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1.1. Short history on cochlear implants 
 
The first experiment on electrical stimulation of the auditory nerve was 
done by Alessandro Volta, soon after he developed the battery in the late 
1790s.  He introduced right into both ears two probes of metal, one of 
silver and one of zinc and linked them to the two ends of his new 
developed battery.  At the moment when the circuit was completed he 
received a jolt in his head and a few moments later a noise which was 
difficult for him to describe.  

In the first two decades of the 20th century, efforts were directed at 
amplifying sounds with a hearing aid rather than using electrical 
stimulation.  The first wearable hearing aid, becoming available in 1902 
was a hearing aid which could amplify sound 20 to 30dB. Hearing aids 
became much more effective with the introduction of a transistor invented 
by Bardeen, Brattain and Shockley in 1947 (Clark, 2003). 

So until the 1950s, despite decades of progress in understanding 
basic physiological and psychophysical aspects of hearing, the medical 
profession could do little for anyone suffering total sensorineural deafness.  

But in February 1957 a totally deaf person was operated by a Paris 
otologist Charles Eyries and his colleague Djourno to find a way of giving 
him some hearing. By stimulating the (functioning) auditory nerve directly, 
the electrode should do the job of the patient's non-functioning cochlea. 
Despite the patient's ultimate disappointment and decision to have the 
device explanted and despite technical limitations, Eyries and his medical 
physicist colleague felt sure that the technique had a future  (Blume, 1999).  
Because this operation took place on the 25th of February, CI-users 
associations have nominated the 25th of February as the World Day on 
Cochlear Implants. 

In 1961 a Los Angeles otologist, William House, made a second 
attempt. He implanted single electrodes insulated with silicon  rubber  in 
the scale tympany of three different patients. Once more, however, 
technical limitations led House to explant his device and to call a 
temporary halt to this work. 

By the early 1970s, major advances in materials and electronics 
technologies had taken place. The implantable pacemaker had become a 
well-known symbol of the emerging `bionic' technology. Electrical
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engineers and materials scientists were more willing to collaborate 
with clinicians than they had been previously.  

Due to this changing climate House felt he could try again.  This 
meant trading the likely benefits of frequency discrimination provided by 
the earlier multichannel device for the greater ease of construction of the 
single channel device. In 1981, 3M, entered into a licensing agreement 
with William House. And the fact is that House's work was beginning to 
attract attention from clinicians abroad. Others were at work too: in  
France, Australia, Austria and Belgium.  

From 1973 research in France by Chouard took place focusing on 
implanting five to seven electrodes into the scala tympani between each 
fenestra, with the intention of localizing the current flow for neural 
stimulation. Results on postlingual deaf patients showed that some 
phonemic discrimination could occur for electrical stimulation alone, but 
the patients required training.  Chouard was the first to be convinced that 
the most successful results will be obtained on the youngest patients and in 
August 1977 he implanted his first children, aged 10 and 14.  

In 1978, after a decade of work, Graeme Clark from Australia felt 
able to try out his prototype on a volunteer. A 48 year old man who had 
been deafened in an accident two years before, reading about Clark's work 
in a magazine, approached him and became his first implantee. 

Clark was convinced that for speech to be made perceptible a 
multichannel device was needed. The development of such a device, he 
believed, would depend upon considerable basic research, starting with 
animals.  In 1981, the Australian government agreed to support a 
collaborative programme of work involving Graeme Clark at the 
University of Melbourne and the Australian Nucleus group of companies.  

In October 1983, 3M sought premarket approval from the Food and 
Drug Administration (FDA) for its device, submitting data on the more 
than 350 patients implanted. FDA decided that the device was safe and that 
it provided access to environmental sounds and ‘may aid with lipreading’. 
In October 1984 the 3M/House device became the first cochlear implant to 
be approved for use in deaf adults. FDA approval of the Nucleus device, 
based on Clark's design, followed 12 months later  (Clark, 2003). 

It was not until the early 1980s that Hochmair and Hochmair-
Desoyer from Vienna (Austria)  reported their  best results for a single-
channel scheme that incorporated  a spectrally modified signal that drove 
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one of the four electrodes in the scala tympani.  This cochlear 
implant was initially also manufactured by 3M, but thereafter by Med-el. 
Subsequently in the 1990s Med-el developed a multiple-electrode implant 
with an electrode array that had ball electrodes. 

Meanwhile a further development was taking place which would 
have major implications for the future of the device, both commercially 
and socially. The group for whom the implant was considered appropriate 
was being extended: from deafened adults (who could, hopefully, be 
reintegrated in the world of sound) to children (who may have heard for a 
very short time before becoming deaf, or who may never had heard at all). 
In purely quantitative terms, this meant a considerable increase in the 
possible implant population.  In 1990 the FDA granted approval to 
Cochlear to market its implant for use with children aged 2 to 17 years 
(Möller, 2006). 

Also Belgium has been a centre of expertise for cochlear implants 
for many years. During the period when William House (USA) and 
Graeme Clark (Australia) were developing their cochlear implants, Erwin 
Offeciers and Stefaan Peeters from Antwerp were developing their Laura 
device. They started to implant adults in 1985 and in 1991 the first child 
received their cochlear implant. In 2002, the Australian company 
‘Cochlear’ took over the Laura system. 

Cochlear implant research, industrial development, and clinical 
studies made considerable advances in the late 1980s and 1990s. Advances 
in the processing of speech demonstrated that multiple-channel stimulation 
would allow sufficient information to be transmitted for open-set speech 
understanding, in comparing to single-channel devices. As speech 
understanding was improving in the 1990s, there was a need too for 
achieving high-fidelity sound, musical appreciation and to understand 
speech in challenging listening situations. New sound processing strategies 
were introduced and research on the effect of bilateral implantation 
concluded that the performance outcomes following bilateral CI’s are 
superior to those observed following unilateral CI for children, which is 
particularly true in more challenging listening situations such as in spatially 
separated speech and background noise signals, but also for the perception 
of speech in quiet  (Sparreboom et al., 2010). 

The American Food and Drug Administration (FDA) started to 
approve cochlear implants for adults in 1985. At the end of 1985 
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worldwide only 750 people had received a cochlear implant. The number 
of people wearing a cochlear implant increased continuously to 
approximately  300.000  in September 2013 (O’Donoghue, 2013). 

The data mentioned above hold for conventional cochlear implants. 
However, presently there are more and more persons who receive a 
cochlear implant for high frequency hearing loss whereas their low-
frequency acoustic hearing is preserved. This type of cochlear implant is 
often referred to as a hybrid cochlear implant or as combined electric and 
acoustic stimulation (EAS). Also other types of implantable hearing 
devices are marketed now, such as several kinds of implantable middle ear 
devices and brainstem implants are available for those where conventional 
hearing aids or cochlear implants are not possible. 
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1.2. Outcomes and trends in education and rehabilitation 
 
1.2.1. Evaluating education and rehabilitation 
With the introduction of universal neonatal hearing screening (UNHS) in 
many countries, hearing loss in children is being identified earlier in life 
than ever before (Van Kerschaver, 2007). A lot of studies to date (Moeller, 
2000; Yoshinaga-Itano & Sedey, 2000; Kennedy et al, 2006; Yoshinaga-
Itano, 2006; Watkin et al, 2007; Verhaert et al, 2008) provide strong 
evidence of the benefits of early identification and intervention on the 
development of expressive and receptive language, on auditory and reading 
skills and on social emotional development. 

Children who have been screened early and fitted with hearing aids 
before the age of six months reach a higher expressive and receptive 
language level, their speech is more  intelligible, they have higher auditory 
capacities, fewer social-emotional  problems, their parents have  better  
attachment,  they become better  readers and  more and more of these 
children are going to a  mainstreamed educational setting (Yoshinaga-
Itano, 2006; De Raeve,  2006; Verhaert et al, 2008). 

Also more and more deaf children are receiving cochlear implants to 
improve their hearing abilities substantially: in Flanders even 93% of 
newborn deaf children are receiving cochlear implants (De Raeve, 2010). 
Studies on the effects of cochlear implantation in children show a positive 
influence on their auditory perception (Kirk et al, 2000, De Raeve, 2010), 
speech recognition, speech intelligibility and other aspects of spoken 
language development (Svirsky et al, 2004; Schauwers et al,2004; 
Vermeulen et al., 2007; De Raeve, 2010). These effects are even stronger 
in children who receive early implantation (Anderson et al, 2004; 
Miyamoto et al, 2003; Schauwers et al, 2004; Spencer et al, 2003; Svirsky 
et al., 2004; Tomblin et al, 2007; Zwolan et al, 2004). 

Evidence shows that children who receive a CI at a younger age do 
better on a range of auditory, speech, and language measures than children 
who are implanted at an older age (Kirk et al, 2000; Svirsky et al, 2004). 
Yoshinago-Itano (2006) concluded that early-identified profound hearing 
loss combined with early cochlear implantation and a high-quality auditory 
stimulation programme results in expectations that are similar to those of 
early-identified children with a mild-to-severe hearing loss, amplified by 
conventional hearing aids. 
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So, over a relatively short period of time cochlear implantation has 
changed from a procedure parents had to fight for, to that of routine 
provision in most parts of the developed world, and even increasingly in 
the developing world (Leigh, 2008). The outcomes brought about by 
cochlear implantation have been greater than expected, but have also taken 
place in a rapidly changing context. Also Archbold (2010) recognizes some 
major changes that have taken place by the introduction of UNHS, which 
increases the possibility of early implantation: 
• an increased focus on ‘outcomes’ for all deaf children; 
• developments in a number of related fields, such as cognitive psychology, 
neuroscience, and linguistics which contribute to a fuller understanding of 
the impact of a CI on learning; 
• changing choices for deaf people and their parents, with increasing 
recognition of their rights and inclusive education; 
• the development of a range of communication technologies, which are 
changing the communication needs, abilities, and opportunities for deaf 
people; 
• greater emphasis on the need for an evidence base for intervention with 
children; 
• a more technologically aware society in which technology is playing a 
larger role and is accepted more widely. 

These changes have influenced decisions made with regard to the 
management of childhood deafness, and to practice with respect to CI 
technology, communication mode, outcomes, habilitation, and educational 
settings. 
 
1.2.2. Cochlear implantation and communication mode 
The first educational decision parents have to make relates to 
communication mode. Oral communication has often been linked with 
improved outcomes from implantation. The improved auditory experience 
provided by cochlear implants over hearing aids has facilitated the 
acquisition of spoken language in children with profound deafness from a 
wide range of educational settings, including oral, Total Communication 
(TC), or bilingual classrooms (Geers, 2006).  

As the earliest group of implanted children were mostly involved in 
oral environments, there has not been sufficient time to evaluate 
longitudinal outcomes for implanted children  who  use sign language. 



Outcomes and trends in education and rehabilitation 

21 
 

Most of the older studies (Osberger et al, 1994; Miyamoto et al, 1999) 
found that children in oral programmes had a better speech perception and 
acquired spoken language perception and production skills faster than did 
those in TC or signing programmes. But we have to take into account that 
most of these children were identified late and were older at age of 
implantation. 

But more recently, Chin and Kaiser (2002) found that children 
educated through oral communication had better articulation than did those 
educated through TC. And also Percy-Smith and colleagues (2012) found 
significant regional differences in outcome after CI in Denmark. Although 
the age of implantation and the level of audition were comparable between 
the group from West and from East Denmark, there were significant 
differences on all speech and language tests in favour of those from East 
Denmark. Further analysis on the data of this study showed that this 
difference in speech and language outcome could be explained by the fact 
that the parents from West Denmark were less involved in the auditory 
rehabilitation of their children and they were using more signs and less 
spoken language.  Remarkable is also that in the West, the CI children had 
even more individual speech therapy and more learning support assistance.  

Comparable results were found in a study by Wiefferink and 
colleagues (2008) in which they compared CI children in a spoken 
monolingual environment in Belgium with a group of children from the 
Netherlands in a signed bilingual environment. Also in this study the 
auditory perception, speech intelligibility and spoken language 
development was better in the monolingual spoken language environment.  
These authors also concluded that despite possible alternative explanations, 
such as better residual aided hearing before implantation or more 
professional support, it is plausible that the differences are partly caused by 
the linguistic environment. 

In contrast with the above studies, other but fewer research findings 
indicate that children with CIs educated with some form of sign language 
have significantly higher vocabulary levels  than do those educated orally  
(Robbins  et al, 1999; Connor et al, 2000). Moreover, when signs support 
spoken words, they do not hinder the auditory speech perception in 
children with cochlear implants. On the contrary, in both the perception of 
specific words (Giezen, 2011) and in reading comprehension (Spencer, 
Gantz, & Knutson, 2004) CI children appear to benefit from the 
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availability of bimodal input. Tait (2003) found out that children who are 
good  communicators  before implantation, whether gestural or vocally, are 
likely to have  good  speech perception abilities in later years.   

As shown in the studies above most studies focus on signs 
supporting spoken vocabulary or language, but not really on sign language. 
Limited research has been done in the area of cochlear implants and the use 
of sign language. Only very recently there was an Australian study by 
Dettman and colleagues (2013) who examined 3 well-matched groups of 
children using cochlear implants:  eight children from an auditory verbal 
(AV) intervention program, 23 children from auditory oral (AO) programs 
and 8 children from bilingual-bicultural (BB) programs with the same 
inclusion criteria and equivalent demographic factors. Looking at the 
children’s speech perception and language skills they came to the 
conclusion that despite equivalent child demographic characteristics at the 
outset of this study, by 3 years post implant, there were significant 
differences between the three groups in favor of  the AV group over the 
AO and the BB group. 

Concerning sign bilingual programs Mayer and Leigh (2010) 
mentioned that “the key point is that there is no data to suggest that, as a 
group, students in bilingual programs are achieving at the age-appropriate 
language and literacy levels that were predicted when bilingual models 
were first implemented. And if earlier identification and early implantation 
are able to offer the opportunity for ease of access to spoken language (the 
language of most deaf children’s parents and extended families) then 
clearly it will be increasingly difficult to argue for a system where deaf 
children need to routinely learn sign language because of its relative 
accessibility and ease of acquisition. For the first time in history of the 
field, spoken language has become accessible as the first language for 
many, arguably the vast majority of profoundly deaf children.” This 
statement is confirmed by Spencer and Marschark (2010) when they say 
that “Sign bilingual programs in which a natural sign language serves as 
the first language and medium of communication in the classroom, has a 
strong theoretical basis but to date lacks sufficient evidence to allow 
evaluation of its language development outcomes”.  For that reason Knoors 
and Marschark (2012) suggest to revisit bilingual language planning policy 
for deaf children by differentiation in language input. A carefully 
implemented, differentiated language policy will better meet the current 
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wishes, strengths and needs of deaf children and their parents, to 
accomplish these goals. 

In a publication from Wheeler et al. (2009) based on parent 
interviews, they described their communication journey. Prior to 
implantation parents wanted the most effective form of communication, 
which (for 95% of the hearing parents) was spoken language with or 
without some supported signs. Following implantation parents reported a 
reduction of supported signs as spoken language developed through 
increasing access to audition. Later parents and young deaf people 
themselves showed interest in the use of some sign support or sign 
language itself, once spoken language had been established. So parents 
recognize that different approaches may be appropriate at different times or 
even places.  

 
1.2.3. Cochlear implantation and educational placement  
Children with CIs are now in a variety of educational settings using a 
variety of communication approaches. Some are in special schools, others 
start in a special school before moving into a regular school, and already at 
primary level the majority of children with CIs in Flanders (Belgium) 
attend regular schools and at secondary level even 66% is attending a 
mainstream environment. It is also important to remember that, in general, 
30–40 per cent of the deaf population present with additional needs that 
can have a negative impact on the outcomes after implantation 
(Nikolopoulos et al., 2005). For an appropriate education these students 
often need an adapted curriculum, as well as smaller groups and more 
multidisciplinary support (De Raeve & Lichtert, 2012). 

Mainstream education is now considered to be a realistic option for 
the majority of CI children with normal learning potential, by both parents 
and professionals. Many parents hope their child will be able to attend a 
regular school in their home environment to be part of their community, 
with siblings, neighbours and classmates. However, we do not know 
whether the expectations of the parents and professionals are always 
realistic, knowing the amount of children (or also families) with special 
needs. 

And sometimes, implants can even work too well, so people think of 
an implanted child as a hearing child, who needs the same education as 
other hearing children. Of course, this  is not the case. More complex 
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linguistic skills might be less-developed. Recently, researchers have shown 
an achievement gap between deaf students with a CI and hearing students 
that increases as they progress through the academic grades (Duchesne et 
al., 2008; Geers et al, 2008; van der Kant et al, 2010). These deficits may 
be hidden by relatively good auditory perception skills, intelligible speech 
and relatively good basic language skills. Subtle misperceptions and 
misunderstandings might not be noticed.  Recently, long term data from 
Nijmegen (Langereis & Vermeulen, 2010) showed that such 
misperceptions and miscommunications do not prevent children to enjoy 
school and maintain friendships with classmates and other peers.   

In recent years increasing numbers of individuals have received 
bilateral CIs (Litovsky et al, 2010; Sparreboom et al, 2010) with benefits 
shown for localization of sound (Beijen et al, 2007; Greco-Alub et al, 
2008; Van Deun et al, 2009) and speech discrimination in noise (Kuhn-
Inacker et al, 2004; Litovsky et al, 2006; Dunn et al, 2008). From these 
studies we know that the use of two ears is very important in an 
educational setting, where children are often in noisy rooms and working in 
groups. Being able to use both ears enables easier identification of the 
speaker and hence greater likelihood that they will understand the speech 
in a mainstream educational setting. This incidental or random learning 
refers to unintentional learning occurring at any time and in any place, on 
everyday life (UNESCO, 2005). To enable incidental learning, the ideal 
acoustic environment for hearing impaired children would have minimal 
background noise and low level reverberation with a signal-to-noise ratio 
of +15 dB, i.e. the speech is 15 dB louder than the surrounding noise level 
(Boothroyd, 2004).  

Stimulating both ears to provide auditory information is a logical 
step in the treatment of bilateral profound hearing loss in order to provide 
the potential benefits of binaural hearing. This may be made possible 
through bilateral hearing stimulation by either bilateral acoustic hearing 
aids, combination of a unilaterally implanted CI and a hearing aid in the 
opposite ear (bimodal stimulation) or by two cochlear implants (bilateral 
electrical stimulation). But even the fact that a large group of these deaf 
children will be able to learn incidentally needs to be handled with caution.  
This can only be the case if the necessary prerequisites are met to allow 
this learning process to take place. Besides attention to the personal 
qualities of individual educators who are required to show the skill to 
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anticipate and tune in to the changing communication modes of their child, 
one also needs to focus on the acoustic quality of the living environment 
(Boothroyd, 2004). 

Additionally to further improve the listening conditions in the 
classroom for the hearing-impaired child, the use of assistive listening 
devices such as an FM-system, can be considered. The decision to use a 
FM-system on the one or other implant separately or with both implants 
combined should be determined individually on a case by case basis. To 
date, there is no evidence to suggest one or the other method of FM-system 
use following (bilateral) implantation provides superior or quicker 
outcomes. 

But the deaf child in the mainstream is often the only child with a 
hearing loss in the classroom or even in the school, which could increase 
the risk for problems in their social-emotional development. Because in 
general children with a hearing loss, despite a cochlear implant, effects all 
aspects of emotion understanding including their nonverbal emotion-
understanding skills (Wiefferink et al, 2012), some mainstream support 
services promote group integration (more than one child with a hearing 
loss in the same school) and focus on meeting deaf peers, deaf role models 
or on training social competence skills (De Raeve, 2006).  

In general, the major predictor of outcomes appears to be early 
implantation (Dettman et al, 2007; Archbold & Mayer, 2012). The other 
major finding has been that of diversity of outcomes. The population of 
deaf children wearing cochlear implants is a very heterogeneous population 
with many variables to account for and there are also children who do not 
do as well as predicted. It is likely that these children have other difficulties 
nor identifiable prior to implantation, have problems wearing the  device  
properly, or are not receiving the  correct rehabilitation and education. For  
the  development of  the child  we have to detect these additional problems 
in the child or the family as soon as possible, so we can give optimal 
support to the child  and family as soon as possible (Archbold & Mayer, 
2012). For that reason cochlear implantation requires documentation of the 
family involvement and the child's progress. It is also essential to monitor 
progress in order to monitor device  functioning, to inform the  tuning 
process, or to identify additional problems or  areas of difficulty as  well as 
specific abilities and  skills.  This  enables the clinician to determine 
appropriate intervention and rehabilitation strategies and modify them 
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according to the observed progress. It also provides indications of where 
other assessments may be necessary to explore areas of difficulty further 
(Nikolopoulos et al, 2005). 
 
1.2.4. Rehabilitation of deaf children using cochlear implants 
There is a lot of research going on looking at the benefits of cochlear 
implants, searching for the best way to fit children with one or two 
cochlear implants and how to monitor the effect of (bilateral) implantation. 
But little is known about how to support or train children’s (binaural) 
hearing. Or is it developing automatically when you implant in the first 
year of life?  (De Raeve, 2008; 2013) 

There is no one answer to the question “How much and what kind of 
therapy should a child with one or two cochlear implants receive?”, or 
indeed whether therapy is needed at all. We just know that the population 
is very heterogeneous and that each child brings different auditory and 
speech skills levels to the process, regardless of family environment, age at 
implantation  or cochlear implant brand. Individualized programming, 
starting with assessment of the child’s auditory, speech and language skills 
is therefore the key. After a child’s listening skills have been assessed, 
goals have to be established for continued auditory development. Working 
together with the family and the environment is essential (Moeller, 2000; 
Holt et al, 2013). 

There are several adaptive methods that can be used to provide 
ongoing listening experience, including a natural conversation approach, a 
shared experience approach or a specific listening activity. All three 
approaches can be used at home, in school and in therapy. In general, more 
structured listening activities will take place in therapy, more shared 
experience conversations in school and more natural conversation will take 
place at home, but it is important that all three activities take place in each 
learning environment,  home, school and therapy  (Erber, 2011). But we 
don’t know what is best for this individual child. We really need more 
evidence based research on the amount and content of the therapy uni- and 
bilateral CI children really need. 

We can conclude that newborn hearing screening and cochlear 
implantation have provided new opportunities for profoundly deaf 
children, created new challenges for teachers of the deaf, and have changed 
educational choices and options. The challenge for the field is to embrace 
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the diversity of this population and to appropriately address the specific 
needs of each child in his/her family in a specific country. Just as the 
population of deaf children has changed very rapidly in locations with 
access to advanced technology, and as more children attend mainstream 
schools, so the demand for professional development opportunities and for 
specialized staff training increases. 
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1.3. Aim of the thesis 
 

The aim of this thesis is to give an overview of the current trends and 
outcomes of paediatric cochlear implantation and to make a bridge from 
this research to daily practice.  
To achieve this goal, the research aims are: 

1. To investigate the impact of newborn hearing screening and 
cochlear implants on children’s early auditory development and 
speech intelligibility (chapter 2) 

2. To evaluate the accessibility and prevalence to cochlear implants in 
Belgium and other European countries (chapter 2) 

3. To provide a comprehensive overview of the outcomes of young 
implanted children by studying their auditory development, early 
communication skills and language and reading levels in 
comparison to their normal hearing peers (chapter 3) 

4. To determine some child and environment related factors influenc-
ing the variability in outcomes after implantation (chapter 3) 

5. To discuss the changing trends in the education of young deaf 
children using (bilateral) cochlear implants (chapter 4) 

6. To discuss rehabilitation programs after (bilateral) cochlear 
implantation (chapter 4) 
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1.4. Outline of the chapters 
 

As an introduction I present in Chapter 1 a short overview of the history 
of cochlear implants from Volta till current developments  and I give you 
an overview of the impact of universal hearing screening and cochlear 
implantation on their outcomes and on their education and rehab setting. 
Further on in Chapter 2 I focus in three different publications on the 
impact of universal neonatal hearing screening on paediatric cochlear 
implant users and on the prevalence and accessibility to cochlear implants 
in Belgium and Europe.  

In Chapter 3 I present the outcomes of early implanted deaf 
children by focusing on their auditory development, their early 
communication and interaction skills and on their language, verbal 
cognition and reading outcomes. Where possible I have compared the 
outcomes of uni- and bilateral implanted children with normal hearing 
children. 

