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Abstract

There is now a wealth of evidence suggesting that pre-school
phonological awareness is closely related to early reading
development. However, little research has investigated the causes of
early phonological awareness. This thesis considers the relationships
between phonological awareness, language development and letter

knowledge in three- and four-year old children.

A one-year longitudinal study was carried out on a group of 67 pre-
school children. Measures of language skills, letter knowledge and
phonological awareness were taken at three times during the year.
Children’s awareness of large segments such as syllables and rimes
developed earlier than their awareness of phonemes, and speech
processing skills influenced later phonological awareness. In addition,
performance on a new word learning task suggested that phonological
awareness could also influence language development implying that
there is some reciprocal interaction between phonological awareness

and phonological representations.

Data from the longitudinal study showed that letter knowledge was
an important precursor to the development of phoneme awareness.
All of the children who were successful on the phoneme matching,
completion and deletion task knew at least one letter, and letter
knowledge predicted phoneme matching and phoneme deletion over
time. These results were confirmed by an intervention study in which
children were given training in letters. Only those children who

learnt more than two letters showed an ability to isolate phonemes

two months after the end of training.

Finally, the language, phonological awareness and early reading skills
of children with a family history of dyslexia and children with speech

difficulties were examined. Both groups showed poor speech



processing skills with correspondingly low levels of phonological

awareness, in spite of normal vocabulary levels.

It 1s proposed that there are two separable types of phonological
awareness in the pre-school years; sensitivity to sound similarities

and awareness of individual phonemes. While speech processing

skills are related to both types of phonological awareness, letter

knowledge is causally related to awareness of individual phonemes.
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1. Literature Review

Phonological awareness and reading development

Phonological awareness can be described as an awareness of the
sounds that make up words. However, different researchers have,
over the years, defined this skill in several different ways. There are
two main dimensions on which definitions vary: the size of the word
segments analysed and the role that consciousness plays in the
process. These varying definitions have been the source of much
debate. Despite this, two findings have remained unchallenged since
they were first reported. Firstly, pre-school children find phonological
awareness tasks difficult, even when the tasks are made as concrete
and as simple as possible. Secondly, phonological awareness 1s closely

related to reading development.

Bruce (1964) was among the first researchers to examine the
developmental progression of skills in phonological awareness. He
gave a series of phoneme deletion tasks to children between the ages
of five and nine years old. The children were asked to delete the
initial, medial or final phoneme from a word and pronounce the
resulting word. The children showed surprisingly poor performance
on this task. All of the five-year-olds were completely unable to
complete the task, and only a few of the six-year-olds produced any
correct answers. Only the eight- and nine-year-old children showed
consistent performance across the task. This study showed that
awareness of phonemes within words is not a skill that can be taken

for granted.

This discovery was corroborated and extended by further work by
Liberman and colleagues (Liberman, Shankweiler, Fischer, & Carter,
1974) who compared syllable and phoneme segmentation in children

between four and seven years of age. The children were asked to tap




out either the number of syllables or the number of phonemes in a
word. Tapping out the number of phonemes was considerably harder
for the children, though the number of taps required was equated
across the two tasks. There were also developmental effects. The pre-
school and kindergarten children were almost completely unable to
determine how many phonemes there were in a given word or
phrase, though they scored at around 50% correct on the syllable
tapping task. This study confirmed that while pre-school children
have very little awareness of individual phonemes, as shown by
Bruce (1964), they do show some awareness of syllables. However,
researchers were still unsure of whether phonological awareness
arose as a result of general developmental maturation or as a result of

some other factor.

A study by Morais, Cary, Alegria, & Bertelson (1979) examined these
alternative hypotheses. They compared phoneme awareness in
1lliterate and ex-illiterate Portuguese adults. The subjects were asked
to either delete a segment from or add a segment to the start of a word.
The ex-illiterates significantly outperformed the illiterate subjects,
around half of who produced no correct responses. This study showed
that the development of phonological awareness is closely related to

literacy development.

In fact, there is some evidence to suggest that awareness of individual
phonemes only develops when people learn to read and write using
an alphabetic system. Read, Zhang, Nie, & Ding (1986) studied adults
who had learned to read using either an alphabetic or non-alphabetic
orthography in Chinese. They were given the same tasks as those
involved in the Morais et al. (1979) study. Very similar results were
found. Subjects who had learnt to read using an alphabetic
orthography were much better at these tasks than subjects who had
learnt to read using a logographic orthography.




These studies suggest that phonological awareness develops as a result
of learning to read in an alphabetic orthography. However, other
studies published at around the same time suggested that
phonological awareness actually influences reading development.
Elkonin (1973) was one of the first researchers to advocate training in
phonological awareness as a precursor to reading tuition. He found
that pre-school children were generally not aware of the single
phonemes that make up words, and believed that learning alphabetic
correspondences precipitated the development of phonemic
awareness. He also believed that phonological awareness would be
useful in learning letters, however, and suggested that letters would
be learnt more easily if children were taught to focus on the sounds in
speech before reading instruction began. He described a study in which
children were taught to segment words into phonemes using counters
and boxes. This segmentation was learnt more quickly than a task
requiring that speech sounds be linked with letters. However, once
this skill was in place, the linking of those speech sounds to letters

was a relatively easy process.

One of the major arguments in favour of phonological awareness
influencing later reading development is that children with reading
difficulties show levels of phonological awareness that are lower than
those of both chronological and reading age matched controls. Bradley
& Bryant (1978) were some of the first researchers to look at the
phonological awareness skills of children with dyslexia. They found
that these children scored lower on phonological awareness tasks than
did younger average readers at the same reading level. This suggests
that their difficulties were a cause and not a consequence of their
reading difficulties. This finding has been replicated many times with
a variety of phonological tasks, and using dyslexic readers of all ages.
In fact, dyslexic children seem to have difficulties not only with tests
of explicit phonological awareness but also with a range of

phonological processing tasks, including short-term memory,




nonword repetition and rapid naming of automatised stimuli
(Snowling, 2000). Several longitudinal studies of normal
development have also found that phonological awareness predicts
later reading even when initial levels of reading are controlled (e.g.
Bryant, Maclean, & Bradley, 1990; Cataldo & Ellis, 1988; Stuart &
Coltheart, 1988). For instance, Cataldo & Ellis (1988) examined the
relationships between reading, spelling and phonological awareness
in the first three years of schooling. Early phonological awareness
predicted later reading and spelling development at each stage of

testing.

This argument was strengthened by a further study, (Bradley &
Bryant, 1983) that found that poor readers who were given training in
phonological awareness showed larger gains in reading than poor
readers trained on another language skill such as semantic
categorisation. Several other researchers have found similar results.
Hatcher, Hulme, & Ellis (1994) found that the most effective
intervention for a group of poor readers was a programme combining
training in phonological awareness and reading, suggesting that
making the link between phoneme awareness and decoding explicit is
also useful for many readers. Similar results have also been found
with children learning to read in other languages. Lundberg, Frost, &
Peterson (1988) found that phonological awareness training for six-
year-old pre-readers improved their reading and spelling

development in the early years of school.

There are several reasons for the differing conclusions of the early
studies of phonological awareness in young children and the later
studies investigating the phonological awareness of poor readers.
Firstly, and perhaps most importantly, most researchers now agree
that there is a reciprocal influence between early reading development
and phonological awareness. These two skills are likely to interact

throughout development. The second reason for the disparity in




results is that researchers are referring in each case to slightly different
types of phonological awareness. Liberman et al. (1974) showed that
pre-school children generally do show some awareness of syllables,
but do not normally show any awareness of phonemes. The studies
suggesting that alphabetic literacy is necessary for the development of
phonological awareness refer only to the development of awareness
of individual phonemes. However, the phonological awareness tasks
used by Bradley & Bryant (1978) were rhyme and alliteration oddity
tasks. These tasks involve the matching of large sound segments and
give the child three possible alternative answers. There is a range of
evidence to suggest that the skills required to complete these tasks are
quite different from the skills required to complete the phoneme
deletion and tapping tasks used by Liberman et al. (1974) and Morais et
al. (1979). Pre-school children may well be able to complete the rime
oddity tasks before they are able to complete the phoneme deletion
tasks. The following section considers theoretical views of the ways in

which these phonological awareness tasks can be distinguished.
Theoretical Views of the Development of Phonological Awareness

There is considerable research showing that phonological awareness
tasks span a wide range of difficulty. Pre-school children show some
ability to recognise rhymes, while even adults find tasks such as
phoneme transposition difficult. In the following sections the two
most prominent theories for how phonological awareness develops
in pre-school children will be considered: Goswami & Bryant (1990)’s
theory of levels of phonological awareness, and Gombert (1992)’s

theory of epilinguistic and metalinguistic awareness.

Levels of Phonological Awareness

Early research showed that tasks involving syllables were easier for
young children than tasks involving phonemes (Liberman et al.,
1974). Treiman (1985) proposed that children progressed from syllable

to phoneme awareness via an intermediate level of awareness of sub-




syllabic units, the onset and rime. The onset is the initial consonant or
consonant cluster of a word and the rime is the vowel and final
consonant or consonants. Goswami & Bryant (1990) suggest that an
awareness of onset and rime occurs before reading instruction, and
allows children to decode words by analogy, before they have a tull

awareness of phonemes.

Treiman (1985) originally proposed that children naturally divide
words into the onset and rime prior to reading instruction. She found
that eight-year-old children found word games easier when words
were split between the onset and rime than games where the onset
was split or the word was split after the body. For instance, in one
game the children had to change either the first two or last two
phonemes in a three-phoneme word. They found it easier to change
the first two segments when the words were CCV words and easier to
change the final two segments when the words were CVC words. It
was also found that four and five-year-old children recognised a
consonant more easily when it was a singleton onset than when it
was part of a cluster onset, and that beginning readers found written
CVC structures easier to decode than CCV words. A potential
alternative explanation for this phenomenon is that a CVC structure
is a more common structure for words in English. In addition, a
consonant cluster is more difficult for a child to analyse, both in
perception and production than two consonants separated by a vowel.
Overall, therefore, this is not conclusive evidence that children

naturally split words into an onset and a rime.

