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The Impact of New
Technologies on the Literacy
Attainment of Deaf Children

Margaret Harris

To become successful readers, hearing children require competence in both decoding—the ability
to read individual words, underpinned by phonological skills and letter–sound knowledge—and
linguistic comprehension—the ability to understand what they read—underpinned by language
skills, including vocabulary knowledge. Children who are born with a severe–profound hearing
loss, or who acquire such a loss in the first months of life, need to develop the same core skills
in decoding and linguistic comprehension although they may develop these skills in a somewhat
different manner from hearing peers. This review considers the impact on literacy of universal
newborn hearing screening and of improvements in the technologies that give access to sound,
including the provision of cochlear implants. The review shows that these new technologies
have brought some notable improvements, especially in the early years at school, but that many
children with severe–profound hearing loss still find reading a challenge and can benefit from
continued support for literacy throughout their years at school. Key words: cochlear implants,
deaf children, literacy, newborn hearing screening, phonological coding, speechreading

SUPPORTING the development of reading
and writing in children who are born

with severe–profound hearing loss— or who
acquire such a loss in the first months of
life—has proved a major challenge to edu-
cators ever since the first schools for the
deaf were founded in the 19th century. Tradi-
tionally, the majority of such children have
found literacy to be a challenge, attaining
levels that are significantly behind hearing
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peers in both reading (Allen, 1986; Conrad,
1979; DiFrancesca, 1972; Lane & Baker, 1974;
Lewis, 1996; Moog & Geers, 1985) and writ-
ing (Mayer, 2007; Mayer & Moksos, 1998).
Notably, literacy levels have tended to fall
further and further behind hearing peers as
children with severe–profound hearing loss
progress through school (Kyle & Harris, 2011;
Marschark & Harris, 1996). Thus, many leave
the education system without having attained
functional literacy—something that is essen-
tial for success in a literate society. It is im-
portant to point out that by no means all chil-
dren with severe–profound hearing loss have
difficulty in learning to read. Later in the arti-
cle, I consider some of the factors that have
been identified with reading success in this
population.

The main focus of this article is on the
impact that developments in technology
have had on the reading of children with
severe–profound hearing loss. To provide a
framework for a discussion of this issue, the
article begins with a consideration of the
processes that are involved in learning to
read and possible differences between these
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processes in hearing children and children
with a severe–profound hearing loss. I then
consider in detail the changes that have oc-
curred in the provision for children who have
a severe–profound hearing loss, beginning
with an assessment of the advances that have
occurred in the provision of technology that
gives access to sound and going on to consider
early diagnosis of hearing loss through routine
screening shortly after birth. In each case, I
consider the impact of these developments
on literacy. Finally I consider what needs to
be done to support children with severe–
profound hearing loss to attain the most ben-
efit from these technological advances so that
the development of reading can be supported.

PREDICTORS OF SUCCESS IN LEARNING
TO READ

The simple view of reading (Hoover &
Gough, 1990) is that two distinct skills—
decoding and linguistic comprehension—lie
at the heart of becoming a skilled reader.
Decoding is the ability to read individual
words and linguistic comprehension is the
ability to understand the meaning of text. The
ability to identify and manipulate phonemes
within words—core aspects of phonologi-
cal awareness—has been shown to be key
to early reading success for hearing chil-
dren (Muter, Hulme, Snowling, & Stevenson,
2004). These skills enable children to become
good decoders. Equally importantly, oral lan-
guage and vocabulary predict reading devel-
opment (Nation & Snowling, 2004) because
such skills underpin the development of read-
ing comprehension. For hearing children to
become proficient readers, they need both
good phonological skills and good oral lan-
guage and vocabulary knowledge.

Although there is wide agreement about the
skills that are important for hearing children’s
literacy attainment, there remains consider-
able debate about what skills are important
for children who are deaf and hard of hearing
(DHH) and especially for those whose hearing
loss is in the severe–profound range. It is im-
portant to recognize that unpacking the com-

ponents of reading success is notably more
complex in the case of DHH children than it
is in the case of hearing children. This is be-
cause, as a population, DHH children are more
heterogeneous than their hearing peers. They
vary, among other things, in degree of hearing
loss, age of diagnosis, age of provision of hear-
ing aid technology, preferred form of commu-
nication, educational setting, and hearing sta-
tus of their parents. All of these variables can
have an impact on literacy (Lederberg, Schick,
& Spencer, 2012; Marschark & Harris, 1996).
Another issue that is relevant is the general
ability level of the children and the presence
of complex needs, such as visual or attentional
problems, that might have an impact on liter-
acy (Edwards, 2007).

