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Abstract

The emerging reading and spelling abilities of twenty-four deaf and twenty-three
hearing beginning readers were followed over two years. The deaf children varied in
their language backgrounds and preferred mode of communication. All children were
given a range of literacy, cognitive and language-based tasks every twelve months.
Deaf and hearing children made similar progress in literacy in the beginning stages of
reading development and then their trajectories began to diverge. The longitudinal
correlates of beginning reading in the deaf children were earlier vocabulary, letter
sound knowledge and speechreading. Earlier phonological awareness was not a
longitudinal correlate of reading ability, once earlier reading levels were controlled.
Only letter name knowledge was longitudinally related to spelling ability.
Speechreading was also a strong longitudinal correlate of reading and spelling in the
hearing children. The findings suggested that deaf and hearing children utilise

slightly different reading strategies over the first two years of schooling.



Introduction

Deaf readers typically experience difficulties when faced with the complex task of
learning to read a written language that is derived from a spoken language to which
they do not have complete access. As a consequence, deaf children’s reading ability
is often severely delayed and they typically leave school without age appropriate
reading skills (e.g.1986; Conrad, 1979; DiFrancesca, 1972; Trybus & Karchmer,
1977; Wauters, van Bon, & Tellings, 2006). This can have long-term effects and
consequences in terms of further education and employment opportunities. Itis
therefore imperative to determine which skills are important for beginning deaf
readers and which skills measured at the beginning of the reading process indicate the
ease and skill with which deaf children will acquire the alphabetic principle and
achieve comparatively fluent reading.

We know from longitudinal research with typically developing hearing
children that different skills play different roles in the reading process depending upon
which stage of reading the child is at (e.g. Storch & Whitehurst, 2002; Wagner, et al.,
1997). Phonological awareness and alphabetic skills i.e. letter knowledge, have been
shown time and time again to be important for beginning reading and spelling in
hearing children (e.g. Caravolas, Hulme, & Snowling, 2001; Lonigan, Burgess, &
Anthony, 2000; Muter, Hulme, Snowling, & Stevenson, 2004; Wagner, et al., 1997).
Phonological awareness refers to the ability to recognise, reflect upon and manipulate
the constituent sounds within words; children who perform well on tasks that measure
this ability typically make more progress in early word reading and spelling skills (see
Castles & Coltheart, 2004; Goswami & Bryant, 1990). Gombert (1992) proposed that

phonological awareness can be assessed at two distinct levels: epi-phonological



awareness and meta-phonological awareness. Epi-phonological awareness refers to
an implicit awareness of, or sensitivity to, the constituent sounds in words. Typical
tasks that measure epi-phonological awareness include syllable tapping (e.g. tap the
number of syllables in elephant); rhyme judgement (e.g. do blue and too rhyme?) and
oddity tasks (e.g. which word is the odd word out: cat, bat, rag?). Meta phonological
awareness refers to a more explicit ability to manipulate and identify the constituent
linguistic units in words such as a phoneme blending task (e.g. what word do /d/ /o/
and /g/ make?) or a phoneme deletion task (e.g. what is play without the /p/ sound?).
Whilst both epi and meta-phonological awareness are usually assessed orally with
hearing children, tasks specifically designed for deaf children typically measure epi-
phonological awareness using a picture based format.

Although relatively fewer longitudinal studies have been conducted with deaf
pre-readers or beginning readers, a number have focused on phonological skills
(Colin, Magnan, Ecalle, & Leybaert, 2007; Easterbrooks, Lederberg, Miller,
Bergeron, & Connor, 2008; Harris & Beech, 1998). Harris and Beech (1998)
compared beginning deaf and hearing readers on a phonological similarity task in
which children were required to indicate which of two pictures sounded similar to a
target picture. The pictures either shared the beginning, middle or end sound with the
target picture. Although the deaf children were significantly poorer on the
phonological awareness task than the hearing children, their performance was
associated with reading ability one year later (.43). It is important to note that the
deaf children varied in their language backgrounds and in their preferred mode of
communication, including both children educated orally and through sign supported
English (SSE). Colin et al. (2007) assessed rhyme judgement and rhyme generation

skills in a group of deaf pre-readers educated through Cued Speech. Cued Speech is a



method of communication in which lip patterns are disambiguated through a system
of hand shapes that are placed in specific locations and with particular movements
around the face (see Charlie & Leybaert, 2000 for more information). Colin et al.
found that phonological skills measured in kindergarten were a significant predictor of
the deaf children’s reading ability in first grade, accounting for 28% of the variance in
later reading scores, even after controlling for age and NVI1Q. Easterbrooks et al.
(2008) found that phonological skills measured at the beginning of a school year were
associated with word reading ability at the end of the school year. They gave tasks
measuring a broad range of phonological skills including rhyme, alliteration and
syllable segmentation. The deaf children in their study were aged between 3 and 6
years old and had moderate through to profound hearing losses (>50 db). All
participating children were able to perceive some speech through amplification of
residual hearing or a cochlear implant.

The role of other cognitive and language skills in deaf children’s emerging
literacy has received comparatively little attention. In addition to phonological skills,
Easterbrooks et al. (2008) found that both expressive vocabulary (.52) and letter
sound knowledge (.63) were correlated with reading ability 9 months later in their
cohort of young deaf and hard of hearing children. For the beginning readers in the
Harris and Beech (1998) study earlier language comprehension (.37) and speech
intelligibility (.57) were both significantly associated with reading progress.
Similarly, Spencer and Oleson (2008) found that speech skills were longitudinally
related to reading ability in slightly older deaf children with cochlear implants. After
four years of implant experience, speech production and speech perception skills,
assessed when the children were on average 7 year 6 months, were the strongest

longitudinal predictors of subsequent reading four years later.