Kirtley, Bryant, MacLean, & Bradley (1989) propose that children
should be aware of single phonemes when they coincide with the
onset of a word before they are aware of single phonemes within a
rime. Sixty-four five-, six- and seven- year-old children were given an
oddity task - they had to listen to three words and pick the odd one

out. These words shared different combinations of the onset, vowel or




coda. It was found that the children scored better on the end-sound
task if the central vowel was also contrasted, while this did not make
any difference to scores on the initial sound task. This seems to be
strong evidence for the idea that children develop an awareness of
onset and rime before they develop an awareness of individual

phonemes.

Despite the evidence for a developmental progression from large to
small segments in implicit phonological tasks, there is some evidence
that this may not be the case in explicit phonological tasks. Seymour &
Evans (1991, 1994) found that children in fact found both
segmentation and synthesis tasks easier at the phonemic level than at
the onset-rime level. It may be that the confusion between implicit
and explicit tasks in previous studies has obscured the fact that
children do not show the same developmental pattern in implicit and

explicit phonological awareness.

Seymour & Evans (1994) directly compared the performance of a
group of 4-, 5- and 6-year-old children on a set of segmentation and
blending tasks. The children were asked to segment words either into
onsets and rimes, onsets, vowels and codas, or single phonemes. For
instance, they were given a word such as stamp and asked to segment
it into ‘st-amp’, ‘st-a-mp” or ‘s-t-a-m-p’. This task requires an explicit
awareness of word segments, in contrast to the standard oddity task,
yet compares onset and rime awareness directly with phoneme
awareness. There was no difference in performance on the tasks at
different levels of awareness. The children found the onset-rime
segmentation task just as difficult as the onset-vowel-coda task and
the phoneme segmentation task. It is suggested that explicit awareness

of word sounds occurs as a result of literacy instruction, and begins at

the level of the phoneme.




Duncan, Seymour, & Hill (1997) examined directly the strategies used
In onset-rime tasks. It was found that if a six-year-old child was given
two words with matching segments, and asked to repeat only the
segment that matched, then children found repeating matching
onsets easier than repeating matching rimes. This was taken as
evidence that early readers focus their attention at the level of the
phoneme rather than at the level of the rime. These results suggest

that children use phonemic strategies in the earliest stages of learning

to read.
Epilinguistic and Metalinguistic Processes

Gombert (1992) proposed a theory that conceptualised the differences
between implicit and explicit phonological awareness. He contrasted
epilinguistic processes with metalinguistic processes. Metalinguistic
processes require a conscious understanding of what one is doing in a
phonological task. Gombert (1992) attributed this ability to children
only after the age of seven or eight. On the other hand, epilinguistic
tasks are ones in which the correct solution can be found without an
understanding of the reasoning behind the solution, so without

understanding that two words can have a segment in common.

From the age of two years onwards, children show a propensity to
make up spontaneous rhymes and poems involving phonological
devices, suggesting an early sensitivity to the phonological
characteristics of words. This was first noted by Chukovsky (1925, 1968)
who documented the spontaneous rhymes of Russian children. This
is particularly interesting as the children were brought up in a culture
that did not explicitly teach children rhymes or poems or even
encourage children to produce them. In fact, children were often told
off for “talking rubbish”. Heath (1983) also found that both working
class black and white children in southern America would often use

rhymes and poems spontaneously, though neither group was

encouraged to do so.



Dowker (1989) examined the phonological devices used in poems by
children between the ages of two and five. She found that 58% of the
children produced at least one poem, and that 60% of these poems
contained phonological devices of some kind, either rhyme,
alliteration or assonance. These findings suggest that children have
some form of phonological knowledge from a very young age. This
does not imply, however, that this knowledge is explicit in these
children, but merely that they enjoy the sounds made from language
play of this kind. Possible evidence towards this idea is the fact that
Dowker (1989) found that varying the type of device used in the
stimuli poems - rhyme or alliteration - did not alter the types of
poems produced, suggesting possibly that it is not a conscious activity.
Gombert (1992) suggested that young children separate normal
language, used for communication, and another language, without
meaning, where sound can be manipulated. It is only in middle

childhood that children begin to be able to link these two skills.

Gombert (1992) describes standard rhyme detection and rhyme oddity
tasks as tasks that only require epiphonological control because they
“could perhaps be explained by the simple use of overall similarities
between the words presented” (Gombert, 1992, p19). In addition, he
points out some studies have not found correlations between
phonological awareness tasks such as phoneme inversion and
substitution and tasks that use an implicit knowledge of rhyme (e.g.

Content, Kolinsky, Morais, & Bertelson, 1986).

Many researchers have found that phonological awareness in three-
to six-year-old children can be divided into two types: awareness of
large segments such as rhyme and awareness of individual
phonemes. This is the result found by Hoien, Lundberg, Stanovich, &

Bjaalid (1995), who looked at phonological awareness and later

reading ability in a large sample of pre-literate Norwegian children.



Six phonological tasks were used; a rhyme detection task, a syllable
counting task, initial phoneme recognition, initial phoneme deletion,
phoneme counting and phoneme blending. It was found that the first
two tasks loaded on separate factors, and all of the other four tasks
loaded on one factor, which could be described as phonemic ability.
When these children were followed up one year later, phonemic

ability was the factor most closely related to reading ability.

Muter, Hulme, Snowling, & Taylor (1998) followed a group of
children from the year before they entered school until the end of
their second year. Rhyme detection, rhyme production, phoneme
identification and phoneme deletion tasks were given, together with a
letter knowledge task. A principal components analysis was
performed and two relatively independent factors were discovered,
one with loadings from the rhyme tasks and one with loadings from
the phoneme segmentation tasks. Using these factors in a regression
analysis to predict early reading ability, they found that the
segmentation factor was closely related to reading ability, while the
rhyme factor was not. They found that the most accurate prediction of
later reading ability was found from a combination of phonemic
awareness and letter knowledge. This suggests that a task that depends
on segmented lexical representations 1s a better predictor of reading

ability than a task that can be solved using overall phonological

sensitivity.

Hulme, Hatcher, Nation, Brown, Adams & Stuart (in press) conducted
a cross sectional study of the performance of five and six-year-old
children on a series of phonological tasks at the level of the rime,
onset and phoneme. They found that phoneme awareness was the
best concurrent predictor of reading skills, with onset and rime

awareness accounting for no additional variance once phoneme

awareness had been controlled.
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lo summarise, there is some evidence in favour of each of these
views of the development of phonological awareness. The following
section considers more fully how each of these theories accords with

findings from experimental studies.

The Development of Phonological Awareness

Global Phonological Awareness

Many researchers have found that pre-school children can solve
phonological awareness tasks (e.g. Chaney, 1992; Fox & Routh, 1974;
MacLean, Bryant, & Bradley, 1987). These tasks appear to involve
segmenting a given word and matching a part of it to another word.
However, it has been suggested that many of these tasks can be solved
by paying attention to the global similarity between words. Global
similarity can be defined as the overall perceptual sound similarity
between two words. Some consonants sound more similar to each
other than others do, and several studies have shown that pre-school
children are sensitive to this sound similarity. Byrne & Fielding-
Barnsley (1993) showed that many five-year-old children use global
similarity to solve the standard phonological detection tasks, and that
this confound may be artificially inflating estimates of the child’s
ability. They found that half of the children tested (11/22) passed the
standard alliteration detection task, but failed the task when both _
alternative were equally globally similar to the cue word. A similar
result was found with a rhyme identity task given to kindergarteners
by Cardoso-Martins (1994). It appears that pre-reading children have a

tendency to use global strategies for solving phonological awareness

tasks.

In addition to research in which global similarity was directly
controlled, several researchers have also shown that pre-literate
children are susceptible to phonological similarity. Lenel & Cantor

(1981) found that four-, five- and six-year-old children found distractor
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items harder to reject in a rhyme detection task if they also shared one
phoneme with the cue word. Cardoso-Martins (1995) found that

Brazilian first graders found syllable oddity tasks harder when the odd
syllable shared one phoneme with the other two words than when all

phonemes differed.

Gombert (1992)’s theory also provides an explanation for the fact that
rime matching tasks often seem to be easier for young children than
onset matching tasks. This is an unexpected finding given that both
tasks would require the same level of awareness according to the
theory proposed by Goswami & Bryant (1990). However, two words
sharing an onset are likely to be less globally similar than a pair of
words sharing a rime, and so a rime task would be easier to solve on

the basis of overall sound similarity.

It is important to emphasise that there are two possible explanations
for the finding that children use global similarity to solve
phonological awareness tasks. The first, as proposed by Gombert (1992)
is that pre-school children do not have a conscious awareness of the
sounds of phonemes and so use a general intuition of sound
similarity. The second, proposed by Walley (1993) is that pre-school
children have global representations of the sounds of words. This
theory will be discussed more fully in later sections. The difference
between these explanations is that Gombert (1992) does not assume
that the underlying representations of pre-reading children are
fundamentally different from those of reading children, just that their
awareness of word segments is fundamentally different. One way to
compare these hypotheses would be to see whether children’s
tendency to use global similarity to solve tasks varied as a function of
the words used — whether they were more likely to use segmental
strategies with words with a low age of acquisition, for instance.

However, these data cannot be adequately explained by the theory of

levels of phonological awareness.
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[t can be seen from this discussion that in administering phonological
awareness tasks to young children it is crucial to consider what skills
each task requires. Some tasks require an explicit knowledge of the
sound segments that make up words. This ability may well require
some early reading instruction or teaching in letter knowledge. Other
tasks only require a global sensitivity to sound similarity. It appears
that pre-reading children are much more able to complete tasks that
can be solved using global similarity. However, performance on tasks
that involve explicit understanding of sound segments are more
closely predictive of reading success. Since this variable has often been
overlooked by researchers investigating pre-school phonological
awareness, it will be useful to review past studies to re-examine the

tasks they have used.