As with hearing children, the most com-
pelling data come from longitudinal studies
that examine factors predicting reading out-
comes over a period of 1 or more years as well
as studies of children with particular difficul-
ties. In one of the first longitudinal studies, we
(Harris & Beech, 1998) found speech intelligi-
bility, phonological awareness, and language
comprehension to predict reading develop-
ment between the ages of 5 and 7 years in
a sample of children with severe–profound
hearing loss who came from a range of educa-
tional settings. In a study of orally educated
French children, early phonological aware-
ness skills, including rhyme judgment and
rhyme generation, predicted reading progress
made between the age of 6 and 7 years (Colin,
Magnan, Ecalle, & Leybaert, 2007). Another
skill emerged as important for reading profi-
ciency in a comparison of matched groups of
8-year-old good and poor readers, all of whom
had a severe–profound hearing loss (Harris &
Moreno, 2006). The only skill that reliably dis-
tinguished these two groups was speechread-
ing, with the better readers scoring higher on
a test of speechreading (or silent lipreading)
than the poor readers.

There are two reasons for examining the
possible role of speechreading ability in the
development of literacy skills in children who
are DHH. First, information gained through
speechreading has been seen as a support for
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phonological development in children with
significant levels of hearing loss (Campbell,
1997). Second, recent brain imaging studies
have shown that speech perception is a multi-
modal phenomenon. For example, a compar-
ison of functional magnetic resonance images
of adults listening to words and speechreading
a face silently mouthing words showed a high
degree of overlap in the regions of the brain
that are activated (Rosenblum, 2008)—both
speechreading and listening activated primary
auditory and auditory-association cortex.

Speechreading ability emerged as an impor-
tant predictor of reading ability in a longitu-
dinal study. Kyle and Harris (2010) examined
reading progress over a 3-year period, from
the age of 7 to 10 years. The children, who
had severe–profound prelingual hearing loss,
came from a range of educational settings—
schools for the deaf, hearing-impaired units,
and mainstream classrooms. Although most
children showed reading delays at the end of
the study, those with better English vocabu-
lary and speechreading skills at the age of 7
years exhibited less severe delays.

All these studies, with the exception of
the study by Colin et al. (2007), assessed
children from a variety of educational set-
tings; so these findings do not appear to be
specific to the type of communication used
in the classroom. Knowledge of spoken En-
glish and speechreading skills appear to be
equally important for children who sign and
for those whose education is predominantly
oral. Surprisingly, speechreading ability is also
associated with reading ability for hearing
children (Kyle, MacSweeney, Mohammed, &
Campbell, 2009), so this might suggest that
phonological skills are best thought of as mul-
timodal rather than exclusively aural.

The longitudinal relationship between
phonological awareness and speechreading
appears, however, to be a complex one. In the
study by Kyle and Harris (2006), speechread-
ing ability at 7 years predicted phonological
awareness 1 year later. At the first assessment,
phonological awareness was not correlated
with reading ability. However, by the end of
the study 3 years later, phonological aware-

ness was significantly correlated with read-
ing ability (Kyle & Harris, 2010). However, it
was reading ability that predicted later phono-
logical awareness rather than the other way
around. What this suggests is that the phono-
logical abilities of DHH children may develop
as a consequence of learning to read rather
than being something that children bring to
reading, and that, in the early stages, the de-
velopment of reading ability is mediated by
speechreading.

In the study by Kyle and Harris (2010),
speechreading was the strongest predictor of
single word reading ability, whereas vocab-
ulary knowledge was the strongest predic-
tor of written sentence comprehension. This
echoes the principle of the simple view of
reading (Hoover & Gough, 1990) that two
core skills, decoding and linguistic compre-
hension, enable children to become profi-
cient readers. What these findings suggest is
that, at a general level, the simple view of
reading applies equally to DHH and hearing
children. For both groups, phonological cod-
ing skills and English vocabulary are impor-
tant. The difference, if there is one, is that for
DHH children, phonological coding skills de-
velop to a greater extent during the course
of learning to read and are supported by
speechreading.

