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SPEECH

The effects of early auditory deprivation — insights from children with

cochlear implants
Michéle Pettinato

The development of speech is an
area of weakness for most chil-
dren with Down syndrome, but
the underlying causes are little
understood. Similarly, the degree
to which poor speech may affect
the development of language and
memory abilities in this popula-
tion remains to be determined. The
literature on the development of
speech in Down syndrome tends
to concentrate on motor issues, and
although these are clearly part of
the problem'?, the extent to which
they can account for the difficul-
ties in this area is not entirely clear.
Similarly, although the majority
of children with Down syndrome
have some form of hearing loss,
usually because of glue ear but also
due to sensori-neural losses™, evidence
concerning the contribution of hearing
losses to delays in the development of
speech and language is inconclusive (for a
comprehensive review, see REF 5).

This update explores the importance of
early auditory stimulation by consider-
ing the development of speech processing
skills in profoundly deaf children who
have received a cochlear implant. This lit-
erature is relevant to issues affecting chil-
dren with Down syndrome, because like
them, children with cochlear implants
have hearing difficulties, but unlike the
former, they do not have oral-motor
issues. Before reviewing the literature on
cochlear implants, it is useful to recapitu-
late why psycholinguists and speech scien-
tists think that babies’ exposure to speech
sounds is so crucial for the development
of speech and language.

Within the first year of life, typically
developing infants acquire an acute sen-
sitivity to the phonological and acoustic
features of their native language. As early
as four months, infants show a preference
to the most common stress pattern in the
words of the surrounding languagel®”
(‘stress’ refers to the most prominent syl-

lable in a word, for example in ‘banana’
it is the second syllable, but for ‘daffodil’
it is the first) and by six months, infants
seem to have established what the vow-
els of their native language are®. For
consonants, this process is thought to be
accomplished by one year. Infants are
also building up an awareness of the most
common ways in which sounds occur
together (the technical term for this is
‘phonotactics’), for example the fact that
in English, ‘bl’ is a frequent combination,
whereas ‘Ib” is not"?.

Infants face a difficult task when learning
the words of their language: how can they
recognise words in fluent speech, when
there are no clear acoustic cues to word
boundaries and most utterances consist
of several words (think of the experience
of listening to an unfamiliar language).
However, knowledge of the sounds of
their native language and how they can
combine helps infants begin to recognise
separate units in the continuous stream of
speech. For example, since the majority of
English words start with a stressed sylla-
ble, a good strategy for determining word
boundaries would be to assume the start
of a new word when hearing a stressed syl-
lable. By nine months of age, infants seem
to indeed use this strategy "". Friederici

and Wessels showed that infants
also used frequent phonotactic pat-
terns to recognise words in fluent
speech”,

These studies indicate that infants
are already learning about and per-
forming quite complex analyses on
the sound structure of their native
language, long before they begin to
utter their first words. It seems that
this exposure to speech and the
intensive analysis of its sound pat-
terns is an important preparation
for later more complex language
learning. In an important study,
Newman et al. retrospectively com-
pared the performance of children
who at two years had high versus
low vocabularies. These children
had all taken part in a variety of
speech perception tasks during the first
year of their life. The performance on
speech segmentation tasks (i.e. the abil-
ity to use phonological cues such as stress
or phonotactics for recognising words in
continuous speech) of the two groups dif-
fered significantly, in that the group who
later had small vocabularies had also per-
formed significantly worse on speech seg-
mentation tasks during the first year than
the children who would go on to develop
large vocabularies at two years. A second
study was carried out between the ages
of 4-6, and again children who obtained
higher measures on a variety of language
tests had also performed significantly
better on speech segmentation tasks as
babies. As better segmentation and higher
language scores could simply have been
a consequence of overall better cognitive
abilities in this group, the researchers
also assessed the two groups of children
on non-linguistic cognitive abilities. The
groups did not differ on measures of cog-
nitive development, and it was concluded
that the relationship between segmenta-
tion skills and later language development
was not based on general cognitive abili-
ties, but rather seemed to be the result of
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a specific ability to recognise regularities
in speech patterns and to use this to learn
language.