Phonological Awareness in Three- and Four-Year-Old Children

Three-year-old children do show some knowledge of the sounds
involved in their speech. Young children will often correct their own
speech during an utterance, showing some awareness of word sounds.
In addition, Chaney (1989) describes examples of children as young as
two asking questions about word boundaries and word sounds. For
instance, one child of two asked “What is it, is it ‘pilled’ or ‘spilled’?”.
However, it seems likely that this type of ability in young children is
unconscious. There are also several studies which aim to look at pre-

school phonological awareness in a formal experimental task.

Fox & Routh (1974) asked children between the ages of three and
seven to say “just a little bit” of some sentences, phrases, words and
syllables. The children therefore had to divide a sentence into phrases,
then words, then syllables and finally phonemes. The task got harder
as the segments got smaller, but eight of the thirty-two three-year-olds
in the study managed to produce at least one phonemic response.

However, this result has proved difficult to replicate (e.g. MacLean et

13




al., 1987). In addition, it may be that what the child is doing here does
not involve an explicit awareness of phonemes. Instead, the child
merely has to begin to say a word and then stop speaking at the correct
place. The multiple attempts that were allowed in this study may also
have meant that phonemic segmentation ability was overestimated.
In general, therefore, this study does not provide clear evidence that

children of this age have segmented lexical representations.

Smith & Tager-Flusberg (1982) examined the metalinguistic awareness
of three and four-year-old children. The tasks they used included: a
speech/non speech discrimination task, in which the child had to
determine whether a sound was someone talking or (for instance) a
cough or sneeze; a rhyme judgement task; and various tasks assessing
the children’s understanding of words and how these words refer to
concepts and awareness of the syntactic structure of sentences. The
speech/non-speech discrimination task was not correlated with any of
the other measures, but the rhyme judgement task (which could be
solved on the basis of overall sound similarity) was well correlated

with all of the general language development measures.

Bryant and colleagues (Bryant et al., 1990; MacLean et al., 1987)
followed a group of normally developing pre-schoolers from the age
of 3 years 4 months until the age of eight. They found that the most
accurate predictors of later reading ability were the rhyming and
alliteration oddity tasks given at 4 years and a nursery rhyme
knowledge task given at four years old. These factors all predicted
reading ability even after 1Q), social background and general language
ability were controlled for. As Gombert (1992) points out, these tasks
may be solved on the basis of global similarity, and so may just
illustrate sensitivity to the similarity of global sounds. It is not true
that: “to recognise that cat and hat rhyme, it must be understood that

the two words, though different, have a sound in common, and this
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common sound is a segment of those two monosyllabic words”

(MacLean et al., 1987, p256).

A study looking at a wider range of phonological awareness measures
was conducted by Chaney (1992). This study included phonemic tasks
as well as rhyme tasks. The phonological tasks included judgement
and correction of the articulation of monosyllabic words;
identification and production of words beginning with a specific
phoneme; rhyme identification and production; a phonological play
task involving deliberate mispronunciations of a target word; and

finally a phoneme synthesis task using CVC words.

The first two tasks are not truly metalinguistic, involving articulation
of known words. The initial sound identification task was the hardest,
with only 14% of the children scoring above chance. Rhyme
identification was also difficult, with only 26% of the children scoring
above chance. However, both of these tasks could be solved on the
basis of global similarity — the children were given a set of possible
alternatives from which to choose the correct answer. The
phonological play task is similar to the spontaneous language play
described earlier, and need not require conscious manipulation of
word segments. Phoneme synthesis is perhaps the task that seems
most likely to require a conscious manipulation. Perhaps surprisingly,
this was also the task the children found easiest, with 93% scoring
above chance. This task took the form of a three alternative forced-
choice task, and since only the correct card shared any phonemes with
the spoken stimulus, the task could be solved using global
phonological similarity. The child only needs to hear the first sound
and determine which of the three words it sounds most similar to.
For instance, if the pictures were of a cat, a pig and a horse, then the
first phoneme /p/ would sound most similar to ‘pig’, and so the child
would choose that one. There is no need to assume that the child

understands that the series of phonemes are segments of the target
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word. It seems therefore, that none of these tasks require conscious
manipulation of word segments, something that the authors do point
out. However, it also appears that these tasks could be solved equally

well irrespective of whether global or segmental strategies were used.

Cross-Linguistic Studies of Phonological Awareness

There is another possible explanation for the differing views on the
development of phonological awareness that had been somewhat
overlooked until recent years. This is the possibility that phonological
awareness develops differently in different languages. There is already
considerable evidence that the orthography of a language influences
phonological awareness, as shown by the studies that show that
readers of non-alphabetic orthographies develop a knowledge of
phonemes that is at best incomplete (Mann, 1986; Read, 1971).
However, it is also likely that the phonologies of different languages
give rise to different types of phonological awareness. Since English
contains fewer polysyllabic words and has less clear syllable
boundaries than both of these languages, it may be found that English
speaking children are less likely to develop pre-literate syllable
awareness. On the other hand, most of the research suggesting that
onset and rime awareness provides a bridge between syllable and
phoneme awareness has been conducted on English speaking
children. In fact, the reason generally proposed for the development
of onset-rime awareness is that English is a language with a high level
of regularity at the level of the rime. Many words can be organised
into ‘word families’ on the basis of shared rimes (Treiman, 1985). It is
likely therefore that the rime is a more prominent feature in English

than in other languages.

[talian is a language with predominantly open syllables, which may
lead to syllables being more easily distinguishable than in English,

where syllable boundaries are often unclear. Cossu, Rossini, &

Marshall (1993) gave a group of Italian children versions of the tasks
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given to American children by Liberman et al. (1974). They found that
the Italian children outperformed the American children at each stage
of development. However, since the groups were not closely matched
or in fact directly compared with statistical analyses, the conclusions

that can be drawn from this study are limited.

Bruck, Genesee, & Caravolas (1997) directly compared the early literacy
development of French and English speaking Canadian children.
They found interesting differences in the phonological awareness
skills of the two groups. The French children showed good
performance on the syllable awareness tasks and poor performance on
the onset-rime and phoneme awareness tasks. In contrast, the English
speaking children did relatively less well than the French speaking
children on the syllable awareness tasks and better on onset-rime
awareness tasks. The authors explain these differences in terms of the
differing phonologies of the two languages. French is a syllable timed
language, with clear syllable boundaries and mostly open syllables. In
contrast, English is a stress-timed language and the dominant syllable
structure is closed. These differences are likely to lead to syllables
being less prominent and rime being more prominent in English than

in French.

There is also evidence from other languages. Czech is a language with
a high incidence of onset consonant clusters, and a relatively low
incidence of word final clusters. Caravolas & Bruck (1993) found that
pre-literate Czech children are equally good at isolating the initial
phoneme of a word whether it forms a singleton onset or is part of a
cluster. In contrast, English speaking children find phonemes within
clusters much harder to isolate than phonemes that form singleton
onsets. It is suggested that Czech children are forced to analyse word
initial clusters more fully than English speaking children do, as a

result of their prevalence within the language. In contrast, Huang &
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Hanley (1994) found that children speaking Mandarin, a language
with no consonant clusters, found deleting an initial consonant from
a cluster easier than deleting singleton onsets. This was the opposite
pattern to that of the British children tested. It was proposed that these
children are in fact recoding the clusters as two consonants with a
vowel separating them. This would mean that ‘stop” would be recoded
as ‘suhtop’, and the task would become a syllable deletion task. This
shows that the relationship between the phonological properties of a
language and the phonological awareness of children learning that

language is by no means straightforward.

There is, therefore, some evidence that differing phonologies lead on
to differing types of phonological awareness, even in children who
have not yet begun to learn to read. This may provide an explanation
for the prominence of different theories in different countries. French
and Portuguese speaking children may begin to identify syllables at an
earlier point of development than English speaking children do. In
contrast, English speaking children are more likely to show poor

awareness of phonemes within clusters and good awareness of rimes.

Phonological Development and Phonological Awareness

The previous section illustrates how the phonological awareness of
young children is dependent upon their language experience. In fact,
Morais (1991) refers to phonological awareness as a ‘bridge’ between
language and literacy. Since phonological awareness is an awareness
of the sound segments that make up words, it will be crucially
dependent on how children represent and process the phonological
structure of those words. This section considers phonological
development from birth to early childhood and how it might

precipitate the development of phonological awareness.
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The Development of Phonological Representations

Children have some knowledge of the phonological structure of their
language while still in the womb. Moon, Cooper, & Fifer (1993) found
that neonates born to Spanish speaking mothers distinguish between
the language of their mothers and an unknown language. They are
also able to perceive phonemes categorically, in much the same way as

adults do, from only two or three months old (Eimas, Siqueland,

Jusczyk, & Vigorito, 1971).

However, over the first year of life infants lose the ability to perceive
phonetic distinctions not made in their own language (Werker &
Tees, 1984) suggesting that their initial sensitivities become honed by
experience. At around the same time, they start to produce
phonological sequences for the first time, known as babbling. These

sequences are repetitive consonant-vowel sequences, apparently

without communicative intent.

Infants generally begin to produce recognisable words at around the
beginning of their second year. These words often utilise the same
phonemes produced in canonical babbling, and there seems to be
some overlap between these stages. However, when children begin to
link their speech with meaning there are some changes in the
character of their phonological processing. Several researchers have
suggested that children begin by representing words at the level of the
syllable. Ferguson & Farwell (1975) conducted an observational study
of three children in the first six months of learning to talk. They
found that use of phonemes was often specific to particular words,
and that young children showed a high degree of variability in their
use of individual phonemes. For instance, one child initially
pronounced all words beginning with /m/ and /n/ as beginning with
/m/, apart from no, which was never pronounced in this way.

Ferguson & Farwell (1975) suggested that words are initially acquired
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as syllable-level sets of articulatory movements, or gestures. Therefore

words are initially stored as global wholes.

There is also some evidence that at this stage of development children
become less focussed on the phonological characteristics of words, and
fail to differentiate between phonologically similar forms. Jusczyk &
Aslin (1995) found that while seven-and-a-half-month-old infants
show a preference for listening to words previously heard in a
familiarisation phase, this does not extend to phonetically similar
‘foils’. However, different results have been found with older
children. Halle & De Boysson-Bardies (1996) repeated this experiment
with eleven-month-old infants and found that they showed a
preference both for the familiar stimuli that did extend to the
phonetically similar foils. As suggested by Werker & Tees (1999), it
seems that the older children have begun to attend to the semantic
content of words and adopt a more global processing strategy than the
younger children do. In fact, Menyuk, Menn, & Silber (1986) suggested
that children begin by learning to associate words with various specific
contexts, and store only as much phonetic detail as is required to

contrast words within the lexicon.