COCHLEAR IMPLANTS

Evaluating the impact of cochlear
implants

There have been important technological
developments in the provision of devices that
improve access to speech and other sounds.
The most high-profile change has been in
the provision of cochlear implants (CI). In the
United Kingdom, following approval by the
National Institute for Health and Care Excel-
lence in 2009, CIs are routinely provided by
the National Health Service (NHS). In effect,
this means that all children in the United King-
dom, for whom a CI is considered appropri-
ate, can receive an implant. As a result of early
identification, many children with a profound
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hearing loss now receive a CI well before they
begin formal schooling, and, although the
United Kingdom has lagged behind a number
of European countries, there has been a
marked trend toward earlier implantation.
The National Institute for Health and Care
Excellence now supports the provision of a
bilateral implant for children, so an increasing
number of children have a CI in both ears. A
similar pattern is evident in many other coun-
tries in the developed world, with increasing
numbers of children with severe–profound
hearing loss receiving a CI before their second
birthday.

We might expect that CIs would make it
easier for children with profound hearing loss
to develop both key skills that are required for
successful reading. Better access to spoken
language should enable DHH children to de-
velop phonological awareness skills that are
more in line with hearing peers and better
oral language skills to support reading com-
prehension skills.

There is now a substantial body of evidence
showing that cochlear implantation improves
speech perception and production and facil-
itates the development of spoken language
(Archbold et al., 2000; Cleary, Pisoni, & Geers,
2001; Geers, 2002; O’Donoghue, Nikolopou-
los, & Archbold, 2000; Pisoni & Geers, 2000;
Tait, Nikolopoulos, Archbold, & O’Donoghue,
2001; Thoutenhoofd et al., 2005; Watson,
Hardie, Archbold, & Wheeler, 2008) How-
ever, the outcomes for literacy have proved to
be considerably more difficult to demonstrate
(Marschark, Sarchet, Rhoten, & Zupan, 2010).

Age at implantation for CIs seems to be an
important determinant of outcome. A study
of reading levels 5 and 7 years post-implant
in children who were part of the Nottingham
Cochlear Implant Programme (Archbold et al.,
2008) showed that age at implant accounted
for 50% of the variance in reading ability,
with children who had received implant at a
younger age achieving higher reading scores.
Similar findings emerged from another UK
study (Johnson & Goswami, 2010) that found
significantly better reading among children
who had received early implant than those

who had received later implant. A study of
children in Belgium and the Netherlands (van
der Kant, Vermeulen, De Raeve, & Schreuder,
2010) showed an almost identical pattern,
with 56% of the variance in reading compre-
hension scores being accounted for by age at
implant and years of implant use (which are
themselves highly correlated).

Age at implantation can also have indirect
effects on literacy by affecting skills that re-
late to reading. Children who receive a CI
later may develop better speechreading skills
than children who receive an implant earlier
(Geers, Brenner, & Davidson, 2003) and they
may also make greater use of sign language
(Watson et al., 2008). Thus, children who re-
ceive an implant later may show a rather dif-
ferent pattern in learning to read than children
who receive an implant earlier.

The age at which reading is assessed is also
very important in evaluating outcomes. The
benefits of a CI appear to be greatest dur-
ing the primary school years. In an extensive
study of children who had received an im-
plant before the age of 5 years (Geers, 2003),
over half were reading at an age-appropriate
level at 8–9 years of age, and in the UK study
mentioned previously (Archbold et al., 2008),
children who had received a CI at or before
42 months were reading at an age-appropriate
level 5 and 7 years later (as they approached
the end of primary school).

The picture of reading in secondary school
appears considerably less positive. Geers,
Tobey, Moog, and Brenner (2008) found that
there was a decline in relative reading abil-
ity between the ages of 8–9 years and 15–16
years in their original sample. In a recent UK
study (Harris & Terlektsi, 2011), we found the
reading levels of children with a CI, aged from
12 to 16 years, to be significantly lower than
reading levels of similar children who were us-
ing a hearing aid. Importantly, both groups of
children were reading at a level that was con-
siderably lower than chronological age. The
children with hearing aids were, on average,
reading single words at a level that was over
3 years below their chronological age and
reading text at a level that was nearly 2 years
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below. The children with CIs were earning
reading scores that were even lower for text
reading, with deficits of more than 3 years.
In relation to this finding, it is important to
note that there have been considerable tech-
nological advances in hearing aids over the
last decade or so (Ackley & Decker, 2006).
The majority of children with profound hear-
ing loss, for whom a CI is not considered
appropriate or desirable, are now using dig-
ital aids. In the UK, these are also supplied
by the NHS and they are routinely provided
in many other countries. Digital hearing aids
would also be expected to give consider-
ably better access to speech than analogue
devices.