A recent longitudinal study with slightly older deaf children (Kyle & Harris,
2010) found that vocabulary knowledge and speechreading skills were longitudinally
predictive of later reading achievement and reading growth. The study followed a
cohort of deaf children (7- and 8-year-olds) from mixed language backgrounds, over a
period of three years. Those deaf children with better speechreading and vocabulary
skills at age 7 made more progress in reading ability by age 11. There was an
intricate pattern of relationships between phonological awareness, speechreading and
reading. Speechreading was a strong predictor of initial word reading skills whereas
phonological awareness only became concurrently associated with reading at the end
of the study, i.e., once the underlying phonological representations, mediated by
speechreading, had developed enough to support phonological awareness and reading.
Kyle and Harris’s findings were consistent with the argument that speechreading
provides the primary input for phonological representations in deaf children (e.g.
Burden & Campbell, 1994; Dodd, 1980; Leybaert & Alegria, 1995). Another
possible interpretation of the results was that speechreading of single words might act
as a marker of the quality of phonological representations during the early years (Kyle
& Harris, 2010). In the current study we wanted to investigate whether speechreading
and vocabulary play a role in deaf children’s emerging literacy and also explore
whether speechreading might equally be related to reading development in hearing
children.

Kyle and Harris (2010) also reported that earlier phonological awareness was
not a significant longitudinal predictor of later reading once the effects of earlier
reading ability were controlled. Moreover, they found that earlier reading skills
significantly predicted later phonological awareness, consistent with the theory that

deaf children’s phonological skills develop as a consequence of learning to read rather



than being a precursor of literacy (see Goldin-Meadow & Mayberry, 2001;
Musselman, 2000). The discrepancy between the Kyle and Harris (2010) findings and
those of Colin et al., Easterbrooks et al., and Harris and Beech most probably arises
because it was only the first of these that controlled for earlier reading levels in the
analyses. The deaf children in the Harris and Beech (1998) study could identify up to
4 words and one child could read 8 words; therefore, although these deaf children
were very much beginning readers, they were able to read a few words, even if they
were using a whole word strategy. Likewise, although Colin et al. (2007) do not
mention the deaf children’s kindergarten reading skills, it is probable that they may
have been able to read at least a few words as their ages ranged from 5 years 5 months
to 7 years 3 months. Therefore it is possible that in both Colin et al., and Harris and
Beech'’s studies, the relationship between phonological awareness and reading might
have been mediated by pre-existing literacy skills, regardless of their paucity (see
Castles & Coltheart, 2004). In the present study, we explored this issue further by
controlling for earlier levels of reading ability whilst investigating the relation
between phonological awareness and reading in beginning deaf readers. We expected
that once we controlled for the autoregressive effect of reading, there would no longer
be a predictive relationship between earlier phonological awareness and later reading
ability. However, we also thought it was possible that we might find that a
relationship between earlier reading and later phonological awareness whereby
phonological skills were influenced by early reading skills and pre-reading skills such
as alphabetic knowledge Alternately, we might observe findings consistent with
Harris and Beech and Colin et al., indicating a developmental pattern whereby
phonological awareness at age five does predict reading ability in deaf children aged

seven.



The present study was also concerned with spelling. The literature on deaf
children’s spelling development is even sparser than that for reading and most studies
have been cross-sectional. The main finding has been that deaf children’s spelling
ability is not as severely affected by their hearing loss as their reading ability (e.g.
Aaron, Keetay, Boyd, Palmatier, & Wacks, 1998; Burden & Campbell, 1994; Gates &
Chase, 1926; Geers & Moog, 1989; Harris & Moreno, 2004). For example, Geers and
Moog (1989) found that whilst only 30% of a group of deaf 16 year olds were reading
age appropriately, 64% of them were spelling age appropriately. Likewise, Moores
and Sweet (1990) reported that a group of deaf 16-17 year olds had a mean reading
comprehension age of between 11 and 12 years but a mean spelling age of between 13
and 14 years. Other studies have observed higher levels of spelling ability in deaf
children than would be predicted from their reading ability (Burden & Campbell,
1994; Harris & Moreno, 2004). Similar skills are usually found to be important for
emerging reading and spelling abilities in hearing children (e.g.Caravolas, et al., 2001;
Ellis & Large, 1988; Juel, Griffith, & Gough, 1986); however, a recent study reported
a disparity in the concurrent predictors of reading and spelling in 7-year-old deaf
children (Kyle & Harris, 2006). The present study therefore examined whether such a
discrepancy is exhibited in the longitudinal predictors of emerging reading and
spelling skills in deaf children.

Another strong longitudinal predictor of early reading and spelling ability in
hearing children is knowledge of letter names and letter sounds (e.g. Caravolas, et al.,
2001; Lonigan, et al., 2000; Muter, Hulme, Snowling, & Taylor, 1998). The
Easterbrooks et al. (2008) study found that knowledge of letter-sound
correspondences was related to reading in young deaf and hard of hearing children

with some speech perception abilities. Mayer (2007) argues that the development of



emerging literacy is a similar process for deaf and hearing children; a corollary of this
assumption is that deaf children would essentially require the same skills to access
written English. Given the importance of alphabetic knowledge for hearing children,
it is imperative to determine levels of letter name and letter sound knowledge in
beginning deaf children, even those from mixed language backgrounds, and
investigate whether this knowledge is actually predictive of emerging reading and
spelling skills. Similarly, fairly strong relationships have also been observed between
short-term memory span and reading development in hearing children (e.g. Ellis &
Large, 1988; Swanson & Howell, 2001) and older deaf children (e.g. Daneman,
Nemeth, Stainton, & Huelsmann, 1995; Harris & Moreno, 2004). Several studies
have found slightly older deaf children’s memory spans to be commensurate with
those of younger reading age-matched hearing children (e.g. Harris & Moreno, 2004;
Kyle & Harris, 2006); therefore it was of interest to examine whether beginning deaf
readers had poorer memory spans than beginning hearing readers, and whether their
short-term memory is related to reading.