It appears, therefore, that children in the first stages of word learning
store these words as unanalysed global wholes, and at some stage in
childhood progress from these representations to the phonemic
representations that adults have. However, there is some debate
within the literature as to when this process occurs, and which factors
in development precipitate this change. Studdert-Kennedy (1987)
suggested that words are represented as a series of phonemes by the
end of a child’s third year. These phonemes are structures that
represent both the acoustic form and the articulatory gestures of
speech, and are therefore used in speech perception and production.
These structures form the basis for the conscious representations of

phonemes that develop as a child learns to read. Studdert-Kennedy
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went on to suggest that this early representation of phonemes allows
children to learn new word forms more quickly and forms the basis of

the vocabulary spurt towards the end of the third year.

In support of this theory, Swingley, Pinto, & Fernald (1999) argued
that even two-year-old children show some incremental processing of
speech. They showed children of this age a choice of two pictures, and
played them a word that corresponded to one of the two pictures. In
one condition, the two items shown had names that contained the
same onset and vowel, such as doll and dog. In the second condition
the two words did not contain any of the same phonemes. They found
that the children looked at the correct picture earlier in the no overlap
condition. However, in a further experiment, the presence of two
rhyming alternatives (e.g. dog and log) did not influence the time
taken before the child looked at the correct picture. The authors argue
that for the children to alter their behaviour when the two alternative
words contained the same onset, but not when they contained the

same rime, these children must be able to process word segments

before hearing the full word.

However, others argue that the restructuring from global to segmental
representations is a much more gradual process. Bloom (2000) reviews
evidence for the presence of a vocabulary spurt in the third year of life
and concludes that in fact the rate of word learning increases
constantly throughout childhood, and that there is no specific point at
which rate of word learning increases dramatically over a short period
of time. It appears that children in fact get steadily better at word
learning throughout childhood. Perhaps phonological representations
are also becoming more detailed throughout the pre-school years. It is
certainly true that while Studdert-Kennedy assumes that children
have linked acoustic and articulatory movements of all phonemes by

the third year of life, most children have difficulty in producing and
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perceiving some phonemes (such as /r/ or /6/) until at least the fifth

year of life (Velleman, 1988).

Walley (1993) suggested that children retain global phonological
representations throughout the pre-school years, and that the
progression from global to segmental representations is precipitated by
three things: language play, vocabulary growth, and the onset of
reading tuition. Walley also suggests that a child’s phonological
awareness is therefore directly dependent on the status of a child’s

phonological representations.

There is some evidence suggesting that children retain at least
partially global representations until the school years. Pre-school
children show a tendency to classify words on the basis of their global
phonological similarity. Treiman & Breaux (1982) used sets of
nonsense syllables that either shared a common phoneme or were
globally similar to each other. It was found that children preferred to
classify syllables according to global similarity, while adults were more
likely to use common phoneme associations. This finding was
repeated in the second part of the study, a training study, where it was
found that adults were more likely to confuse syllables that shared a
common phoneme, while children were more likely to confuse words
on the basis of global similarity. These findings suggest that children
tend to treat words as global wholes rather than as a series of
segments, both when holding them in working memory and when

accessing them from long-term memory.

There is also evidence that pre-school children differ from older
children and adults in the ways they approach speech perception and
production tasks, including experimental tasks such as gating or
lexical decision. Walley (1988) performed a lexical decision task with
words that were mispronounced either in their initial or final

consonant. Adults were better at recognising mispronunciations in
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the initial position than in the final position. However, four-year-olds
did not show this effect, and five-year-olds only showed this effect
when the words were highly predictable from the context. This is
taken as suggesting that young children do not organise their lexicon

by word initial segments, as adults are assumed to do, but in a more

global manner.

Gerken, Murphy, & Aslin (1995) suggest that the poor performance of
children on lexical decision tasks may be due to extraneous task
demands, which cause more problems for children than for adults.
They gave four-year-olds a task with fewer memory and processing
demands. The children had to listen to phonological sequences and
determine whether they were the word little or not. In this task, it was
found that reaction times varied as a function of the phonological
similarity between the test word and the target word, and also that two
one-feature changes on different phonemes was easier to reject than
one two-feature change on a single phoneme. This was taken as
evidence that children do have some knowledge of the internal
structure of words. However, as Walley (1993) describes, the
development of segmented representations need not be an all or none
process, and one would expect four-year-olds to have some knowledge
of the internal structure of a highly familiar word such as little, even

though it does not have many phonological neighbours.

Another line of evidence comes from studies directly comparing child
and adult speech perception and production. Nittrouer & Studdert-
Kennedy (1987) found that, when classifying fricatives, children were
more affected than adults were by the nature of the transition between
the consonant and the vowel. On the other hand, they were less
affected than adults were by the nature of the following vowel. The
researchers took this as evidence that children attend to the stimulus
as an undifferentiated whole, rather than splitting the stimulus into a

consonant and a vowel. These findings are mirrored by one from a
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speech production experiment (Nittrouer, Studdert-Kennedy, &
McGowan, 1989), in which it was found that young children show
more coarticulation between the consonant and the vowel than adults
do, and also that their pronunciation of a given phoneme varied

more with vocalic context.

One difficulty with Walley’s theory that vocabulary, language play and
reading tuition all influence the development of segmental
representations is that all of the studies described above compare
groups of children who differ in both age and in schooling level, and
so it is difficult to know whether these differences are due to age-
related verbal development or to the onset of alphabetic literacy.
However, there is some evidence addressing this issue. Mayo (1999)
used the speech perception task devised by Nittrouer & Studdert-
Kennedy (1987) with groups of children of the same age who were in
different types of schooling — one in which reading tuition had started
and one in which it had not. The children receiving reading tuition
were more likely to use adult-like perceptual weighting systems in
this task. There is also evidence from adult subjects. Morais &
Kolinsky (1995) describe a series of studies in which literate and
illiterate adults were compared on speech perception tasks. The two
groups do not differ on tasks that required low level processing, such
as categorical perception, but they did differ on a dichotic listening task
in which they had to report the words heard in one ear only. Though
overall error rates were the same, the subjects differed in the types of
errors they made. The errors of the literate subjects were more likely
to be words that differed from the target word by a single phoneme,
while the errors of the illiterates were more likely to be words that

were globally similar to the target word.

These data suggest that in fact the onset of reading tuition is the most

important factor in the development of phonemic representations.
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Even adults who have not learnt to read show a tendency to use
global similarity in word recognition tasks. Either learning to read in
an alphabetic orthography forces a restructuring of phonological
representations, or it causes a change in the strategies used in

phonological awareness tasks.

In summary, children start learning words by representing their
phonological structure holistically. Studdert-Kennedy (1987) suggests
that they move from holistic to segmental representations during the
third year of life. However, other researchers (e.g. Walley, 1993) have
suggested that the transition to segmental representations is much
more gradual, and there is a certain amount of evidence that children
begin to use more phonemically oriented strategies in speech

perception and production after the onset of reading tuition.

The Relationship between Phonological Awareness and

Phonological Representations

This pattern of phonological development shows some similarities
with the development of phonological awareness discussed in earlier
sections. Children begin by processing words globally, and go on to use
phonemic strategies soon after the onset of reading tuition. However,
some further consideration of the nature of the relationship between
phonological representations and phonological awareness is necessary
before conclusions can be drawn. Studdert-Kennedy’s theory entails a
clear distinction between phonological awareness and phonological
representations. Phonemes are represented from the third year of lite,
but children are not able to use them in solving phonological
awareness tasks until after the onset of reading tuition. However,
Walley proposes that phonological awareness is a direct retlection of

the underlying representation of individual words. Part of her theory
entails that children are only able to complete phonological awareness

tasks with words that are represented segmentally within the lexicon.
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The theory proposed by Studdert-Kennedy (1987) distinguishes
between phonological representations and phonological awareness.
Phonological sequences are represented in an adult-like form from
the third year of life, and therefore the onset of phonological
awareness must be linked to the development of other skills or
strategies necessary to solve the tasks, such as the ability to compare
two stimuli, or the ability to consider parts and wholes of objects
simultaneously. If this hypothesis is correct, the quality of
phonological representations in the pre-school years would not be
closely related to the development of phonological awareness, since
all words would be well specified enough to allow completion of tasks

such as rime and syllable detection tasks.

Walley’s theory, however, would predict that phonological awareness
1s highly dependent on the status of lexical representations. There are
two ways in which this relationship could work. This first is that
phonological awareness is an external manifestation of the internal
state of phonological representations. In this view, phonological
awareness for a particular word will depend directly on the degree of
lexical segmentation that exists for that word. There is some evidence
that quality of representation and phonological awareness are linked
at the level of individual words. Metsala (1999) showed that three- to
five-year-old children found phonological tasks harder when they
involved words that had a higher age of acquisition, or a lower
neighbourhood density. These two factors are said to be related to how
words are represented in the lexicon Charles-Luce & Luce (1990). Thus
it was concluded that phonological awareness for particular words
varies according to how fully words are represented in the lexicon.
However, these results could also be explained by the fact that
phonological awareness tasks are highly dependent on short-term

memory, and words that are well represented in the lexicon are more
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likely to be retained accurately in short-term memory (c.t. Hulme,

Roodenrys, Schweickert, & Brown, 1997).