Surprisingly, very little is known about
how speech discrimination and segmen-
tation abilities develop in infants with
Down syndrome and how it may relate to
their difficulties with language develop-
ment. The studies that have been carried
out assessing speech processing in infants
with Down syndrome are not fully conclu-
sive, but do indicate that the same method-
ologies that have been used with typically
developing infants can be applied™'.
Research into the neurology of hear-
ing and speech processing suggests that
further investigations of speech process-
ing would indeed be warranted: Jiang et
al. report evidence of either delayed or
atypical auditory system development in
infants with Down syndrome, and neu-
roanatomical studies in older individuals
with Down syndrome have found that cell
columns were further apart and cell den-
sity was decreased in the areas responsible
for auditory processing!® 719,

In the absence of information on infants
with Down syndrome, it may be informa-
tive to look at another clinical population
where early speech processingis disrupted.
This is the case for children who were born
profoundly deaf and who have received
cochlear implants. Although the cochlear
implant provides auditory stimulation,
it is important to note that
this does not restore fully
normal hearing. Cochlear
implants can have a maxi-
mum of 22 to 24 channels,
so all sounds have to be bro-
ken down and processed as
having a maximum of 22/24
frequencies, whereas the
normally hearing ear can
distinguish many hundreds
of different frequencies.
Therefore these children are
not only deprived of sound
stimulation from birth, but
once the implant has been
fitted, the auditory input
continues to be less opti-
mal. Although it would be
premature to draw direct

parallels between the two clinical popula-
tions*, there are some surprising similari-
ties in their language development.

Like children with Down syndrome,
children with cochlear implants are con-
siderably delayed in their language acqui-
sition?>?", This includes difficulties with
articulation and intelligibility??¥, even
though there is no reason to expect dif-
ficulties with oral-motor skills in children
with cochlear implants. Researchers also
report greater variability in sound pro-
ductions than in typically developing
children®®”, and this inconsistency in pro-
duction has been described as a key fea-
ture of the speech of children with Down
syndrome?>2¢,

The two groups not only have difficul-
ties in producing speech, but they also
have difficulties with retaining speech in
short-term memory, also known as pho-
nological short-term memory”??. For
most phonological short-term memory
assessments, participants are asked to
repeat either numbers or words; accurate
perception and good speech are therefore
necessary to complete these tasks. Since
hearing and speech are areas of weakness
for both groups of children, a number of
studies have tried to establish their role in
phonological short-term memory (PSTM)
problems. Both groups of children seem
to have PSTM problems which go beyond
a mere difficulty in reproducing the words
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they have been asked to remember: when
tasks did not require a verbal response
and children could instead point to pic-
tures or written words of the items they
were asked to remember, impaired pho-
nological short-term memory was still
present”?”.  Similarly, presenting the
items to remember as pictures or written
text so that hearing difficulties could be
discounted did not improve phonological
short-term memory performance in either
group”?”. It has therefore been suggested
that for both groups, there is a specific
difficulty with retaining, scanning and
retrieving speech in short-term memory
which is independent of the immediate
effects of hearing or speech problems.
Children with cochlear implants vary
in how they communicate. They can be
divided into two groups, those who use
speech as their main mode of commu-
nication and those who use a mixture
of signs, lip-reading and speech, also
known as ‘total communication’?. Some
studies™®?” have found that the mode of
communication after implantation has
a strong influence on speech and short-
term memory abilities. Children who
used speech as their main means of com-
munication had clearer speech, spoke
faster and importantly, had better PSTM
than children who used total commu-
nication?>?). Authors have commented
that amount of experience with speech
sounds is the determining
factor, irrespective whether
this is through the audi-
tory modality or indirectly
through visual and prop-
rioceptive cues to speech

sounds®>?  (i.e. feeling
whereand howin the mouth
sounds are produced).

Other studies contend that
age of implantation, rather
than communication mode,
has a stronger influence on
outcomes for children with
cochlear implants!228),
Both opinions emphasise
the importance of early
exposure to speech sounds,
but the extent to which vis-
ual and proprioceptive cues
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* as in Down syndrome, outcomes vary hugely for children with cochlear implants; some of the factors which affect this are the age at which

the implant was fitted, how many channels the implant has, amount of hearing before the implant was fitted and amount of experience with the

implant as well as the type of communication used 2%,
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can lessen the effect of auditory depriva-
tion is still debated.

The studies with children with cochlear
implants indicate that early experience
to speech sounds not only significantly
affects the development of speech, but
also feeds into more abstract abilities such
as being able to process speech in short-
term memory. By analogy, some of the
problems with the acquisition of speech
sounds (see REF 2: p25) and later PSTM defi-
cit in children with Down syndrome may
be in part due to early difficulties with
processing speech sounds". Presently it
is only possible to speculate on this issue,
but as the studies on speech perception in
infants with Down syndrome have shown
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