In the present study, we investigate some of the outstanding issues described
above by comparing emerging reading and spelling skills in deaf and hearing readers
and examining the roles of various cognitive and language tasks in predicting their
literacy development. The main aims of the current study were to (1) compare
beginning deaf and hearing readers on a range of cognitive and language tasks thought
to be related to reading and spelling; (2) determine the concurrent correlates of
reading and spelling in beginning deaf and hearing readers; (3) compare deaf and
hearing children’s initial reading and spelling progress; (4) explore the longitudinal
relations between earlier cognitive and language skills and later reading and spelling

ability in beginning deaf readers, in particular whether earlier vocabulary and
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speechreading skills are related to later literacy; (5) compare the longitudinal
correlates of beginning reading in deaf children with those for hearing children; (6)
clarify whether phonological awareness is related to later reading ability in beginning

deaf readers after controlling for initial reading levels.

Methodology

Design
A two-year longitudinal, comparative study was conducted with deaf and hearing
children. Children were given a battery of reading, spelling, language and cognitive
tasks every twelve months over the two year period. The data were collected between

2003 and 2005.

Participants

24 deaf and 23 hearing children aged between 5- and 6-years-old participated in the
study. Schools and teachers were asked to select children who were beginning
readers to take part in the study. As a result of this sampling method, most of the deaf
children were either in their first year of schooling (i.e. kindergarten) or they were in
the first term of their second year of school (i.e. 1% grade) but were considered to be
beginning readers by their class teacher. To ensure that the hearing children were also
beginning readers, they were recruited from kindergarten classes. This resulted in
some of the deaf children being older than the hearing children (mean age at the
beginning of the study 5 years 8 months vs. 5 years 0 months), t(30) = 8.28,p<.001,
95% CI16.48 -10.72.

The deaf and hearing children were matched for initial word recognition

ability using a pictorially adapted version of the Primary Reading Test (France, 1981),
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similar to the adaptation used in Harris and Beech (1998). The children were shown
flashcards each containing a picture and 5 words and they had to point to the word
that correctly corresponded to each picture. The sixteen pictures were the first 16
picture items from the Primary Reading Test. No standardised scores were computed
due to the adapted presentation format of the test. There were four practise items on
which the children could receive feedback. There were no significant differences
between the deaf and hearing children in their word recognition abilities, t(45) = 0.53,
ns, 95% CI -1.77 — 3.02, d = 0.14.

The children’s non-verbal intelligence quotients (NVI1Q) were estimated using
three subtests from the British Ability Scales Il (BAS II) (Elliot, Smith, & McCulloch,
1996): Pattern construction, Block Building and Copying. All participating children
had a NVI1Q estimate greater than 85. There were no significant differences between
the deaf and hearing children in their NVI1Q, t(45) = -1.74, ns, 95% CI -7.75 - 0.57, or
gender distribution y? (1) = 0.51, ns. Any child with cognitive, social or severe
behavioural problems was excluded from the study at the beginning. There were an
additional eight deaf children who had been initially assessed but then excluded
before the onset of the study due to low cognitive abilities and suspected attentional

difficulties.

Deaf participants

The deaf children’s mean chronological age was 5 years 8 months (SD 4.7) at the
initial assessment and ranged from 4 years 11 months to 6 years 5 months. There were
9 boys and 15 girls. All children had a severe or profound sensori-neural pre-lingual
hearing loss with a mean loss of 100 db (across 4 frequencies in the better ear),

ranging from 76db to >120db. The children came from a range of different schools
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and educational establishments in the south east of England including specialist
schools for the deaf and hearing-impaired units attached to mainstream schools.
Seven children were fitted with cochlear implants and the remaining 17 wore digital
hearing aids. The mean age of implantation for the children with cochlear implants
was 3 years 5 months (SD 17.6) and ranged from 2 years to 5 years 8 months. Five
children had at least one deaf parent and a further 2 children had a deaf sibling. The
language and communication backgrounds of the children varied tremendously: 11
preferred to communicate through only spoken English, 10 used signing (8 of whom
used BSL) and 3 children used total communication (a combination of spoken and

signed language).

Hearing participants

23 typically developing hearing children took part (11 boys and 12 girls). The mean
age was 5 years 0 months (SD 1.8) and ranged from 4 years 8 months to 5 years 2
months. The hearing children were all pupils at the mainstream schools to which the
deaf units were attached, ensuring the deaf and hearing children were matched for
socioeconomic status and demographic variables. Spoken English was the first

language of all hearing children.

Materials

A broad battery of reading, spelling, cognitive and language based tasks was

administered at Time 1, Time 2 and Time 3.

Word reading ability was assessed using the Single Word Reading subtest from the

BAS 11 (Elliot, et al., 1996). The children were shown an A4 card containing printed

13



words of increasing difficulty and asked to read them aloud. The deaf children were
allowed to respond in their preferred communication method: spoken English, signing
or total communication (a combination of signed and spoken English). The maximum

score for the word reading task was 90.

Spelling ability was measured by an experimental picture-to-spelling task (from Kyle
& Harris, 2006). The children were shown 30 black and white line drawings (taken
from Snodgrass & Vanderwart, 1980), depicting concrete nouns of varying syllabic
length (e.g. cat, door, carrot and aeroplane). The target monosyllabic words also
varied in their phonology-to-spelling regularity and consistency. A word was
categorized as being regular if there was only one, or a principal, method of
graphemically representing the constituent sounds (see Ziegler, Stone, & Jacobs,
1997). The words were selected from spelling lists used in two previous studies with
deaf children ((Burden & Campbell, 1994; Harris & Moreno, 2004). The words
depicted were all characterized as being of high frequency (see norms from
Masterson, Stuart, Dixon, & Lovejoy, 2003) and early age of acquisition (see norms
from Morrison, Chappell, & Ellis, 1997). Using hearing norms, the mean age of
acquisition for the included items was 26 months and therefore it was expected that
the items would be familiar to typically developing 5 year old deaf children, despite
their well-documented language delays. The pilot study revealed that the chosen
items were suitable as they were found to be in the vocabularies of deaf children of
the target age. The items were presented one at a time and named (and additionally
signed for those children who used sign language) to ensure clarity. Children were
asked to write down the name of each item. Cronbach’s alpha reliability coefficient