Another factor to consider is that many
children who receive a CI have complex
needs that place limitations on their capac-
ity to become functionally literate (Edwards,
2007). In addition to the children whose com-
plex needs have been identified, there are
other DHH children who do not have any
recognized complex needs but who have a
level of nonverbal intelligence that is signifi-
cantly below normal (Harris & Terlektsi, 2011;
Marschark et al., 2010). It would not be ex-
pected that children with an IQ score that is
more than 1 SD below the mean would show
age-appropriate reading.

Finally, it is important to consider how chil-
dren are being taught to read. There are ongo-
ing debates about the type of instruction that
should be adopted for children who are DHH.
For example, van der Kant et al. (2010) ar-
gue that the emphasis on spoken language in
the education of young Belgian children was
an important factor in their greater reading
success in comparison with Dutch children
whose education was delivered through a
bilingual curriculum involving Sign Language
of the Netherlands and Sign Supported Dutch.
In contrast, other researchers have advocated
the use of a sign-bilingual approach in read-
ing instruction, pointing to links between lan-
guage ability in general (either oral or signed)
and reading level (Mayberry, 2011). The wide
availability of CIs has led to renewed ques-
tioning of the best approach to teaching read-

ing (Knoors & Marschark, 2012). It is impor-
tant that the ongoing debate is dispassionate
and well-informed by a clear understanding
of how DHH children are learning to read and
how their development can be most effec-
tively supported.

Cochlear implants and literacy

Given that the benefits of CIs for literacy are
most likely to be evident in the early years,
what evidence is there that primary school
children who have received an implant are
reading better than might be expected? In ad-
dition, what can we learn from children with
CIs about the two components that are essen-
tial for reading—decoding and reading com-
prehension? In attempting to answer these
questions, it is important to remember that
age at implantation has declined and so many
children are now receiving an implant well
before their second birthday. And, as we have
already noted, there continue to be techno-
logical advances in the implants themselves,
including the software used in the speech
processor.

One of the first studies to be carried out was
that of Geers and colleagues as part of a CI pro-
gram (Geers, 2003; Tobey, Geers, Brenner,
Altuna, & Gabbert, 2003). There were 181
children, all of whom had received an implant
before the age of 5 years. Over half of the
children were reading at an age-appropriate
level at 8 years of age. As with all studies of
CIs, there was considerable variability within
the group and a number of factors predicted
reading ability. In the context of this review,
it is notable that use of phonological cod-
ing and linguistic competence were predic-
tive (Tobey et al., 2003). Unlike other studies
discussed earlier, however, Geers (2003) did
not find an association between reading level
and age at implantation.

Two European studies, carried out at
around the same time, compared literacy at-
tainment in DHH children with CIs and peers
with hearing aids. A study of 152 children
in Scotland (covering both primary and sec-
ondary school pupils) found that those with
CIs scored comparatively higher on reading
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and writing than peers with hearing aids
(Thoutenhoofd, 2006), and a similar pattern
emerged from a study of 550 pupils in the
Netherlands (Vermeulen, van Bon, Schreuder,
Knoors, & Snik, 2007). In both studies, how-
ever, children with implants were delayed
in their reading in comparison with hear-
ing children. The mean age at implantation
was 37 months for primary school pupils and
91 months for secondary school pupils in the
Scottish study and 74 months in the Dutch
study. So age at implantation was compara-
tively late in both studies, especially the Dutch
one, and this is likely to have had an impact
on the outcome.

A study of children in the United King-
dom who received implant by the Notting-
ham Cochlear Implant Team (Archbold et al.,
2008) presents one of the most optimistic pic-
tures of literacy attainment following cochlear
implantation. This study followed 105 chil-
dren and assessed their reading levels at
5 years and 7 years postimplant. There was
wide variation in age at implantation and so
the sample was divided into those who re-
ceived implant relatively early (i.e., at or be-
fore the age of 42 months) and those who
received implant later (i.e., between 43 and
84 months). There was a strong and positive
association between outcomes and age at im-
plantation. In addition, among the subgroup
of children whose nonverbal IQ was 85 or
above, those who had received implant at or
less than 42 months of age were reading at
an age-appropriate level at both assessment
points. In other words, they had reached par-
ity with hearing peers.