There is also evidence that suggests that clarity of articulation of a
word is related to the degree of segmental awareness of that word.
Swan & Goswami (1997) gave dyslexic children a series of pictures to
name and measured their articulatory accuracy on this task. They then
used the same words in a series of phonological awareness tasks at the
level of the onset, rime and single phoneme. They found that the
dyslexic children were less accurate in their articulation of these
words, which they took as evidence that their phonological
representations of these words were less clear. Once articulatory
accuracy on the picture-naming task was controlled for, the dyslexics
did not differ from controls on the onset and rime tasks. However, on
the more difficult phonemic tasks, there were still differences between
the dyslexics and the controls. Swan and Goswami concluded that
dyslexic children did have poorer phonological representations of
words than normal controls, as shown by their performance on the
articulation task, and that these poorer representations directly
impacted on their ability to complete phonological awareness tasks
with these words. However, they also had additional difficulties that
further impaired their performance when they were asked to

complete tasks at the level of the single phoneme.

The second possibility is that phonological awareness occurs as a
result of the knowledge that comes from having segmented lexical
representations. According to this theory, more segmental
representation in general will improve phonological awareness in
general. As vocabulary increases, this puts strain on the lexicon,
which forces some kind of reorganisation. However, this change is
not tied to individual words. Metsala (1999) also found some evidence
for this hypothesis in an experiment in which absolute vocabulary

size was related to phonological awareness ability in three- and four-
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year-old children. Bowey (1996) also found that phonological

awareness was closely related to vocabulary size in her sample of five-

year-old children.

Neither of these theories accounts for the fact that children normally
begin to show some implicit phonological awareness during their
fourth or fifth year of life. This is well after the point at which
Studdert-Kennedy suggested they begin to represent phonemes, but
before they show the qualitative changes in speech perception and
production described by Nittrouer and colleagues (Nittrouer et al.,

1989; Nittrouer & Studdert-Kennedy, 1987).

Global sound sensitivity may well be related to the way in which the
phonological representations of particular words are encoded. Perhaps
the changes in speech perception and production noted by Studdert-
Kennedy (Studdert-Kennedy, 1987; Studdert-Kennedy & Goodell,
1995) are due to children beginning to encode words according to the
gestures contained within them. Several gestures combine to make a
single phoneme, but possibly at this early stage children code words at
a level lower than the phoneme. Globally similar words would
contain many of the same gestures. Harm & Seidenberg (1999)
investigated the patterns of activity shown by connectionist models
developed to mimic the process of learning to read. The models were
trained first to link input and output phonological sequences and
then to link these phonological sequences to written word forms. The
phonological sequences were presented as series of phonological
features (features can be considered similar to gestures for the
purposes of the current study). The model contained a phonological
attractor structure to ‘clean-up” or complete noisy phonological
sequences. The presence of this structure means that the patterns of
weights on the hidden units can be quite imprecise: they do not have
to represent the sequence fully, but only to the level that the word can

be differentiated from others in the lexicon by the phonological

28




attractor structure. Models that contained this phonological clean-up

structure generalised more readily when asked to read a new word.

The authors compared the patterns of weights from the hidden units
to the phonological output features in models with and without
damage to the phonological clean-up structure. They examined these
weights to one of the vowel features (tongue height) over a set of
phonologically similar words (such as ‘meat’, ‘neat’ and ‘eat’). For the
normal model, the patterns of weights from the hidden units across
these words were highly similar. The damaged model, however,
showed different patterns of activation for each word. Thus, the
normally developing model ‘recognised’ similarities in underlying
structure. This meant that, during the reading phase of the study,
models were more likely to be able to produce the correct
phonological sequence when asked to read the nonword ‘geat’. This
pattern of encoding phonological sequences might also form a basis
for some kind of global sound sensitivity. Harm and Seidenberg
found that the network showed very similar activation states in the
phonological clean-up units for rhyming words, even prior to
learning to link these to written words. It may be, therefore, that this
similarity in output states tor similar sounding words allows children
to detect phonological similarities between words without an explicit

awareness of the sound segments within that word.

[f this hypothesis is correct, then one would expect to find that the
main factor influencing the development of global sound sensitivity
would not be the overall number of words known, as proposed by
Walley (1993), but the accuracy and detail of phonological
representations within the lexicon. It would be difficult to measure
this directly. However, two tasks that depend on the quality of
phonological representations are word identification tasks such as

listening for mispronunciations and speech production tasks such as
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accuracy of articulation. Such tasks could therefore provide an index

of the quality of phonological representations.

The links between phonological representations and phonological
awareness are therefore still uncertain. A further complication is that
the development of phonological awareness may in itself influence
the development of phonological representations. The following
section examines in more detail the relationships between
phonological awareness and the two major factors that have been
suggested in this section to precipitate its development: vocabulary

growth and alphabet knowledge.
Factors Influencing Phonological Awareness

Walley (1993) suggested that three factors contribute to the
development of segmented representations throughout the pre-
school and early school years. These are increasing vocabulary size,
experience with phonological devices such as rhyme and alliteration,
and beginning to read and learning letters. However, the relationship
between each of these factors and phonological representations has
been the subject of some debate, and still remains uncertain. In the
following sections, the evidence that vocabulary growth and letter
knowledge are closely related to the development of phonological

representations and phonological awareness will be considered.

Vocabulary Growth in Pre-school Children

[t the theory proposed by Walley is correct, then one would expect to
find that vocabulary level in children influenced the development of
phonological awareness. There is evidence that vocabulary is closely
related to phonological skills such as phonological awareness and
nonword repetition. The direction of causality between these variables

is a matter for some debate, however.
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I'here is a substantial amount of research examining the associations
between vocabulary level, new word learning ability and phonological
short-term memory. In general, the data suggests a pattern of complex
reciprocal relationships between these factors, and it has been difficult
to tease out the causal connections that may exist. In addition, there is
some evidence that the relationship between these variables may

change and develop throughout the pre-school and early school years.

Gathercole & Baddeley (1989), in a one year longitudinal study of four-
year-old children, found that there was a correlation between initial
nonword repetition and later vocabulary size, and proposed that
nonword repetition was a causal factor in vocabulary growth. They
suggested that the ability to hold new sequences of phonemes on-line
for a short period of time would result in a more efficient creation of
long-term representations of these sequences of phonemes - in other

words, better learning of new words.

However, there are other possible interpretations of the relationship
between vocabulary size and nonword repetition. Snowling, Chiat, &
Hulme (1991) pointed out that a good vocabulary in itself may
improve nonword repetition performance. A good vocabulary will
tamiliarise the child with the prosodic structure of words and give
them knowledge of common phoneme sequences. Both of these
tactors may well bolster nonword repetition performance, by allowing
the short-term memory trace to be bolstered by input from long-term
memory. This process has been named redintegration(e.g. Hulme et
al., 1997). The more sequences stored in long-term memory, the more
likely it is that there will be phoneme sequences similar to the
nonword in question and the more efficient the process of
redintegration will be. In other words, the causal relationship may

run in the opposite direction.

31




To compare these alternative explanations, more detailed studies are
required. There are three main ways in which the hypotheses could be
examined. Longitudinal studies over a wider age range allow a
comparison of whether nonword repetition predicts vocabulary, or
vice versa, over the pre-school and early school years. A closer
examination of the short-term and long-term measures used would
allow a determination of the skills and factors involved in each of the
tasks, while intervention studies, in which children were trained to
recognise new words, would allow an examination of the relationship

between the variables in a dynamic manner.

Gathercole, Willis, Emslie, & Baddeley (1992) followed up the children
tested in the original study (Gathercole & Baddeley, 1989) for a further
four years, to determine in which way the causal relationship between
the two variables lay. They found evidence for a reciprocal
relationship. Using the technique of cross-lagged correlations between
the two variables, there was also evidence that the relationship
changed between the ages of four and eight years. Nonword repetition
at four years predicted vocabulary at five years, even after controlling
for original vocabulary level. However, from five years onwards,
vocabulary size influenced nonword repetition ability more than vice
versa. The authors suggested that increasing vocabulary size and more
efficient phonological memory could account for this change. A larger
vocabulary will mean that there are more items available to allow
successful support of short-term memory. In addition, it may be that
phonological memory improves so much over the pre-school years
that short-term memory capacity no longer limits the learning of new
words. Most words are short enough for a six-year-old to hold them in

memory for long enough to allow the transfer to long-term memory

to begin.

Another possible explanation for the dynamic relationship between

these variables may be related to the pressures on new word learning
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In each of these periods. Pre-school children learn many words with
clear meanings, so learning the semantics of words will be relatively
easy at this stage of development. In contrast, the phonological
sequences will be relatively unfamiliar to them, and therefore difficult
to learn. On the other hand, school-age children have many
phonological sequences already in place, and these will go some way
towards ‘bootstrapping’ the word learning progress. At this stage, the
child will be beginning to learn words with more and more complex
meanings; abstract nouns and adverbs, for instance. This will mean
that the limiting factors on vocabulary growth will be semantic and

conceptual ability, rather than phonological knowledge.

A more careful analysis of the measures used in these studies should
allow more definite claims to be made about the processes involved
in the tasks. Gathercole & Baddeley (1989) suggested that nonword
repetition was the purest possible measure of short-term memory, as
digit span and word span relied heavily on long-term representations
of words. However, Snowling et al. (1991) proposed that nonword
repetition actually relies heavily on the lexical representations a child
already has, to support short-term memory with a process of
redintegration. They suggest that digit span will be a purer measure of
short-term memory, as the words involved will be overlearnt by all
subjects and therefore will not vary much as to the strength of their

representations in memory.

Gathercole (1995) compared nonword repetition performance for
nonwords of high and low rated word-likeness. They found that
nonwords that were less word-like were harder for children to
remember correctly, and so concluded that nonword repetition does
indeed involve influence from long-term vocabulary processes. They
concluded from this study that nonword repetition of nonwords with
low word-likeness was therefore the purest measure of short-term

memory, with the smallest influence from long-term vocabulary. In
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contrast, Metsala (1999) proposed the opposite conclusion. She

suggests that repetition of nonword with low word-likeness will in
fact be the task that is most closely related to vocabulary development,
since it is the task that will place the greatest demands on the

‘segmental recombination skills” of the lexicon, which will improve as

absolute vocabulary size increases.