was .90. The maximum score was 30.
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Phonological Awareness was assessed using the phonological similarity task taken
from Kyle and Harris (2006; 2010). This task measured epi-phonological awareness
and was included because it had been used in previous studies with deaf children
(e.g.Colin, et al., 2007; Harris & Beech, 1998; Kyle & Harris, 2006, 2010; Miller,
1997). Children were required to make a judgement of either rhyme or alliteration
similarity. There were 24 trials in which the child was presented with a picture (item)
and then shown 2 further pictures (a target and distractor) of which they had to select
the picture that sounded the same as the item. On 12 of the trials, the item and target
shared the same onset and thus required a judgement of alliteration similarity (e.g. bat
bag man). On the remaining 12 trials, the item and target shared the same rime and
required a judgement of rhyme similarity (e.g. key tree flag). The orthographic
congruency was controlled on the 12 rhyme trials, whereby on 6 of the trials, the item
and target shared the same spelling (e.g. snake-cake) but on the other 6 trials, the item
and target had different spellings (e.g. eye-fly). A more detailed description of the
task is provided in Kyle and Harris (2006, 2010). Children were pre-tested on all the
pictures to ensure they knew the correct labels for the pictures. There were also four
additional practice trials in which the children could receive feedback. Cronbach’s

alpha reliability coefficient was .66. The maximum score for this task was 24.

Productive Vocabulary was assessed through the Productive vocabulary subtest from
the BAS 11 (Elliot, et al., 1996). Children were shown 36 pictures and asked to
produce the name of the picture. They were allowed to answer in sign, speech or

fingerspelling. When scoring the signed answers, we used similar guidelines to
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Connor and Zwolan (2004) whereby any response that was a sign rather than a

description or gesture was accepted.

Speechreading ability was measured using the video-to-picture matching
speechreading task taken from Kyle and Harris (2006; 2010). The children watched a
series of video clips of a woman saying a word and after each video clip they had to
point to the corresponding picture from a picture board. The video clips were
recorded audio-visually but presented silently to the children on a laptop. There were
five different picture boards, each requiring different contrasts, and 10 trials on each
board. The items on board 1 were of varying syllabic length (e.g. fish, apple,
butterfly) whereas the items on board 2 were all disyllabic words (e.g. pencil, flower,
carrot). The items on board 3 were all monosyllabic words that began with the sound
/bl (e.g. box, bus, bike). Boards 4 and 5 both contained monosyllabic words that
rhymed (e.g. bear, fair, pear and key, bee, tree respectively). The items were all
named on each board before the task commenced. The order of presentation of the
boards was counterbalanced. Cronbach’s alpha reliability coefficient was .91. The

maximum score was 50.

Short-term memory span was assessed using a pictorial, serial ordered, short-term
memory task taken from Kyle and Harris (2006; 2010). The children were presented
with sets of pictures on a computer screen and they had to recall the pictures in the
correct order. The task began with lists of two pictures and increased up to a
maximum of six pictures. Three trials were presented at each list length and the test
was stopped when the child made errors on at least two trials at a given list length.

The task was comprised of two sections, one providing a span for monosyllabic words

16



(e.g. bike, fox, tent, lips) and the other providing a span for disyllabic words (e.g.
apple, flower, rabbit, button). The words were matched across the two sections in
terms of word frequency (see norms from Masterson, et al., 2003) and the age at
which the words are typically acquired (see norms from Morrison, et al., 1997). The
items in each section were also dissimilar in terms of phonological, visual or sign
properties. The words were depicted by black and white line drawings taken from
Snodgrass and Vanderwart (1980) database. Children were pre-tested on the pictures
before the task began and there were three practice trials at the beginning of each
section. The order in which the two sections were presented was counterbalanced.
Children were allowed to respond in their preferred language. The maximum score

was 6.

Letter Name and Letter Sound Knowledge was measured by asking children to
produce the names and sounds for each of the 26 letters of the English alphabet.
Children were presented with 26 brightly colored, magnetic, alphabetic letters on a
magnetic board. They were shown each letter in turn and asked to give the name of
the letter and the corresponding sound made by that letter. Children were allowed to
provide the name of the letter using speech or fingerspelling. They were then asked
what sound the letter made. The task was introduced by initially showing children the
letter that their own name began with and asking them to name it. Almost all the
participating children were receiving speech and language therapy sessions at school
through which the concept of sounds was being taught and further instructions and
help was given when necessary. Children scored one point for each correct name or
sound. The maximum score for letter name knowledge was 26 and the maximum

score for letter sound knowledge was 26.
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Procedure
A small pilot study was conducted with 3 deaf children to ensure that the tasks,
instructions and procedures were appropriate for beginning readers. Any instructions
that were not clear were amended and advice was sought from teachers of the deaf.
Parental and child permission was given prior to initial assessment. All testing took
place in a separate room, usually adjacent or close by the classroom. Each child was
assessed every twelve months. Six sessions were required each year to complete the
testing battery and each session lasted for approximately 20 minutes. For the deaf
children, all instructions were given in the child’s preferred mode of communication:

spoken English, total communication or signing.

Results
The means and standard deviations for all literacy, cognitive and language tasks at all

three testing periods for both the deaf and hearing children are presented in Table 1.

Performance on the reading and spelling tasks at Time 1
The deaf and hearing children had initially been selected and matched for word
recognition skills at T1. However, despite being matched for reading ability on a
measure of word recognition, the deaf children achieved significantly higher scores
than the hearing children on the test of single word reading (t(27) = 2.39, p=.024, 95%
C10.66 —8.61, d = 0.68). The mean reading age for the deaf children was 5 years and
3 months whereas the mean reading age for the hearing children was 5 years 0
months. The deaf children also attained higher spelling scores than the hearing

children (t(28) = 2.33, p = .028, 95% CI-0.22 — 3.40, d = 0.67). The differences

18



between the deaf and hearing children in word reading and spelling arose because all
the hearing children were in their first year of school whereas, although the majority
of deaf children were also in their first year of school and were beginning readers, a
few of them were in the first term of their second year of school (i.e. first grade) and
therefore could read and spell a couple of words even though their teachers had
selected them as being beginning readers.

