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Abstract:

This paper summarises findings from a population study on outcomes of children with
hearing loss in Australia, the Longitudinal Outcomes of Children with Hearing
Impairment (LOCHI, www.outcomes.nal.gov.au) study. Children were evaluated at
several intervals using standardised tests, and the relationship between a range of
predictors and the outcomes was examined. This paper reports the performance of
children with cochlear implants at 5 years of age together with factors predicting word
reading ability. Earlier age at cochlear implantation was significantly associated with
better word reading ability, after controlling for the effects of language, receptive
vocabulary, nonverbal cognitive ability and device configuration.
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Introduction
About 1 in every thousand live births has permanent childhood hearing loss. This
condition has major negative impacts on children’s development of language, literacy,
and hence their academic achievement. In 2001, the US Preventive Services Task Force
noted that “the average deaf student graduates from high school with language and
academic achievement levels below those of the average fourth-grade student with
normal hearing. Average reading scores for hard-of-hearing students graduating from
high school are at the fifth-grade level. The lag in reading performance has remained
virtually unchanged since it was first carefully measured in the early 1960s.”
With widespread implementation of universal newborn hearing screening
(UNHS), it has become possible to detect hearing loss soon after birth so that early
treatment, including amplification and cochlear implantation, can be provided. The goal
of UNHS is to improve language and literacy outcomes at a population level. For
children detected with severe or profound hearing loss through UNHS, cochlear
implantation may be provided early in life to support early development before delay
occurs.
Some recent reports on children who received a cochlear implant (CI) before 2 or
4 years of age showed benefits for language acquisition when compared to those who
received later implantation (Archbold et al, 2008), whereas other reports did not find a
difference between groups (Geers & Hayes, 2010; Dillon et al, 2012). Across studies,
reading ability at 8-9 years was on average below 1SD of normative mean; and for
children who were measured again at 16 years, a decline in development was evident
(Geers et al, 2008; Archbold et al, 2008). With widespread implementation of UNHS, it
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may reasonably be expected that children who need cochlear implants should get them
earlier than 2 years. Indeed, benefits are likely to be greater for devices to be provided
earlier so that the effect of auditory deprivation could be minimized. There were no
population studies that included large numbers of children who received a cochlear
implant before 12 months of age, nor any direct comparison of outcomes of early and
later-implanted children in a prospective manner.
As cochlear implants provide auditory access to sounds, it may be hypothesized
that children who received a CI earlier would have better awareness of sound structures
of language, or phonological awareness (PA), than those who received later implantation.
If PA is positively related to reading ability as for typically developing children (for a
review, see Melby-Lervåg et al., 2012), early reading ability may well be better for
children who received a CI earlier in life. On the other hand, if language ability and
variables other than PA were more important for development of reading in hearingimpaired children (for a review, see Mayberry et al, 2011), there would be no difference
in reading ability between children who received early or later implantation.
This paper draws on a population study that investigated the effectiveness of
UNHS for improving child outcomes, the Longitudinal Outcomes of Children with
Hearing Impairment (LOCHI) study (www.outcomes.nal.gov.au). About 460 children
were enrolled from three states in Australia in which UNHS was at different stages of
implementation. Across states, children received consistent hearing service provision
from the national service provider, Australian Hearing (Ching et al, 2013). Of these
children, 53% received their first hearing aids before 6 months of age. Of the 165

Ching TYC. Outcomes of children with bimodal fitting and bilateral cochlear implants.
ESPCI 2013 Panel C

5

children who use a CI at 5 years of age, 32% of them first received it before 12 months of
age.
This paper reports the reading ability and phonological awareness of children with
cochlear implants at 5 years of age; and examines the factors affecting reading
development.

