctic-cuc rcading are well established. In contrast, the children did not nced onsct-
deletion ability before they could read some words by analogy below the 80 % mastery
criterion, Similarly, the ¢hildren did not master coda delction betore they could re
some words by analogy. Although this supports the expectation that coda deletion is not
a prerequisite for reading some words by analogy, only the children who mastered coda
deletion were able to reach the mastery criterion for reading by analogy. The tindings
suggest that alphabetic representation for onsets, and possibly for codas are sutficient to
begin reading words by analogy.

While rcading and spetling ability docs not appear to develop before phoneme-
counting ability, phoneme counting docs not develop betore reading and spelling cither.
Although strong correlations between phoneme counting and reading and spelling were
found, once the effects of age were statistically removed the phoneme counting and
rcading and spelling variables were no longer signiticantly rclated. Reading and spelling,
and an awarencss of phonemes both increase with age, and arc s™ ificantly corrclated.

However, either skill could develop without the other. Thus, the findings do not support
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the theory that there is a causal relationship between phoneme awarencess (phoneme
counting or scgmentation ability) and rcading and spelling ability.
IMPLICATIONS

The findings reported here contribute to a comprehensive theory, the ABC-GPC
thcory of children’s initial reading acquisition. The findings show that onc skill, such as
letter-name knowledge, develops before another skill, such as phonetic-cue reading, with
very few exceptions. Because cach skill is mastered before the next is acquired. a clear
scquence of carly reading and phonological development can be gencrated.

Early rcading in the form of phonctic-cuc rcading, a rudimentary, phonologically-
bascd reading strategy, develops once children learn letter names, followed by phoneme
identity and letter-sound associations for onscts and codas. The two latter skills develop
first for onscts and then later for codas. Firm alphabetic representation in the form of
letter-sound associations appears to be a prerequisite for the acquisition of many
phoneme-awarencss skills, such as onsct and coda delction, odd man out, and rcading-by-
analogy, and phoneme-countit  ability. A true awarcness ¢ phonemes docs not precede
independent reading or spelling, and is therefore not a likely prerequisite for learning to
read, or spell. This scquence of initial reading acquisition ¢ 1 be and should be veritied
through further experimental rescarch.

A uniquc contribution of the current study is the finding that phoneme awareness,
as mecasured by the phoneme-counting task designed here, does not emerge before carly
rcading or spelling development. Phoneme awareness is not a skill that is casily taught to

preliterate children, and some, but not all young children scem to devclop this skill as
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their reading and spelling ability increase. Consequently, the findings reported here do

not support the view that tecaching individual sounds or phoncme awareness to beginning

rcaders will facilitate reading acquisition.
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