<Table 1 about here>

Performance on the cognitive and language based tasks at Time 1
As can be seen in Table 1, the hearing children achieved higher scores on the
phonological awareness (t(43) = -2.68, p =.010, 95% CI -4.79 — -0.68, d = 0.80),
letter sound knowledge (t(35) =-3.39, p =.002, 95% CI -10.7 — -2.7) and the
productive vocabulary task (t(45) = -6.71, p<.001, 95% CI -11.97 — -6.44, d = 1.96)
As expected, the hearing children had age-appropriate vocabulary skills whereas the
deaf children showed considerable delays (mean vocabulary age = 2 years 11
months). The deaf children knew significantly more letter names than the hearing
children (t(45) = 3.64, p =.001, 95% CI -3.9 — 13.4).

There were no significant differences between the deaf and hearing children in
their speechreading skills, F(1,45) = 2.25, ns. There was also a main effect of board,
F(4,180) = 11.34, p<.001 but no significant interaction, F(4,180) = 0.84, ns. Post-hoc
analysis revealed that deaf and hearing children showed a similar pattern of
performance across the different boards. There were also no differences between the
deaf and hearing children in their performance on the short-term memory span task,

t(45) = -1.07, ns, 95% CI -0.38 —0.12, d = 0.26.
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Concurrent relations between literacy and cognitive and language tasks at Time 1
Table 2 shows the concurrent partial correlations (controlling for NVIQ) between the
tasks at T1 for the deaf children. Both reading and spelling ability were significantly
associated with phonological awareness and vocabulary. In addition, reading ability
was significantly correlated with speechreading. Reading and spelling were
themselves highly inter-correlated as were speechreading and phonological
awareness.

Table 3 shows the concurrent partial correlations for the hearing children,
controlling for NVIQ. Apart from reading and spelling themselves being highly inter-
correlated, the only significant correlate of reading and spelling ability was letter
sound knowledge. In addition, letter name knowledge was significantly associated
with spelling ability. It must be remembered that the hearing children were beginning
readers and spellers and so the lack of significant correlates after controlling for
NVIQ is most probably due to floor effects in the literacy tasks.

<Table 2 about here>

<Table 3 about here>

Development of reading and spelling skills over the two years
A two-way ANOVA (group by time) revealed that significant progress was made
between each successive year in reading ability as there was a main effect of testing
time on the reading scores, F(2,88) = 226.65, p<.001. There was no main effect of
group, F(1,44) = 0.06, ns but there was a significant interaction, F(2,88) = 16.12,
p<.001. Post-hoc analysis revealed that deaf and hearing made similar progress
between T1 and T2 but the hearing children made greater progress between T2 and T3

than the deaf children. A second two-way ANOVA (group by time) was computed
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for the spelling scores and revealed that significant progress was also made between
each year in spelling ability. There was a main effect of testing time on the spelling
scores, F(2,88) = 280.64, p<.001 but there was no main effect of group, F(1,44) =
0.26, ns. There was a significant interaction, F(2,88) = 4.87,p = .010 and post-hoc
analysis revealed that at T1 the deaf children had achieved higher spelling scores than

the hearing.

Longitudinal relations between earlier cognitive and language abilities and later
reading and spelling achievements

The longitudinal relations between earlier cognitive and language skills and later
reading and spelling abilities were investigated through cross-lagged partial
correlations. Cross-lagged correlations help identify the causal direction of a
relationship between two variables by comparing the strength of the correlation in
each direction (see Ellis & Large, 1988; Kenny, 1975). NVIQ and earlier levels of
literacy ability were always entered as covariates in the cross-lagged correlations; this
provided a stringent and conservative method of investigating the influence of
possible predictor variables on later literacy scores after controlling for any earlier
influence of reading or spelling on those predictor variables (see Castles & Coltheart,
2004). This also controlled for the autoregressive effect of literacy, whereby the
strongest predictor of later reading and spelling abilities is typically earlier reading or

spelling achievement (see Caravolas, et al., 2001).

Cross-lagged partial correlations for deaf children

The cross-lagged partial correlations for the deaf children are displayed in Table 4.

Vocabulary at T1 was the most consistent significant correlate of reading ability at T2
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and T3, even after controlling for NVIQ and earlier reading ability at T1. The
converse relation between earlier reading ability and later vocabulary was not
significant. Both speechreading at T1 and letter sound knowledge were significantly
related to reading ability at T3. These represent medium to large effects of earlier
vocabulary, speechreading and letter sound knowledge on later reading. Phonological
awareness at T1 was not significantly related to reading ability at T2 or T3; however,
there was a significant association between reading ability at T1 and phonological
awareness at T2 (large effect), even after controlling for NVIQ and phonological
awareness scores at T1. In contrast to the longitudinal correlates of reading, only
letter name knowledge was significantly associated with spelling ability both at T2
and T3. Spelling ability at T1 showed a significant negative relation with
speechreading performance at T3, whereby the better the spelling at T1, the less
progress was made in speechreading scores by T3.

<Table 4 about here>

Cross lagged partial correlations for hearing children

The cross-lagged partial correlations for the hearing children are displayed in Table 5.
For the hearing children, speechreading at T1 was the most consistent longitudinal
correlate of later reading ability at T2 and T3, even after controlling for reading ability
at T1 and NVIQ. Speechreading and phonological awareness at T1 were the most
consistent predictors of spelling ability at T2 and T3, after controlling for spelling
ability at T1 and NVIQ. In addition, letter name knowledge at T1 was a significant
correlate of reading at T2 and phonological awareness at T1 was a significant
correlate of reading at T3. Furthermore, vocabulary at T1 was significantly related to

spelling ability at T2. Therefore, for the hearing children, a similar pattern of cross-
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lagged partial correlations between T1 and T3 was observed for spelling and reading
ability. Moreover, the converse relations between reading and spelling ability at T1
and later language and cognitive skills at T2 or T3 were not significant.