The findings of two, more recent, studies
are less optimistic. Both studies make a di-
rect comparison between children with CIs
and children with hearing aids. The first study
was carried out by Herman, Roy, and Kyle
(2014) in the United Kingdom. It compared
the profiles of DHH children on reading and
reading-related tasks with the profiles of hear-
ing dyslexic children. This is an interesting
comparison to make because hearing children
with the most common form of dyslexia are
known to have problems with phonologically

based decoding. Herman et al. (2014) used an
extensive battery of tests that included liter-
ary skills, phonological skills, speechreading
ability, and language skills. The DHH children
were all orally educated and aged between 10
and 11 years. The hearing dyslexic children
were slightly younger.

Within the sample of 79 deaf children, al-
most two-thirds had one or more CIs and the
remainder used digital hearing aids. The read-
ing scores of the children with CIs did not dif-
fer from those with hearing aids on any mea-
sure. Across the sample, only just over half the
children (52%) were reading single words at
an age-appropriate level, and the distribution
of standard scores on literacy and phonolog-
ical measures was generally skewed toward
lower levels (being ∼1 SD lower than the
hearing standardization sample). Speechread-
ing scores were higher among the more profi-
cient readers than the less proficient, although
the great majority of DHH children found the
speechreading task to be easy, compared with
less than half of the hearing dyslexic chil-
dren. Both DHH and hearing dyslexic chil-
dren were well below average on nonword
reading, scoring at similar low levels. How-
ever, the most striking differences between
the two groups were in spoken English vo-
cabulary and two of the phonological mea-
sures (phoneme deletion and forward recall
of digits) in which the DHH children scored
considerably lower than the hearing dyslexic
children. It will be noted that these are mea-
sures associated with the two core reading
skills—phonological decoding and language
comprehension.

This pattern of results shows that, in spite of
the number of children with CIs, there were
still significant delays in reading among the
sample of 79 DHH children. Furthermore, as
Herman et al. (2014) pointed out, the fact that
many of the children with age-appropriate
single-word reading had low English vocabu-
lary scores suggests that they would be likely
to have reading problems in the future.

The second study is ongoing and assesses
children in primary school with severe–
profound hearing loss (Harris, Terlektsi, Kyle,
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& Corder, 2015). It provides more direct evi-
dence of the impact of CIs and digital hearing
aids on literacy. The study makes a direct com-
parison between data on reading and reading-
related skills collected just over a decade ago,
with data collected from a comparable cohort
of children who were in primary school in
2014. The data from the earlier study came
from Kyle and Harris (2006, 2010, 2011). The
two cohorts are similar in age (6 years) with
unaided hearing loss (around 99 dB), and they
come from the same geographical area in the
United Kingdom. They are also similar in hav-
ing nonverbal IQ within normal range and no
additional difficulties.

One difference between the two cohorts
has been immediately apparent. Although the
unaided hearing loss is identical, the aided
threshold is significantly lower in the newly
recruited cohort, with average loss being only
39 dB (compared with 53 dB in the original co-
hort). Just more than half of the children have
at least one CI compared with only 25% in the
original cohort. This reflects the advances in
provision of hearing aid technology that were
discussed earlier.

There are also some notable changes in ed-
ucational setting. In the original cohort, none
of the children was being educated in a main-
stream setting. In the newly recruited cohort,
10 of the 42 children in the sample are in main-
stream. The remaining children are either in
schools for the deaf or they attend a specialist
resource base within a mainstream school. A
specialist resource base is staffed by teachers
who are trained to work with children who
are DHH, and teaching is carried out in small
groups. Typically, children spend around half
of their time within the resource base and the
remainder being educated alongside hearing
peers (usually with individual support).

In terms of reading ability, the two cohorts
are remarkably similar. However, there are
two clear differences in underpinning lan-
guage skills. The newly recruited children
have considerably better spoken English vo-
cabulary and better phonological awareness
as assessed by a picture-based similarity task
(Kyle & Harris, 2006). There were, however,

no differences between the children with CIs
and those with hearing aids except on letter–
sound knowledge in which the children with
implants had an advantage.

The children in the new study were
matched on single-word reading with a group
of hearing children. Significantly, the hear-
ing children are younger. This means that,
even at this early stage of reading, the chil-
dren with severe–profound hearing loss are
already falling behind their hearing peers by
a few months. There is, however, consider-
able variation in reading performance, with
some children reading at a level that is equal
to or better than their chronological age. As
a group, the children with severe–profound
hearing loss are better at speechreading than
the hearing children, using a standardized as-
sessment (Kyle et al., 2009).