The changing trends in rehabilitation and education are presented in 
Chapter 4. Cochlear implantation has brought medical science into the 
education and rehabilitation of deaf children, which means that education 
of deaf children has become a multidisciplinary task. I will also describe 
the changing trends within the population of children after the introduction 
of universal newborn hearing screening, early intervention, and early 
cochlear implantation. 

Because the number of CI children attending a mainstream school 
has increased enormously, I give some suggestions on how to update the 
educational setting for deaf children in the 21st century. In the last part of 
this chapter I present suggestions on how to maximize the benefits from 
bilateral implantation in therapy, at home and at school.  

Chapter 5 is the chapter in which I discuss the 6 research questions 
of this thesis and at the end I will give an overview of the implications of 
the outcomes of this thesis for deaf education.  

Finally in Chapter 6 the main results presented in this thesis are 
summarized in English and in Dutch. At the end of this chapter you will 
find my curriculum vitae and a list of my publications. 
 



 

36 
 

 
 
 
 
 

Chapter 2: Universal hearing 
screening, prevalence of and 
accessibility to cochlear implants 
 



 

37 
 

 
 
 
  
 

 
2.1. Impact of newborn hearing screening: 

comparing outcomes in pediatric 
cochlear implant users.  

 

 
 
 

Philips B. 
Corthals P. 
De Raeve L. 
D’haenens W. 
Maes L. 
Bockstael A., 
Keppler H. 
Swinnen F. 
De Vel E. 
Vinck B. 
Dhooge I. 
   
 
 
 
 
 
 
 

The Laryngoscope. 2009;119: 974-979. 



Chapter 2.1  

38 
 

Abstract  
 
Objectives: To evaluate the impact of a newborn hearing screening 
program on the management and outcome of deaf children and to identify 
underlying factors that may be responsible for the differences between high 
and low performing implanted children. 
Study Design: retrospective cohort study of 391 implanted children in 
Flanders (Belgium). 
Methods: First, implanted children were sorted into two groups on account 
of screening age (early screened, n = 195 against late screened, n = 196). 
Both groups were compared with respect to several variables. Second, 
outcome of cochlear implantation was measured in terms of the child’s 
speech perception and production skills (n = 355). A subgroup of high 
performing CI users was compared with low performing CI users with 
regard to several variables. 
Results: Early screened children differ significantly from late screened 
children with respect to age of detection of hearing loss and age at cochlear 
implantation. Furthermore, early screening and implantation is associated 
with better auditory receptive skills and speech intelligibility. Additional 
impairments negatively influence both receptive and productive skills. In 
addition, children who communicate orally and wear bilateral cochlear 
implants perform better on speech production, whereas a better speech 
perception was found in children who became progressively deaf as 
opposed to congenitally deaf children.  
Conclusions: The results of this extensive study of profoundly deaf 
children with cochlear implants in Flanders indicate that a newborn hearing 
screening program results in earlier intervention in deaf children which 
beneficially influences the auditory receptive skills and speech 
intelligibility.  
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Introduction  
 
Since 1992, cochlear implantation (CI) is the standard treatment for 
profoundly deaf children in Flanders (Belgium). In 1998, the Flemish 
government implemented a Universal Newborn Hearing Screening 
Program (UNHSP). By means of automated measurements of auditory 
brainstem evoked potentials (AABR, Algo® Portable Neonatal Hearing 
Screener (Natus Medical Inc., San Diego)), 97.91% of all newborns are 
offered hearing screening at the age of 4 weeks (Van Kerschaver et al, 
2007). This screening test has a large sensitivity (99.95%) and specificity 
(99.98%), resulting in early detection of hearing impairment for the 
majority of hearing impaired children. Since the implementation of the 
UNHSP, referral for cochlear implant assessment is usually accomplished 
before the age of 6 months and, if appropriate, most children receive a 
cochlear implant by their first birthday. Before 1998, hearing screening in 
children was done by means of the Ewing behavioural test at the age of 9 
months. The first aim of our study is to compare the population of children 
screened before 1998 (late screened children, LS) with children screened 
after 1998 (early screened children, ES) with regard to several variables. 
Various studies have shown that CI’s not only give deaf children access to 
sound, but may also provide beneficial effects on speech perception, 
speech production, language and reading skills (Kishon-Rabin et al, 2002; 
Spencer,Olseon, 2008). Because of the wide variety in outcomes, several 
variables that may account for performances of implanted children have 
been investigated. Some well-known variables are age at implantation and 
duration of deafness (WHO, 1980). In addition, mode of communication, 
associated disabilities, learning style, family structure and support, motor 
development, initial educational placement and number of active electrodes 
can also influence outcome (Archbold, Lutman, Marshall, 1995; Allen, 
Nikolopoulos, O’Donoghue 1998; Archbold, Lutman, Nikolopoulos, 1998; 
Allen et al, 2001). However, few studies have included large numbers of 
implanted children although this is advisable given the large inter-subject 
variability. Also, studies comparing results of high versus low performing 
implanted children are sparse. The second aim of our study is to compare 
outcome measures of a subgroup of high performing CI users with low 
performing CI users in an attempt to identify underlying factors that may 
be responsible for the variance of outcome in implanted children.  
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Methods en materials 
 
Patients  
This study included all profoundly deaf children (n = 391) under the age of 
18 years who have been implanted in Flanders since 1992 and have 
received rehabilitation in one of the seven participating rehabilitation 
centres. The data were gathered under the guidance of the CORA-CI 
consortium, which encompasses these seven rehabilitation centres. All 
children had a bilateral hearing loss of at least 85 dB HL before 
implantation. The children received their cochlear implant between 1992 
and 2007. There was no case selection and, consequently, children were 
drawn from the full range of social, educational and communication 
environments. Not only congenitally deaf children (73%), but also children 
with a progressive (17%) or sudden hearing loss (10%) were included. The 
study was conducted in accordance with the ethical standard stipulated in 
the Helsinki declaration (2000) for research involving human subjects. 
 
Early versus late screened children 
Children were divided into two groups according to the screening method 
used. The late screened (LS) children (n = 196) were children screened 
before 1998, by means of the behavioral Ewing test. At the time of the 
study, their mean age was 13.7 years (SD 2.5y, range 9.4-18.0y). Forty-
eight of these children were bilaterally implanted, 12 were bimodal device 
users (i.e. using a hearing aid in the opposite ear) and 135 were unilaterally 
implanted. The early screened (ES) group (n = 195) consists of children 
screened after 1998, by means of the Algo® test. Their mean age was 5.5 
years (SD 2.3y, range 1.1-12.5y) at the time of this study. Forty-four were 
bilaterally implanted, 21 were bimodal device users and 135 were 
unilaterally implanted. Both groups were comparable with respect to 
device systems used. ES and LS groups were compared with respect to 
several variables. Variables concerning age were age at hearing loss 
detection (in months) and age at implantation (in months). Age at hearing 
loss detection was defined as the age at which hearing loss was formally 
confirmed. Variables regarding etiology were cause of deafness 
(environmental, genetic or unknown), syndromal nature of deafness, 
cytomegalovirus (CMV), connexin 26 and onset of deafness (congenital, 
progressive or sudden). Also the use of a contralateral device (cochlear 
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implant, hearing aid or none) as well as variables with respect to additional 
impairments and disabilities were observed: additional impairments (none, 
1, 2, 3 or 4), additional disabilities (none, 1, 2 or 3). For additional 
impairments (e.g. visual impairment) and disabilities (e.g. dyslexia) the 
World Health Organization definition was applied (JCIH, 2000). Variables 
describing the family situation were hearing status of the parents (both 
hearing, one or both hearing impaired, unknown) and current 
communication mode of the parents (oral, total communication or sign 
language). Finally, variables concerning the educational setting at the time 
of the study were: current communication mode of the child (oral, total 
communication or sign language) and current school type (mainstream 
school, special school (mainly school for the deaf), part-time 
mainstream/special school or does not go to school). 
 
High versus low performing children 
Outcome of cochlear implantation was measured by means of the child’s 
speech perception and production skills.  
 
Table 1. Categories of Auditory Performance (CAP). 
Category CAP Description 

7 Use of telephone with a familiar talker. 

6 
Understand conversation without lip reading 
with a familiar listener. 

5 
Understand common phrases without lip 
reading. 

4 
Discrimination of at least two speech 
sounds. 

3 Recognition of environmental sounds. 
2 Response to speech sounds. 
1 Awareness of environmental sounds. 
0 No awareness of environmental sounds. 

 
These abilities were assessed with the Categories of Auditory 

Performance (CAP) and the Speech Intelligibility Rating (SIR) 
respectively. The CAP consists of a nonlinear hierarchical scale of auditory 
receptive abilities with the lowest level describing no awareness of 
environmental sounds (level 0) and the highest level representing the 
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ability to use a telephone with a familiar speaker (level 7) (Table 1) 
(Declau et al, 2008). The SIR, on the other hand, is a five-point hierarchical 
scale ranking a child’s spontaneous speech into one of five categories 
ranging from unintelligible speech (level 1) to speech that is intelligible to 
all listeners (level 5) (Table 2) (Verhaert et al, 2008). CAP and SIR reflect 
everyday performance of implanted children and can be applied to large 
groups. They are time-effective, can be used longitudinally and their inter-
observer reliability has been formally confirmed (O’Neill, 2002; Svirsky, 
Teoh, Neuburger, 2004).  
 
Table 2. Speech Intelligibility Rating (SIR). 
Category SIR Description 

5 
Connected speech is intelligible to all listeners; the child is 
understood in easily everyday contexts. 

4 
Connected speech is intelligible to a listener who has little 
experience of a deaf person’s speech. 

3 
Connected speech is intelligible to a listener who 
concentrates and lip reads. 

2 
Connected speech is unintelligible; intelligible speech is 
developing in single words when context and lip reading 
cues are available. 

1 
Connected speech is unintelligible; pre-recognizable words 
in spoken language, primary mode of communication may 
be manual. 

 
CAP and SIR scores of 355 children were obtained at the time of the 

study. First, CAP and SIR scores were compared across age groups (0-2y, 
2-4y,…14-16y, 16-18y). Second, CAP as well as SIR scores were used to 
categorize children into high and low performing groups. Children were 
sorted into performance groups on the basis of their auditory receptive 
abilities (CAP): children with a CAP score below level 4 (not yet able to 
discriminate between speech sounds) were assigned to the low performing 
CAP group (n = 64), children achieving the highest CAP level (able to use 
the telephone with a familiar speaker) were categorized as being in the high 
performing CAP group (n = 60). Secondly, children were sorted into 
performance groups based on their speech intelligibility (SIR): children 
who achieved a SIR score below level 3 were counted as being low SIR 
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performers (n = 92), children who achieved the highest SIR level, 
indicating that their speech was intelligible for all listeners, were counted 
as being high SIR performers (n = 125).  

Following variables were compared between high and low 
performers: additional impairments (none, 1, 2, 3 or 4), communication 
mode of the child at the time of the study (oral, total communication or 
sign language), type of device in the opposite ear (cochlear implant, 
hearing aid or none) and onset of deafness (congenital, progressive or 
sudden).  
 
Table 3. Results of statistical analysis by means of one-way ANOVA or 
Pearson chi-Square test 
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Data analysis 
Data were analyzed using SPSS version 15 (Chicago, IL). For the 
comparison of early versus late screened children, a one-way analysis of 
variance (ANOVA) was used for continuous variables and a Pearson χ² 
analysis for categorical variables. Furthermore, Mann-Whitney-U tests 
were performed to compare current CAP and SIR scores with respect to the 
age groups. For comparison of high versus low performing children, a 
Pearson χ² analysis was performed to determine the impact of 4 
independent categorical factors on 2 dependent categorical outcome 
measures. Where appropriate, Bonferroni adjustments were made to 
control for type I errors. For all analyses the level of significance was set at 
0.05. 

 
Figure 1: Box plot of the age at detection (in months) for early and late 
screened children. Boxes represent the median (thick horizontal line), 
lower and upper quartiles (ends of boxes), minimum and maximum values 
(ends of whiskers), outliers (values between 1,5 and 3 box lengths from 
either end of the box - circles) and extreme values (values more than 3 box 
lengths from either end of the box - asterisks). 
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Results 
 
Comparison of early versus late screened children 
Significant differences between age of hearing loss detection (P = .000) 
and age of implantation (P = .000) could be established between both 
groups (Table 3). In early screened children (ES) hearing loss was detected 
at a mean age of 5 months as opposed to children who were screened late 
(LS), whose hearing loss was detected at a mean age of 14 months (Figure 
1). Furthermore, mean age of implantation for ES children was 22 months 
as opposed to 71 months for LS children, implying that LS children were 
implanted on average 49 months later than ES children (Figure 2). Both 
figures show outliers, indicating a relatively high age at detection and/or 
implantation for some of the children. These were cases of progressive or 
sudden childhood hearing loss instead of congenital hearing losses. 

 
Figure 2: Box plot of the age at cochlear implantation (CI) (in months) for 
early and late screened children. Boxes represent the median (thick 
horizontal line), lower and upper quartiles (ends of boxes), minimum and 
maximum values (ends of whiskers) outliers (values between 1,5 and 3 box 
lengths from either end of the box - circles) and extreme values (values 
more than 3 box lengths from either end of the box - asterisks). 
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Concerning the etiology of deafness, significant differences between the 
ES and LS groups could be revealed (P = .010). Significant differences 
between the number of cases with a genetic as compared to an unknown 
etiology were established by means of post hoc Bonferroni analysis (P = 
.003). In ES children the proportion of unknown etiologies (41%) was 
smaller than in LS children (58%), indicating that the proportion of 
children with an unknown etiology has decreased in recent years. This 
difference is attributable in large part to better connexin 26 diagnostics. 
Nowadays, more children are diagnosed with a connexin 26 mutation (19% 
in ES against 7% in LS). With regard to the number of children diagnosed 
with syndromic hearing loss (e.g. Waardenburg syndrome) (P = .493), 
cytomegalovirus (CMV) (P = .094) and the onset of deafness (P = .658), no 
significant differences could be found between both groups. 
Approximately the same amount of children was identified in each group 
with a syndromic hearing loss (7% in ES against 5% in LS), with CMV 
(11% in ES against 6% in LS) or with a congenital hearing loss (72% in ES 
against 74% in LS). In relation to additional impairments, no significant 
difference was found between early and late screened children (38% ES 
against 35% LS with at least one additional impairment) (P = .461), 
whereas for additional disabilities fewer ES children (14%) were diagnosed 
with one ore more additional disability(ies) compared to LS children (35%) 
(P = .000). Parents in both groups did not differ significantly with respect 
to hearing status (P = .197) and communication mode (P = .072). The 
majority of parents are not hearing impaired (95% in ES and 97% in LS) 
and communicate orally with their hearing impaired child (51% in ES and 
59% in LS). Finally, the ES and LS groups were compared with regard to 
educational setting at the time of the study and significant differences were 
found (P = .001). As to the early screened children, 24% attended 
mainstream school, 70% went to a school for the deaf (5% was to young to 
attend school) as opposed to the late screened children, of whom 37% 
attended mainstream school and 60% went to a school for the deaf. There 
were no significant differences between both groups concerning the 
communication mode used by the child (P = .799). 
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Comparison of high versus low performing children 

                                                   
Figure 3: Error bar chart for current Categories of Auditory Performance 
(CAP) score and the current age of the children (by means of age groups: 
0-2y, 2-4y, 4-6y, 6-8y, 8-10y, 10-12y, 12-14y, 14-16y and 16-18y). These 
graphs represent the mean score (circles) and standard error of the mean 
(SE, multiplier 2, ends of bars). 
 

 
Figure 4: Error bar chart for current Speech Intelligibility Rating (SIR) 
score and the current age of the children (by means of age groups: 0-2y, 2-
4y, 4-6y, 6-8y, 8-10y, 10-12y, 12-14y, 14-16y and 16-18y). These graphs 
represent the mean score (circles) and standard error of the mean (SE, 
multiplier 2, ends of bars). 
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Figures 3 and 4 show the current CAP and SIR scores for all 
children divided into age groups. These figures indicate that children 
between 0 and 12 years achieve higher CAP and SIR scores by increasing 
age, respectively. In contrast, children between 12 and 14 years obtain a 
significantly lower CAP (P = .014) and SIR (P = .006) compared to 
children between 10 and 12 years. Children older than 12 years at the time 
of the study are late screened children.  

Second, children were divided into high and low performing groups. 
There were no significant age differences between high and low 
performing groups. Four categorical factors were treated as explanatory 
variables for levels of auditory receptive skills (CAP) and speech 
intelligibility (SIR) (Table 4).  

 
Table 4. Univariate analysis Pearson χ² test. 
 Additional 

impairments 
Current comm. 

mode. child 
Device opposite 

ear 
Onset of 
deafness 

CAP χ²(4) = 16.47 
P = .002 

χ²(2) = 4.67 
P = .096 

χ²(2) = 2.06 
P = .398 

χ²(3) = 9.73 
P = .016 

SIR χ²(4) = 60.84 
P = .000 

χ²(2) = 27.43 
P = .000 

χ²(2) = 24.68 
P = .000 

χ²(3) = 2.14 
P = .549 

Values given in bold indicate significant difference between high and low 
performing children based on Pearson χ² test (P<.05). Current comm. mode child 
= current communication mode of the child.  
 

Children without any additional impairment performed significantly 
better on CAP (P = .002) and SIR (P = .000). If current communication 
mode of the child was oral, speech intelligibility was significantly better 
compared to children who communicated through total communication or 
sign language (P = .000), but differences in auditory receptive skills did not 
reach significance levels (P = .096). Bilaterally implanted children scored 
significantly better on speech intelligibility than unilaterally implanted 
children, regardless of whether they used a hearing aid at the opposite ear 
or not (P = .000). Again, no significant differences in auditory receptive 
skills could be established between the latter subgroups (P = .398). Finally, 
children who became deaf because of a progressive etiology, demonstrated 
significantly better auditory receptive skills than children who were born 
profoundly deaf (P = .016), but no significant speech intelligibility 
differences could be found between both subgroups (P = .549). 
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Discussion 
 
Comparison of early versus late screened children 
This study compared 196 children of the pre-AABR era (LS children) with 
195 children of the Algo® era (ES children). As expected, the age of 
hearing loss detection was significantly lower in the group of children were 
the neonatal hearing screening program was implemented. On average, 
hearing impairment nowadays is identified within the first 5 months of life. 
It should be noted that not all participating children were congenitally deaf. 
When including only the congenitally deaf children, the mean age of 
hearing loss detection diminished from 5 months to 3 months for the ES 
children and from 14 months to 12 months for the LS children. The former 
results are within the range of the stated goals for UNHS by the Joint 
Committee of Infant Hearing and American Academics of Pediatrics 
(Berrettini et al, 2008). This study also shows that early detection of 
hearing loss results in earlier implantation. ES children were implanted at 
the age of 22 months on average (19 months for the congenitally deaf 
children), whereas for LS children age at implantation was 70 months on 
average (67 months for the congenitally deaf children). Thus, UNHS has a 
major impact on early detection and intervention of hearing impairment in 
children. 

Variables regarding the etiology of deafness revealed that the 
number of unknown etiologies diminishes, probably because diagnostic 
techniques are evolving (44% in LS against 29% in ES). This is in 
accordance with the results of Declau and colleagues who studied the 
etiologic factors in 170 referred neonates who failed UNHS (Ching et al, 
2006). They were able to pinpoint an etiologic factor in 55.2% of the cases. 
In the group of children with a known etiology, genetic hearing impairment 
was present in 60.4% of cases and environmental issues in 39.6% of which 
18.8% was caused by CMV. The incidence of CMV in ES children fitted 
with cochlear implants in our study was only 11%. This difference may be 
attributed to the fact that congenital CMV does not always result in a 
profound hearing loss, and therefore not all children with congenital CMV 
will receive a cochlear implant. Furthermore, children with congenital 
CMV should be included in a long-term follow up program to monitor 
possible consequences such as progression, fluctuation, improvement and 
late-onset hearing loss (Kirk et al, 2000). 
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The result concerning additional impairments revealed no significant 
differences, although additional disabilities were diagnosed in a higher 
number of LS children. Two conceivable explanations are the following. 
First, as a result of early screening, children enter in a multidisciplinary 
rehabilitation setting in an early stage of their life. As a result of this early 
multidisciplinary intervention, additional disabilities (e.g. dyslexia, autism) 
probably are early identified and treated. Second, as the group of ES child-
ren is younger, it is possible that additional disabilities will still develop. 
Therefore, all implanted children should be followed up longitudinally to 
gain insight in their future cognitive and emotional development . 

Currently, less ES children attend mainstream schools compared to 
LS children. It should be born in mind that the early screened children are 
on average 7 years younger than the late screened children which may 
explain the fact that the majority of ES children still attend the schools for 
the deaf. These results are in accordance with the results of Verhaert and 
colleagues, indicating that almost 60% of the young implanted children 
attend special education until primary school. These researchers also 
demonstrated a correlation between the number of additional impairments 
and educational placement. They found that an additional impairment 
negatively influences the chances of a child to attend mainstream education 
(Tobey et al, 2004). When the group of children with additional 
impairments is ignored, the percentage of children in mainstream education 
increases from 37% to 51% for the LS children and from 24% to 35% for 
the ES children. Nevertheless, long-term research should be performed to 
monitor evolution in educational placement of these ES children.  
 
Comparison of high versus low performing children 
Cochlear implants do not always provide recipients with major benefits. 
Some do extremely well with their CI and even obtain results comparable 
to those of normal-hearing peers. In contrast, others continue to experience 
a great deal of difficulty perceiving speech even under quiet listening 
conditions. The second aim of our study was to examine factors that might 
contribute to their speech perception and production performances. Our 
results indicated that children who were screened early and, consequently, 
received early intervention and implantation, reached better CAP and SIR 
scores. Results are in accordance with results of several other authors who 
noticed an improvement in receptive and expressive skills as a result of 
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earlier implantation. (Nikolopoulos, Archbold, O’Donoghue, 2006; 
Svirsky, Teoh, neuburger, 2004). Although accumulating evidence 
suggests positive benefits because of early implantation, the question 
remains if earlier is always better. Holt and Svirsky (2008) studied four 
groups of profoundly congenitally deaf children without additional 
disabilities who received their CI between 6 and 12 months of age, 
between 13 and 24 months of age, between 25 and 36 months of age and 
between 37 and 48 months of age. There were differences in receptive 
language abilities between all age groups. However, they found few 
differences in expressive language development and spoken word 
recognition between children implanted before 12 months and those 
implanted at 13 to 24 months. It should be noted that in Holt and Svirsky’s 
study, children’s performances were only documented up to the age of 3. 
Possibly, expressive language development differences might become 
evident as the children develop and gain more experience with their 
devices. 

Having one or more additional impairments negatively influences 
both receptive and productive skills. This finding supports those of 
previous investigators (Nikolopoulos, Archbold, O’Donoghue, 2006). 
Despite poor outcomes, children with special needs may achieve some 
benefits from cochlear implantation, resulting from a better access to the 
environment provided by the CI. Possibly, specific tests and parental 
questionnaires are suited better for evaluations of overall post-implant 
benefits in daily life. Because a number of additional disabilities and 
impairments may be identifiable only after implantation, the need for 
ongoing tests and follow-up care by a multi-professional team is 
emphasized. 

A third factor taken into account was the type of device worn in the 
opposite ear. Currently, about 20% of the LS children and 29% of the ES 
children are bilaterally implanted, although a second implant is not 
refunded by the Flemish government. Some studies have reported 
advantages in speech recognition of bimodal (CIHA, hearing aid and 
cochlear implant) and binaural (BICI, two cochlear implants) fittings, 
compared to single cochlear implants. Therefore, specific tests are required 
to investigate binaural advantages, such as binaural redundancy, head 
shadow effects and binaural squelch. Ching and colleagues (2006) empha-
sized the need to implement binaural/bimodal fittings as the standard 
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management for unilaterally implanted children who have residual hearing 
in the non-implanted ear. The CAP scale used in this study, is not recom-
mendded as a measure for binaural advantages. In the future, tests should 
be developed, aimed specifically at measuring binaural advantages in 
young children. In SIR scores, a significant difference was found, indica-
ting that children fitted with bilateral implants performed better with res-
pect to speech intelligibility than bimodally or unilaterally fitted children. 