Method
Participants: This is a prospective cohort study. Participants were 165 children enrolled
in the LOCHI study who were using CIs at 5 years of age - 14 used a CI in one ear only
(unilateral CI), 56 children had a CI in one ear and a hearing aid in the other ear
(CI+HA), and 95 had bilateral CIs.
Procedure: Soon after a child turned 5 years of age, a team of trained research speech
pathologists conducted assessments using standardized tests. Measures of language
ability included the Pre-school Language Scale 4th ed. (PLS-4) to evaluate receptive and
expressive language, and the Peabody Picture Vocabulary Test, 4th ed. (PPVT) to
evaluate receptive vocabulary. Phonological awareness was assessed by using the elision,
sound matching and blending word subtests of the Comprehensive Test of Phonological
Processing (CTOPP). Reading ability was assessed by using a letter name knowledge test
and the word identification and word attack subtests of the Woodcock Johnson III®
Diagnostic Reading Battery (WDRB). The Wechsler Nonverbal Scale of Ability (WNV)
was used to assess nonverbal cognitive ability. Custom-designed questionnaires were
used to collect demographic information.
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Statistical analysis: The Statistica software was used for analysis. The primary outcome
measures were summarized in terms of means and standard deviations. To determine
factors affecting reading ability, multiple linear regression analysis using word
identification standard scores as a dependent variable and age at CI activation, nonverbal
cognitive ability, PLS-4 total language scores, PPVT scores, and device configuration
(unilateral CI, CI+HA, bilateral CI) as predictor variables was performed.
Results and Discussion
Table 1 shows the outcomes data for children at 5 years of age. The nonverbal cognitive
ability of the children was within normal range, but the language ability was below
normative populations: mean scores for receptive language (-1.3 SD), expressive
language (-1.6 SD), receptive vocabulary (-1.1 SD. In regard to reading, children knew
the names or sounds associated with some letters of the alphabet (mean = 15, SD = 8);
and their overall pattern of performance was approximately in line with published norms
for the word identification and word attack subtests of the WDRB. It is noteworthy that
even though the mean scores for phonological awareness were between -0.5 and -0.8 SD
of the normative mean, these scores overestimated the abilities of children with cochlear
implants, given that more than half of the children were unable to cope with the CTOPP
test.
Table 1 about here
Multiple regression analysis of data from 62 children with the full set of scores
revealed that earlier age at cochlear implant activation was associated with better word
reading ability (F = 4.09, p = 0.048). There were no other significant factors at the 5%
probability level.
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By design of this prospective study, children will be evaluated again at 9 years of
age. To date, 29 children who use CIs have completed their 9-year assessments.
Preliminary results from 22 children with nonverbal cognitive ability scores within the
normal range (mean score: 99.95; SD: 13.1) had language scores below normal levels
(Receptive language: -1.7 SD; Expressive language: -1.9 SD; Language memory: -1.9
SD). Deficits in vocabulary were also indicated (Receptive vocabulary: -1.7 SD;
Expressive vocabulary: -1.5 SD). Their word and non-word reading ability was at -0.8
SD, but their passage comprehension ability was at -1.1 SD. Of these 22 children, 4
received their first CI by 12 months of age, and were using bilateral CIs by 5 years of
age. These 4 children had language and reading scores within the normal range at 9 years
of age.
When all data become available, it will be possible to quantify the effect of age of
cochlear implantation and other factors on children’s development of phonological skills,
language and reading ability. It will also be possible to examine whether early
phonological skills at 5 years predict reading abilities at 9 years. This longitudinal study
will allow development trajectories to be quantified, and factors affecting growth rate,
including age at early intervention, to be determined at different stages of education.
Conclusion
This population-based study found that earlier age at cochlear implant activation was
significantly associated with better reading ability at 5 years of age, after controlling for
language ability, receptive vocabulary, nonverbal cognitive ability, and device
configuration.
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Table 1. Mean standard scores, standard deviation (SD), and range for assessments of
children at 5 years of age. Cognitive ability was measured by the Wechsler Nonverbal
Test of Ability (WNV), Receptive and Expressive language ability by the Pre-school
Language Scale (PLS-4), receptive vocabulary by the Peabody Picture Vocabulary Test
(PPVT), names or sounds of the 26 alphabets, Reading was assessed by the WoodcockJohnson Diagnostic Reading Battery (WDRB word identification and word attack
subtests), and phonological awareness was assessed by using the Comprehensive Test of
Phonological Processing (CTOPP, elision, sound matching and blending words subtests).
The CTOPP scores have a normative mean of 10 and a standard deviation of 3. All other
tests have a normative mean of 100 and a standard deviation of 15.

Test

n

Mean SD

Median 25th

75th

percentile
Cognitive ability (WNV)
Receptive language: PLS-4
Expressive language: PLS-4

110

101.1 101.5

percentile

101.5

91

111

112

81.0

82.0

82.0

64

95

110

76.5

76

76.0

52

94

105

84.1

83

83.0

71

97

99

13.3

15

15.0

5

21

76

103.4 103.5

103.5

91

111

48

115.5 110.5

110.5

101

123

Receptive vocabulary:
PPVT
Letter name knowledge
Real Word reading:
WDRB_Word
Identification)
Non-word reading:
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WDRB_Word Attack
Elision: CTOPP
Sound matching: CTOPP
Blending words: CTOPP

34

7.6

7

7.0

7

8

35

8.1

8

8.0

6

9

34

8.0

7

7.0

7

9