Avons, Wragg, Cupples, & Lovegrove (1998) compared the influence
of nonword repetition and digit span on vocabulary in a two-year
longitudinal study of children beginning at five years old. They found
that, while nonword repetition and digit span both predicted
concurrent vocabulary, only digit span remained a significant
predictor of vocabulary score over time. Vocabulary at Time 1, on the
other hand, did not predict digit span at Time 2. A similar
relationship was found between rhyming ability and vocabulary. Early
rhyming ability was related to concurrent and later vocabulary, but
vocabulary was not related to later rhyme scores. These findings
support the notion that digit span is the ‘purest’ measure of short-
term memory and also the theory that short-term memory does

contribute to vocabulary development.

This study also provides evidence that phonological awareness
contributes to vocabulary development. It has also been suggested that
the link between vocabulary development and nonword repetition
could be sub-served by phonological awareness. Metsala (1999) found
that vocabulary and nonword repetition were closely correlated in a
sample of three- to five-year-old children. The shared variance in this

association was entirely accounted for by the phonological awareness

measures also given, however.

Phonological awareness tasks may require skills very similar to those
involved in nonword repetition tasks. Both tasks involve short-term

memory, in that words must be held on-line for a few minutes to
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allow operations to be performed on them. In addition, if the ideas
proposed by Snowling et al. (1991) are correct, then both processes will
involve the segmentation of words and the matching of segments
across words. Bowey (1996) examined the relationship between
vocabulary, nonword repetition and phonological awareness in five-
year-old children. Vocabulary and nonword repetition were closely
related, but this association disappeared once phonological awareness
was controlled. Digit span was, however, still related to vocabulary
once phonological awareness had been controlled for. It is concluded
that phonological awareness tasks and nonword repetition tasks both
provide an index of the degree of segmentation of underlying
phonological representations. This, in turn, is influenced by absolute
vocabulary size. The link between digit span and vocabulary also
suggested that there is a relationship between these two factors, as

Gathercole & Baddeley (1989) originally proposed.

Bowey (in press) followed up this correlational study with a
longitudinal study that looked at vocabulary, nonword repetition and
phonological awareness in a group of four and five year old children.
In this study, nonword repetition did account for further unique
variance in vocabulary growth once phonological awareness had been
controlled. However, early vocabulary also predicted nonword
repetition at Time 2 once nonword repetition and phonological
awareness at Time 1 had been controlled. There appears to be a pattern

of reciprocal causation between these variables.

Another way to examine the relationship between short-term
memory and vocabulary is to look at performance on a new word
learning task. As this is a form of intervention, it provides a
controlled method for looking at the causal relationship between
these variables. Gathercole & Baddeley (1990) compared the
performance of five-year-old children who had scored either high or

low on a nonword repetition task, on a new word learning task. The
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children had to learn four known names (i.e. Simon) and four
nonword names (i.e. Pommel). The groups did not ditfer in the
known name condition, but they differed in the nonword name
condition. The children who were poor at repeating nonwords were
less good at this task. This seems like good evidence that nonword

repetition ability is related to new word learning.

Gathercole, Hitch, Service, & Martin (1997) attempted to examine the
relationship between vocabulary and short-term memory in more
detail by comparing a range of new word learning measures and a
range of short-term memory measures. Both digit span and nonword
repetition were related to performance on the new word learning
tasks that required an establishment of new phonological
representations. Present vocabulary level was related to these new
word learning tasks, and also to the word-word learning tasks that did
not require the establishment of new phonological representations.
When partial correlations were carried out controlling for vocabulary
level, digit span was still related to new word learning ability, but
nonword repetition was not. The links between nonword repetition
and new word learning ability were due to the influence of vocabulary
level on both variables. The researchers concluded that digit span may
be a purer measure of short-term memory than nonword repetition,
and that short-term memory does have a causal influence on new

word learning.

Not all researchers have found that a span task is a better predictor of
new word learning than nonword repetition, however. Michas &
Henry (1994) found that span and nonword repetition were both
equally related to performance on a new word learning task. The span
task they used involved a series of monosyllabic nonwords, and
therefore is subject to the same objections that have been levelled at
the nonword repetition task. The new word learning tasks, in

contrast, were interesting. The first task was a standard formal word
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learning task. The children were shown a picture of an object and

given its name and definition. A week later the children were

assessed using production, comprehension and definition recall
measures. In addition to this, the children were taught one word
incidentally. They were asked to pass the maroon pen, rather than the
red one, at the start of the session. They were then given production
and comprehension tests for this word one week later. Sixty-six
percent of the children showed comprehension of the word.
Unftortunately, since only one word was taught in this way, it is
impossible to determine from this experiment the relationship

between performance on this task and performance on the

phonological memory tasks.

This technique of incidental learning is one that may be used to
measure word learning in a more realistic way than normally occurs
in these tasks. As Carey (1978) pointed out, the average six-year-old
knows around 14,000 words. This works out at a learning rate of about
nine words a day, every day, from the age of eighteen months
onwards. Yet formal experiments attempting to tap this ability seem to
show that children are often poor at learning new words. Carey (1978)
suggested that young children initially make a basic “fast mapping” of
a word from a single encounter, and that thorough knowledge of a
word builds up over an extended period of time. It seems, therefore,
that experimental procedures are unlikely to mimic the true word
learning process. The child is often presented with a word without the
linguistic and environmental context that surrounds a new word in
normal learning. In addition, the child is expected to learn the word
in a few encounters, rather than the many encounters that will

normally occur in natural word learning.

For this reason, studies investigating incidental word learning, where

a word is mentioned to a child in the process of normal conversation,

should provide interesting results. Carey & Bartlett (1978) describes a
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study in which three and four-year-old children were taught a new
colour word, ‘chromium’ for olive green, as part of a conversation
apparently incidental to the main task. Six weeks after two single
exposures, one week apart, more than half of the children showed
some knowledge of the meaning of this word. They were shown an
olive green chip and asked what colour it was. In a pre-test, all of the
fourteen children had said green. In the post-test, eight of the fourteen
children changed their response to ‘don’t know’ or to brown or grey,
suggesting that they had learnt that green was not the correct name for

the colour, but that they couldn’t remember what the correct name

was.

Heibeck & Markman (1987) replicated this experiment using a wider
variety of names and semantic categories. They found that children
could indeed learn something about a word from a single exposure,
but that production of this word after a single exposure was rare. As
well as the standard production and comprehension tasks, they were
given a semantic categories task, in which the experimenter would say
“ This book isn’t maroon, because it's ", and the child would have
to fill in the final word with a word from the same semantic category,
i.e. blue, in this case. Most of the children succeeded on this task,
showing some understanding of the meaning of a new word from a

single exposure.

A major shortcoming of all of these experiments is that they have
involved teaching only a single word, and so they do not allow
reliable analysis of individual differences among the children. A task
that may be more flexible in this respect was developed by Elley (1989).
In this experiment, seven- and eight-year-old children were read a
story three times over the course of a week. This story contained
several words unknown to the children. It was found that exposure to
the words in context alone caused a 17% increase in the number of

words known. If this exposure was accompanied by an explanation of
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the words by the teacher reading the story, this increase rose to 40%.
Vocabulary gains were much lower with another story, which the
children did not seem to engage with. This suggests that children can
learn several new words incidentally in a few encounters with them,
and that the effectiveness of a new-word learning task will vary with

the amount of interest the child has in the task.

There is, therefore, some evidence that new word learning is effective
In a naturalistic environment, where words are not so much taught as
heard. Common sense would suggest that this would mimic natural
word learning more than the paired associate learning that is
normally used in these experiments. However, no one has
investigated the links between performance on this type of task and
phonological memory. Gathercole et al. (1997) comes close to this,
with a story book task about a spaceman on a new planet adapted from
Aguiar & Brady (1991). However, the new words and definitions used
here are not embedded in the text in the same way they would be in a
natural story. The child is told, for instance “ the spaceman then saw a
foltano. Can you repeat that? A foltano is a noisy, dancing fish.” The
new words are not integrated into a story, merely described. In
addition, testing sessions are started within the same session and
continued, with feedback, until the child is successtul, as in a standard
paired associate learning trial. This task is an improvement on
learning a pairing between a word and a nonword, but they are still a
long way from the natural word learning process. A task modelled on
the Elley (1989) task, therefore, seems an ideal way to examine new

word learning in a natural, yet controlled, environment.

Several people have suggested that the link between nonword
repetition and vocabulary level may be explained from the point of
view of underlying phonological representations. It has been
suggested that young children begin to represent words as unanalysed

global wholes and gradually begin to represent words in a more

39



segmental fashion throughout childhood. If this is the case, then the
more segmented a child’s lexical representations are, the better able
they will be to use lexical representations to support nonword
repetition. In addition, the more segmented lexical representations
are, the better performance will be on phonological awareness tasks.
Several studies have examined the relative influences of nonword
repetition and phonological awareness on vocabulary acquisition (e.g.
Avons et al., 1998; Bowey, 1996; Metsala, 1999). All of these studies
suggest that there is a large amount of shared variance between these
two tasks, and that the links found between nonword repetition and

vocabulary may be due to the links that phonological awareness has

with both factors.

De Jong, Seveke, & van Veen (2000) looked at the effects of
phonological awareness on new word learning ability. Fourteen non-
reading five-year-old children were trained on phonological
sensitivity and letter-sound awareness. A control group was trained in
semantic categorisation. The trained children performed better than
controls on a task in which they had to learn phonologically
unfamiliar words. It is suggested that these children had an increased
sensitivity to phonological segments, which allowed them to learn
new words more effectively. The word learning task used in this study
took place entirely in one session, however, and performance on the
task did not correlate with existing vocabulary level in these children.
There is therefore some doubt as to whether this task is in fact tapping
the processes that underlie long-term vocabulary acquisition or
whether it is more closely related to an ability to maintain short-term

memory traces over time.

[t appears, therefore, that two different influences on the learning of
new words can be discerned. The first is, as Gathercole & Baddeley
(1989) originally proposed, that the ability to hold words on-line

accurately is related to the ability to establish new phonological
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representations. This is shown by the relationship between digit span
and new word learning described by Gathercole et al. (1997), as well as
the links found between digit span and vocabulary found by Avons et
al. (1998). The second influence is that of the structure of phonological
representations themselves on the learning of new words. The more
segmentally words are represented in long-term memory, the better
the learner’s ability to manipulate word structure and to use this

information to support the short-term representation of new words.