Taken together, these two recent studies
suggest that children with severe–profound
hearing loss who are currently in primary
school are developing better skills in the two
key areas that are required for reading al-
though they have not, as yet, caught up with
hearing peers in phonological skills, English
vocabulary, or reading. What we might ex-
pect to find is that, as these children progress
through primary school and into secondary
school, their reading will remain closer to that
of hearing peers than in previous cohorts be-
cause their underlying reading skills are bet-
ter. Evidence for this hypothesis is yet to be
seen.

As we have already noted, DHH children
often fall further and further behind hearing
peers as they progress through school. The
demands of literacy systematically increase
as readers are required to deal with more
complex sentences, more abstract concepts,
and the integration of ideas across extended
text. There are analogous demands on writing
skills. Geers et al. (2008) were able to follow
up with 26 of the children assessed in their
earlier study (Geers, 2003). They found that,
although the children had been reading at an
age-appropriate level at the age of 8–9 years,
they had an average reading delay of 2 years
by the time they were 15–16 years of age. This
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suggests that early reading success following
a CI may not be sustained in the final years at
school.

Harris and Terlektsi (2011) made a direct
comparison of three matched groups of young
people in secondary school with prelingual
severe–profound hearing loss. As noted ear-
lier, we found that all groups were reading
significantly less well than peers who are hear-
ing but that the children with hearing aids
were reading better than children in the early
and late-implanted groups. The children in
the study came from a range of educational
settings—schools for the deaf, specialist re-
source bases, and mainstream—and some of
the children were receiving an oral education
whereas others were in classrooms where
signing was used. There was no simple re-
lationship between the language of the class-
room and literacy, and there were proficient
readers in both oral and signing classrooms.

NEWBORN HEARING SCREENING

Evaluating the impact of early diagnosis
on literacy outcomes

Newborn Hearing Screening is carried out
in hospitals for all newborn babies in the
United Kingdom and an increasing number
of other countries in the developed world.
It is similar to the program of Early Hear-
ing Detection and Intervention used in the
United States. The implementation of univer-
sal newborn hearing screening (UNHS) across
the United Kingdom began in 2000 and was
completed in 2005, potentially reducing in
the mean age of diagnosis of hearing loss from
17 months to a few weeks (Davis et al., 1997).
Early diagnosis is important because it affords
the opportunity for early intervention both
in the provision of technology that provides
access to sound and in the opportunity for
parents to receive support to develop success-
ful communication strategies with their child
during the crucial early months of life.

Given all the changes that have taken place
in hearing aid technology, it is not straight-
forward to evaluate the impact of UNHS,

especially in relation to later-acquired skills
such as literacy. Furthermore, at least within
the United Kingdom, it is no longer possi-
ble to make comparisons between children
who have had an early diagnosis and those
who have not because almost all children re-
ceive newborn hearing screening shortly af-
ter birth. The exceptions to this are mainly
children who are born outside the United
Kingdom, and they are relatively few in num-
ber and do not form an obvious comparison
group. We, therefore, have to rely on studies
that were begun at the point when newborn
hearing screening was in the process of being
implemented.

It is clear from studies carried out in Canada
(Durieux-Smith, Fitzpatrick, & Whittingham,
2008) and the United Kingdom (Kennedy,
McCann, Campbell, Kimm, & Thornton,
2005) that newborn hearing screening pro-
vides a very reliable way of identifying hear-
ing loss for children who are deaf or hard of
hearing. However, the automated screening
that takes place shortly after birth needs to be
followed up by audiology appointments in or-
der for a diagnosis of hearing impairment to be
confirmed. In the recently recruited cohort of
primary school children described previously
(Harris et al., 2015), by no means all of the
children had received a diagnosis of a hear-
ing loss before the age of 6 months. There
had certainly been a significant increase in
the number of cases where this occurred: In
our earlier study (Kyle & Harris, 2006), only
28% of the children recruited were diagnosed
with a hearing loss before 6 months of age
and this had increased to 55% in the new sam-
ple. Although this is an impressive increase,
it remains the case that diagnosis was delayed
beyond 6 months for 45% of children.