<Table 5 about here>

Effects of mode of communication on literacy and cognitive and language tasks
As the deaf children came from a range of language backgrounds and communication
preferences, it was possible that significant within-group differences were hidden as a
result of combining the children into one group. In order to investigate this further,
the children were split into two subgroups based upon their preferred communication
mode: (1) those who used speech when communicating (n=14) and (2) those who
preferred to use signing (n=10). At Time 1, there were no statistically significant
differences between these two groups on any of the literacy, cognitive or language
tasks. The concurrent partial correlations at T1 for both the speech and the signing
group showed an almost identical pattern of associations to those reported in Tables 2
and 3. At Time 3, there was only one significant difference between the groups: the
oral group had better letter sound knowledge than the signing group (mean 14.6 vs.
3.5; 1(22)=3.60, p<.001). The groups did not differ on any of the other skills that
predicted reading and spelling ability. Caution should be applied when interpreting
the above results as the there is a lack of statistical power due to the small sample size
of each subgroup. The lack of statistical power also precluded separate cross-lagged

partial correlations being computed for each group.

Discussion
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Despite the deaf and hearing children exhibiting very similar levels of reading
progress in the early stages of reading development, their reading trajectories began to
diverge after the second year of reading instruction. Therefore, although the reading
delay in beginning deaf readers was not as serious as that typically observed with
older deaf children, the results were supportive of the notion that that the severity of
the delays increase with age (e.g. Allen, 1986; Easterbrooks, et al., 2008; Trezek,
Wang, Woods, Gampp, & Paul, 2007).

Unsurprisingly, beginning deaf readers had weaker phonological skills (Colin,
et al., 2007; Harris & Beech, 1998) and letter sound knowledge than beginning
hearing readers, although they had higher levels of letter name knowledge. They
exhibited a similar pattern of strengths and weaknesses on the other literacy-related
skills compared with slightly older deaf children, such as poorer vocabulary
knowledge yet equivalent short-term memory spans and speechreading skills (see
Kyle & Harris, 2006). Phonological awareness was a strong concurrent correlate of
literacy skills in the deaf children at T1 (Campbell & Wright, 1988; Dyer,
MacSweeney, Szczerbinski, & Green, 2003; Easterbrooks, et al., 2008). However,
reading ability also showed significant positive concurrent associations with almost
all of the other cognitive and language tasks at T1, suggesting that the beginning deaf
readers were potentially drawing upon all their available skills and knowledge rather
than utilising a specific reading strategy. It was difficult to compare the deaf and
hearing children’s concurrent correlates as the hearing children’s lack of correlates
were most likely due to floor effects on the literacy measures at T1.

The most important finding from this study concerned the longitudinal
predictors of deaf children’s early reading progress. Earlier vocabulary,

speechreading and letter sound knowledge measured at age 5 correlated with the
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individual differences seen in reading ability two years later at age 7. Notably, these
associations held even after statistically controlling for levels of hearing loss, NVIQ
and earlier ability. The skills longitudinally associated with reading progress in
beginning deaf readers were therefore very similar to the longitudinal predictors of
reading growth in slightly older deaf children (Kyle & Harris, 2010) , with the
addition of letter sound knowledge (Easterbrooks, et al., 2008). Interestingly, in the
current study, earlier vocabulary was the most consistent correlate of later reading
across the study whereas earlier speechreading was only a significant correlate of later
reading ability at age 7. This finding could be indicative of the type of reading
strategy that the deaf children were using; it suggests that speechreading only
accounts for individual differences in reading skill once a sufficient level of literacy
has been achieved to enable use of a reading strategy based upon phonological
representations, derived through speechreading. Further support for this view comes
from the high correlation between earlier speechreading and later phonological
awareness (.79) which strongly suggests that speechreading provides the input for
underlying phonological representations.

There is also evidence in our data that speechreading is important for
beginning hearing readers. Rather to our surprise, speechreading proved to be a strong
and consistent longitudinal correlate of both reading and spelling development in the
hearing children. A logical explanation for this strong association is that hearing
children also incorporate the information derived through speechreading into their
phonological representations. Given that speechreading is a natural part of speech
perception in face to face communication (e.g. Massaro, 1987; Summerfield, 1987), it
is likely that even hearing children’s phonological representations will include some

information about the visual component of speech sounds. Better speechreading skills
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may therefore result in more distinct and specified phonological representations,
which in turn can help typically developing hearing children when learning to read
and spell. The strong associations observed between their speechreading and
phonological awareness skills both concurrently at T1 and longitudinally between T1
and T3 (.58) further support this argument. Unsurprisingly, phonological awareness
and letter name knowledge were also strong correlates of emerging literacy in the
hearing children (e.g. Lonigan, et al., 2000; Muter, et al., 2004).

The third main finding from the current study was that, once the effects of
earlier reading ability were controlled for, phonological awareness was not
longitudinally predictive of later reading ability in beginning deaf readers. However,
prior to controlling for earlier reading, phonological awareness at T1 had indeed been
associated with later reading both at T2 (.58) and T3 (.64). This suggests that, as
hypothesised in the Introduction, the relations observed between earlier phonological
awareness and reading ability in the Harris and Beech (1998) and Colin et al. (2007)
studies might have been mediated by existing reading skills. Furthermore, the strong
relation found between earlier reading ability at T1 and later phonological awareness
at T2, could be taken as evidence in support of the theory that deaf children might
develop their phonological skills through learning to read rather than phonological
skills being a pre-requisite of literacy (see Goldin-Meadow & Mayberry, 2001; Kyle
& Harris, in press; Musselman, 2000).