Since nonword repetition is a task that is dependent on both of these
skills, it is not surprising that it is particularly closely related to
vocabulary growth. However, because of the variety of sub-skills that
are used in the task, it should not be considered a clear index of either
short-term memory or structure of underlying phonological

representations.

There is also evidence to suggest that the relationship between these
variables is developmentally dynamic and changes throughout
childhood. Gathercole et al. (1992) found that the relationship between
short-term memory measures and vocabulary changed at around five
years of age. Avons et al. (1998) found that while vocabulary and
nonword repetition measures were closely linked at four and five
years, they were not correlated when the children were tested again at

six years old.

Letter Knowledge in Pre-school Children

The Relationship between Letter Knowledge and Phonological

- Awareness

Several researchers have found that letter knowledge is closely related
to later reading success (Adams, 1990). Muter et al. (1998) and Stuart &
Coltheart (1988) both carried out longitudinal studies of the first two

years of learning to read. Both studies reported that a combination
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between phonological awareness and letter knowledge was the best
predictor of early reading ability. Studies of children at familial risk of
dyslexia have often found that these children have below average
levels of letter knowledge in the pre-school years (e.g. Gallagher, Frith,
& Snowling, 2000; Locke, 1997; Scarborough, 1990). It appears that the
development of letter knowledge is critically related to progress in
reading. However, there is also evidence to suggest that letter
knowledge may play a causal role in the development of phonological

AWwareness.

Studies examining the phonological awareness of pre-readers (e.g.
Liberman et al., 1974) and illiterate adults (e.g. Morais et al., 1979) have
shown that reading seems to play a role in the development of explicit
phonemic awareness. Read et al. (1986) compared Chinese readers
who had learnt a non-alphabetic script with readers who had learnt an
alphabetic script (Pinyin). Only those readers who had learnt an
alphabetic orthography showed explicit phonemic awareness. This
suggests that learning letters plays a crucial role in the development of

phonemic awareness.

There is also more direct evidence of the close relationship between
letter knowledge and phoneme awareness from correlational and
longitudinal studies. Bowey (1994) compared phonological awareness
in readers and non-readers with differing levels of letter knowledge.
Readers performed better than the non-readers in all of the tasks, and
the children who had high levels of letter knowledge performed
better than the children who had low levels of letter knowledge on
the phonemic tasks. There was no difference between the non-reading
groups on the onset — rime tasks, however. The authors suggested

that letter knowledge aids the development of phonemic awareness.

Johnston, Anderson, & Holligan (1996) examined the relationship

between letter knowledge and phonemic awareness in a group of pre-
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reading five-year-old children. She found only one child who had
phonemic awareness without having some knowledge of letter-
sounds. In a series of multiple regressions, letter knowledge was a
better predictor of phonemic awareness than a measure of rhyme
production was. These data suggest a link between letter knowledge
and phonemic awareness, but are only correlational and so do not
imply causality. Data from longitudinal studies do, however,

converge with these findings.

Wagner, Torgeson, & Rashotte (1994) conducted a longitudinal study
of a group of 244 children from kindergarten to second grade, in an
effort to examine the reciprocal influences of phonological processing
abilities, decoding and letter knowledge on each other and on reading
development. Phonological processing abilities influenced later
development of reading and letter-name knowledge. There was no
evidence from this study that reading development influenced the
development of phonological processing abilities. However, letter

knowledge did have a significant longitudinal effect on phonological

analysis and synthesis abilities.

Burgess & Lonigan (1998) examined the relationship between
phonological awareness and letter knowledge in a group of pre-
reading four- and five-year-old children. They found evidence of
reciprocal relationships between the two abilities, with phonological
awareness predicting growth in letter knowledge, and letter
knowledge predicting growth in phonological awareness once age and

general language abilities were taken into account.

Though these studies imply a close relationship between letter
knowledge and phoneme awareness, training studies provide a less
clear picture. Gibson & Levin (1975) review studies looking at the
influence of teaching letter-names on reading development, and find

no conclusive evidence that teaching letters in pre-school accelerates
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reading development. However, these studies use letter-names rather

than letter-sounds, and the effect of the intervention on phonological

awareness is not assessed.

Ball & Blachman (1991) compared the effects of training phoneme
segmentation and letter-sound knowledge in a group of kindergarten
children. They found that the children who had had letter knowledge
training alone did not improve more than controls on a phoneme
segmentation task. These children did, however, have an average age
of 5,7 years and already knew around 10 letter-sounds each. It is

therefore likely that these children had already begun to develop

some phoneme awareness.

Murray, Stahl, & Ivey (1996) conducted an intervention study that
looked at growth in phonemic awareness as a result of letter training.
Three classes of pre-school children were given either alphabet books,
where letters were explicitly linked to words (i.e. A is for apple), letter-
name books, where letters were included in the story and named
incidentally, but not linked to words, or story books not including
letter-names. The classes were given four books from one category to
read once a day for three weeks. The children in both the alphabet
book condition and the letter-name condition improved in letter
knowledge, though the children in the alphabet book condition made
greater improvements in phonological awareness than the children
in the letter-name condition. This study suggests that learning letter-
sound correspondences and the relationship between letters and

words may facilitate the development of phonological awareness.

In summary, results from training studies have been mixed. It is
possible therefore that the link between letter knowledge and
phoneme awareness is in fact due to an as yet unidentified third factor
influencing both of these skills. This could be some more general

factor such as the accuracy ot phonological representations within the
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lexicon or overall speed of learning. On the other hand, it is also
possible that the lack of consensus is due to the differences in the ages

and ways in which letters have been taught in different countries.
The Development of Letter-name and Letter-sound Knowledge

Knowledge of letter-names and knowledge of letter-sounds are clearly
closely linked. There is, however, considerable evidence that they are
differentially predictive of later reading and phonological awareness
development. For instance, Caravolas, Hulme, & Snowling (in press)
found that letter-sound, but not letter-name, knowledge predicts early
spelling development in a group of British children. In contrast, both
letter-sound and letter-name knowledge predicted independent

variance in reading development.

This finding is not universal across studies, and this may be partially
due to the nature of letter knowledge when considered as an
experimental measure. Many tests in developmental psychology aim
to measure the strength of an underlying concept, such as awareness
of phonemes, or to provide an index of the development of a range of
knowledge, such as vocabulary level. On the other hand, a letter
knowledge task measures specific knowledge of a small set of items.
There are only 26 letters to be learnt in total. This means that
performance on this task will be highly dependent on the way in
which individual children are taught letters. To make matters more
complex, teaching practice is highly variable across different cultures,
especially with respect to the teaching of letter-names and letter-
sounds. Thus, the relationship found between the knowledge of
letter-names and letter-sounds, and also the relationship between
letter knowledge and early reading abilities, will vary according to the

way In which letter-names and sounds have been taught.

For example, in America children enter kindergarten at the age of

five. Before this time, children are generally taught letter-names
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informally at home and in pre-school (Adams, 1990). In contrast, they
are not taught letter-sounds until formal schooling begins. Treiman,
lincotf, Rodriguez, Mouzaki, & Francis (1998) describe how children
generally learn the name for any given letter before they learn the
sound for a letter. Treiman and her colleagues show that within this
system, children use letter-names to help them to learn letter-sounds.
For these children, letter-sounds that form the first phoneme in the
letter-name (e.g. B and /b/) are the easiest to learn, with letter-sounds
that form the final phoneme in the letter-name (e.g. S and /s/) next
easiest to learn and letter-sounds that do not feature in the letter-
name (e.g. W and /w/) hardest to learn. They also found that children
had slightly more difficulty with letters that represent more than one

phoneme (e.g. ¢ and g) than letters that consistently represent one

phoneme.

McBride-Chang (1999) conducted a longitudinal study of the
development of letter-name and letter-sound knowledge in a group of
American pre-schoolers. She found that letter-sound knowledge
lagged behind letter-name knowledge and that letters whose names
began with the target sound were easier to remember both in name
and sound form. She also found that both skills were independently
related to reading development, but that letter-sound knowledge was

more closely related to phoneme awareness.

In contrast, children in New Zealand are not explicitly taught letter-
sounds at any point during reading tuition. Within this system,
children are not taught how to ‘sound out’ words but instead are
taught words as unsegmented wholes. Letters are referred to solely by
name. Thompson, Fletcher-Flinn, & Cotterell (1999) describe how
children taught within this system use both letter-names and induced
sublexical relations when learning letter-sound correspondences.
Therefore, for both American and New Zealander children,

correspondence with letter names and consistency of the letter-to-
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phoneme correspondences were important factors in which letter-

sounds were learnt earliest.

In England, more emphasis is placed on learning letter-sounds than
on learning letter-names. This is especially true since the introduction
of the National Literacy Strategy. Children are given some tuition in
letter-sounds in their final year of pre-school, and are expected to have
some concept of the role of letter-sounds before they begin formal
schooling. Children enter reception class in the term before their fifth
birthday, and the National Literacy Strategy states that children should
know all twenty-six letter-names and sounds by the end of this year,
though more importance is placed on the learning of letter-sounds

(Department for Education and Employment, 1998).

Hence, Caravolas et al. (in press) describes how the levels of letter-
name knowledge lag behind letter-sound knowledge in the first two
years of schooling. Therefore English children are less likely to be able
to use letter-names when learning letter-sounds. This also makes it
likely that letter-name knowledge will play a smaller role in the

development of phoneme awareness and reading.

These differences in the early tuition of letters will also mean that
there will be differences in the way that different nationalities learn
letter-sounds. Both McBride-Chang (1999) and Treiman et al. (1998)
found that American children use letter-names when learning letter-
sounds. They found no evidence that the rate of learning different
letters was influenced by the phonetic qualities of these letter-sounds.

Studies with British children have found differing results, however.

Stuart & Coltheart (1988) conducted a three year longitudinal study of
the relationship between phonological skills, letter knowledge, and
early reading development in British children between the ages of

four and eight. They found that letter-name and letter-sound
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knowledge were closely related. In addition, both of these skills
correlated highly with concurrent phonological awareness scores,
though letter-sound knowledge showed the closest relationship to

early reading development.