Further, the impact of the current communication mode of the child 
on CAP and SIR was examined. Our results revealed no statistically 
significant difference with respect to the receptive skills between oral and 
total communication users. This is in contrast with findings of other 
researchers. Kirk and colleagues found a significant influence on receptive 
performance skills of communication mode in favor of children who used 
oral commu-nication (Kirk et al, 2000). It should be noted that speech 
recognition tests used in this study not always reflect ability levels in daily 
life. The CAP scale, on the other hand, is designed to measure real-life 
auditory receptive skills. Our SIR results, i.e. outcomes for productive 
abilities were in accordance with the results several researchers (Allen et 
al, 2001; Tobey et al, 2004). These studies confirmed that mean speech 
intelligibility score was higher for children who were enrolled in an oral 
program than for those who were enrolled in a total communication 
program.  

Finally, the onset of deafness was taken into account. Few 
researchers have investigated outcome differences between children with 
congenital, progressive or sudden hearing losses. Nikolopoulos et al. 
(2006) investigated long-term speech perception abilities by means of the 
CAP scale within comparable groups of post-meningitic and congenitally 
deaf children. Both groups showed improvement over time, suggesting that 
the cause of deafness has little influence on receptive outcome, provided 
that children are implanted early. Because of the small number of deaf 
children with meningitis causing deafness in our study, it was not possible 
to assess outcomes for this particular group. However, with respect to 
children with a congenital and a progressive hearing loss, a difference in 
speech perception skills was found in favor of children with a progressive 
hearing loss. 
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Conclusion 
 
In conclusion, this report on 391 children fitted with cochlear implants of 
which 196 were late screened and 195 were early screened, confirms that 
early detection of hearing impairment due to the implementation of 
UNHSP results in early intervention and implantation of deaf children 
which has a major positive impact on both auditory receptive skills and 
speech intelligibility.  
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Abstract 
 
Background: 
Cochlear Implantation is the major beneficial treatment of bilateral 
profound deafness in children and adults, but there are big differences in 
utilization between European countries. 
Material and Methods: 
Statistical data on the number of implanted persons are obtained each year 
by Euro-CIU (the European Association of Cochlear Implant Users). This 
study gives an overview of the current number of cochlear implants in 16 
European countries and shows our model can predict the future demand on 
cochlear implants in children and adults. 
Results: 
The utilisation degree of cochlear implantation by suitable children and 
adults varies considerably between the European countries. Most East-
European countries with a less high economic status focus on the 
implantation of children rather than adults. Although adult recipient 
numbers are growing, it has been estimated that less than 10% of candidate 
adults in Europe receive a CI. There are little to no scientific data available 
on late onset nor on progressive hearing loss in children neither in adults.   
Conclusion: 
It is possible to estimate the yearly number of CI candidates in a country, 
but we don’t have enough reliable data available to put into our model. 
Because of the underutilization of cochlear implants, especially in adults, 
we have to work on the general awareness of the benefits of cochlear 
implants and its improvement on the quality of life, based on cost-
effectiveness data and on guidelines for good clinical practices.  
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Background 
 
Attempts to provide hearing by electrical stimulation of the auditory 
system have a long history. Interest in the electrical methods of stimulating 
hearing started already in the late 18th century when Alessandro Volta 
discovered the electrolytic cell. The initial optimism surrounding this 
bioelectrical approach was followed by a period of skepticism as the 
applications had to be invasive and required ongoing critical evaluation. 
Presently cochlear implants are the result of intensive research during the 
last five decades (Clark, 2003).  

Initial efforts concentrated on the use of cochlear implants with 
postlingually deafened adults who had knowledge of spoken language, 
whose auditory system had already been stimulated and who were able to 
give their consent. In 1990 the FDA approved  the Nucleus device for use 
with children aged 2-17 years. Since then, cochlear implants candidacy 
criteria expanded gradually. Initially, only children who were totally deaf, 
with normal intelligence and normal cochlea could receive a cochlear 
implant. Presently, children and adults are implanted with greater amounts 
of residual hearing, additional needs and even malformed cochlea. 
Children are also implanted at much younger ages, because there is a clear 
correlation between age at implantation and results  (De Raeve & Lichtert, 
2012). 

Current FDA-guidelines permit cochlear implantation in the US in 
children aged 2 years and older with severe-to-profound deafness (i.e. pure 
tone average thresholds  > 70 dB HL), and in children 12 to 23 months of 
age with profound deafness (i.e. pure tone average threshold  > 90 dB HL). 
The guidelines for adults permit implantation if open-set aided word 
perception scores with well fitted hearing aids is less than 20% to 30% 
(NIDCD, 2013). As cochlear implant devices continue to improve as well 
as our knowledge, the criteria regarding the degree of hearing loss (HL) 
and the performance with a hearing aid that warrants consideration of a 
cochlear implant, will also continue to evolve.  Nevertheless, the general 
questions about the applicability will last and remain liable.  This will 
require evaluation of the patient’s medical, audiological and 
psychosocial/habilitative condition. 

The criteria mentioned above apply for ‘conventional’ cochlear 
implants. However, presently there are more and more persons receiving 
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cochlear implants for high frequency hearing loss whereas their low-
frequency acoustic hearing is preserved. This type of cochlear implant is 
often referred to as a hybrid cochlear implant or as combined electric and 

acoustic stimulation (EAS) (Rubinstein, 2012). Unilateral, or single 
sided deafness (SSD) is another promising application for cochlear 
implants.  Also implanting these patients has the potential to enhance 
their ability to communicate, to suppress their tinnitus and to 
increase their quality of life (Punte et al, 2011).  

This study gives an overview of the current number of conventional 
cochlear implants in 16  European member countries of Euro-CIU (the 
European Association of Cochlear Implant Users) and shows our model 
can predict the future demand. 

 
Prevalence of hearing loss 
In February 2013 the World Health Organisation reported that about 5% of 
the world’s population has a disabling hearing loss (328 million adults and 
32 million children), of which the majority live in low- and middle-income 
countries. Approximately one-third of people over 65 years of age are 
affected by disabling hearing loss. The prevalence in this age group is 
greatest in South Asia, Asia Pacific and sub-Saharan Africa (WHO, 2013). 
Of the total group of hearing impaired people about 10% has a severe to 
profound hearing loss. About half of them is above 65 years of age and less 
than 4% is younger than 18 years of age (Mitchell, 2005). 

The estimated prevalence of permanent bilateral childhood hearing 
impairment (> 40 dB HL) varies from 1 to 1.4 per 1000 for newborns and 

increases to 1.62-1.68 per 100 at the age of 16 (Fortnum et al, 2001). The 
prevalence of severe and profound hearing loss in children uniformly 
increases by age because of: non-diagnosis at screening, post-natal 
acquisition of hearing loss, late onset of progressive hearing loss, and 
immigration of children born in countries without neonatal hearing 

screening (Gratton & Vazquez, 2003). Of all newborns who have 
bilateral hearing loss, 25-30% have a profound loss (> 90 dB HL) and 20-
25% a severe loss (71-90 dB HL) (Verhaert et al, 2008; Fortnum et al, 
2001), which means 45% are CI candidates based on the current pediatric 
FDA-guidelines. 
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Concerning the prevalence of permanent adult hearing loss, Davis’ 
national study in the UK (1995) is still the best and most detailed study. 
His data show that 0.4 % has a hearing loss exceeding 85 dB HL and 0.3 % 
a hearing loss exceeding 95 dB HL.   

 

 
Materials and method 

Accessibility to cochlear implants in Europe 
Each year the European Association of Cochlear Implant Users (Euro-CIU) 
asks their members to collect data on the number of implantees in their 
country (van Hardeveld, 2010). In 2011 Euro-CIU had 23 national CI-users 
associations as member and all together they represented more than 
100.000 implantees. Out of these 23 countries, 16 were able to forward 
their data on the number of CI-users in their country. The collected data 
differ in reliability because some countries have a central registration 
system by the government (Austria, Netherlands, Belgium, Switzerland, 
UK and Turkey), others receive data directly from the CI-centres (Sweden, 
Denmark, Finland, Luxemburg, Italy, Estonia, Slovak Republic and 
Hungary),  and in a few countries data are kept secret by government 
and/or CI-centres (Germany, France). 
 
Results 
 
Number of cochlear implant users in Europe 
Figure 1 gives an overview of the total number of implantees per million 
inhabitants until ultimo 2011 in 16 European countries participating in this 
study. It is clear that there are large individual differences within Europe, 

in children (< age 18 years) as well as in adults (> age 18 years). 
In most West-European countries a number of about 200 implanted 

persons per million inhabitants is common. However East-European 
countries like Slovak Republic, Estonia and Hungary come to 50-75 
implantees/million. This might have to do with limited funding and/or to 
the fact that cochlear implantation started later. In some of these countries 
cochlear implants for adults are not reimbursed or only scarcely. 
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Figure 1: Total number of implantees per million inhabitants per ultimo 
2011 
 

According to an estimate of the German CI Association (DCIG), 
Germany counts more than 300 implanted persons per million inhabitants. 
Reimbursement policy also causes large differences in the ratio of the 
number of implanted children (reimbursed in most European countries) and 
the number of adults (reimbursed in less countries). Estonia, Slovac 
Republic, Turkey, Hungary and Italy focus on the implantation of children 
rather than of adults. 

In figure 2, an overview of the total number of implantations per 
million inhabitants in 2009, 2010 and 2011 is given, showing that the data 
during these consecutive years are rather constant. The specification as 
given for Germany in 2010 and 2011, is most probably contaminated by 
double counting of large numbers of bilaterally implanted persons, since 
bilateral implantation started on a large scale in 2010. Therefore, it was 
decided that the German data were not further explored in this study. The 
‘best’ performing countries reach a yearly total number of implantations 
(adults and children) between 15 and 30 per million inhabitants. However, 
some East-European countries only reach 5/million. 
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Figure 2: Total number of implantations per million inhabitants in  2009, 
2010 and 2011 
 

The data of 2011 differentiated for children and adults, are shown in 
figure 3. In most European countries the number of adults that received a 
cochlear implant in 2011 is between 10 and 20 per million inhabitants. The 
number of pediatric implantations shows smaller individual differences and 
falls into the range of 6 to 10 per million in most European countries.  

Publications relating to various West-European countries show that 
in these countries 80-95% of all deaf newborns receive cochlear implants 
(De Raeve & Lichtert, 2012; Archbold, 2010; Raine, 2013). However, this 
is not the case in France, Estonia, Slovak Republic and Hungary where the 
implantation level is less than 5 children/year/million inhabitants.  

In presenting data on pediatric cochlear implantation we have to take 
into account the  differences in birth rate between the European countries.  
In 2011 the mean European birth rate was 10.3 with the lowest value 8.3 
for Germany and the highest 17.5 for Turkey (European Commission, 
2013).  
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Figure 3: Implantations/year per million for children and adults in 2011 
 

Hence, a better way to compare the performances of pediatric 
implantation in the various countries is the number of implants per unit of 
newborn children. This number is easily obtained by dividing the number 
of children implanted per million inhabitants by the birth rate as is shown 
in figure 4.  

 
Figure 4: Yearly number of implantations per 10000 newborns in 2011 
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Although  most West-European countries show implantation 
numbers between 5.5-8.5/10000 newborns, it doesn’t mean that all these 
implanted children are born deaf. Generally accepted (Van Kerschaver et 
al, 2007) is that 1 to 1.2 ‰  of all newborns have a bilateral hearing loss at 
birth of which a minimum of 45%  is severe to profound. Hence, only 3-
4/10.000 is directly referred for implantation. The other 3 to 4/10.000 
implanted children concerns those who were missed/not referred by the 
neonatal hearing screening or have a progressive or late onset hearing loss. 
These data are in line with the paediatric UK data, which show that 40-
50% is implanted under the age of 3 (most of them newborn born deaf) and 
50-60% is implanted between 3-17 years old (most of them have a 
progressive or late onset hearing loss) (Raine, 2013).  The reason of the 
high number in Luxemburg in 2011 is that in this small country (only 
500000 inhabitants) a few implants more or less per year, make a big 
difference in percentage. 

 
Number of potential CI-candidates 
Looking at the current selection criteria for cochlear implantation nearly 
every child and adult with a bilateral profound hearing loss (> 85-90 dB), a 
functioning auditory nerve and a good health is a potential CI candidate. 
They can be born deaf or have a suddenly or progressively acquired 
hearing loss, as is depicted in figure 5 in which all possible CI candidates 
come together in a reservoir. Only a certain percentage of the candidates 
will be implanted, according to the local reimbursement system, extended 
selection criteria (e.g. good physical condition and motivation) and 
awareness of the possibilities and benefits of cochlear implants. 
 

 
Figure 5: Flow diagram of potential CI candidates 
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Based on the above flow diagram, we tried to find an answer to the 

question whether the implantation capacity in a country is sufficient to 
keep pace with the demand.  

Let’s have a look at the situation in the Netherlands (16.8 million 
inhabitants) as an example and recognizing that the results can be 
transferred to other West-European countries due to the equal conditions of 
early hearing screening, comparable age-distribution and level of income.   
 
Children 
Presently the number of newborns in the Netherlands is about 185000/year 
of which 1-1.2‰ , (i.e.185-220 children) have a bilateral hearing loss 
(Uilenburg et al, 2009). Of these newborns it is assumed that 
approximately 45%  (approx. 60 children)  have a severe to profound 
bilateral hearing loss (Verhaert et al, 2008; Fortnum et al, 2001), allowing 
direct for implantation. 

According to Raine (2013), 50% of the total group of deaf children 
with age up to 17 years is not recognized at birth leading to an extra 
number of 60. So, we expect around 120 paediatric CI candidates per year. 
Looking at the data of the Netherlands collected by CION (2013) 
(Cochlear Implant Overleg Nederland)  we note that, 106 children (88%) 
received a CI in 2010, 97 (81%) in 2011 and 79 (65%) in 2012,  which 
means that on average about 80% of the paediatric CI candidates receive a 
CI in the Netherlands. This is comparable to the situation in Flanders area 
of the neighboring country Belgium (De Raeve & Wouters, 2013) and 
higher than the 50% utilization rate in the US (Sorkin, 2013).  

 
Adults 
As mentioned earlier, Davis’ study (1995) on the incidence of hearing loss 
(HL) in the adult population in the UK is still the best and most detailed 
study available.  He reported that in the population of the age group 
between 18-80 year olds 0.4% had a hearing loss > 85 dB HL and 0.3 % 
had a profound hearing loss above 95 dB HL. Using extrapolation, we 
estimate that 0.33% has a hearing loss above 90 dB.  So using Davis’ data 
we can estimate the number of CI candidates within any adult population in 
Western Europe.  



Chapter 2.2 

66 
 

For example: in the Netherlands with 16.8 million inhabitants of 
which 13.7 million aged >18 years old (CBS, 2013). Based on Davis’ data 
and the >90 dB HL inclusion criterion, there are 44500 adult CI candidates. 
Data from CION (2013) learn that in the Netherlands cumulatively 3176 
adults have received a CI per ultimo 2012.  This means that only 7 % of all 
adults CI candidates in the Netherlands (with threshold  > 90 dB) have 
received a CI. This percentage is comparable to that in the US, where 
ultimo 2009 less than 6% of the Americans, who could benefit from a CI, 
received one (Sorkin, 2013). 

We can conclude that it is possible to estimate the total number of 
adult CI candidates in a country, based on the Davis data.  But, it is more 
interesting to measure the yearly number of new adult CI candidates, as we 
did for the children, allowing to estimate the implantation capacity 
necessary to keep pace with the yearly growth of the demand. Obtaining 
the yearly number of CI candidates in a country is rather complex and has 
to be based on the changes in demography over time. From the Davis data 
(1995) we learned that in the age groups 18-30 and 31-40 the prevalence % 
of  > 90 dB HL is rather small, however, after 10 years the age group of 
31–40 years old is transferred into the age group of 41-50 years old and its 
prevalence % of  > 90 dB HL is no longer negligible. The increase of the 
prevalence % of HL > 90 dB over a 10 years’ time period can also be 
obtained from the Davis data as plotted in figure 6.  

 
Figure 6: Logarithm of prevalence % of hearing loss by age group based 
on the data from the Davis’ study of 1995 
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As an example we compared the situation in the Netherlands in the 
years 2000 and 2010 in table 1. The population is divided into age groups 
of ten years and the demographic data of the Dutch population (CBS,  
2013) are shown in column 2 and 3. Note that after a period of 10 years, 
the population in each of the original age groups is transferred into the next 
age group of 10 years. The detailed calculation of the total number of 
people with a  > 90 dB HL is performed in a differential mode, i.e. the 
number of people N is divided in age groups of 10 years and their number 
is multiplied by the average prevalence of that group (column 4) as 
determined from the log-plot in figure 6. The calculated number of people 
with a HL > 90 dB per age group is given in the columns 5 and 6 for 
respectively the years 2000 and 2010. The increase of the number of 
people with a HL >90dB between 2000 and 2010 is given in column 7.  
 
Table 1: Calculation model for measuring the yearly increase of people 
passing the 90 dB HL threshold in the Netherlands 

Age 
 

Population in 
millions 
 

Prevalenc
e  of HL  
> 90 dB 

Numbers of HL  > 
90dB 

Increase after 
10 years 

2000 2010 % 2000 2010  

21-30 2.240 0 0 0 

31-40 2.620 2,170 0,052 1362 1130 1130 

41-50 2.507 2,718 0,120 3008 3216 1854 

51-60 1.967 2,088 0,300 5901 6264 3256 

61-70 1.475 1,923 0,660 9735 12691 6791 

71-80 0.936 1,210 1,368 12804 11325 1590 

81-90 0.365 0,448 3,146 11482 14094 1290 

91-100 0.126 0,199 7,236 (9117) 14399 2917 

Total 
21-90 

12110  
 

44292   

Total  
31-100  

10756
 

63119 18828 

Survival % 
31-100 y 

88.8 
  

 

Total survivors 21-
90 39331  

23788 

Increase per year 2379 
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The change in the distribution of the original population is made 

visible by a  “survival” ratio, which is calculated as the quotient of the total 
numbers of people in 2000 and 2010 respectively in the age group 21–100 
and 31–100 years old. The population aged 20+ years was 12.110 million 
in 2000. This group becomes the population aged 30+ years old in 2010 
and decreases to 10.756 million. This means that the survival ratio of the 
2000 population of  20+ is 10.756 /12.110 = 88,8%, migration and other 
factors included.  The total increase of the number of people with a HL >90 
dB between the years 2000 and 2010 is corrected for this survival ratio, and 
the outcome shows the total increase of approximately 24000 CI candidates 
in 10 years’ time. Thus the yearly flux of CI candidates with a hearing loss 
above 90 dB HL is approximately 2400 per year into the “reservoir”, or 
200 per million inhabitants age 31-90 years old.  To empty the reservoir the 
number of  implantations has to  be larger than the yearly flux.  For the 
Netherlands this means that more than 2400 adult CI candidates should be 
implanted per year if no further constraints were present. 

Comparing the actual yearly number of CI surgeries for adults in the 
Netherlands, i.e.  391 in 2012, (CION, 2013) with the calculated yearly 
flux of  2400 of the age group 31-90, the present yearly number of 
implanted adults is only 16% of the calculated flux. 

To summarize, it is possible to estimate the yearly number of CI 
candidates for children and adults in a country and to estimate the total 
number of adult CI candidates, as is shown in figure 7.  

 
Figure 7:  diagram on how to estimate the number of CI-candidates in 
your country 
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Conclusions  
 
The data from Euro-CIU has shown there is considerable variation in CI 
utilization within Europe. Because of the underutilization of cochlear 
implants, especially in adults, we have to work on the general awareness of 
the benefits of cochlear implants and its improvement on the quality of life, 
based on cost-effectiveness data and on guidelines for good clinical 
practices.  

It is possible to estimate the yearly number of CI candidates in a 
country, but we don’t have enough reliable data available to put into our 
model. A new research project would be welcomed to estimate the demand 
of cochlear implantation more precisely, as well as to obtain more insight 
into the hearing problems of our recent population of adolescents and of 
the increasing number of elderly people. 
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Abstract  
 
Belgium, and especially the northern region called Flanders, has been a 
centre of expertise in cochlear implants and early hearing screening for  
many years. Some of their surgeons and engineers were pioneers in the 
development of cochlear implants and in 1998 Flanders was the first 
region in Europe to implement a universal hearing screening  program  
for all neonates. The Belgian National Institute for Health and Disabi-
lity Insurance has reimbursed cochlear implants in children and adults 
since 1994 and bilateral implantation in children under the age of 12 
years since February 2010. These deaf children, screened and implanted 
early, achieve higher auditory, speech and language outcomes and 
increasing numbers are going to regular schools using fewer interpreters. 
In 2010, 93% of severe-to-profound deaf preschool children in Flanders 
had received cochlear implants and 25% had bilateral implants. Although 
on average twice as many adults as children are implanted a year in 
Belgium, we have less research data available from this adult population. 
Also very little is published about the growth curves and minimal 
rehabilitation requirements (intensity, duration etc.) after implantation 
for both children  and adults. So, there still remain many challenges for 
the future. 
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Introduction 
 
Belgium has been a centre of expertise for neonatal hearing screening and 
cochlear implants (CI) for many years. During the period when William 
House (USA) and Graeme Clark (Australia) were developing their cochlear 
implants, Erwin Offeciers and Stef Peeters (1985) from Antwerp (Belgium) 
were developing their Laura device. They then started to implant adults and 
in 1991 the first child received their cochlear implant. In 2002, the 
Australian company ‘Cochlear’ took over the Laura system. 

The Belgian National Institute for Health and Disability Insurance 
(NIHDI) has reimbursed cochlear implants in children and adults from 
October 1994 onwards. Besides Universal health care, Belgium offers also 
many services to people with disabilities with the aim of improving their 
participation, integration and equality of opportunity in all areas of social 
and educational life. These services are assigned to different authorities 
with competencies in specific and well-defined areas. In this publication, 
we will mainly focus on the services and data available in Flanders, the 
Dutch-speaking part of Belgium. 

In 1998, as the first region in Europe and two years before the 
recommendations of the Joint Committee on Infant Hearing (JCIH, 2000) 
were published, the Flemish public child care organization ‘Kind en Gezin’ 
(Child and Family) started a Universal Neonatal Hearing Screening 
Programme (UNHSP) in Flanders (Verhaert et al, 2008). Approximately 
99% of all neonates are screened every year. By integrating screening, 
diagnosis, early intervention and rehabilitation in one programme (via a 
well-defined cooperation protocol between different caregivers and health 
services), it became a unique project. (Van Kerschaver, Boudewijns, 
Stappaerts L, Wuyts & Van de Heyning, 2007).  

Evidence exists that children who receive a CI at a younger age 
perform better on a range of language and academic measures than 
children who are implanted at an older age. (Anderson et al., 2004; Kirk et 
al., 2000; Sharma et al. 2002; Svirsky et al. 2004).  There is also a growing 
body of research indicating that children implanted under 24 months can 
match the progress of normal hearing peers in some areas of language 
development (Geers, 2006; Hehar et al, 2002;  Nicholas &  Geers, 2006) 
and that many enter mainstream schooling in early primary grades (Francis 
et al, 1999; Geers, 2003; De Raeve & Lichtert, 2012).   
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Traditionally a single implant was provided. However in recent 
years increasing numbers of patients have received bilateral cochlear 
implants (Litovsky et al, 2010;  Sparreboom et al, 2010). The main 
findings of recent research have been the benefits given by bilateral 
implantation for localization of sound  (Greco et al, 2008;  Beijen et al, 
2007; Van Deun et al, 2009)  and speech discrimination  in noise (Kuhn-
Inacker et al, 2004; Dunn et al, 2008; Litovsky et al, 2006).  

 
Belgian State structure and assignments of competencies for disabled 
persons 
 
Belgium is a federal state, made up of three communities (the Flemish-
speaking Community, the French-speaking Community and the German-
speaking Community) and three regions (the Flanders Region, the Brussels 
Capital Region and the Walloon Region). The Federal government is 
responsible for everything which falls within the sphere of interest of all 
Belgians, irrespective of language, cultural or territorial considerations. 
These include foreign affairs, defense, justice, finance, social security 
(unemployment, pensions, child benefit, health insurance) and substantial 
parts of public health and domestic affairs. The communities are response-
ble for people-related matters, such as language, culture, education, health 
policy (preventive medicine) and assistance to individuals (protection of 
youth, social welfare, support to families,…).  The regions are in turn 
responsible for territorial matters, such as town and country planning, 
environment and employment. This division of responsibilities has had far-
reaching consequences in the area of care for the disabled persons, who 
normally need to address several authorities for (financial) assistance, 
support and guidance. So the UNHSP was really a unique integrated 
project, taken into account the complex state structure.  