One reason why a confirmatory diagnosis
is delayed is that parents do not attend their
audiology appointment on time. Kennedy
et al. (2006) noted that this was a problem
when they carried out their study, but they
thought that it occurred because the imple-
mentation of the UNHS program was in its
early stages in the United Kingdom, meaning
that there was sometimes a delay between
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the failure at the first stage of screening and
an appointment for the confirmatory diagno-
sis. It would appear, however, that the delays
between screening and diagnosis have not en-
tirely disappeared.

Other reasons for a comparatively late diag-
nosis of hearing loss were that some children
had been born outside the United Kingdom, in
a country where screening was not available,
or that the initial screening had not produced
clear-cut results and a child was referred for
follow-up at a later time. In a few cases, a
child was diagnosed with auditory neuropa-
thy, a condition that it not always identified
through newborn hearing screening.

Apart from issues about the consistency
with which newborn hearing screening is fol-
lowed up, there is a question about whether
the unique benefits of the screening and
subsequent identification of hearing impair-
ment can be firmly established. Durieux-Smith
et al. (2008) cautioned that “Improved speech
and language development due to [UHNS and
early intervention] is unlikely to be proved
by acceptable scientific and ethical standards”
(p. 9). Their concern was that randomized
controlled trials to evaluate the wider bene-
fits of early diagnosis, which are taken to be
the gold standard for evaluating medical inter-
ventions, are unlikely to be carried out simply
because it is already clear that newborn hear-
ing screening is an effective way of identifying
hearing loss.

A randomized controlled trial, as its name
implies, involves randomly assigning partic-
ipants either to a treatment condition or to
a nontreatment condition. Given that UHNS
has been shown to be beneficial, it would be
unethical to carry out a study in which one
group of children was excluded from UHNS
for comparison purposes. Interestingly, the
same comment could be made about CIs
because there have not been any randomized
controlled trials for similar ethical reasons.
However, where a new form of assessment
or treatment is being systematically imple-
mented, it is possible to make a comparison
between two similar areas—one where the
new form of assessment or treatment is in

place and one where it will become available
at a later date. This was the approach adopted
in the United Kingdom.

The first report of the UK rollout of UNHS,
the Wessex trial, was published in 2006
(Kennedy et al., 2006). It examined the lan-
guage scores for a cohort of 120 children with
a hearing loss of at least 40 dB. Half of the
children were born after the introduction of
UNHS to a number of centers in southern Eng-
land. The other half of the cohort came from
geographically adjacent centers where UNHS
had not been introduced at the time of the
study. There were some clear differences be-
tween the groups. Children who had received
UNHS had significantly higher receptive lan-
guage scores than those who had not. There
were, however, no differences in expressive
language scores.

A recent review of the benefits of newborn
hearing screening (Pimperton & Kennedy,
2012) showed that there is now consistent
evidence from studies in Colorado (United
States), Australia, and England that newborn
hearing screening, and associated early diag-
nosis of hearing loss, does bring benefits for
language development. The authors of that re-
view recognized that appropriate and timely
intervention following early diagnosis is criti-
cal and, in practice, the two should go hand
in hand. Early diagnosis will not bring benefits
unless parents are supported to communicate
effectively with their child and appropriate
hearing aid technology is provided and used
on a regular basis.

Newborn hearing screening and literacy

Two studies have carried out a long-term
follow-up of a cohort of children whose hear-
ing loss was identified following newborn
hearing screening in the United Kingdom.
The children were originally recruited from
the Wessex trial (Kennedy et al., 2005). The
first assessment of their reading (McCann
et al., 2009) was carried out when the chil-
dren were in primary school and aged be-
tween 6 and 10 years. The children in the
Wessex sample were combined with similar
children in the Greater London sample, giving
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a total sample of 120 children of whom 61 had
received UNHS and 59 had not. The children
who had been screened through UNHS all had
their diagnosis of hearing loss confirmed be-
fore the age of 9 months, whereas the children
who had not been part of the UNHS trial had
received their confirmatory diagnosis after
9 months.

The children’s reading was assessed using
two subtests from the Wechsler Objective
Reading Dimensions (Wechsler, 2003), which
measure basic reading and reading compre-
hension. On both of these measures, the chil-
dren who had been part of the UNHS trial
were reading better than the children who
had not been in the trial, and their recep-
tive and expressive language scores were also
higher.