However, an alternate explanation for the observed correlation between earlier
reading and later phonological awareness is that the acquisition of reading skills
influences the way in which children complete phonological awareness tasks by
enabling them to make use of orthographic information (see Castles & Coltheart,

2004). At Time 1, the deaf children did not appear to be using orthographic
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information to complete the task as there was no difference between their
performance on items that were phonologically and orthographically congruent or
phonologically and orthographically incongruent (t(23) = .20, ns). However, by Time
3, the deaf children showed the typical pattern of performance reported in previous
studies (e.g.Campbell & Wright, 1988; Kyle & Harris, 2006) whereby they scored
higher on the orthographically congruent items that could be completed using
orthographic information (t(23) =3.31, p=.003). Whilst this appears to support the
Castles and Coltheart (2004) interpretation of the association between earlier reading
and later phonological awareness, it should be noted that the improvement in
performance on the phonological awareness task between T1 and T3 was not solely
limited to the orthographically congruent items as the deaf children also showed
improvement on the incongruent items indicating enhanced phonological awareness.
Therefore, from the current study it is difficult to draw definite conclusions over
whether the deaf children were using phonological or orthographic information to
complete the task. Moreover, as the main aim of the current study was to investigate
the role of a range of cognitive and language based tasks in deaf children’s reading
development, only one measure of phonological awareness was included. Future
research aiming to explore the complex role of phonological awareness in deaf
children’s reading should include a range of epi- and meta-phonological awareness
and compare the predictability of each task once pre-existing literacy skills have been
controlled.

It was also of interest that the longitudinal correlates of early spelling
development in deaf children showed a slightly different pattern to those observed for
early reading development. In contrast with reading ability, no significant relation

was observed between earlier speechreading, letter sound knowledge or vocabulary
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and later spelling; the only significant association was between early letter name
knowledge and later spelling outcomes. This apparent disparity in the cognitive
predictors of beginning reading and spelling in deaf children was similar to that
reported concurrently for 7 year old deaf children (see Kyle & Harris, 2006) but was
not observed with the hearing children in the study, consistent with previous research
(e.g. Caravolas, et al., 2001; Ellis & Large, 1988; Juel, et al., 1986). The results
suggested that a different developmental pattern may be emerging with deaf
children’s spelling which therefore warrants further research to determine the skills
underpinning spelling development for deaf children. It should be noted that the use
of an experimental rather than standardized spelling task might have precluded the
detection of significant correlates in the current study. In addition, the dichotomous
scoring procedure (correct or incorrect) did not take into account how phonologically
plausible the deaf children’s spelling errors were. Future research should take
phonological plausibility into account when investigating the predictors of spelling in
deaf children.

Research suggests that different subgroups of deaf children may take slightly
different pathways to literacy (e.g. Harris & Beech, 1998; Miller, 1997), utilising
skills in signing (see Hoffmeister, 2000; Strong & Prinz, 2000) or fingerspelling (see
Haptonstall-Nykaza & Schick, 2007; Padden, 1991; Padden & Ramsey, 2000).
Whilst the current study included deaf children from varied language backgrounds
and communication preferences, the sample size precluded a thorough investigation of
potential differences in predictors of reading development as a result of this variation.
The strongest evidence for phonological skills in deaf children comes from subgroups
who are “more oral” (e.g. Charlier & Leybaert, 2000; Miller, 1997), and thus it would

be reasonable to suggest that speechreading might only be predictive of reading
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ability in oral deaf children rather than in signers (see Arnold & Kopsel, 1996).
However, the findings of two recent studies (Harris & Moreno, 2006; Kyle & Harris,
2010), in which good deaf readers exhibited superior speechreading skills regardless
of their communication preferences, suggest that the role of speechreading in deaf
children’s reading may not be just limited to oral deaf children. Moreover, in the
current study, it should be remembered the oral and signing deaf subgroups did not
differ in speechreading or phonological awareness skills at both Time 1 and Time 3.

A related issue is whether speechreading could simply be a proxy for oral
skills. Spencer and Oleson (2008) found speech production and speech perception
skills were the strongest predictors of reading development in deaf children with
cochlear implants; silent speechreading, as measured in the current study, is
essentially visual-alone speech perception. However, given that good speechreading
skills are found in both oral and signing deaf children (see above discussion), and that
in the Harris and Moreno (2006) study, speechreading was found to be independent of
speech production as the good and poor readers in their study differed on
speechreading but not on speech intelligibility, it is unlikely that speechreading is
simply a measure of, or proxy for, oral abilities.

A final issue for consideration is that the deaf and hearing children in the
current study did not end up being as closely matched as originally intended. The
children were selected as being beginning readers by their class teachers, and as a
result, the deaf children were older. Therefore, although the groups were matched for
reading ability using a reading test measuring word recognition, it transpired that there
was a difference in their ability at the level of word reading, with the deaf children

achieving higher scores. Whilst these group differences are large enough that they
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should be acknowledged they are not large enough that they should detract from the
findings concerning the predictors of reading ability.

What do these results tell us about reading development in beginning deaf
readers? Taken together, the findings suggest that deaf children are utilising different
reading strategies at different stages whereas hearing children are using a more
consistent strategy. In the beginning stages of reading development, the deaf children
appeared to be using a logographic or whole word strategy as vocabulary was the only
significant predictor of initial reading progress. However, after two years of reading
instruction, reading ability was also predicted by earlier speechreading skills and letter
sound knowledge, suggesting that deaf children were then using a more alphabetic
reading strategy that tapped into underlying phonological representations derived, at
least in part, from speechread input. In contrast, the hearing children appeared to be
using a more alphabetic strategy right from the first year of reading development as
speechreading and then phonological awareness were strong predictors of both
reading and spelling growth.

If the information derived through speechreading is incorporated into
underlying phonological representations, which in turn are used to support the
phonological judgements required to complete phonological awareness tasks, then it is
plausible that speechreading could be a strong initial predictor of reading in both deaf
and hearing. In addition, for the deaf children, speechreading could essentially act as
a marker or proxy for the quality of the underlying phonological representations. The
findings in the current study provide further support for the argument proposed in
Kyle and Harris (2010) that the relationship between reading and phonological skills
in deaf children is mediated by speechreading until the underlying phonological

representations themselves are strong enough to support reading.
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In conclusion, the current study found that vocabulary, speechreading and
letter sound knowledge were longitudinal predictors of beginning reading ability in
deaf children from varied language backgrounds and communication preferences,
including BSL users. Speechreading was also found to be longitudinally correlated
with emerging reading and spelling abilities in typically developing hearing children.
The pattern of observed correlates for deaf and hearing children suggests that these
two groups might utilise slightly different reading strategies over the first two years of

schooling.
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Table 1: Means and standard deviations for Measures taken at Time 1, Time 2, and Time 3