 
Reimbursement by the NIHDI 
 
Cochlear implants 
Current FDA guidelines for the Cochlear device recommend cochlear 
implantation in persons age 2 years and older with severe-to-profound 
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deafness (i.e., pure tone average thresholds of 70 dB HL or greater), and in 
children 12 to 23 months of age with profound deafness (i.e., pure tone 
average thresholds of 90 dB HL or greater). (Bradham et al, 2009) 
In Belgium Cochlear implants have been reimbursed for children and 
adults since October 1994 (Belgisch Staatsblad, 1994); initially only in 
patients with a bilateral total sensory deafness. In March 2006 (Belgisch 
Staatsblad, 2006), the reimbursement criteria were refined into: (1)  pure 
tone average thresholds of 85 dB HL or greater at 500, 1000 and 2000 Hz; 
(2) threshold of peak V in brainstem auditory evoked potentials at 90 dB 
HL or higher; (3) little or no benefit from hearing aids. In post-lingually 
deafened persons, there has to be a phoneme score, using monosyllabic 
words at 70dB, of less than 30% with hearing aids, which indicates that 
they do not give sufficient benefit. 

In case of mental retardation, psychological or psychiatric problems, 
the family situation and the rehabilitation plan must be demon-strated in a 
psychological report. After implantation,  long term auditory/ speech 
therapy and follow-up is required and reimbursed, until the age of 18 for 
children and two years for adults. All this should be coordinated by a 
specialized multidisciplinary team. 

A pilot project on bilateral implantation was initiated in 2003 by the 
NIHDI in which 42 children under 12 years have received a contralateral 
CI. The children had to meet several criteria in order to be considered for 
this project: presence of a full insertion of the electrode array, having 
showed good cooperation with rehabilitation and good audiometric results 
with their first CI and a normal anatomy of the second ear (cochlea and 
cochlear nerve). The outcomes of this project (Scherf et al, 2009a; Scherf 
et al, 2009b; van Deun et al, 2009) justified a standard reimbursement for 
the second implant in children younger than 12 years. This has been 
official policy since February 2010 (Belgisch Staatsblad, 2009). The 
indication for a second cochlear implant has also been broadened to 
include children between 12 and 18 years with an auditory neuropathy or 
meningitis. For adults, there is no formal reimbursement of a second 
cochlear implant, either in case of auditory neuropathy, or in case of 
meningitis with ossification. 

The result of all this is that in 2010, 94% of all deaf (‘deaf’ in this 
publication has to be understood as an average bilateral hearing loss at 500, 
1000, 2000 and 4000 Hz > 90 dB SPL unaided) children in Flanders who 
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were of preschool age (2.6-6.0 years), and within the criteria for cochlear 
implantation were wearing a cochlear implant (Figure 1). 

For those of primary school age (6.0-12.0 years) this figure was 81% 
and at secondary school age it was 49% (De Raeve & Lichtert, 2012). So 
nearly every child born with a profound hearing loss (>90dB HL on both 
ears) in Flanders now receives a CI. Such figures clearly demonstrate that 
in six years’ time, 80-90% of all Flemish school-aged children who have a 
profound hearing loss will be wearing one or two CI’s. 

 
Figure 1: Percentage of school age children with a profound hearing loss 
in Flanders wearing a cochlear implant in February 2010. 
 

Concerning adults, we do not have the same detailed information 
that we have for children. It is difficult to estimate the percentage of 
eligible adults receiving a CI. Based on the numbers of the WHO (2010) 
and on the current selection criteria in most countries (bilateral hearing loss 
>85-90 dB HL) 8 to 10% of the people in developed countries have a 
hearing loss.  Of these, 10%  (or 1% of the total population) have a severe 
to profound hearing loss and could be CI candidates. Some adults with a 
severe to profound hearing loss may not consider a CI  for several reasons: 
ossified cochleas, congenitally deaf adults who have never used hearing 
aids. 

Figure 2 gives an overview since 1994 of the number of applications 
submitted for  reimbursement of a cochlear implant and for which there 
was an approval from the NIHDI. We only have detailed information since 
2005, but it is still clear that there has been a continuous increase till 2006. 
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Since then there is a small decrease for nearly all the age categories and we 
cannot explain why this happened. 

 
Figure 2: Overview of the number of approved applications for a 
reimbursement of a CI in Belgium from 1994 till 2010. 
 

 
Figure  3: The percentage of applications for a reimbursement of a CI 
depending on the age of the child as a function of the total number of 
applications for children younger than 12 years. 



Accessibility to cochlear implants in Belgium  

79 
 

Looking at the number of applications submitted for reimbursement 
of a CI for all children under the age of 12 years during the period 2005–
2010, it can be seen in Fig. 3 that between 2005 and 2010, on average 68% 
of patients were younger than 2 years, 13% were children of age 3–4 years, 
9% were under the age of 5–7 years, and 11% were children between 8 and 
12 years old. 
 
 
(Bilateral) cochlear implants in children 
 
Selection of Pediatric CI candidates 
Initially, mainly children who were totally deaf, with normal intelligence 
and a normal cochlea received a CI. But over time these criteria have 
become less stringent and we are now implanting children at younger ages, 
with greater amount of residual hearing, additional needs and even 
malformed cochleas.  

Since the implementation of the UNHSP in Flanders, the average 
age of fitting a hearing aid has been reduced to four months and referral for 
a cochlear implant assessment is usually accomplished before the age of 
nine months (Philips et al, 2009). When appropriate, children now receive 
a CI by their first birthday and since 2004 the average age of implantation 
is between 14 and 16 months. Looking at the preschool population (age 
2;6-6;0 y) of children with a profound hearing loss in 2010, 94% of all 
these children in Flanders have received a cochlear implant and of this 
group 25% are wearing bilateral implants (De Raeve & Lichtert, 2012). 

The number of bilaterally implanted children is expected to increase 
quickly, because bilateral implants have been reimbursed in Belgium in 
children under the age of 12 since February 2010 (Belgisch Staatsblad, 
2009). 
 
Support and rehabilitation 
As mentioned before, early intervention is integrated in the UNHSP in 
Flanders. This means that immediately after detecting the baby’s hearing 
loss, families are referred to a ’service’ centre (specialized ENT-
department, early intervention team and/or rehabilitation centre) which 
organizes further support, rehabilitation and follow-up of the child and 
family. These centres provide the families with a lot of information 
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concerning hearing tests, hearing devices and communication. During 
home visits or conversations at the centre there is emphasis on helping the 
family to cope with this new and mostly unexpected situation and 
gradually providing them with a lot of new information on the effects of 
having a deaf or hard of hearing child (De Raeve, 2006).  
 Some service centres in Belgium, most of them in cooperation with a 
rehabilitation centre, offer daycare for infants and toddlers with a hearing 
loss, often together with hearing children. Depending on the childrens’ 
individual needs, speech and language therapists, audiologists, psycholo-
gists, physiotherapists and care staff of the daycare or rehab centre can 
stimulate the children’s auditory, speech, language, motor, social emotional  
or cognitive skills and can provide instruction to parents in small groups or 
on an individual basis. In general, children visit this specialized (rehab) 
centre 2/3 times a week. For children, a multi-disciplinary approach is 
reimbursed until the age of 18 years. The alternative, monodisciplinary 
speech therapy, is reimbursed for a period of 2 years (which can be 
prolonged if necessary). Unfortunately, there are no official published 
figures available about the actual minimal demand and consumption of 
rehabilitation sessions or on the intervening discipline. 
 At age 2.6  year, children in Belgium can start going to a preschool. 
As can be seen in figure 4 nearly 75% of implanted children start in a 
special school for the deaf. Possible reasons could be: spoken language 
delay, preference for smaller classes (average number is 6 in a special 
school for the deaf and 20 in mainstream), more opportunities to receive 
regular (in most cases daily) speech and language therapy, good classroom 
acoustics, etc. When parents decide to change to a mainstreamed setting, 
children with a profound hearing loss (> 90dB HL at both ears) can receive 
4 hours of support per week from a teacher of the deaf or speech/ language 
therapist from the nearest school for the deaf. It is also important to know 
that we do not have a specialized training for ‘teachers of the deaf’ in 
Belgium. There is only generic training for teachers working with children 
with all kinds of special needs (Lichtert, 2010). All students with a hearing 
loss also have the opportunity to access resources like FM-devices and at 
secondary level, students with a profound hearing loss can ask for an 
additional sign language interpreter or note taker. 
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Outcomes 
Looking at deaf school-age children with cochlear implants in Flanders, it 
can be seen in figure 4 that the percentage of deaf children in mainstream 
schools wearing a cochlear implant is gradually increasing from preschool  
through  primary school and secondary school.  

 
Figure 4: Percentage of Flemish deaf children with a cochlear implant 
going to regular schools at pre-, primary and secondary school level from 
2006 till 2010 
 

In 2010 two out of three of the students at secondary level with a 
cochlear implant were attending regular schools. This is an increase of 40%  
compared  to a similar study carried out in the same region in 1999 (De 
Raeve, 2001; De Raeve, 2006) . 

Looking at the general data of pupils with a profound hearing loss, 
with and without CI, it can be seen in figure 5 that 53% of the deaf students 
wearing a cochlear implant use an interpreter (sign language interpreter or 
note taker) at secondary level, comparing to 68% in the group without CI. 
Additionally, fewer students with a CI use a sign language interpreter, but 
more prefer a note taker compared to their peers without a CI.    
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Figure 5: General comparison of the use of an interpreter by students with 
a profound hearing loss with and without CI at secondary level during 
school year 2009-2010 
 

So it can be expected that in the near future, fewer deaf students with 
cochlear implants will use interpreters. In difficult listening situations some 
of them will probably prefer extra support from a note taker (or speech to 
text software) instead of a sign language interpreter. 
 
 
(Bilateral) cochlear implants in adults 
 
Selection CI candidates 
Current guidelines for deaf adults in Belgium permit implantation in case 
of an average bilateral hearing loss above 85 dB HL on 500, 1000 and 
2000 Hz. In post-lingually deafened adults, a phoneme score, using 
monosyllabic words at 70dB, of less than 30% has to be recorded with 
hearing aids which indicates that they do not give sufficient benefit. As 
mentioned earlier, bilateral implants are not reimbursed for adults. 
 
Support and rehabilitation 
Concerning support and rehabilitation for adults who have received a CI, 
there is a huge difference compared to children. Based on the Belgian 
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health care system, adult CI users can receive a maximum of two years 
multidisciplinary therapy after implantation. Monodisciplinary therapy 
(only speech/auditory therapy) is an alternative which is also reimbursed 
for a period of 2 years and it appeals more to adults than to children.  

Under the compulsory health insurance, it is required to have long-
term speech/auditory follow-up after implantation. But, in practice it 
seems, from feedback, that some adults receive no or limited therapy after 
implantation. However some of them appear still very successful CI users. 
Regrettably, there are no published data available regarding the actual 
demand and consumption of rehabilitation sessions after CI-implantation in 
adults.  
 
Outcomes 
Compared with children, there is less follow up and very little available 
research data on the general population of adult CI-users.  Just a few CI 
clinics have published on the outcomes from their population.   Vermeire et 
al (2005) from the University Hospital Antwerp did a study on 89 adult CI-
users of which 25 were older than age 70. They came to the conclusion that 
although the audiological performances of the elderly group were 
significantly lower than those of the younger age groups, the quality of life 
outcomes of the geriatric group were similar to younger adult cochlear 
implant recipients. 
 
 
Discussion 
 
Belgium has a very high number of early implanted children. The reason of 
this can be found in the fact that Belgium was one of the pioneers of 
cochlear implantation and the Dutch speaking part of Belgium (Flanders) 
was the first region in Europe to implement a universal neonatal hearing 
screening programme. The government health care system supports 
cochlear implants in adults and in children from the early years and they 
have been reimbursed in adults and children since 1994. Bilateral implants 
in children have been  reimbursed since February 2010. 

Children with a hearing loss are mostly supported on a multi-
disciplinary way by early intervention teams, rehabilitation centres and/or 
CI-teams and in some areas there are specialized day care centres available 
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for children with a hearing loss. Although in 2010 most deaf children 
wearing cochlear implants started in a special preschool for the deaf, by 
primary school age 45% were going to a regular mainstream school and 
this increased to 67% at secondary level.  

There is also a growing body of research done on this Belgian 
population indicating that the auditory, speech, language and academic 
outcomes of these children who were screened and implanted early is 
better than ever before. This results in more deaf children going to regular 
schools (Schauwers et al, 2004, 2005, 2008; Scherf et al, 2007, 2009a, 
2009b; van Deun et al, 2009a, 2009b; Philips et al, 2009; van der Kant et 
al, 2010; Tait et al, 2007, 2010; De Raeve, 2010; Baudonck, 2010; Boons 
et al, 2012).  

Knowing that reimbursement of bilateral implantation is possible in 
Belgium for deaf children since 2010, we are convinced that the number of 
mainstreamed children and also their school performances will increase 
further in the near future. Because of this changing population of children 
with a profound-severe hearing loss, there needs are also changing, which 
means that the staff supporting all these children also have to be updated. 

All this represents a major challenge for the caregivers and 
educational services. They have to adapt their way of working and they 
must ensure that their staff have the skills to meet the challenges. They will 
need to be flexible, continually updated with the technology and changing 
expectations and to receive ongoing professional training, in order to 
provide an environment which will utilise the useful hearing whilst 
meeting the linguistic and curricular needs of the children, and to meet the 
psycho-social needs of this group as they grow through adolescence, and to 
work with other professionals. The competent authorities face challenges in 
the field of changing needs which require continuously evolving policies. 

Although twice more adults than children are implanted every year 
in Belgium, we have less research data available from this adult 
population. And although deaf adults who receive a CI must receive 
speech/auditory follow-up after implantation (with a maximum of two 
years reimbursed), in practice it seems not all adults make use of these 
services.  

So there may be a need to explore the current actual care for adult CI 
users in Belgium with examination of possible pitfalls and solutions. We 
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also know that a cochlear implant improves the quality of life of these deaf 
adults, even the elderly population.  

Currently there are no available clinical guidelines with details of 
support and therapy needs for adults receiving a CI, nor for children. So, 
there still remain many challenges for the future. 
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Abstract 
 
Objective:  The objective of this study was to measure longitudinally the 
progress in the auditory performance and speech intelligibility of young 
deaf children implanted under the age of 18 months in comparison to those 
implanted after 18 months and to create normative data on these children 
implanted under 18 months. 
Study Design: This is a retrospective longitudinal study based on data 
available at our centre KIDS-Hasselt-Belgium. 
Patients:  52 deaf children who received a cochlear implant under the age 
of 18 months. 
Methods: LiP (Listening Progress profile) and CAP (Categories of 
Auditory Performance) were administered to measure auditory perception 
and SIR (Speech Intelligibility Rating) was used to measure speech 
intelligibility. Over a 4 year period, six assessments were made to monitor 
the auditory and speech development of the children: a pre-test before 
implantation and five post-tests at 6, 12, 24, 36 and 48 months after 
implantation. 
Results:  Deaf children receiving cochlear implants before the age of 18 
months show more rapid progress in auditory performance and speech 
intelligibility in comparison to children implanted at an  older age. Their 
auditory performance and speech intelligibility also reach a higher level 4 
years after implantation compared with children implanted later in life. 
Discussion  and  Conclusion:  This study shows encouraging results in the 
cochlear implantation of children under the age of 18 months. As 
demonstrated, using the LiP, CAP and SIR measures, children who receive 
a cochlear implant before the age of 18 months show, that at 3 to 4 years 
after implantation, significantly greater improvement is made in auditory 
perception and speech intelligibility than their later implanted peers, 
although there is a considerable variety in the outcomes. 
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A cochlear implant (CI) substantially improves hearing of deaf children, 
and it is one of the most important technological breakthroughs for deaf 
people.  

The best documented effect of CIs on profoundly deaf children is a 
marked increase in their auditory perception (Kirk, 2000). Most implant 
users improve to hearing thresholds in the 20 to 40 dB HL range across all 
frequencies. At that level, the implant enables detection of virtually all 
conversational sounds and provides a hearing sensitivity and functionality 
that is superior to that obtained with conventional hearing aids (Govaerts, 
2002). 

Wiefferink et al. (2008) determined that there is a connection 
between average hearing thresholds with a hearing aid (before 
implantation) and auditory functioning and speech recognition skills after 
implantation. They found that the better the children’s hearing thresholds 
were with the hearing aid before CI, the better the children performed after 
implantation on tests of auditory perception, speech intelligibility, and 
language. Other studies on the effects of cochlear implantation in children 
show a positive influence on speech recognition, speech intelligibility, and 
other aspects of spoken language development (Schauwers et al, 2004; 
Thoutenhoofd et al, 2005). 
 
 
Age at Implantation 
 
The introduction of universal newborn hearing screening in many countries 
has led to early diagnosis of children’s hearing abilities. In 1998, Flanders 
(the Dutch speaking part of Belgium) was one of the first regions in Europe 
to implement a universal neonatal hearing screening program combined 
with a further diagnostic and early intervention program. By integrating 
screening, diagnosis, and early intervention in 1 program, it became a 
unique project. Approximately 98% of all newborns are screened every 
year (Desloovere et al., 2000). Since then, we see that the number of deaf 
children implanted younger than 18 months has increased enormously (De 
Raeve, 2006). 

Evidence exists that children who receive a CI at a younger age do 
better on a range of language measures than children who are implanted at 
an older age. Significant differences have been documented in the 
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auditory-verbal growth of children implanted younger than 4 years versus 
those younger than 2 years, as shown by several authors (Svirsky et al, 
2004; Anderon et al, 2004; Sharma et al, 2002). There also is a growing 
body of research indicating that children implanted younger than 24 
months can match the progress of normal-hearing peers in some areas of 
language development (Schauwers et al, 2004; Nichalas & Geers, 2006; 
Hehar et al, 2002) and that many enter mainstream schooling in early 
primary grades (Francis et al 1999; Geers, 2003). 

With regard to the onset of babbling, Schauwers et al. (2004) 
showed that, in deaf children implanted younger than 20 months, it takes a 
median of 1 month of auditory exposure to start babbling, regardless of the 
age of implantation. So, because babbling in normally hearing children 
starts at a mean age of 8 months, early cochlear implantation is mandatory 
to have the child babbling at a normal age. Spoken language acquisition 
seems to be facilitated by a shorter interval between onset of deafness and 
implantation, the use of the most recent speech coding strategies and 
electrode design, proper programming of the implant map, and an 
educational environment that focuses on the development of auditory and 
speech skills (Nicholas & Geers, 2006; Geers, 2006).  Furthermore, 
children who receive their CI before the age of 1 year develop some 
preverbal communication behaviors to an extent that does not differ much 
from normally hearing children (Tait et al, 2007). 

However, few of these studies have included large numbers of 
implanted children, although this is understandable, given the large 
intersubject variability. One of the biggest studies from Philips et al. (2009) 
on 396 implanted deaf children had the following significant findings: 
early screened children differ significantly from late screened children with 
respect to age of detection of hearing loss and age at cochlear implantation, 
early screening and implantation is associated with better auditory 
receptive skills and speech intelligibility, and additional impairments 
negatively influence both receptive and productive skills. In addition, 
children who communicate orally and wear bilateral CI perform better on 
speech production, and better speech perception was found in children who 
became progressively deaf as opposed to congenitally deaf children. 
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Speech Perception and Speech Intelligibility 
 
Open-set  speech  perception scores, as assessed by Moog and Geers 
(1999) correlate significantly with scores on measures of speech 
production, language, and reading. If speech is perceived incorrectly, a 
child’s  speech and language  development  will  be  negatively  
influenced. These effects are even stronger in children of younger age at 
implantation. 

Gain of speech perception was also observed by O’Neill et al. 
(2002), who came to the conclusion that auditory performance and speech 
perception were negatively related to age of implantation, the year in which 
implantation took place, and the number of medical consultations the child 
received. In 1998, O’Donoghue et al. (1998) looked at the relation between 
speech perception and speech intelligibility and came to the conclusion that 
speech intelligibility between 2 and 5 years after implantation in young 
children with congenital and prelingual profound deafness can be predicted 
by measures of earlier speech perception. 

The results of another study by Nikolopoulos et al. (1999) provide 
strong evidence that prelingually deaf children should receive implants as 
early as possible to facilitate the later development of speech perception 
skills and speech intelligibility and thus maximize the health gain from the 
intervention because age at implantation positively correlated with pre-
implantation assessment performance. 
 
 
Materials and methods 
 
Expectations for children receiving CIs must always be determined on an 
individual basis, taking into account the pre-implant characteristics and the 
progress after implantation. For that reason, it will be useful for educators 
to be familiar with some auditory and speech intelligibility benchmarks 
that define the sequence and time course of listening and speech skills 
typically seen in implanted children. This will allow educators to monitor 
whether an  individual child’s progress is keeping pace with other children. 

With these data, it will be possible to detect additional problems: in 
the device, in the child, or in the education or rehabilitation. As previously 
mentioned, there are considerable data available on later implanted 
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children but less so on children implanted younger than 18 months. That is 
why we focus in this study on the auditory performance and speech 
intelligibility of deaf children receiving their CI before 18 months. 
 
Subjects 
The  study  comprised  52  congenitally  deaf  children  who received a CI 
before the age of 18 months. The average age at implantation was 14 
months, with a range of 6 to 18 months. They were implanted at 4 different 
CI hospitals in Flanders between 1999 and 2008. All children in this 
retrospective study have worn their implants for a minimum of 12 months, 
and 45 have been wearing the device for more than 3 years. All children’s 
cognitive development was within reference range, based on the Bayley III 
Scales of Infant Development (2000) and/or on the nonverbal part of the 
Wechsler Preschool Performance Scale for Infants, Revised version 
(WPPSI-R) (2000). Forty-six children wear Cochlear Nucleus Devices 
(Sprint, 3G, or Freedom), 3 wear Advanced Bionics (Auria or Harmony), 
and 3 were Neurelec  (Digisonic SP or SPK). All children were attending a 
special day care centre for hard of hearing and deaf children younger than 
30 months at KIDS in Hasselt, Belgium, for 1 to 3 days a week, where they 
receive daily auditory training and speech and language therapy based on a 
natural approach, using spoken language supported with some  gestures/ 
signs. All the parents are normally hearing, except for 2 mothers who are 
deaf. At the age of 30 months, 48 children started in a special nursery 
school for the deaf and 4 in a mainstreamed setting. 
 
Test Material 
Reviewing the outcomes on auditory perception or speech intelligibility of  
deaf  children  with  CIs,  we  decided,  over 10 years ago, to monitor our 
implanted children with inter- nationally used and reliable instruments that 
were easy to use in very young children: the Listening Progress profile 
(LiP) and the Categories of Auditory Performance (CAP) for monitoring 
progress in auditory perception, and the Speech Intelligibility Rating scale 
(SIR) for monitoring progress in speech intelligibility. Also, language, cog-
nition, and social-emotional instruments are included in this test battery, 
but they are not part of the study. 
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For a period of 4 years, 6 assessments were made to monitor the 
auditory and speech development of the children: a pretest before implanta-
tion and 5 post tests at 6, 12, 24, 36, and 48 months after implantation. 
 
Listening Progress  Profile 
The Listening Progress Profile, developed by Archbold (1995) is a profile 
devised to assess the early stage of auditory perception after implantation 
to monitor the functioning of the device and the early development of 
speech and language. The LiP was found to be a sensitive tool with which 
to measure the progress of auditory skills in young implanted children 
(Nikolopoulos, Wells & Archbold, 2002). 
 
Table 1. The listening progress profile 

Item Score (Never=0; 
Sometimes=1; Always=2) 

Response to environmental sounds  
Response to drum (elicited)  
Response to musical instruments (elicited)  
Response to voice  -elicited  
                                -spontaneous  
Discrimination between 2 different instruments  
Discrimination between loud/quiet drum  
Discrimination between single/repeated drum  
Identification of environmental sounds  
Response to:   oo  
                        ah  
                        ee  
                        sh  
                        ss  
Discrimination between long/short speech sounds  
                                  single/repeated speech sounds  
                                  loud/quiet speech sounds  
                                  2 of Ling five sounds  
                                  all of Ling five sounds  
Discrimination between two family names of 
different syllabic length 

 

Identification of own name in quiet  

 
In Table 1, it can be seen that specific activities are used to enable 

completion of the profile, in observation and play, rather than by testing. It 
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covers a range of abilities from first response to environmental sounds and 
first response to voice, through discrimination of environmental  sounds,  
discrimination of voice, and finally, identification of the child’s own name. 
The maximum score is 42. 
 