Interestingly, letter-name knowledge showed a different pattern of
development from letter-sound knowledge. Stuart & Coltheart (1988)
showed that children found letter sounds that represented obstruent
phonemes easier to learn than those that represented non-obstruent
phonemes. Since obstruents are more likely to occur at syllable
boundaries, it is likely that children become aware of these phonemes
earlier and thus they are available to link to specific letters more
quickly. In contrast, children who learn letter-names before letter-
sounds are more likely to link letter-sounds to letter-names than to

use their phonetic qualities in remembering them.

Caravolas et al. (in press) conducted a three-year longitudinal study of
children in the first two years of British schooling. They found that
letter-sound knowledge was closely related to phoneme awareness
and to early spelling ability, while letter-name knowledge was more
closely related to early reading development. Arguably, this may be
due to the way in which letter-names and letter-sounds are taught. In
British schools, letter-sounds are taught extensively, and with links
made to the phonemes within words that they represent. Letter-
names are taught less thoroughly and the role of them is made less
explicit. Therefore the children that learn letter-names are likely to be
children who learn associations between visual and verbal stimuli
quickly and easily. These are likely to be the same children who learn

sight words quickly when beginning reading.

Most of these studies (e.g. Caravolas et al., in press; McBride-Chang,
1999) have shown that letter-sound knowledge is more closely related

to the development of reading and phoneme awareness than letter-
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name knowledge. This is likely to be because letter-sounds are more
directly relevant in decoding new words. However, this relationship
is highly dependent on the way in which letter-sounds have been
taught. If letter-names and whole words are taught before the
introduction of letter-sounds, the child may begin to induce the

alphabetic principle from this knowledge.

In summary, it seems that letter knowledge does play an important
role in the development of phoneme awareness. It also seems that
letter-sound knowledge is more closely related to the development of
this ability than letter-name knowledge. It is also important to
remember that differing results have been found in different cultures,
however, and that letter knowledge is highly dependent on the way in

which letters are taught.

The Relationship between Phonological Awareness and Language

Development

As described in earlier sections, phonological awareness is highly
dependent on language development. Surprisingly, there is not a
great deal of research investigating which specific skills in pre-school
development could be related to the development of phonological
awareness. However, there is more research examining the question
from other angles. Several researchers have looked at the
development of both phonological awareness and early language
skills in children at familial risk for reading difficulties. In addition,
there is some research examining the phonological awareness of
children with pre-school speech and language difficulties. This section

considers the evidence gathered from each of these areas in turn.
Normally Developing Children

MacLean et al. (1987) reported on the first phase of a longitudinal
study looking at the development of phonological awareness from the

age of three years four months until the age of eight. As well as
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considering which variables were most accurate at predicting reading
success, they also examined which variables were related to pre-school
phonological awareness. They found that nursery rhyme knowledge
and socio-economic status were the best predictors of later
performance of phonological awareness tasks. They suggested that

learning nursery rhymes fosters the development of rhyme awareness

in pre-school children.

Olofsson & Neidersoe (1999) conducted a longitudinal study of a
group of 205 Danish children from when they were three years old
until they reached the age of twelve. A range of language measures
and phonological awareness measures were given at six years old, and
phonological awareness at eight years old. (At the time of this study,
children began school at seven years old in Denmark). It was found
that performance in the ‘receptive language’ tasks at six years old was
the strongest predictor of phonological awareness at eight years old.
However this only explained 10% of the variance in total, so it is

difficult to conclude much from this study.

Chaney (1998) followed a group of children from two to six years old
in an effort to determine what skills in pre-school led on to good
reading and phonological awareness in the school years. General
language development at three years old predicted phoneme deletion
scores five years later. Receptive vocabulary did not predict the

development of phonological awareness.

There is also some evidence that speech perception may be related to
the development of phonological awareness in normally developing
children. McBride-Chang (1996) evaluated the influences of speech
perception, phonological awareness, rapid naming and short-term
memory on reading level in a group of eight-, nine- and ten-year-old
children. The model that best fit the data was one in which speech

perception influenced reading indirectly through its relationship with
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phonological awareness. Manis et al. (1997) examined the speech
perception of a group of dyslexic children, and found that a sub-group
of them showed abnormal speech perception, and that these deficits

were related to deficits in phoneme awareness.

In summary, there is some evidence that phonological abilities in pre-
school children are related to general language abilities. In particular,
speech perception may be related to the development of phonological
awareness. However, there is a clear need for further research into

this area.

Children at Genetic Risk of Dyslexia

Several researchers have attempted to look for possible indicators of
dyslexia and future reading ability in the pre-school years. There are
two good reasons for using this approach in dyslexia research. The
first is that research into the precursors of reading ability may shed
light on the underlying deficits that cause dyslexia. The second reason
is that if potential dyslexics can be discovered before reading failure
occurs, then early remediation may improve their long-term reading
prospects. Typically, studies looking at the predictors of dyslexia in
pre-school children have revealed slightly different results from

studies looking at development in normal children.

Scarborough (1990) was one of the first researchers to examine the
language development of a group of children who had a family
history of dyslexia. They were first seen at two and a half years old,
and were given a range of naturalistic and experimental language
measures. It was found that children who were diagnosed dyslexic at
seven years old showed a poorer range of syntax and more consonant
errors in articulation than children who did not go on to become
dyslexic did. Children with dyslexic parents who did not themselves
go on to become dyslexic did not differ significantly from normal

controls. Vocabulary at the age of two years did not distinguish the
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groups, but the differences did become significant when a vocabulary
test was re-administered at three and a half years old and again at five
years old. The other good predictor of later reading ability in this

sample was a test of letter knowledge administered at five years old.

Elbro, Borstrom, & Peterson (1998) conducted a study of Danish
children with a family history of dyslexia. These children were
followed from kindergarten level, at the age of six, to the age of eight.
In this study, vocabulary was found to be substantially poorer in
children who went on to become dyslexic. However, the syntactic
development of the children was similar in both groups of children.
Phonemic awareness, phonological short-term memory and letter
knowledge were also poorer in the children who went on to become
dyslexic. Another clear difference between the two groups of children
was that the children who went on to be dyslexic had poorer
articulation of complex words. However, the groups were not
distinguished by an auditory discrimination task or a task in which
the children had to repeat nonsense syllables as quickly as possible.
Elbro et al. (1998) suggested that these children do not have poor
articulation skills in general, but that instead they have indistinct
phonological representations of known words, and that this causes

poor articulation of complex words and also poor phonemic

aAawareness.

Gallagher et al. (2000) conducted a longitudinal study of a group of
children at familial risk of dyslexia. The children were recruited at
three and a half years old and followed until the age of six. It was
found that those children who scored more than one standard
deviation below the mean on a reading test at six years old had poorer
nonword repetition, letter knowledge and nursery rhyme knowledge
and lower vocabulary levels than controls at 45 months old. The
groups did not differ on articulatory accuracy, as measured by the

Edinburgh Articulation Test. However, when composite scores were
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developed, it was found that the speech factor, together with letter

knowledge was the strongest predictor of later reading development.

These findings are echoed by another study of children with familial
risk of dyslexia performed by Locke (1997), who followed a group of
children from six months to five years old. The findings from this
study are limited at this point in that it is not yet known which of the
children have gone on to become dyslexic. Therefore the analyses are
limited to global differences between the children at genetic risk of
dyslexia and the controls. It was found here that vocabulary level at
three years old distinguished the two groups well, confirming the
result described by Scarborough (1990). However, unlike the
Scarborough (1990) study, early language development and syntactic
complexity of utterances in the first three years did not distinguish the
two groups, though the differences approached significance. There
were also differences that bordered on significance for articulation
accuracy of the children’s utterances in the first two years. The two
measures that most clearly distinguished the two groups, however,
were rhyme detection and a short-term memory task involving both
words and nonwords, both of which were administered at six months
intervals between three years and five years. The two groups of
children also differed on a letter knowledge task and a phoneme
detection task administered at five years old. These results suggest that
there is a difference between children with and without a family
history of dyslexia. However, information regarding whether or not

these children become dyslexic will make conclusions from these data

clearer.

Lyytinen, Poikkeus, Laakso, Eklund, & Lyytinen (in press) conducted a
large-scale study comparing children with a family history of dyslexia
with normal controls throughout infancy and early childhood. A
wide range of measures was used, including auditory discrimination,

language measures, and phonological processing tasks such as syllable
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deletion, digit span and rapid automatised naming. The children were
given auditory discrimination tasks at 6 months, 18 months and 30
months old. It was found that the children with a family history of
dyslexia showed less clear discrimination of minimally contrasted
words at 6 and 36 months, but not at 20 months. In addition, both
groups reached early language milestones at about the same ages,
though the family at-risk group showed poorer expressive vocabulary
and phonological awareness at 3;6 years. There were also differences
between the groups when considering only those children who were
late talkers. Late talkers in the control group had generally resolved
their language difficulties 18 months later. However, children in the
family at-risk group who were late talkers still showed language
delays at follow-up testing. The family at-risk group as a whole also
went on to show deficits in language, short-term memory and

phonological processing at five years old.

In general, at-risk studies present a fairly unitary picture, at least from
the age of three onwards. Children who go on to become dyslexic
display smaller vocabularies at the ages of three and four. However,
their vocabulary levels are average both until 2 years old and after
about seven years old. They also display poor phonological awareness
and poor letter knowledge at the ages of four and five. In addition,
there is some evidence that these children display inaccurate
articulation of known words. This is found right from the age of two
(Scarborough, 1990) to the age of six years (Elbro et al., 1998). These
deficits all seem possible results of early deficits in phonological
representations. The fact that the vocabulary deficits of these children
are time-limited may be related to the fact, discussed earlier (e.g. Halle
& De Boysson-Bardies, 1996), that when children first begin to link
word sounds and meanings, they are not sensitive to small phonetic
differences between word forms. However, between the ages of three

and five years old, vocabulary acquisition is likely to be highly
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dependent on phonological processing skills, as children begin to

contrast similar sounding words and to set up a lexicon.

It is tempting to conclude that, since ch