Time 1 Time 2 Time 3
Deaf Hearing Deaf Hearing Deaf Hearing

Mean Min/Max  Mean Min/Max Mean  Min/Max Mean Min/Max Mean Min/Max Mean Min/Max

(SD) (SD) (SD) (SD) (SD) (SD)
Chronological age 5:08 4:11 - 5:00 4:08 — 6:08 5:11 - 5:11 5:08 — 7:11 7:02 - 7:02 6:11 —

(4.7)  6:02 (1.8) 502 (4.9)  7:02 (1.7)  6:02 (50)  8:05 (1.8)  7:05
Word reading age 5:03 4:11 - 5:00 4:11 - 6:01 4:11 - 5:08 4:11 - 7:02 4:11 - 8:01 6:01—

(8.1)  6:10 (23) 510 (13.2)  8:03 (11.6)  8:03 (13.5)  10:09 (14.3) 10:09
Word reading raw 5.3 0-42 0.7 0-12 16.5 0-61 11.2 0-51 32.3 1-68 44.1 14 - 69

(9.1) (2.5) (15.2) (12.9) (15.1) (16.3)
Spelling 24 0-14 0.6 0-4 7.7 0-23 6.0 1-16 143 0-26 15.7 8-25

(3.6) (1.2) (6.2) (4.0 (6.0) (5.2)
Phonological 14.9 11-22 17.7 8-23 17.1 8-24 22.5 17-24 194 12-24 23.2 21-24
awareness (max 24) (3.2 (3.8) (3.7) (1.8) (3.2) (1.0
Speechreading 20.0 1-38 15.7 2-35 25.3 2-42 21.5 7-39 31.8 9-44 28.3 846
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(max 50)
Vocabulary

(max 38)
Short-term memory
(max 6)

Letter Names

(max 26)

Letter Sounds

(max 26)

(10.7)
14.8
(5.6)
2.5
(0.4)
18.0
(8.2)
2.5

(4.7)

1.5-33

(8.9)
24.0
(3.5)
2.6
(0.4)
9.3
(8.2)
9.1

(8.2)

18 -29

(10.5)
17.8
(4.0)
2.8
(0.4)
23.4
(4.2)
8.6

(8.3)

(9.5)
26.0
(3.0)
3.2

(0.4)
20.7
(6.6)
21.1

(3.9)

20-31

25-4

(10.0)
20.6
(3.8)
3.1
(0.6)
24.9
(1.8)
10.0

(9.2)

10-28

20— 26

(8.8)
28.2
2.7)
3.7

(0.5)
25.6
(1.0)
24.1

(1.8)

24— 34

25-4.8

2226

2026
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Table 2: Partial correlations between tasks taken at T1 controlling for NVIQ for Deaf children

Hearing  Phonological Speechreading Vocabulary  Short-term  Letter Letter Word Spelling
loss awareness memory Names Sounds reading
Age -.32 15 .01 20 53** .04 .28 15 26
Hearing Loss -- -27 -04 -.10 -.09 A9 =17 .02 =24
Phonological -- B1** 55%* 19 .01 .29 .58** 62**
awareness
Speechreading - .86** .33 31 .25 50** 40
Vocabulary -- 35 25 A42* 58** A7*
Short-term -- 42* .04 19 22
memory
Letter Names - -.19 32 34
Letter Sounds a -- .26 27
Word reading .88**

*p<0.05; **p<0.01
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Table 3: Partial correlations between tasks taken at T1 controlling for NVI1Q for Hearing children

Phonological Speechreading Vocabulary  Short-term  Letter Letter Word Spelling
awareness memory Names Sounds reading
Age A4 32 31 20 -04 23 -19 .03
Phonological -- 50** 44%* .05 18 42* 32 39
awareness
Speechreading - .33 .01 .32 .32 .06 .26
Vocabulary - .18 .04 68** .32 .25
Short-term - 22 18 21 -.02
memory
Letter Names -- A7 .35 63**
Letter Sounds - .60** 56**
Word reading -- T2%*

*p<0.05; **p<0.01
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Table 4: Partial cross-lagged correlations between tasks at T1 and T2/T3 controlling for NVIQ and earlier ability for Deaf children

Phonological Speechreading Vocabulary Short-term Letter Names Letter Sounds Word reading Spelling
awareness memory
T2 T3 T2 T3 T2 T3 T2 T3 T2 T3 T2 T3 T2 T3 T2 T3
Phonological
awareness T1 15 .38 -.33 -.01
Speechreading 27 .64** -15 .18
T1
Vocabulary T1 b52* Jg2** .04 27
Short-term
memory T1 40 .10 .28 14
Letter Names T1 .25 19 54** 43*
Letter Sounds T1 .36 48* -24 .01
Word reading T1  .50* .20 -.15 -.35 .36 .33 24 .10 12 A1 .23 .33
Spelling T1 .33 -.06 -.16 -47* 22 40 37 14 A5 A2 14 .20

*p <0.05; **p< 0.01
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Table 5: Partial cross-lagged correlations between tasks at T1 and T2/T3 controlling for NVIQ and earlier ability for Hearing children

Phonological Speechreading Vocabulary Short-term Letter Names Letter Sounds Word Reading Spelling
awareness memory
T2 T3 T2 T3 T2 T3 T2 T3 T2 T3 T2 T3 T2 T3 T2 T3
Phonological
awareness T1 .38 .66** 52* 53*
Speechreading 56** .58** J3** 54*
T1
Vocabulary T1 17 .35 52* .39
Short-term
memory T1 -.18 -.06 21 .06
Letter Names T1 55** .36 24 24
Letter Sounds T1 41 .28 .39 .33
Word reading T1 .19 .06 A3 31 -.07 22 27 -44 -.07 -.08 15 .01
Spelling T1 .18 -.06 -.04 .25 -.04 .32 22 -.30 .03 -01 .26 A3

*p <0.05; **p< 0.01
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