Capacity  of Auditory  Performance 
The CAP (Archbold, Lutman & Marshall, 1995) is a global outcome 
measure that assesses the auditory performance of deaf children. It 
comprises a nonlinear hierarchical scale of auditory receptive abilities; the 
lowest level describes no awareness of environmental sounds, and the 
highest level is represented by the ability to use the telephone with a 
known speaker.  
 
Table 2. Categories of Auditory Performance 

Category Criteria  

7 Use of telephone with known listener 

6 Understanding of conversation without lip-reading 

5 Understanding of common phrases without lip-reading 

4 Discrimination of some speech sounds without lip-reading 

3 Identification of environmental sounds 

2 Response to speech sounds 

1 Awareness of environmental sounds 

0 No awareness of environmental sounds 

 
CAP is a measure of everyday auditory performance and thus reflects the 
real-life progress of children in the developing use of audition. It contains 8 
categories (from 0 to 7) with criteria for completion and has been found to 
have high interuser reliability (Table 2) (Archbold, Lutman, Nikolopoulos, 
1998). 
 
Speech Intelligibility Rating 
The SIR is a  scale that quantifies the speech production abilities of 
linguistically compromised profoundly deaf children in a clinical setting. It 
is a 5-point rating scale ranging from “prerecognizable words in spoken 
language” to  “connected speech is intelligible to all listeners.” SIR is a 
rating of a child’s everyday spontaneous speech and has been found to be a 
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practical clinical measure that can be readily applied to large groups of 
young deaf children over time irrespective of children’s age and speech 
abilities (Allen, Nikolopoulos, O’Donoghue, 1998) and has been shown to 
be reliable between observers (Table 3) (Allen et al, 2001). 
 
Table 3. Speech Intelligibility Rating 

Connected speech is intelligible to all listeners. Child is understood 
easily in everyday contexts 

Category 5 

Connected speech is intelligible to a listener who has little 
experience of a deaf person’s speech 

Category 4 

Connected speech is intelligible to a listener concentrates and lip-
reads 

Category 3 

Connected speech is unintelligible. Intelligible speech is developing 
in single words when context and lip-reading cues are available 

Category 2 

Connected speech is unintelligible. Pre-recognisable words in 
spoken language, primary mode of communication may be manual 

Category 1 

 
Test Procedure 
All children were assessed using the LiP, CAP, and SIR before implanta-
tion and at 6, 12, 24, and 36 months and CAP and SIR at 48 months after 
implantation. No child was omitted from follow-up, and no child was 
excluded because of low performance. All tests were completed by speech 
and language therapists from the special day care centre, the school for the 
deaf or the mainstreaming support service centre. 
 
 
Results 
 
Listening Progress  Profile 
The results on  the  LiP before implantation and for each of the intervals 
after implantation are summarized in figure 1. Before implantation, the 
median score was 4, and at 6-month interval, it was already 18. At the 12-
month interval, it has risen to 31, and from the 24-month interval onward, 
it reaches a median score of 41, which is nearly the maximum score of 42. 
Star patients (Pc 99) can already reach nearly maximum score after 12 
months of implantation. On the other hand, even the lowest performers (Pc 
1) make progress and reach a maximum score of 38 of 42 at 3 years of 
implantation. 
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Figure 1. Percentile scores on the LiP of 52 deaf children implanted 
younger than 18 months at 0, 6, 12, 24, and 36 months after implantation. 
 
Categories of Auditory  Performance 
In Figure 2, it can be seen that before implantation, the median score of our 
group of deaf children implanted less than 18 months is only at the level of 
awareness of environmental sounds. By the 6-month interval, the median 
score is already 2, which means that they are starting to respond to speech 
sounds. At 12 months after implantation, they are already able to identify 
environmental sounds, and 24 months after implantation, they can 
understand common phrases without lipreading. Star performers (Pc 99) 
already come to understand conversations without lipreading 12 months 
after implantation. Also, low performers (Pc 1) make progress in auditory 
performance, but 3 years after implantation, they only can discriminate 
some speech sounds without lipreading. Extra support by lipreading or 
signs will  be necessary for them to communicate. 
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Figure 2.  Percentile scores on the CAP of 52 deaf children implanted 
younger than 18 months at 0, 6, 12, 24, and 36 months after implantation 
 
Speech Intelligibility Rating 
Before implantation, the connected speech of all implanted children is 
unintelligible. Looking at the median score at 6 and 12 months after 
implantation (illustrated in Fig. 3), intelligible speech is developing in 
single words when context and lipreading cues are available. At 24 months 
after implantation, their connected speech is already intelligible to a known 
listener who concentrates and lip-reads, and at 36-month interval, the 
median score of this young implanted group is already 4, which means that 
their speech is intelligible to a listener who has a little experience with deaf 
people. However, there is big variation in the results: some children have 
already good intelligible speech to a listener who has little experience of a 
deaf person’s speech 12 months after implantation, but others do not even 
reach that level 36 months after implantation. In that case, if children’s 
scores are below percentile 25, they are at risk for their early speech 
development, and it will be important to look in more detail at factors that 
can influence these results, for example, problems wearing the device, 
fitting problems, intelligence, learning or behavior problems, and 
dyspraxia. 
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Figure 3.  Percentile scores on the SIR of 52 deaf children implanted 
younger than 18 months at 0, 6, 12, 24, and 36 months after implantation. 
 
 
Discussion 
 
Increasingly, very young children are being assessed and accepted for 
cochlear implantation (Walsman & Cohen, 1998). However, there are few 
measures appropriate for very young deaf children with limited or no 
linguistic skills, and there are little or no normative data available. 

Nikolopoulos, Archbold and Gregory (2005) developed the 
Nottingham Early Assess-ment Package to monitor progress in very young 
implanted deaf children. The LiP, CAP, and SIR are not only important 
assessments in the Notting-ham Early Assessment Package but also are 
used as single assess-ments all around the world. That is why we also have 
chosen these assessments to monitor deaf implanted children in our setting. 

Comparing our results of the LiP with the median score of 68 deaf 
children involved in the study by Nikolopoulos et al. (Fig. 4), there is a 
quicker increase in the auditory performance the first 12 months after 
implantation in the older implanted group of Nikolopoulos et al. Their 
group was implanted between 18 months and 5 years. So children 
implanted before 18 months have a slower onset in their auditory 
performance, but 2 years after implantation, they catch up with the later-
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implanted group. So it could be the fact that some older children are at the 
time of implantation at a higher level in their cognitive development. 

Because they have already a bigger memory capacity (Pisoni et al, 
2000), it could be easier for them to store information in their short-term 
memory. Young implanted children who score below percentile 25 are in 
the lowest quartile and are at risk for their early auditory development. In 
those cases, it is important to look in more detail at factors that can 
influence these results: problems wearing the device, fitting problems, 
intelligence, learning or behavior problems, and so on. 

 

 
Figure 4.  Percentile scores on the LiP of 52 deaf children implanted 
younger than 18 months at 0, 6, 12, 24, and 36 months after implantation 
in comparison to those in the study by Nikolopoulos et al. (2000) 
(implanted younger than 5 years). 
 

Comparing our results of the CAP with those from O’Neill et al. 
(2002), it is clear that age at implantation has a big effect on the long-term 
functional outcomes as illustrated in Figure 5. Although there is little 
difference in outcomes on closed-set measures, such as understanding 
common phrases, there is a significant difference due to age at implantation 
in those achieving the understanding of conversation and especially in use 
of the telephone. Approximately 70% of the children implanted younger 



Chapter 3.1  

104 
 

than 18 months could use the telephone with a known listener 4 years after 
implantation. 
 

 
Figure 5. CAP score of deaf children at different ages of implantation 
from the study (UK) by O’Neill et al. (2002) in comparison to that of our 
group (B) achieving understanding common phrases without lipreading, 
understanding conversation without lipreading, and using the telephone 
with a known listener, 4 years after implantation. 

 

 
Figure 6. SIR score of deaf children at different ages of implantation from 
the study (UK) by Allen et al. (1998) in comparison to that of our group (B) 
achieving intelligible speech to someone who has a lot of experience, little 
experience with a deaf person’s speech, or achieving intelligible speech to 
all listener 4 years after implantation. 
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Comparing (4 years after implantation) our results of the SIR with 
those from Allen et al. (1998), it is clear that age at implantation also has a 
big effect on the long-term speech intelligibility outcomes as illustrated in 
Figure 6. Although there is little difference in outcomes on speech 
intelligibility to someone who has experience of a deaf person’s speech, 
there is a significant difference due to age at implantation in those 
achieving connected speech intelligibility to a listener with little or no 
experience of a deaf person’s speech. The connected speech of 60% of the 
children implanted younger than 18 months is intelligible to all listeners 4 
years after implantation. 

So all our results are in accordance with the results of several other 
authors who studied the auditory perception and speech intelligibility of 
young implanted children (Nicholas & Geers, 2006; Hehar et al, 2002; 
O’Neill et al, 2002; Nikolopoulos, O’Donoghue & Archbold, 1999; 
Archbold, 1994; Coletti et al, 2005). Our outcomes on LiP shows benefits 
over time, but they show slower progress during  the  first  12  months  
after  implantation compared with children implanted at later ages; 
however, already 2 years after implantation, they have caught up with later 
implanted children. 

The results from the current study on the CAP and SIR results, in 
comparison to the results from O’Neill et al. (2002) and Allen et al. (1998), 
show us that age of implantation has a big impact on the outcomes, which 
is consistent with previous studies using these measures. Children in the 
current study who are implanted before 18 months performed significantly 
better on both rating scales, in comparison to children implanted after 18 
months. This significant advantage of early implantation allows children 
access to sound and spoken language from a younger age, which may mean 
added benefits for furthering literacy skills and overall academic success 
(Geers, 2003). 

However, the results also are very heterogeneous in this very young 
implanted group. It is therefore important that regular evaluation is 
performed on these children to monitor progress not only in early auditory 
perception and speech intelligibility but also in their communication, 
language, cognition, and social-emotional skills. 

Based on a group of 52 profoundly deaf children implanted younger 
than 18 months, we also did some statistics to establish normative data on 
these instruments so that it would be possible to set out some expectations 
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for deaf children implanted younger than 18 months. Although the 
numbers are too small for developing good normative standards, the 
preliminary results can already give a good overview of the variation in 
results. It is our aim to collect more data, together with other centres, in the 
near future. Because of the heterogeneous results, it is important to know 
as soon as possible if a child is developing as expected or not. If children 
have scores on the LiP, CAP, and SIR below percentile 25, they are 
particularly at risk in  their  auditory perception and  speech  intelligibility 
development. In those cases, it is important to conduct some more detailed 
assessments and observations concerning these delays and to find out the 
cause of the problem. Despite the importance of understanding and 
explaining variability and individual differences after CI, there is very little 
progress made in identifying these factors. So we need more research on 
this topic in the near future (Pisoni et al, 2000). 
 
 
Conclusion 
 
This study shows encouraging results in the cochlear implantation of 
children younger than 18 months. As demonstrated using the LiP, CAP, 
and SIR measures, children who receive a CI before the age of 18 months 
show, 3 to 4 years  after  implantation,  significantly more improvement in 
auditory perception and speech intelligibility than their later implanted 
peers. Based on the  outcomes of 52 children implanted younger than 18 
months, we have created some preliminary normative data, to detect poor 
and slow progress as soon as possible, because also in this very young 
implanted population, the results are very heterogeneous. It is our aim to 
collect more data, together with other centres so that we can provide more 
reliable normative data for LiP, CAP, and SIR in the near future. 
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Abstract 
 
Objectives: To compare preverbal behaviors of deaf children implanted 
under  1 year of age with age-matched hearing  children. 
Methods: The study assessed 20 children; 10 deaf children implanted 
under  1 year of age and 10 normally hearing children of the same age. 
Preverbal skills were measured before, 6 months, and 1 year after 
implantation, using Tait Video Analysis that is able to predict later speech 
outcomes in young implanted children. 
Results:  Regarding vocal turns, the normally hearing group outperformed 
the implanted group although the latter children became quite vocal, nearly  
60% of their turns being taken in this way. The mean vocal autonomy in 
implanted children, 1 year after implantation, was very close to that of 
hearing children (38.5 versus 43.5). Regarding the non-looking vocal turns, 
by the 12-month interval, hearing children had somewhat higher scores 
than implanted children, but the difference was not significant and the 
increase in implanted children was much higher (40-fold increase versus 4- 
fold increase). However, implanted children were more likely to use silent 
communication than  hearing  children, although gestural turns were 
decreasing with time.  
Conclusions: The small numbers in this study, although two of the largest 
European cochlear implant centres were combined to recruit such young 
implantees, led us to be cautious in interpreting the results. However, it 
seems that in deaf implanted children under 1 year of age, some preverbal 
communication behaviors are developing to an extent (although at a 
somewhat lower level) not significantly different from those of age-
matched normally hearing children. 
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1.  Introduction 
 
It is well known that the  first years  of life are generally acknowledged to  
be a critical period for spoken language development (Ruben, 1997). It is 
not surprising, then, that age at implantation has been found to be a 
significant  factor where young profoundly deaf children’s development of 
speech perception and  intelligibility are concerned [Nikolopousos, 
O’Dhonoghue, Archbold, 1999; O’Donoghue, Nikolopoulos, Archbold, 
2000).  Therefore the mean age at implantation is decreasing worldwide 
and in many centres has become lower than 2 years of age.  Several studies 
have suggested that implantation under the age of 2 years brings a marked 
advantage compared with  implantation over 2 years, in terms of early 
development of auditory processing  (Menrique et al, 2004; Schauwers, 
2006). This advantage applies even when comparing  the  under-2s with 
children as young as between 2 and 3 years old (Tait, Nikolopoulos, 
Lutman, 2007). De Raeve confirmed  that 3 years after implantation the 
expressive language of  50% of  the children who received their implant 
between 10 and 18 months is already within  the  normal range,  in 
comparison with 25% of children receiving  an implant between 18 and 36 
months  (De Raeve, 2006a, 2006b). 

With the advent of Newborn  Hearing  Screening and increased 
surgical experience, cochlear implantation is now feasible for profoundly 
deaf children below 12 months of age.  Because the results with children 
under 2 are promising  it is logical to assume  that children implanted 
beneath 1 year of age will do even better, near-normal acquisition of 
speech becoming possible by shortening the time-lag before there is 
auditory access to spoken language. It is therefore important to evaluate the  
progress of these children, particularly in the first year after implantation, 
and to make comparisons with normally hearing children. New behavioral 
procedures are developed for this purpose. As standardized tests and 
procedures are not suitable for this age, observation of babbling and visual 
habituation seem more appropriate (Coletti et al, 2005; Miyamoto, 
Houston, Bergeson, 2005). Also interviews with parents and care-takers 
can be of importance (Mc Conkey Robbins et al, 2004; Kishon-Rabin et al, 
2005). In addition, parental  measures have been developed such as the 
MacArthur Communicative Development Inventories that provide 
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information on reception and production of gestures as well as on speech 
and pragmatics (Fenson et al, 1993). 

An objective observational method is to examine the development of 
communicative behaviors by using video recordings of children in the 
home environment interacting with someone they know well. This has an 
advantage over live observation in that the record of the interaction is 
permanent and can be viewed repeatedly. The development of communica-
tion in children under the age of 12 months can be assessed by examining  
their  preverbal communication behaviors, which are the natural precursors 
of language development in all children, whether deaf or normally hearing. 
Preverbal behaviors include appropriate eye contact, conversational-style 
turn-taking, autonomy and auditory awareness of the  sound of speech, and 
constitute the normal pattern of language development which begins in 
early infancy. 

The method of video analysis reported in this paper was developed 
by the first author in the 1980s for the assessment of preverbal language 
skills in children with acoustic hearing  aids, and has been used since the  
establishment of the  Nottingham Paediatric Cochlear Implant Programme 
in 1988 to monitor the development of early vocal and auditory 
communication skills in children with cochlear implants (Tait, 1993). 
Measures from the  analysis, taken before and 12 months after 
implantation, have been found to be strongly related to speech 
discrimination and intelligibility outcomes 3, 4 and 5 years post-implant 
(Tait, Lutman, 1997; Tait, Lutman, Robinson, 2000). The method has been  
shown to be reliable by two studies: the first analyzing transcripts of 
children between the ages of 2 and 5 (Tait et al, 2001) and the second 
children under 1 year of age (Tait et al, 2007). 

In a recent study (Tait, Nikolopoulos, Lutman, 2007) the authors 
compared three groups of children implanted between 1 and 2 years, 2 and 
3 years, and 3 and 4 years, in terms of their  development of vocal and  
auditory skills. However,  it did  not  seem  reasonable to compare the 
under-1s, whose communication skills would be at such an early stage of 
development, with children whose communication skills would be 
considerably more mature. Therefore, the  aim of the present study was to 
compare preverbal behaviors of deaf  children implanted under 1 year of 
age with an age-matched group of normally hearing children. 
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2.  Material and  methods 
 
2.1. Subjects 
The group of normally  hearing  children comprised five boys and five girls 
from the  East Midlands, UK, contacted through two post-natal maternity 
groups. They were  in the  same age range, 8-11 months, as the group of 10 
profoundly deaf children. This group comprised three from  Nottingham 
and seven from Hasselt;  their characteristics are listed in Table 1. To 
obtain  a group of 10 profoundly deaf children implanted under  1 year of 
age it was necessary for two centres to combine, as there were relatively 
few children implanted under 1 at the Nottingham Cochlear Implant  
Programme who had reached the 12 months post-implant  interval. 
 
Table  1.  Characteristics of profoundly deaf  children 
Child Sex Onset deafness Age implant Age first record Cause of deafness 

1 Male 0 months 8+ months 8 months Genetic 

2 Male 0 months 9+ months 9 months Genetic 

3 Male 0 months 9+ months 9 months Genetic 

4 Male 0 months 10+ months 10 months Genetic 

5 Male 0 months 11+ months 11 months Unknown 

6 Female 0 months 9+ months 9 months Genetic 

7 Male 0 months 11+ months 10 months Genetic 

8 Male 3 months 11+ months 11 months Meningitis 

9 Male 0 months 10 months 8 months Genetic 

10 Female 1 month 11 months 10 months Meningitis 

 
The KIDS-Hasselt (Belgium) program therefore joined The 

Nottingham Ear Foundation in this study. One advantage of joining with 
the KIDS-Hasselt program was that the same method of video analysis has 
been  used there for 8 years. Professionals on the Hasselt program were 
originally  trained in the video analysis method by the first author in 1999. 
Since that date there have been many discussions between us on specific 
points of analysis,  and  the approach is therefore consistent. 
 
2.2.  Recording 
Two-minute samples were taken from longer recordings made  in the  
home or other very familiar  environment. The recordings of the deaf  
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children were made  shortly  before implantation, and 6 and 12 months   
post-implant. The recordings of the normally hearing children were made 
at the same age-related intervals. The recordings were made in good  
lighting and reasonably quiet conditions. The camera recorded the child  
almost full-face, with a profile view of the adult if they were sitting 
opposite the child. Sitting alongside or on the adult’s knee presented no 
difficulties of observation. In this way, any signs, gestures or facial  
expressions could be clearly seen. Children were filmed in interaction with 
their mother or another very familiar adult, activities being chosen that 
were  interesting and that would promote interaction. All the children were  
under 12 months of  age, ranging from 8 to 11 months. The measures of 
preverbal behaviors, that have been described in detail elsewhere (Tait, 
Lutman, Nikolopoulos, 2001), are as follows. 
 
2.3. Turn-taking 
Initially, ‘turns’  are identified. These are instances where  the child  has  
an  opportunity to communicate. Opportunities occur  when  the adult  has 
left a  pause,  but also  included are instances where the   child  interrupts 
the  adult’s communication. The turns are further classified as vocal, where 
the child  has used voice to communicate,  with or without the addition of 
sign,  gesture or facial expression;  or  as gestural, where  sign, gesture or 
facial expression are used,  without vocalization.  Purposeful eye contact 
made by the child with their mother is classified as gestural 
communication. Vocal and gestural turn-taking are each calculated as a 
percentage of the total number of turns. Instances where the child does not 
take the opportunity to communicate are classified as no response. 
 
2.4.  Autonomy 
Children’s use of autonomy in their  turns is assessed by counting  the 
number  of turns in which they communicate something which cannot be 
directly predicted from the  adult’s preceding turn. As with turn-taking, 
autonomy can be either vocal or gestural (silent). For example, a child may 
push away something that is offered and  point  to a preferred item. This 
would be classified  as gestural autonomy if done silently, or as vocal 
autonomy if vocalization was also used. Both vocal and gestural autonomy 
are expressed as percentages of  the total number of turns. 
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2.5.  Auditory awareness 
Auditory awareness of the adult’s speech is measured  by the non-looking  
vocal turn (NLVT). A NLVT occurs when a child vocalizes communi-
catively in their turn after not being in eye contact with the adult during the  
adult’s previous turn, no visual clue,  such as a sign or a pointing finger, 
having been given, and the child’s vocalization not occurring as a vocal 
clash with the adult’s. Again, the number of NLVT’s is expressed as a 
percentage of the total number of turns. 
 
Table  2.   Mean vocal turns  before, at 6 months, and 12 months  after 
implantation 

 
 
2.6.  Statistical analysis 
Student’s t-test was  used  for  comparisons of normally distributed 
variables and Mann-Whitney U-test for variables not normally  distributed. 
In normally  distributed variables, means  were given. When one at least  of 
the variables was not normal, both means and medians were given. 
Statistical significance was accepted at the p < 0.05 level. 
 
 
3.  Results 
 
The three measures that show a deaf  child’s development of vocal  
communication and  auditory processing are vocal turn-taking, vocal  
autonomy and non-looking vocal turns. Table 2 shows the mean and 
median vocal turn-taking over the 12-month period. It can be seen that 
before implantation and 12 months after implantation the  difference 
between the  deaf  group and the normally hearing group reaches  signify-
cance, though it does not do so at the 6-month interval.   

However, the deaf group, though not as vocal as the normally 
hearing group, are nevertheless quite vocal, nearly 60% of their turns being 
taken in this way. Where vocal autonomy is concerned (Table 3), although 
the normally hearing group has higher scores there is no significant 



Early communication skills  

117 
 

difference between the  groups at any interval. A similar result is seen with 
non-looking vocal turns (Table 4).  
 
Table 3. Mean and median Vocal Autonomy before, at 6 months, and 12 
months after implantation  

 
 
Table 4. Mean and median Non Looking Vocal Turns before, at 6 months, 
and 12 months after implantation  

 
 

Before implantation only one of the deaf children has any NLVT 
score, and  that score a very low one, so not surprisingly the  difference 
between the two groups at this stage reaches significance. By the 6- and 
12-month intervals after implantation, though  the normally hearing group 
has somewhat higher  scores than the deaf  group, the differences do not 
reach significance. 

The two measures that show use of non-vocal communication are  
gestural turn-taking, shown in Table 5, and gestural autonomy, shown in 
Table  6. These  tables show that there is a significant  difference between 
the two groups by the 12-month interval, the deaf group being more likely  
to use silent communication than the normally hearing group. At this 
interval they are also significantly more likely to show autonomy in their 
silent communications, whereas this has not been a notable feature in the  
normally hearing group at any interval. Over the 12-month period both  
groups have shown a decrease in the measures of silent communication, 
and a considerable increase in the vocal and auditory measures. 
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4.  Discussion 
 
Though the  development of communication in both groups  follows  a 
similar  pattern, there are  nevertheless some  differences. Although before 
implantation there is no significant difference between the deaf  group  and  
the  normally  hearing  group  at the same age-interval where gestural turn-
taking is concerned, it is clear from a comparison of Tables 2 and 5 that at 
this  stage the children in the normally hearing group are equally likely to 
communicate silently or vocally, whereas the children in the deaf group  
are far more likely to communicate silently. 
 