The same children were followed up later
between the ages of 13 and 19 years to
see how well their reading had progressed
in secondary school (Pimperton, 2013). Half
of the teenagers in the sample had moder-
ate levels of hearing loss, whereas the other
half had severe–profound losses. Reading ac-
curacy and reading comprehension were as-
sessed using the York Assessment of Reading
for Comprehension (Snowling et al., 2009).
Reading accuracy was measured by the total
number of words that were read correctly in
a passage and reading comprehension by the
answers to comprehension questions about
the passage as well as the number of key
points correctly recalled in a subsequent sum-
mary of the passage.

The teenagers who had received the early
confirmatory diagnosis of hearing loss were
still reading better than their peers who had
received a later diagnosis. Furthermore, the
gap between the two groups had grown,
with the latter group falling further behind
in reading. The results of this study were pre-
sented as Z scores in comparison with hear-
ing children and adjusted for a number of
key variables, including nonverbal IQ, mater-
nal education, and severity of hearing loss.
There were significant differences between
the early and late-diagnosed groups on both
reading comprehension and summarization in
favor of the UNHS group, although the dif-

ference in reading accuracy did not reach
significance. Notably, however, none of the
mean Z scores was positive, implying that the
majority of the teenagers were not reading
at an age-appropriate level even though half
of them had only moderate levels of hearing
loss.

As with the review of the impact of CIs, it
is important to note that the teenagers who
took part in the early trials of UNHS were at
the forefront of technological developments,
and both the UNHS and the provision for in-
fants following confirmatory diagnosis have
continued to improve. However, as we have
already noted, although there will continue to
be new evidence about the potential impact
of CIs, it is unlikely that there will be new
studies of UNHS, simply because its benefits
have been so clearly demonstrated.

CONCLUSIONS

The advent of UNHS has made it possible
for many more children to receive an early
confirmatory diagnosis of hearing loss. This
in turn enables the early provision of appro-
priate support for children and their parents,
including the early provision of technology
that improves access to speech. Early diagno-
sis coupled with good support can benefit the
development of reading skills.

There is evidence that CIs are producing
improvements in reading in primary school
but, so far, these improvements have typically
not been sustained as children confront the
increased demands of literacy in secondary
school. Children with CIs are reading at a sim-
ilar level to those with digital hearing aids.
However, studies of children who more re-
cently received implant suggest that they are
developing better phonological skills and bet-
ter English vocabulary than children who re-
ceived implant long ago, so it is to be hoped
that the full benefits of CIs for literacy are still
to be seen. It is likely, however, that many
children with a severe–profound hearing loss
will continue to need support to become
proficient readers and that this support may
need to continue throughout their years at
school.
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There are a number of ways in which DHH
children can be supported to become profi-
cient readers. The most appropriate approach
will depend both on the child and on the
educational setting. Returning to the simple
view of reading (Hoover & Gough, 1990),
the two key skills to promote are phonolog-
ical skills to support decoding and vocabu-
lary to support linguistic comprehension. Re-
cent intervention studies have shown that tar-
geted support can improve phonological skills
both through oral methods (Lederberg, Miller,
& Easterbrooks, 2014; Miller, Lederberg, &
Easterbrooks, 2013) and through the use of
visual ways of representing speech sounds
through visual phonics (Narr, 2008; Trezek,
Wang, Woods, Gampp, & Paul, 2007). Both
approaches encourage children to look at the
way that sounds are made on the lips as well as
listening. Both approaches can be used with
children who sign and with children who are
being orally educated. Speechreading, in par-
ticular, can help supplement auditory infor-
mation about speech for all children who are
DHH. Visual phonics can also be used with

children who are being orally educated al-
though the most common usage is with chil-
dren who sign (Narr, 2008).

Children also need to be supported to de-
velop a good knowledge of the relevant oral
language vocabulary because this is what they
are learning to read. For DHH children who
are learning to read English, knowledge of En-
glish vocabulary is the most powerful concur-
rent and longitudinal predictor of reading and
spelling (Harris et al., 2015; Kyle & Harris,
2010, 2011).

Many children who are DHH will con-
tinue to require literacy support as they
progress through school. The vulnerability
of early progress in reading, highlighted by
Geers et al. (2008) and Harris and Terlek-
tsi (2011), points to the need for continu-
ing support in secondary school. It is im-
portant to remember that the technological
advances described in this article, although
greatly beneficial for children who are DHH,
do not solve all of the traditional problems
that they have had in learning to read and
spell.
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