Table 5. Mean gestural turns before, at 6 months, and 12 months after 
implantation  

 
 
Table 6. Mean gestural autonomy before, at 6 months, and 12 months after 
implantation  

 
 

The pattern has changed by the 12-month interval, as by then both 
groups are communicating more vocally, though the significant differences 
between the groups where both vocal and gestural turn-taking are 
concerned show the normally hearing group to be ahead of the deaf  group 
in terms  of vocalization. The normally hearing group are also ahead of the 
deaf group where the percentages of vocal autonomy and non-looking 
vocal turns are concerned; however, here the differences do not reach 
significance. Moreover, the mean vocal autonomy in implanted children, 1 
year after implantation, is very close to the mean vocal autonomy of 
hearing children of the same age (38.5 versus 43.5). Why is it that the deaf 
children appear to be progressing along ‘normal’ lines where vocal 
autonomy and non-looking vocal turns are concerned? 
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 Are there any features of the early communication experiences of  
these young implanted children which would account for this? By the 6- 
and 12-month intervals of the study all the children are between 1 and 2 
years of age. At this period of their lifes normally hearing children gain 
much of their early beginning of understanding and use of spoken language 
because of the way their carers behave: carers habitually follow the 
children’s line of gaze and comment on what the children are looking at. 
This has been called the reference triangle: the child’s and the carer’s lines 
of visual regard form two sides of the triangle, and the language input from 
the carer, received by the child through audition, forms the third side. 
Because the communication from the adult occurs at the same time as the 
child’s attention to an object or event, the communication is naturally 
contingent upon it and therefore meaningful. For a profoundly deaf baby 
before cochlear implantation, this  third side of the triangle of reference is 
not fully accessible except through vision. This means that without 
guidance as to where to position the object of references (Harris, 2001; 
Loots, Devise, Jacques, 2005) it will be difficult for an adult inexperienced 
in sign to make their communication contingent and meaningful to the 
child;  and it will be equally difficult for the child to integrate visual 
communication in parallel with visual attention to the object or event. This 
situation can be further complicated by the adult’s attempts to engage the 
child: instead of following what is occupying the baby’s attention and 
thoughts, the baby is expected to interpret what is the adult’s focus of 
interest, which is impossible for a young infant  (Wood et al, 1986). 

Now, with the early provision of the cochlear implant because  of  
Newborn Hearing Screening, the possibility is there for carers of these  
deaf babies to do what comes most naturally to someone caring for the 
very young: to supply the language for whatever is occupying  the  child’s  
attention at any one time, without having to attract their visual attention.  

The children, for their  part, will not need to learn to integrate visual 
and spoken signals, but can follow the normal procedure of receiving  
communication through audition - the third line of the triangle. That the  
more natural pattern of communication is effective is shown by the fact  
that at the 12-month interval there are no significant differences between 
the normally hearing and the deaf groups where the two most revealing 
measures are concerned: vocal autonomy and non-looking vocal turns. The 
vocal autonomy measure shows, not only that a child  has communicated  
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vocally,  but that there is something which is important to them which they 
want to communicate vocally. Where the development of auditory 
processing  is concerned, perhaps the non-looking vocal turns (40-fold 
increase in implanted children versus 4-fold increase in hearing children) 
are even more revealing: not only does the child communicate vocally but 
they do so in auditory response to the adult. It is likely  that it is this vocal 
and clearly auditory response which gives the adult the feedback that 
encourages them to continue this natural pattern of communication, which 
in turn  provides the framework for the child to continue to develop their 
vocal and auditory communication skills. 
 
 
5.  Conclusions 
 
The small numbers in this study, although two of the largest European  
cochlear implant centres were combined to recruit  such  young  implantees 
and assess them before, 6 months, and 1 year following implantation, led  
us to  be  cautious in interpreting the results. However, it does seem that in 
this group of deaf children, who have been  given a cochlear implant before 
the age of 12 months, some vocal and auditory communication behaviors 
are developing to an extent (although at a somewhat lower level) not 
significantly  different from  those of the group of age-matched normally 
hearing children. 
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Abstract: 
 
Objectives: To compare the preverbal communication skills of two groups 
of young implanted children: those with unilateral implantation and those 
with bilateral implantation. 
Material and methods: The study assessed 69 children: 42 unilaterally and 
27 bilaterally implanted with age at implantation less than 3 years. The 
preverbal skills of these children were measured before and 1 year after 
implantation, using Tait Video Analysis that has been found able to predict 
later speech outcomes in  young implanted children. 
Results: Before implantation there was no signficant difference between 
the unilateral group and the bilateral group. There was still no difference at 
12 months following implantation where vocal autonomy is concerned, but 
a strongly significant difference between the groups for vocal  turn-taking 
and non-looking vocal turns, the bilateral group outperforming the 
unilateral group. Regarding gestural turn-taking and gestural autonomy,  
there was a strongly significant difference between the two groups at the 12 
month interval, and also a difference before implantation for gestural 
autonomy, the unilateral group having the higher scores. Multiple 
regression of non-looking vocal  turns revealed that 1 year following 
implantation, bilateral implantation contributed to 51% of the variance (p < 
0.0001), after controlling for the influence of age at implantation and 
length of deafness which did not reach statistical significance.  
Conclusions: Profoundly deaf bilaterally implanted children are 
significantly more likely to use vocalisation to communicate, and to use 
audition when interacting vocally with an adult, compared with unilaterally 
implanted children. These results are independent of age at implantation 
and length of deafness. 
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1.  Introduction 
 
The last 20 years have brought about a remarkable change in the providing 
of useful auditory experience for  profoundly deaf children, the most 
significant contributor to this change being cochlear implantation, the 
implants giving access to high frequencies which cannot be provided by  
acoustic hearing aids. The significant benefit derived by profoundly deaf 
children has resulted in wide-spread  provision of cochlear implants  in all 
developed countries, with over half the population of profoundly deaf 
school-age children being implanted. 

Research worldwide has  shown that the age  at which children are  
implanted is an important factor in the development of speech perception 
and intelligibility (Svirsky, Teoh, Neuburger, 2004; Tait, Nikolopoulos, 
Lutman, 2007), so the availability of Newborn Hearing Screening has been 
another significant contributor to change, enabling children to be given 
cochlear implants at an earlier age. Relatively speaking, the provision of 
two implants is still  fairly recent, though this provision is happening 
worldwide. In the UK the government organisation: National Institute of 
Clinical Excellence (NICE) has thoroughly investigated the viability of the 
procedure and has  recommended bilateral implantation for  all very young 
profoundly deaf children.There is, naturally, great interest in  the outcomes 
of bilateral  implantation,  not least because of the extra expense involved 
in providing two implants, and many research projects  are  taking  place.  
Some of the research projects that have been undertaken are detailed case 
studies and therefore necessarily involve low  numbers (Laback et al, 2004; 
Boorman et al, 2004), though there are others with more numerous 
subjects, for example the study by Kuhn-Inacker et al. (2004) which 
involved 39 bilaterally implanted children. Most studies are of sequential 
implantations (Zeitler et al, 2008; Voss et al, 2008). 

For example, Galvin et al. (2008)  looked at 9 young children with a 
gap of between 6 months and 3 years 2 months between implants. The 
main findings of recent research have been the benefits given by bilateral 
implantation for localisation of sound (Greco, Litovsky, Werner, 2008; 
Beijen, Snik, Mylanus, 2007) and speech discrimination in noise (Kunh-
Inacker et al, 2004; Voss et al, 2008; Litovsky, Johnstone, Godar, 2006; 
Das, Buchman, 2005). Almost all of these studies have concerned children 
after their acquisition of spoken language, and in some cases adults, for 
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example the study by Zeitler et al. (2008) which looked at speech 
perception benefits in both adults and children. From studies such as these 
we know that the use of two ears is important in an educational setting, 
where children are often in  noisy rooms and working in groups: being able 
to use both ears enables easier identification of the speaker and hence 
greater likelihood that they will understand the speech. This effect is 
illustrated in the results given in the papers cited above. However, 
knowledge of  spoken language is clearly necessary for the performance of 
tests of speech perception. Two questions arise: is the use  of two ears 
important for the development of early communication skills? And is it 
possible to obtain any indications of benefit from two implants rather than 
one before  understanding and use of spoken language have developed? 
One  way of  doing this is  to ask the parents,  and a questionnaire has  been 
developed for this purpose by The Ear Foundation in  Nottingham (RNID, 
2009), covering, for example, localisation of sound and response to voice 
when in  a group of people. Parent interviews yield information on very 
young children’s behaviour at an age when it is difficult to get  it in other 
ways, the children being too young to perform listening tasks; but it must 
be borne in mind that parental interviews are limited because they are 
subjective. 

Another method, TAIT video analysis, has enabled professionals to  
look  at progress in the preverbal listening skills that underpin vocal and 
auditory development in all children, normally hearing and deaf alike. This  
objective, observational method involves looking at video recordings of  
children’s interactions with someone they know well, such as a parent or 
carer. The recordings can be analysed to show whether, over time, children 
are becoming more vocal in their communications as compared with using 
silent sign or gesture, and whether there are indications that they are 
responding to the adult’s speech through audition rather than vision. The 
analysis, as an assessment method, has been shown to be reliable across  
observers (Tait, Nikolopoulos, Lutman, 2001; Tait, Nikolopoulos, 2007) 
and to have predictive potential with regard to later development of speech 
perception (Tait, Lutman, 1997; Tait, Lutman, Robinson, 2000). It is 
sufficiently sensitive to show whether age at implantation is a factor in  
children’s progress (Tait, Nikolopoulos, Lutman, 2007), and whether 
children implanted under the age of 12 months differ significantly from 
normally hearing children (Tait, De Raeve, Nikolopoulos, 2007). It is 
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independent of the particular  language spoken and  therefore can be used 
in any country. 

The aim of the present study is to compare the preverbal communi-
cation skills of two groups of very young children: those with unilateral 
implantation and those with bilateral implantation. 
 
 
2.  Materials and methods 
 
Using TAIT video analysis 42 unilaterally implanted and 27 bilaterally 
implanted  children were assessed before implantation and 12 months 
following implantation. All the children in both groups met the criteria of  
being profoundly deaf with no responses to sound at levels better than 110  
dB, and of having no known additional cognitive delay. The unilaterally 
implanted children were from the Nottingham Cochlear Implant Program-
me  (28 children) and KIDS in Hasselt, Belgium (14 children), and  were 
all those implanted since the year 2000 and met the criteria. The bilaterally 
implanted children were recruited from four different centres: the 
Nottingham Cochlear Implant Programme, UK (7 children); LUMC, 
Leiden (7 children), the Radboud University Nijmegen Medical Centre (5 
children) in The Netherlands; and Enheten for Cochlea Implantet in  
Stockholm, Sweden (8 children). It was necessary to gain the collabora-
tion of all these centres in order to recruit a sufficient number of very 
young bilaterally implanted children. All the children had full  insertion of 
the electrode array apart from one bilaterally implanted child who had full  
insertion in the left ear and 15/16 electrodes of the Nucleus device in the 
right ear; this also was treated as a full insertion. Eighteen  of the 27 
bilateral children underwent simultaneous implantation. The remaining 9 
were implanted sequentially, the gap between the two implantations 
ranging from 1 to 7 months. Tables 6 and 7 in the appendix show the 
demographic details for both groups of children. As the aim of  the present 
study was to compare children with one implant with children bilaterally 
implanted (none of the children having sufficient residual hearing to use  a 
hearing aid in either ear) no attempt was made to compare children with 
two implants with those with one implant plus a hearing aid  in  the contra-
lateral ear.  
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Video recordings were made before implantation and 12 months 
after. The  recordings were made by the five centres involved in  the study. 
Initial discussion, and training for those centres not already using video 
analysis routinely for assessment, took place between the first author and 
the professionals at these centres to ensure that there was consistency both 
in  the filming and in the analysis of the recordings, which were of the 
child and a parent or  other well known adult, who used spoken language 
supported by signs and/or gestures. They took place in the child’s home or  
other familiar environment; where the unilaterally implanted children were 
concerned every effort was made to  see that the adult was positioned on  
the side of  the implant. The recordings were around 10 min in length, from 
which a 2-minute section of good interaction was selected by  the first 
author for analysis. If necessary, the 2-minute section was made up  of two 
excerpts from the recording, very young children being apt to lose 
concentration and move away from the recording area. The recordings 
were made in well-lit rooms in  reasonably quiet conditions. The camera 
recorded the child almost full-face, with a profile view of the adult if they 
were sitting opposite the child. No difficulty of observation arose if the 
child was sitting alongside or on the adult’s knee. Activities were chosen 
that would be of interest to each particular child and which would also  
promote interaction. A picture book was always included. Transcripts were 
made of the recordings, and the preverbal skills assessed. The initial 
assessment was done by the first author, who then checked with the child’s 
teacher or speech therapist to be sure that nothing had been missed or 
misinterpreted.  

Initially turns were identified where the child had an opportunity to  
communicate. This usually occurred where the adult had left  a pause, but 
instances were also included where the child interrupted the adult’s 
communication. Within these turns, preverbal skills were measured in  
three areas: turn-taking, autonomy and auditory awareness. Turn-taking 
and autonomy could be either vocal, with or without the addition of sign  
or gesture, or gestural, through silent sign or gesture. Autonomy was 
considered to have been shown if the child’s communication contained 
elements that could not have been predicted from the adult’s preceding 
communication. For example, the adult might have introduced a toy  that 
the child did  not want. If the child then indicated another preferred toy  
while vocalising, this would be considered to be an example of vocal  
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autonomy; if the indication was by facial expression and a  silent point, this 
would be considered to be an example of gestural autonomy. 

Auditory awareness of the adult’s voice was considered to  be  
shown if the child responded vocally when they had not been looking at the 
adult for the adult’s last few words, no visual cues having been given. This  
vocal response was termed a non-looking vocal turn. These measures of  
turn-taking,  autonomy and non-looking vocal turns were each expressed as 
a percentage of the total number of conversational turns. Twenty such turns 
were needed for the analysis. It is clear from the above that the term ‘turns’ 
does not mean simple ‘head turns’ as in standard behavioural testing. 
 
2.1.  Statistical analysis number 1 
In order for the two groups to be comparable and the outcomes valid, the  
following criteria were used in  addition to  those  of profound deafness 
and no  known cognitive disorder: 
• Length of deafness ≤ 20  months. 
• Age at implantation < 24  months. 
27  children in  the unilateral group and 26  children in  the bilateral group 
met the above criteria and were statistically compared  using  T-test   and  
Mann Whitney U test.  Statistical significance was accepted at the p < 0.05 
level and the variables were considered as normally distributed when 
standardised kurtosis and skewness were equal to or less than the absolute 
value of 2. Applying the above mentioned criteria: 
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2.2. Statistical analysis number 2 
In order to examine the unique contribution of each variable (bilateral or 
unilateral implantation, age at implantation, and length of deafness) to 
predicting the outcome (non-looking vocal turns and vocal autonomy at the 
12-month interval following implantation), a step-wise forward multiple 
regression analysis was conducted in all the children studied (without 
applying the additional inclusion criteria of age at implantation and 
duration of deafness used in analysis number 1); that is, 69 implanted 
children: 42 unilaterally and 27 bilaterally implanted. This analysis 
evaluates the proportion of variance explained by each variable as it is 
entered, while controlling for the contribution of previously entered 
variables. 
 
Table 1.  Mean and median vocal turns before and 12 months after 
implantation.

 
 
 
3.  Results 
 
Tables 1–5 show the results obtained from analysis number 1. Tables 1–3  
show the results for  vocal  turn-taking, vocal  autonomy and non-looking 
vocal turns. Before implantation there was no significant difference 
between the unilateral group (27 children) and the bilateral group (26  
children). There is still  no difference at 12 months following implantation 
where vocal autonomy is concerned, but a strongly significant difference 
between the groups for vocal turn-taking and non-looking vocal turns, the 
bilateral group outperforming the unilateral group.  
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Table 2.  Mean and median vocal autonomy before and 12 months after 
implantation. 

 
 
Table 3.  Mean and median non-looking vocal turns before and 12 months 
after implantation. 

 
Tables 4 and 5 show the results for gestural turn-taking and gestural 

autonomy. Again there is  a strongly significant difference between the two 
groups at the12-month interval, and also a difference before implantation 
for gestural autonomy, the unilateral group having the higher scores. 
 

Table 4. Mean and median gestural turns before and 12 months after 
implantation. 
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Table 5.  Mean and median gestural autonomy before and 12 months after 
implantation. 

 
 

In analysis number 2 the step-wise  forward  multiple regression of 
non-looking vocal turns revealed that at the 12 months interval following 
cochlear implantation, bilateral implantation contributed to 51% of the 
variance with a statistical significance of  p < 0.0001, after controlling for  
the influence of age at implantation and length of deafness which did  not 
reach statistical significance. The same analysis with regard to vocal 
autonomy did not reveal any statistically significant contributing variable. 
 
 
4.  Discussion 
 
Before implantation  the  children in  both groups are  much more likely to  
communicate silently than vocally. It can  be  seen from Table 4 (analysis 
number 1) that both groups take over half their communicative 
opportunities by silent sign or gesture, and both groups are  more likely to 
use  gestural autonomy (Table 5) than vocal autonomy (Table 2).  Tables 
1–3 show that before implantation both groups make some use  of vocal 
turn-taking but very little use of vocal autonomy and virtually no use of  
non-looking vocal turns. None of these measures show a significant 
difference at this stage. Significantly more instances of gestural autonomy 
were observed in  the unilateral group, though we cannot suggest a reason 
for this as the adults in both groups were communicating by  spoken 
language supported by  signs and/or gestures. The impression given of both 
groups at this stage is of children whoare in fact quite communicative in  
the filmed interactions, but who are largely silent and unresponsive to the 
sound of the adult’s voice. 
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The picture is quite different by 12 months following implantation. 
At this interval both groups are taking the majority of their turns vocally 
(significantly more so for the bilateral group), with over a third of the turns 
in  both groups showing vocal autonomy, where the difference between the 
groups is not significant. By this stage all the children are clearly relying on 
vocalisation in their communicative interactions. However, the most 
striking difference between the groups is found in the non- looking vocal 
turn result, with the bilateral group being more than twice as likely to  
respond vocally to the adult through audition alone. This is a remarkable 
result, given that the adult was positioned on the implant side for the 
unilateral children; and indicates that the bilateral children were receiving 
something extra from their two implants which was enabling more relaxed 
and vocally productive communication, without any necessity to look at 
the adult. In analysis number 2 also, it is in relation to the non-looking 
vocal turn measure that bilateral implantation accounts for 51% of the 
variance compared with other normally significant features such as age at 
implantation and length of deafness. 

What are the implications of this result for the development of 
spoken language and ease of communication in these young children? Is 
the ability to hear and respond without looking important? We have written 
before (Tait, Nikolopoulos, Lutman, 2007; Tait, De Raeve, Nikolopoulos, 
2007) about the importance to parents and carers of being able to talk to 
their children while the children’s visual attention is focused on an object 
of interest. 

Because of the audition given by the implant, the child receives the 
language input at the same time that they are looking at/playing with the 
object, rather than having to divide their attention between the object and 
the (subsequent) communication. 

The children referred to in analysis number 1 are around the age of 
12 months at the beginning of the study (median 12 months) and are 
therefore throughout the study period very much at the stage where they 
are exploring their environment, rather than at the earlier stage of looking 
at the adult’s face. 

Also, the fact that they respond vocally to the adult is greatly 
encouraging to the adult concerned, giving feedback which is likely to 
result in continued input at an appropriate level – the adult observing the 
child’s focus of interest and making meaningful comments – thus 
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providing a good framework for the child’s acquisitions of vocal and 
auditory skills. It is arguable that becoming accustomed to making use of 
both ears from an early age will give the child a good start towards 
listening to speech in noisy environments. Moreover, taking into account 
that measures of preverbal communication predict long-term speech 
perception outcomes [19], the results of the present study suggest that 
bilaterally implanted children will outperform unilaterally implanted 
children in this area as well. 

Regarding the time that elapses between the two implants, Graham 
et al. (2009) have suggested that there is likely to be a ‘critical age’ for 
expecting speech perception from the second side to be implanted. 
However, in  their conclusion the ‘critical age’ seems to be in adolescence, 
whereas in the present study all bilaterally implanted children have 
received the second implant much earlier. 
 
 
5.  Conclusions 
 
The findings of the present study are that 12 months following implantation 
profoundly deaf bilaterally implanted children are significantly more likely 
to use vocalisation to communicate, and to use audition when interacting 
vocally with an adult, compared with unilaterally implanted children; 
though there is no significant difference between the groups before 
implantation. These results are independent of age at implantation and 
length of deafness. The implication of these findings supports bilateral 
implantation in very young profoundly deaf children and to support those 
with sufficient hearing to use a conventional hearing aid in the contra-
lateral ear. 
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Appendix A 
 
Table 6. Demographic details of  bilaterally implanted children. 
 

Bilaterals Age  1st implant Age  2nd implant Age  deaf Electrodes Length deaf Gender 

1 7 m 7 m 0 m Full  insertion 7 m Female 

2 11 m 11 m 0 m Full  insertion 11 m f 
3 12 m 12 m 0 m Full  insertion 12 m f 
4 11 m 11 m 0 m Full  insertion 11 m f 
5 8 m 13 m 0 m Full  insertion 8 m f 
6 11 m 15 m 3 m Full  insertion 8 m m 
7 11 m 11 m 10 m Full  insertion 1 m m 
8 9 m 9 m 0 m Full  insertion 9 m f 
9 9 m 16 m 0 m Full  insertion 9 m f 
10 12 m 12 m 0 m Full  insertion 12 m m 
11 9 m 12 m 0 m Full  insertion 9 m m 
12 11 m 18 m 1 m Full  insertion 10 m f 
13 8 m 8 m 2 m Full  insertion 6 m f 
14 17 m 19 m 15 m Full  insertion 4 m m 
15 19 m 19 m 0 m Full  insertion 19 m f 
16 15 m 15 m 0 m 15 R, full L 15 m f 
17 16 m 16 m 1 m Full  insertion 16 m m 
18 13 m 13 m 10 m Full  insertion 3 m m 
19 13 m 13 m 9 m Full  insertion 4 m f 
20 19 m 19 m 0 m Full  insertion 19 m f 
21 20 m 21 m 0 m Full  insertion 20 m f 
22 17 m 17 m 9 m Full  insertion 8 m f 
23 14 m 14 m 0 m Full  insertion 14 m f 
24 17 m 19 m 15 m Full  insertion 4 m m 
25 14 m 16 m 0 m Full  insertion 14 m m 
26 22 m 25 m 14 m Full  insertion 8 m m 
27 33 m 33 m 24 m Full  insertion 9 m f 
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Table 7. Demographic details of  unilaterally implanted children. 
 

Unilaterale Age  at implant Age  deaf Electrodes Length deaf Gender 
1 9 m 0 m Full  insertion 9 m Male

2 10 m 0 m Full  insertion 10 m f

3 10 m 0 m Full  insertion 10 m f

4 9 m 0 m Full  insertion 9 m m

5 10 m 0 m Full  insertion 10 m m

6 5 m 0 m Full  insertion 5 m m

7 8 m 0 m Full  insertion 8 m m

8 12 m 0 m Full  insertion 12 m m

9 9 m 0 m Full  insertion 9 m f

10 11 m 0 m Full  insertion 11 m f

11 8 m 0 m Full  insertion 8 m m

12 12 m 0 m Full  insertion 12 m m

13 12 m 0 m Full  insertion 12 m f

14 16 m 10 m Full  insertion 6 m m

15 24 m 0 m Full  insertion 24 m m

16 22 m 0 m Full  insertion 22 m f

17 22 m 0 m Full  insertion 22 m f

18 19 m 0 m Full  insertion 19 m f

19 14 m 0 m Full  insertion 14 m f

20 19 m 0 m Full  insertion 19 m f

21 22 m 12 m Full  insertion 10 m f

22 22 m 0 m Full  insertion 22 m m

23 15 m 0 m Full  insertion 15 m f

24 23 m 0 m Full  insertion 23 m m

25 23 m 0 m Full  insertion 23 m f

26 14 m 0 m Full  insertion 14 m f

27 22 m 0 m Full  insertion 22 m f

28 24 m 0 m Full  insertion 24 m f

29 22 m 0 m Full  insertion 22 m f

30 23 m 0 m Full  insertion 23 m m

31 16 m 0 m Full  insertion 16 m m

32 13 m 0 m Full  insertion 13 m f

33 19 m 0 m Full  insertion 19 m m

34 24 m 0 m Full  insertion 24 m m

35 27 m 0 m Full  insertion 27 m m

36 31 m 0 m Full  insertion 31 m f

37 34 m 0 m Full  insertion 34 m m

38 28 m 0 m Full  insertion 28 m m

39 6 m 0 m Full  insertion 6 m f

40 14 m 0 m Full  insertion 14 m f

41 15 m 6 m Full  insertion 9 m m

42 16 m 0 m Full  insertion 16 m m
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Abstract 
 
Objective: To assess the role of bilateral/bimodal device use on auditory 
speech perception in complex listening situations and long-term verbal 
cognition in deaf children using cochlear implants (CI). Two groups of 
children are compared (unilateral and bilateral device users) on vocabulary, 
on speech perception at conversational level and in complex listening 
situations and on verbal cognition. Also, the role of binaural hearing on 
these outcomes is determined for children referred to mainstream or deaf 
education.   
Study Design: A retrospective study on data of children with unilateral or 
bilateral devices.  
Patients: 37 deaf children with normal learning potential of which 16 were 
unilateral device users and 21 were bilateral device users (9 with a bimodal 
fitting and 12 with bilateral CIs). 
Main Outcome Measures: Verbal cognition at 60 months post first 
cochlear implantation is the main outcome measure. Further measures are 
open-set speech perception at 45 and 60 dB SPL, speech perception in 
noise, and receptive and expressive vocabulary at 36 months post-
implantation.  
Results: The important factor associated with verbal cognition was the 
presence of binaural hearing (bimodal or bilateral). Bilateral input 
enhances complex listening skills and enables development of verbal 
cognition skills by learning in implicit, incidental (learning) situations 
Conclusion: Deaf children who use bilateral devices have the opportunity 
to develop good speech perception skills in complex listening conditions. 
These abilities enable at least part of the children to develop age-equivalent 
verbal-cognition skills. 
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INTRODUCTION 
A cochlear implant (CI) substantially improves the hearing of deaf children 
and is one of the important medical-technological breakthroughs for deaf 
people. The most documented and direct effect of CIs in profoundly deaf 
children is a marked increase in their auditory perception. Most implant 
users improve hearing thresholds in the 20 to 40 dB HL range across all 
frequencies. Davidson, Geers and Brenner (2010) reported that perception 
of soft speech is important; children using processors that allowed for 
aided detection thresholds of 30 dB HL or better performed the best on 
word recognition. Although children with CIs perform at a level equivalent 
to that of children with severe hearing loss who use hearing aids (HA) 
(Snik et al, 1997; Boothroyd, 1997; Svirsky & Meyer, 1999; Blamey et al, 
2001), recent studies have reported that children implanted at a very young 
age perform at a level equivalent to that of children with moderate hearing 
loss who use hearing aids (Leigh et al, 2008a).  

Open-set speech recognition scores correlate significantly with 
measures of speech production and language (Moog and Geers, 1999; 
Niparko et al, 2010); if speech is not perceived correctly, a child’s speech 
and language development will be negatively influenced. These effects are 
stronger in children implanted at younger ages (Anderson et al, 2004; 
Miyamoto et al, 2003; Zwolan et al, 2004; De Raeve, 2010). 

During the last decade, several papers have been published on the 
auditory, speech and early language outcomes of deaf children who use 
cochlear implants (a.o. Geers et al, 2003, 2008; Schauwers et al., 2004; 
Tait et al., 2007, 2010; Duchesne et al, 2008; Archbold, 2010; Baudonck et 
al., 2010; Boons et al, 2012, 2013; Sparreboom et al, 2010). All these 
studies reported significant short-term improvements in auditory, speech 
and language performance measures. Most studies, however, only reported 
relatively straightforward language outcomes such as vocabulary (Geers, 
Nicholas, Sedey, 2003; Svirsky et al, 2004,, Holt & Svirsky, 2008) and 
complex language components, such as morpho-syntax and pragmatic 
aspects, remain difficult to acquire (Geers et al, 2008; Boons et al, 2013).  

The relationship between hearing skills and complex language was 
investigated by Crosson and Geers (2001) who found that by age 8-9 years, 
deaf children with above-average speech perception were able to construct 
narratives that were similar in structure and cohesion to narratives 
constructed by hearing age mates. 
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Vocabulary is often taught in an explicit manner to deaf children, but 
for hearing children, 80% of language and knowledge is acquired in 
incidental learning situations (Gillis & Schaerlaekens, 2000). Incidental 
learning is important in acquiring complex linguistic components such as 
morpho-syntax, reading comprehension, narrative abilities and verbal 
reasoning skills (Berman, 1995; Milosky, 1987; Snow & Dickinson, 1990). 
Incidental learning requires being able to recognise speech that is spoken at 
a distance (often to a third party) and that is spoken in noisy environments. 
Despite achieving good speech recognition in quiet, these complex 
listening situations remain difficult for children with unilateral auditory 
input.  

In recent years increasing numbers of individuals have received 
bimodal hearing devices (CI in one ear and HA in the other, assuming 
residual hearing) or bilateral CIs (Litovsky et al, 2010; Sparreboom et al, 
2010; De Raeve, Archbold & Diller, 2013). Significant benefits have been 
reported for sound localization (Beijen et al, 2007; Greco-Alub et al., 2008; 
Van Deun et al, 2009) and speech perception in noise (Kuhn-Inacker et al, 
2004; Litovsky et al, 2006; Dunn et al, 2008; Van Deun et al., 2009). The 
use of bilateral cochlear implants was also associated with improved 
spoken language learning (Boons et al, 2012). Some studies have shown an 
“achievement gap” between deaf students with a unilateral CI and normal 
hearing students that increased as the students progressed through school 
(Duchesne et al, 2008; Geers et al, 2008; van der Kant et al, 2010). Some 
studies have evaluated advanced language outcomes such as verbal 
cognition. Verbal cognition or verbal intelligence is the ability to analyze 
information and to solve problems using language-based reasoning. 
Discourse is known to represent the primary language medium through 
which academic knowledge is conveyed and acquired (Seight & Prinz, 
1995) and verbal cognition has been shown to be an important indicator for 
children’s later academic performance and social economic status 
(Appelbaum & Tuma, 1982; Rohde & Thompson, 2007, Mayer, 2007).  

Few studies have focused on verbal intelligence in relation to 
language development (Geers et al, 2008; Palma et al, 2010; Hashemi & 
Monshizadeh, 2012) despite the suggestion that bilateral hearing input 
affects the development of complex language skills (Boons et al, 2013). 

An expected outcome of cochlear implantation is a positive effect on 
(long-term) verbal cognitive skills. The present study investigates the long-
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term verbal cognitive skills of two groups of children: children with 
bilateral stimulation (bilateral or bimodal CI) and children using unilateral 
stimulation (single CI). In addition, we also considered differences in 
verbal cognition in relation to the educational setting (mainstream 
education or specialised deaf education).  
  
 
METHOD 
 
Subjects 

A total of 37 profound hearing impaired/deaf children (PTA > 81 dB HL)  
using CI(s) participated in this study. After neonatal hearing screenings, 
these children were referred to an early intervention centre for deaf 
children (KIDS, Hasselt-Belgium); see Figure 1. This centre provides 
daycare rehabilitation and education to deaf children and children with 
severe hearing losses and the approach taken at the centre to rehabilitation 
and education is based on a traditional natural approach, in which early 
spoken language is supported by signs.  

After diagnosis all children were fitted with hearing aids. Owing to 
poor hearing and little hearing benefit, the children were implanted 
between 1999 and 2006 with cochlear implants (Cochlear Nucleus (n=32), 
Advanced Bionics (n=3) and Neurelec (n=2) devices) at four CI hospitals 
in Belgium. All the children received support and follow-up from the 
moment they entered KIDS up to at least 5 years after implantation. Only 
children with normal non-verbal intelligence (NIQ > 80 on WPPSI-R as 
tested 5 years post CI) and without any other disabilities were included in 
the study group. Except for one child who had a deaf mother, all the 
children had hearing parents.   

At 5-year follow-up, 16 children had a unilateral CI (see Figure 1; 
the UNI group) and 21 had bilaterally fitted devices (the BI group). Of the 
children in the BI group, 9 had bimodal fittings (CI and HA) and 12 had 
bilateral CI fittings (see Figure 1). Initially, all unilaterally implanted 
children used a HA in the contralateral ear. The use of HA was 
discontinued at an early stage in 16 of the children because no hearing 
benefit could be established. The bilaterally implanted children were all 
implanted sequentially as part of various programs financed by health 
authorities or by the implanting centres. Inclusion criteria were broad: 
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profitable use of first CI, younger than age 12 and no benefit with the best 

hearing aid. It is important to note that for the unilateral implanted 
children included in this study, the same criteria were applicable too. 

In terms of educational setting, at five years post CI, 15 children 
attended mainstream school (referred to as MS group) and 22 children 
continued to attend the special school for the deaf at KIDS (referred to as 
DE group). Children in the MS group had been referred to mainstream 
education based on age-appropriate language development scores (within 1 
SD) as measured at 3 years post CI (this assessment was part of the 
centre’s protocol).  

Mainstreamed                   n=15

Unilat CI, n=16

Bilat CI, n=12

diagnosis

HT CI

CI2

+

KIDS rehabilitation and education                          n=22

EV
RV
SP 45 dB
SP 60 dB
S/N
3yrs
post CI

VIQ
5 yrs
post CI

t=0

Bimodal,    n=9
Interventions

Tests

 
Figure 1: Guidance and evaluation trajectory of the study group 
 
Procedure 
This retrospective study is based on data collected by KIDS as part of the 
guidance and follow-up program for deaf and hard of hearing children. 
Follow-up consists of regular assessments with several tests and occurs 
from 6 months post-implantation up to at least 5 years post CI. The main 
purpose of these assessments is for clinical guidance. The data used for the 
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present study were collected at 3 and 5 years after the first implantation 
(see Figure 1). All tests were performed according to test protocols by staff 
from KIDS-Hasselt who had a minimum of 5 years of experience in 
working with deaf and hard of hearing children. We describe the test 
batteries in the next section. 
 
Auditory Perception 

Open-set speech perception was assessed with the NVA-lists containing 
consonant-vocal-consonant monosyllable Dutch words for children (Forton 
et al, 2008). Two presentation levels were used: 60 dB SPL (conversational 
level) and 45 dB SPL (soft speech). We refer to these variables as SP60 
and SP45, respectively. The scores are expressed as the percentage correct 
perceived (reproduced) phonemes.  

Speech perception in noise threshold (S/N) was also determined with 
the same Dutch monosyllables and speech shaped noise. Speech was 
presented from a speaker placed in front of the subject at a fixed level of 65 
dB SPL. The noise was also presented in front of the subject. The level of 
the noise was adapted after each response to determine the speech 
reception threshold  (Forton et al, 2008). In this way the speech to noise 
ratio at the 50% correct phoneme score level was determined. 
 
Vocabulary  
Similar to the auditory tests, receptive and expressive vocabulary were 
assessed at 36 months post CI (see Figure 1). Language comprehension 
was assessed with the Dutch version of the Reynell Developmental 
Language Scales (RDLS: van Eldik et al, 1995). Scores are presented as 
percentiles (with a mean of 50 and SD of 35). Expressive vocabulary was 
assessed with the Schlichting Expressive Language Test (SELT: expressive 
vocabulary). Scores are expressed as a quotient with an average of 100 and 
SD of 15 (Schlichting et al, 1995). We refer to these variables as RV 
(receptive vocabulary) and EV (expressive vocabulary). 
 
Verbal and non-verbal cognitive development 
Verbal cognition, the main outcome measure, was evaluated with the 
verbal part of the WPPSI-R (Vander Steene & Bos, 1997) at 5 years post 
CI (see Figure 1). This verbal part contains six subtests: information, 
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similarities, mathematics, vocabulary, comprehension and reproducing 
sentences. The non-verbal part of this test was administered as a second 
part of the WPPSI-R. Scores are expressed as a Verbal Intelligence 
Quotient (VIQ) and Non-verbal Intelligence Quotient (NIQ). Mean IQ 
score is 100 and SD is 15. 
 
Family environment 
Parental involvement in the rehabilitation process was rated, on a 5 point 
rating scale developed by Moeller (2000), ranging from excellent (score 5), 
over sufficient (score 3) to poor (score 1). This rating was done by the 
child’s supervising psychologist. 
 
Age at fitting of hearing aids and age at fitting of first CI  
Data on age at first fitting of hearing aids and age at fitting of first CI (in 
months) was gathered from KIDS data files and are referred to as AgeHA 
and AgeCI, respectively. 
 
Statistical analysis 
Mean and SD of output scores of the total group and for UNI and BI 
groups were computed and then correlations between outcome measures 
and AgeCI were computed for the total sample. Repeated linear regression 
analyses were then carried out to explain the variance in VIQ scores. Inde-
pendent samples t-tests (corrected for unequal variances when necessary) 
were used to compare means of UNI-BI for SP45, SP60, S/N, RV, EV and 
VIQ, for the total group and for the children within DE and MS, separately. 
Finally, independent samples t-tests were used to investigate differences in 
mean scores within the BI group according to education (DE or MS). All 
analyses were performed using IBM SPSS Statistics 20.0. 
 
RESULTS 
 
Comparing unilateral device use (UNI) with bilateral device use (BI). 
Table 1 lists the characteristics of the UNI and BI groups. Independent 
samples t-tests showed no differences between means of the UNI and BI 
group regarding age of detection of hearing loss, age at first HA fitting, age 
at first CI and NIQ. NIQs of the total group as well as those of the UNI and 
BI groups were well within the normal range (mean 100, SD 15).  
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Table 1: Mean and SD for demographic data for total sample and by 
device group UNI and BI groups. 

 
Total group 

n= 37 
UNI (n=16) & BI (n=21)  

groups 
 Mean SD  Mean SD 

AgeHA 7.1 6.2 
UNI  8 8 
BI 7 4 

AgeCI 19.7 15 
UNI  21.2 16.6 
BI 18.6 14 

NIQ 104 14 
UNI  103 14 
BI 105 14 

One-Sample Chi-Square analysis showed no difference in the distributions 
of categories of parental involvement (p=.19) between the UNI and BI 
groups. Therefore, in this study, the UNI and BI groups are considered to 
be comparable. 
 
Outcomes 
Table 2: Mean and SD for all outcome measures for the total group by 
device group (UNI and BI). Significant differences (p≤.01) between UNI 
and BI are marked *. 

 
Total group 

n=37 
UNI (n=16) & BI (n=21)  

groups 
 Mean SD  Mean SD 

SP60  
(% correct) 71 16 

UNI  67 15 
BI 73 16 

SP45  
(% correct) 26 19 

UNI * 12 10 
BI 36 17 

S/N  
(dB) -0.5 2.6 

UNI * 2,0 1,8 
BI -1.6 2.0 

RV  
(percentile) 23 25 

UNI  21 27 
BI 24 24 

EV  
(quotient scores) 87 26 

UNI  85 26 
BI 89 33 

VIQ  
(quotient scores) 84 16 

UNI * 74 13 
BI 92 13 
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Table 2 lists the mean scores and SDs for all outcome variables. In the 
left-side columns scores for the total group are listed and in the right-side 
columns the scores are specified for the UNI and BI groups. It shows there 
is no significant difference between the groups for language scores (RV 
and EV) or speech recognition at normal conversation level (SP60) three 
years after CI. Significant differences were found for speech recognition of 
soft sounds (SP45; t=-5,4; p< .000), speech recognition in noise (S/N; 
t=5,8; p=.000) and VIQ (t=-3,9;  p=.000).  
 
Correlations 
Table 3: Correlation matrix (r and p values) for outcome measures and 
age at first CI. 
 AgeCI SP60 SP45 S/N RV EV NIQ VIQ 

 
AgeCI 

        

 
SP60 

        

SP45 
 .60 

.000 
      

S/N 
 -.33 

.047 
-.78 
.000 

     

RV 
-.44 
.007 

.46 

.004 
.45 
.005 

     

EV 
 .62 

.000 
.51 
.000 

 .49 
.002 

   

NIQ 
  .45 

.006 
 .43 

.008 
.42 
.011 

  

VIQ 
 .41 

.012 
.76 
.000 

-.60 
.000 

.56 

.000 
.41 
.011 

.63 

.000 
 

Statistically significant correlations for the whole group (p<0.05) between 
all outcome measures and age at first CI are listed in Table 3.  Note that 
VIQ shows significant correlations with all measures except age at 
implantation and the strongest correlation is with the variable SP45 
(r=0.76, p<.000). This relationship is displayed in a scatter plot (see Figure 
2; data from the BI and UNI groups are marked). The plot highlights an 
obvious dependence on type of implantation with better performance for 
the BI group than for the UNI group.  
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Figure 2: Association between speech perception at 45 dB SPL and VIQ 
for the children in the UNI and BI groups (marked differently). 
 
Repeated linear regression analyses 
Repeated linear regression analysis was used to assess the influence of the 
variables ‘group’ (UNI or BI), AgeCI, NIQ and ‘parental involvement’ on 
VIQ. The variable ‘group’ accounts for 31% of the variance in VIQ (r=.56; 
p<.000). The difference in VIQ between the UNI group and the BI group is 
17.9 IQ points (unstandardised coefficient b1), thus children in the BI 
group had higher VIQ scores as compared to the UNI group. Repeated 
linear regression with as variables ‘group’, NIQ, AgeCI and parental 
involvement shows that these variables account for as much as 70% of the 
variance in VIQ. The variable ‘parental involvement’ was not a significant 
factor whereas AgeCI was just significant (p=.04). When we exclude these 
two variables, the remaining variables ‘group’ and NIQ explained 65% of 
the variance in VIQ (r=.80; p<.000).  

Linear regression with ‘group’ (UNI-BI) and SP45 added as 
predictors of  VIQ (dependent variable), shows that 59% of the variance in 
VIQ is accounted for. With the addition of SP45,  ‘group’ does not remain 
as a predictor. The effect of ‘group’ on VIQ can be contributed to the 
mediating variable SP45. 

With educational setting as a (second) predictor, UNI-BI remains 
significant and accounts for 17 VIQ points (b1). However, educational 
setting accounts for 17 VIQ points as well, that is, in special deaf education 
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VIQ is substantially lower for both the UNI and BI groups. Both predictors 
explain 58% of the variance of VIQ.  
 
Differences between means   
Independent samples t-tests were used to determine whether the mean 
scores of the dependent variables differed by educational setting 
(mainstream (MS) compared with deaf education (DE)). In addition, we 
also investigated whether differences within the BI group by education 
setting existed.  

Mean scores and SDs for the UNI and BI groups per educational 
setting are listed in Table 4. Within the DE and in MS settings, significant 
differences in SP45 scores between the UNI and BI groups were found 
(DE: (t(20)=-4.08; p= .000;  MS: (t(13)=-6.39; p= .000). Similarly, there 
was a statistical difference in S/N according to educational setting for DE 
(t(20)=4.56; p=.000) and for MS (t(13)=4.03; p= .007). Furthermore, the 
mean VIQ scores for the UNI and BI groups in DE (t(20)=-3.87; p=.001) 
and in MS (t(13)=-2.93; p= .012) differed significantly. This means that the 
effects of either unilateral hearing or bilateral hearing on these outcome 
measures were similar within the two educational settings to that in the 
total sample.  

Independent samples t-tests were carried out to determine whether 
outcome measures varied within the bilateral device only group differed by 
educational setting. The results showed significantly better performance on 
almost all the outcome measures for children who were referred to 
mainstream education as compared to those children who remained in deaf 
education (SP45: (t(19)=-4.65; p< .000), S/N: (t(19)=3.99; p= .001), RV: 
(t(19)=-2.09; p=.011), EV: (t(19)=-2.83; p=.050) and VIQ: (t(19)=-2.62; 
p=.017). Note that (only) RV and EV were the differentiating variables for 
placement in mainstream education. 

No differences were found on the demographical variables (AgeHA, 
AgeCI and NIQ) between these children (from the BI group) in the two 
educational settings and, importantly, no significant difference between 
speech perception at 60 dB SPL was found. 
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Table 4: Mean and SD on all variables for UNI and BI groups split by 
educational setting (deaf or mainstream education). Significant differences 
between UNI and BI within an educational setting are marked * p≤.01 or 
** p≤.05. 
  Deaf education Mainstream education 
N UNI 10 6 
 BI 12 9 
   Mean SD  Mean SD 

AgeHA 
UNI  10 10  3 1 
BI 7 4 6 4 

AgeCI 
UNI  24 20  16 5 
BI 22 17 14 8 

NIQ 
UNI  94 5  116 14 
BI 100 15 112 9 

SP60 
UNI  62 6  76 6 
BI 68 13 80 18 

SP45 
UNI * 7 7 * 22 6 
BI 26 13 51 10 

S/N 
UNI * 2,30 0.95 * 1.50 2.66 
BI -0.50 1.73 -3.11 1.05 

 
RV 

UNI  9 16  40 33 
BI 16 22 36 23 

EV 
UNI  70 15  110 18 
BI 73 29 109 28 

 
VIQ 

UNI * 66 9 ** 87 10 
BI 86 14 99 7 

 
Figures 3a and 3b display the speech perception outcomes by group 

(UNI and BI groups) and by educational setting (mainstream and deaf). 
Perception of soft speech is more difficult for children in all subgroups 
than perception of conversational speech. Unlike soft speech recognition 
(Fig. 3b), auditory speech perception skills at 60dB SPL are reasonably 
comparable for the four subgroups (Fig. 3a). 
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Figures 3a and 3b: Speech perception at 60 dB SPL (a) and at 45 dB SPL 
(b) for UNI and BI groups in deaf and mainstream education. 
 

Vocabulary mean scores (EV and RV) were in the normal range 
(within 1 SD from the norm) for the total group (see Table 2). As 
illustrated in Figure 4a for EV, there is an obvious effect of educational 
setting but not of ‘group’ (UNI versus BI).   
 

 
Figures 4a and 4b:Mean quotients and SDs for expressive vocabulary (a) 
and verbal intelligence (b) for UNI and BI groups in deaf and mainstream 
education (norm quotient =100, SD=15).  
  

The mean VIQ for the total group was 84 (just below the -1SD level) 
but was in the normal range (85-115) for the children of the BI group and 
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below normal for the children in the UNI group (see Table 2). In Figure 4b 
and Table 4 it is shown that for the children from the BI group that were 
referred to mainstream education, the mean score is close to normal (100). 
The mean VIQ of children in the UNI group referred to mainstream 
education and that of the children in the BI group still in deaf education 
were just above the -1 SD level. In contrast, the mean VIQ of the children 
of the UNI group in deaf education was poor. 
 
 
DISCUSSION 
 
This retrospective study presents data from a group of children implanted 
with CIs all with nonverbal performance IQs above 80 and without 
additional disabilities. All children attended the same rehabilitation 
institute (KIDS in Hasselt, Belgium) after failing the neonatal hearing-
screening test. KIDS has a long history in rehabilitating and educating deaf 
children and children with moderate to severe hearing losses and uses a 
language approach in which signs support spoken language. During the 
rehabilitation process, each child’s performance was closely monitored. 
Age at diagnosis and age at first hearing aid fitting were very early in life 
and rather homogeneous (within a few months). At approximately three 
years after implantation, some of the children were moved to mainstream 
education settings as their language skills were deemed adequate. The main 
outcome measure of the present study was verbal cognition (VIQ) at 5 
years after implantation.    

The first remarkable result was that for all children in this study, 
VIQ could be measured with standard instruments developed for hearing 
children. Furthermore, the VIQ scores were on average just 18 IQ points 
below nonverbal IQ. Subsequently, a hypothesized positive effect of 
bilateral input (bilateral CI or bimodal CI-HA fittings) was studied. Indeed, 
a significant effect of speech perception abilities in complex listening 
situations on VIQ was found. Bilateral input is the underlying reason for 
improved speech perception.   

In addition, effects of nonverbal IQ, parent involvement and 
educational setting have been analyzed.  

Our analysis indicates that three years after implantation, the groups 
of children (UNI and BI) were comparable regarding the variables age at 
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detection of hearing loss, age at first HA fitting, age at first CI fitting, 
nonverbal IQ, parental involvement, speech recognition at conversational 
level (SP60), and receptive and expressive vocabulary. 

The ability to identify speech in complex listening situations seems 
to be highly predictive of long-term verbal cognition skills. Children from 
the BI group performed significantly better than those from the UNI group 
on speech perception at 45 dB SPL, speech perception in noise and 
(consequently) on verbal cognition tasks.  We hypothesized that 
bilateral/bimodal fittings enhance the opportunity for children to acquire 
verbal cognition skills as compared to unilaterally fitted children. This 
improvement is moderated by an improved ability to perceive speech in 
complex listening situations, which in turn enables the incidental learning 
processes to take place.  

Incidental learning (learning without direct teaching) happens in 
many ways (e.g. through observation, repetition, social interaction and 
problem solving). Children with poor listening options might have 
problems piecing together poorly heard information and, as a result, might 
not profit sufficiently from incidentally learning. The inability to 
‘overhear’ spoken conversations limits the access of these children to many 
avenues of incidental learning, and this restricts their acquisition of 
knowledge in the fields of advanced language development, social 
interaction, and how the world works and stifles development in many 
areas (Sarant, 2012). Incidental learning is also known to be important for 
the development of narrative skills, which is correlated with reading 
(Asker-Arnason, 2011).  

The data in Table 2 indicates that good perception of soft speech and 
speech-in-noise are related to bilateral hearing device application. Indeed, 
binaural summation in such cases might lead to an approximately 5 dB 
gain. Using the known speech recognition versus intensity function, this 5 
dB equals a 20-25% improvement in recognition of soft speech. Binaural 
effects also occur when measuring speech recognition in noise 
(Sparreboom et al, 2010; Nittouer et al, 2013). This suggests that the higher 
VIQ scores in the bilaterally fitted children are primarily caused by 
auditory benefits of bilateral input leading to better recognition of soft 
speech and speech in noisy conditions.  

Although VIQ was related to group (UNI or BI), the data in Table 2 
indicates that the language measures EV and RV were not. Historically, the 
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consequences of hearing with one ear (and a second normal hearing ear), 
called unilateral hearing loss or UHL, have been underestimated. One 
reason is that language might be acquired adequately with a single hearing 
ear. Children with UHL, however, showed increased rates of academic 
failure (22-35% rate of repeating at least one grade) and have additional 
needs for educational assistance (12-41%; Cho Lieu, 2004). The same 
might happen in children with a unilateral CI, especially as their only 
hearing ear doesn’t have normal hearing. Although language learning at a 
young age might appear to be uncompromised, problems may arise when 
knowledge has to be acquired under demanding formal and informal 
listening situations. This might be an explanation for the relatively low 
VIQ values in deaf children with a unilateral CI. Note that it was beyond 
the scope of this study to compare the two bilateral options (bilateral CI 
versus bimodal fittings) due to limited numbers of children per fitting type. 
 
 
CONCLUSION 
 
This study shows encouraging language and verbal cognition results of 
children with normal learning potential who were fitted bilaterally with 
hearing devices. The differences between children with a unilateral CI and 
children with bilateral CIs or bimodal fittings lie in the ability to perceive 
speech in complex listening situations. Such listening situations enhance 
the opportunity for children to acquire verbal cognition skills via incidental 
learning processes. Children with bilateral/bimodal fittings in mainstream 
education demonstrate average verbal cognition. This is a remarkable 
milestone for the education of deaf children. 
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Abstract 
 
This paper reports the results of two studies of reading comprehension of 
Flemish children in Belgium. In the northern part of Belgium, (Flanders), 
Dutch is the official language. The Dutch-speaking inhabitants of Flanders 
are called Flemish. Dutch is also the national language of the Netherlands. 
Despite both groups using Dutch, cultural differences between the groups 
are reflected in healthcare and education. Study 1 investigated the effect of 
these differences on the reading comprehension of deaf children. Reading 
levels of Flemish deaf children with CI (n=30) or HA (n=44) were 
compared to reference data of Dutch deaf children with CI (n=50) and HA 
(n=500), and to a hearing norm group. Study 2 investigated sources of 
variability by examining the underlying processes of reading comprehend-
sion of good and poor Flemish deaf readers from the CI group in Study 1. 
Results of Study 1 showed significantly better reading levels for the two 
Flemish groups. These differences may reflect Belgian policy aiming at 
early implantation and the use of spoken language communication. The 
second study contrasted good and poor readers’ working memory capacity 
scores, including verbal and nonverbal working memory scores, morpho-
syntactic ability and phonological encoding in order to explore which 
underlying processes contributed to reading performance in the Flemish CI 
users.  
Results showed a tendency toward better morpho-syntactic abilities and 
better working memory skills in the good readers. Three factors appear to 
explain the better reading of Flemish children with CIs: amount of spoken 
language input in communication, access to spoken language through a 
cochlear implant, and age at implantation. 
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Introduction 
 
Literature review 
One of the most persistent findings in the research literature on reading in 
hearing impaired populations has been that most deaf and hard-of-hearing 
students fitted with conventional hearing devices do not read as well as 
their hearing peers. In fact, the average 18- to 19-year-old deaf student was 
reading at a level commensurate with the average 8- to 9-year-old hearing 
student (Paul, 1998; 2003). In these studies the annual growth rate has been 
reported as 0.3 grade level per year compared to 1.0 grade level for most 
hearing children. Furthermore, long-term research into the reading skills of 
younger deaf children and adolescents with or without conventional 
hearing aids show limited levels of reading comprehension (Holt, 1993; 
Holt, 1996; Traxler, 2000). Wauters, van Bon and Tellings’ (2006) large 
scale study of Dutch children and adolescents with hearing loss (aged 
between 7 and 20 years) reported that their average reading comprehension 
scores were at the level of the first grade of primary education. Notably, 
this study did not include children who used cochlear implants.  

Research into speech perception and language development after 
cochlear implantation reveal significant benefits for a large number of 
these children. Since the 1990s, a growing body of evidence has shown 
substantial increases in auditory speech perception abilities of profoundly 
deaf children after cochlear implantation (Meyer et al, 1998; Robbins et al, 
2004; Svirsky et al, 2004). Some individuals have been reported as 
achieving levels comparable to those of hard-of-hearing children over time 
(Snik et al, 1997). Moreover, CIs have been shown to provide deaf children 
with greater auditory access to spoken language, reflected in improved 
receptive and expressive language skills (Geers, 2003; Holt & Svirsky, 
2008; Miyamoto et al, 2003; Svirsky et al, 2000; Vermeulen et al, 1999). 
Hayes et al (2009) found that in children in aural-oral settings the rate of 
language development exceeds that of hearing children. A subsequent 
focus of research has been on the effect of cochlear implantation on written 
language. For enhancement of educational attainment and for full 
participation in society, reading is of course extremely important. Because 
the process of reading depends on the spoken language that provides the 
basis of the writing system (Perfetti & Sandak, 2000), cochlear 
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implantation is expected to enhance reading comprehension in deaf 
children. This has indeed been demonstrated by recent studies which have 
shown that language and reading levels following cochlear implantation 
were relatively close to those of hearing children (Geers et al, 2003; 
Spencer et al, 2003). 

 Moreover, more than half of the children scored within the average 
range for hearing children on a standardized test on word reading and 
written sentence comprehension (Geers et al, 2003). Even 80 % scored 
within the 2 SD range, which also indicates that there is no deficit. In a 
preliminary study, children with implants showed a delay in reading skills 
of less than 8 months compared to their hearing peers (Spencer, Tomblin & 
Gantz, 1997). However, group data were not described in these studies. In 
a subsequent study Spencer, Barker & Tomblin (2003) found that 63% of 
the children performed within the 1 SD range of the hearing norm group. 
Spencer, Gantz & Knutson (2004) found that the median and mean of their 
group of children with cochlear implants were within the 1 SD range. Very 
recent research by Geers and colleagues (2008) shows us that the gap in 
reading comprehension between hearing and deaf children with CIs 
increases with age. Deaf children have more difficulties at more complex 
reading levels. 

In the same vein Vermeulen et al. (2007) found that reading 
comprehension scores in children with cochlear implants were significantly 
higher than those of deaf children without implants, although the perfor-
mance in implant users was lower than in hearing children. The findings in 
this study furthermore implied that the problems found in the reading 
comprehension of deaf children with and without CIs are likely to arise 
from poor language comprehension skills and not in poor visual word 
recognition skills. 

Furthermore, several studies have shown that early implantation 
leads to better results in language acquisition, (Holt & Svirsky, 2008), 
phonological development (Schauwers et al. 2004) and measures of 
morpho-syntactic ability (Hammer, 2008). The importance of age of 
implantation in improved reading comprehension after cochlear implanta-
tion is shown in a large study by Archbold, et al (2008), who found that 
reading abilities in children with normal intelligence were associated with 
age at implantation. Promising results concerning language acquisition and 
reading comprehension have also been reported in children whose hearing 
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loss was screened and identified at a very early age (i.e. < 6 months). 
Yoshinago-Itano (2003) concluded that early-identified profound hearing 
loss combined with early cochlear implantation and a high-quality auditory 
stimulation program results in expectations that are similar to those of 
early-identified children with a mild-to-severe hearing loss, amplified by 
conventional hearing aids.  

Although language acquisition in deaf children with cochlear 
implants is a growing area of research, little has been explored about the 
processes involved in reading comprehension. This is a complex process 
that can be influenced by many factors. The nature of the influence of 
improved auditory access to spoken language after implantation is still 
ambiguous. Although gains in reading comprehension in children with CIs 
have been reported, the factors that facilitate or limit reading 
comprehension are still subject of research. According to studies by 

Vermeulen and colleagues (2007), which were based on the Simple 
view of Reading model (Hoover & Gough, 1990), the complex of factors 
that are involved in comprehending text can be defined as “listening 
skills”, or knowledge of spoken language. That is, after the decoding of the 
text the content “only” has to be understood. Thus, all of the factors that 
influence reading comprehension for children with CIs can be attributed to 
the language comprehension factor rather than visual word recognition 
skills. Important components of spoken language, except receptive 
vocabulary, that influence reading comprehension are phonology and 
morpho-syntax. Some of these language components are closely related to 
higher cognitive skills such as auditory processing, auditory memory and 
working memory (Pisoni et al., 2003).  

Phonological encoding, the ability to encode the sound structure of 
words, influences reading to a great extent in hearing children, but not in 
deaf children with conventional hearing aids (Harris & Moreno, 2004). 
After cochlear implantation, however, the influence of sound structure is 
expected to grow with CI experience. Phonological processing skills 
comparable to hearing peers were reported recently (Spencer & Tomblin, 
2008). Verhoeven & Vermeer (2006) found that general language skills at 
the age of 4 years could predict reading comprehension outcomes at 7 
years of age in children with normal hearing. Additionally, a possible 
relationship between reading comprehension and morpho-syntactic skills 
has been reported in hearing-impaired children (Robbins & Hatcher, 1981). 
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However, no detailed data on the influence of morpho-syntax on 
reading comprehension in children with CIs have been reported so far. 
Different processes may play a role in the reading comprehension of these 
young deaf children. In an early study, Robbins & Hatcher (1981) 
suggested that reading comprehension difficulties of hearing-impaired 
children were a result of syntactic problems, rather than inadequate word 
recognition or knowledge of word meanings. Svirsky and colleagues 
(2002) reported later development of morpho-syntactic skills in deaf 
children with CIs compared to hearing children, partially because 
morphological markers are less salient for hearing-impaired children as a 
result of the limitations of the CI signal. Working memory is another factor 
that has been shown to be reliably connected to reading comprehension in 
hearing children (Yuill, 1989; Seigneuric et al, 2000).  

During reading comprehension, working memory is recruited to 
build a mental model of the situations and events described in the text. 

Because a strong auditory component is present in working memory 
in hearing children (Hulme et al, 1986), deaf children might have more 
problems with tasks that are largely dependent on working memory, like 
reading comprehension. However, working memory and morpho-syntax 
also interact in development (Santi & Grodzinsky, 2007). Working 
memory is needed when relationships between linguistic items are 
established within strings of linguistic material (Lewis et al, 2006) and can 
therefore influence morpho-syntactic ability.  
 
 
Objectives and research questions 
 
The main objectives of this paper were to assess whether there were 
differences between the reading comprehension levels of Flemish and 
Dutch deaf children and to determine which sources of variability could be 
identified.  

In the northern part of Belgium called ‘Flanders’, Dutch is the 
official language. The inhabitants of Flanders are called Flemish. Dutch is 
also the national language in the Netherlands, which is located north of 
Belgium (In the southern part of Belgium the official language is French). 
However, although Flemish and Dutch children live in an environment 
where Dutch is the national language, differences between Flanders and the 
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Netherlands are reflected in healthcare and educational approaches. In 
Flanders a universal newborn hearing screening program has been fully 
operational since 1999 whereas in the Netherlands this has only been the 
case since 2006. Newborn hearing screening enables earlier intervention. 

Cochlear implantation for deaf children has been reimbursed in 
Flanders since 1992 resulting in an increasing number of children receiving 
CIs at very young ages. In the Netherlands only since 2001 has 
reimbursement been realized. In Flanders 75 % of children with congenital 
hearing loss receive CIs between the age of 5 and 20 months whereas in the 
Netherlands children do not generally receive a CI under 12 months of age. 

In the Nijmegen CI programme during the period 2006 and 2007 
only 45% of the children were younger than 24 months of age at the time 
of implantation. Another difference between the Flemish and Dutch 
situation lies in the child care and educational settings for deaf children 
(with typical learning potential). Teaching in Flanders is mainly based on 
communication through the auditory modality, using spoken language 
supported with signs, whereas a bilingual method is widely used in 
programs in The Netherlands. In their bilingual approach Sign Language of 
the Netherlands and Sign Supported Dutch are used.  

Bearing in mind the above mentioned findings concerning the effects 
of age at implantation and the role of spoken language in reading, the 
question arose whether early implantation would also positively influence 
reading comprehension and whether the different approaches in the two 
countries might be reflected in differences between the reading 
comprehension levels of Flemish and Dutch children. Furthermore a 
comparison between the effect of the device (CI, HA) could be investigated 
between both groups.  

The first study described in this paper addressed the question whether 
differences between the Flemish and Dutch situation were reflected in 
differences in the reading comprehension levels of deaf children with CI or 
HA. Reading comprehension data of Flemish children were collected. A 
standardised reading test was administered to deaf children with CI and 
HA and to hearing children of primary school age. The data for the Dutch 
children were collected within the frame of two other studies. For instance, 
Vermeulen (2007) studied the reading comprehension of Dutch deaf 
children with a CI and compared the results with those of Wauters (2006) 
who examined reading comprehension of a large reference group of Dutch 
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deaf children without a CI. In the present study the raw data of Dutch CI 
and HA users were available for statistical analyses. 

Based on the above mentioned differences between Flanders and the 
Netherlands, the expectation was that the first study would show that in 
Flanders the level of reading comprehension of children who use CIs was 
higher than that of Dutch children, because Flanders has had a universal 
hearing screening program for more than ten years, its educational setting 
is mostly auditory based (with or without supporting signs) and age of 
implantation is relatively low. The approach used in early intervention for 
deaf children who are fitted with HA was expected to result in better 
reading comprehension scores for HA in Flemish children as well. To 
summarize, the first study focused on three questions:  
1) What were the reading levels of the Flemish deaf children? 
2) Were there differences between the reading scores of deaf children with 
CI and HA in Flanders and the Netherlands, when compared to hearing 
norms (expressed as deviation from the hearing norm in z-scores)? 
3) What impact does early versus late cochlear implantation have on 
reading comprehension in Flemish children? 
 

The second study was an exploratory investigation aimed to gain 
more insight into the influence of underlying linguistic and cognitive 
processes that are sources of variance of reading comprehension ability. 
Furthermore, the amount to which the reading process of children with CIs 
resembles that of deaf children with HAs and hearing children was 
examined, with the aim of identifying variables accounting for differences 
in reading comprehension. We studied the following variables 
(phonological encoding, working memory capacity scores, including verbal 
and nonverbal working memory and morpho-syntactic abilities) in a small 
group of good and poor readers that were selected from the sample of 
Flemish children with CIs who participated in the first study and were 
grouped according to their reading comprehension scores. We explored 
whether the automatic top-down influence of phonological knowledge 
during reading, known to be present in hearing children, could also be 
found in children with CIs. Based on the above-mentioned literature we 
hypothesized that phonological encoding skills would contribute to better 
reading comprehension, and low working memory capacity might be a 
factor contributing to poor reading comprehension skills. This was 
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conceivable, because the gist of a text is best understood when the most 
important content can be kept in working memory and adjusted on-line. 
The assessment of the role of language comprehension skills in reading 
comprehension is mostly limited to evaluation of receptive vocabulary. 

Therefore in the present study we assessed morpho-syntactic skills 
that were expected to influence text comprehension to a large extent. Not 
only the independent correlations of working memory capacity and 
morpho-syntactic skill with reading comprehension were assessed, but also 
the mutual dependence between these two factors.  

To summarize, the second part of our study focused on identifying 
sources of reading comprehension variability and addressed the following 
issue: What is the role of working memory, morpho-syntactic ability and 
phonological encoding in good and poor reading comprehension? 
 
 
Materials and methods 
 
Study 1 : Reading comprehension 
 
Participants 
Three groups of children with hearing loss participated in the study: 
Flemish children with CIs (FCI), Flemish children with HAs (FHA) and 
hearing Flemish children (FH). Reference data from other studies on Dutch 
deaf children with CI or HA and the Dutch normative group were used for 
comparison. Therefore, information regarding these groups of children is 
also described in this section.  
 
Two groups of Flemish deaf children with CI or HA 
The study aimed to compare reading comprehension levels of Flemish 
children with those obtained by Dutch children in earlier studies. The 
selection criteria for the Flemish children were therefore similar to those 
used in the Dutch studies (described below). All children had Performance 
IQs within the normal range. The FCI group consisted of 44 children aged 
6;10 (year; month) to 13;11 (mean= 10;5). 

  All children were diagnosed with bilateral congenital hearing loss 
exceeding 80dB in the better ear and were therefore classified as ‘deaf’ 
according to Dutch norms (Terpstra-van der Werf, 2006). These children 
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were recruited from five schools for the deaf in Flanders via the 
“committee for development and research concerning persons with 
auditory disabilities” [Commissie Ontwikkeling en Research ten aanzien 
van personen met een Auditieve beperking] (CORA). All children in the 
group attended 1st to 6th grade of primary school, with between 1 and 15 
children per grade (mean ~7 children). Within this group, ages at implanta-
tion ranged from 5 to 128 months (mean 48 months) and the mean length 
of experience was 76 months (range: 3 to 122 months). About 47% of the 
children attended mainstream education at the time of reading assessment 
and all children received frequent speech and language therapy in their 
school for the deaf. All children were enrolled in educational settings using 
spoken language, either spoken Dutch or sign supported Dutch. 

The FHA group consisted of 30 children with a mean age of 10;7 
(range 7;6 to 12;10). For the FHA group, the same inclusion criteria 
applied as described above. Only children from the 2nd to 5th grade met the 
inclusion criteria. Between 1 and 8 children per grade level participated 
(mean ~5). Matching for educational setting was done by recruiting the 
children in the FHA group from the same schools as those in the FCI 
group. 
 
Dutch reference groups 
Participant information for the Dutch group of children with CI (DCI) is 
given in Vermeulen (2007). All children had profound hearing losses, with 
Fletcher Indices ranging from 110 to > 125 dB (mean ~119 dB). The range 
of age at onset of deafness was 0- 72 months (mean ~13). The age at 
implant ranged from 27- 146 months (mean ~74). The DCI sample 
comprised 50 % male and 50% female children. The children were residing 
and going to schools in the Netherlands. At the time of reading assessment 
34% of the children were in schools for the deaf, 18% were in schools for 
the hard-of-hearing and 48% were in mainstream education.  

Details of the DHA reference group are given in Wauters (2006). 
This group of about 500 children represents 90% of the Dutch deaf 
population not using cochlear implants. All children had hearing losses 
with a FI > 80 dB. The age at onset of deafness was less than 36 months for 
94% of the children. The DHA group comprised 53% male and 47% 
female participants. In this group 84% of the children were in schools for 
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the deaf, 9% were in schools for the hard-of-hearing and 7% were in 
mainstream education.  
 
Dutch and Flemish hearing reference groups 
The Dutch hearing group (DH) for comparison was derived from test 
norms.  In addition, 247 Flemish hearing children from a mainstream 
primary school provided Flemish normative data (FH). These children all 
completed the subtest suitable for their grade with a mean of 41 children 
per grade (range: 38 to 46 children). The children at this school in 
Zonhoven came from families with a mid to high socio-economic status. 

Apart from school selection, there were no other inclusion criteria 
because the aim was to select a representative group of Flemish hearing 
children (FH). The sample probably reflected the upper limit of the mean 
range for Flemish hearing children. 
 
Procedure 
Participants were tested on their reading comprehension using a 
standardized Dutch Reading Comprehension test ('begrijpend leestests', 
Aarnoutse 1996) that had also been used in the studies of Vermeulen 
(2007) and Wauters (2006). This test consists of short Dutch texts with 
multiple choice questions about their content. Minor revisions were made 
to make the test suitable for Flemish speaking children. All revisions made 
were discussed in consultation with the test constructor. An evaluation of 
the revised version was conducted for the FH group, to control for effects 
of the level of education in Flanders compared to the Netherlands. The 
sample of Flemish primary school children with mean reading compre-
hension scores per grade ranged from -0,93 to 0,25 SD from the Dutch 
norm sample mean. The hearing children in first grade performed lower 
than the Dutch mean, which can be attributed to the fact that these children 
completed the test a few months earlier (January) than the original norm 
group (April) and therefore probably had not developed sufficient decoding 
skills during their first four months of formal reading education. 

From this evaluation we concluded that the Dutch norm originally 
developed for the Reading Comprehension test could validly be used as a 
hearing reference group in the present study. All of the participating deaf 
children completed the subtest suitable for their estimated reading 
comprehension level which was taken from teacher and language 
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therapists’ reports. Raw scores were transformed into latent scores and z 
scores per grade level. Deaf and hearing children were compared while 
controlling for the amount of reading instruction received, exposure to 
print and overall academic performance. These factors are expressed as a 
grade equivalent. Because deaf children tend to start their reading 
education at a slightly later age than hearing children, matching on the 
grade equivalent gives a better indication of the actual reading compre-
hension development than matching on chronological age.  
 
 
Study 2: sources of reading comprehension variability 
  
Participants 
Based on the reading comprehension data, two groups of children with 
extreme scores were selected: children showing the highest reading 
comprehension z-scores (independent of grade level) forming the Good 
Reading Comprehension group (GRC) and children with the poorest 
reading comprehension z-scores forming the Poor Reading Comprehension 
group (PRC). Both groups were selected from the FCI group that had 
participated in study 1. The children were, mainly for practical reasons, 
recruited from the Royal School for the Deaf (KIDS) in Hasselt, Flanders, 
in the same region as Zonhoven. 

The GRC group contained three children, one girl and two boys aged 
9;8 , 9;4 and 9;11 with 2nd and 3rd grade equivalents. They were implanted 
at 18, 34, and 25 months of age respectively (mean 25;7 months). The 
Reading Comprehension scores of the GRC group fell less than 1 SD 
below the mean of the NH control group (z scores) and therefore these 
children were not regarded as having a reading comprehension deficit. We 
refer to the individual GRC children as GRC 1, 2, and 3. 

The PRC group consisted of three boys aged 13;11 , 12;0 and 11;4 , 
who received reading education equivalent to hearing children in the 7th 
and 5th grade. The children were implanted at 67, 24, and 70 months 
respectively and had Reading Comprehension levels at levels indicating a 
reading comprehension deficit. In the remainder of this paper, we will refer 
to the individual PRC children as PRC 1, 2 and 3 respectively. 
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Procedure 
Factors differentiating the good from the poor readers were investigated by 
testing the PRC and GRC groups on different measures of morpho-
syntactic ability, working memory and phonological encoding. The test 
battery used is summarized in Table 2.  
The battery of working memory tests has been developed in such a way 
that a clear distinction could be made between genuine working memory 
factors and those factors that comprise linguistic skills or vocabulary, 
because these factors can also directly influence reading comprehension.  
 
Table 1. Significance levels of Mann-Whitney U tests for group comparison 
on z-scores (A°; comparison of Dutch versus Flemish and CI versus HA 
children for grades 1–4 (below diagonal) and grades 5–8 (above diagonal) 
show higher scores in Flanders and an effect of device only for the Dutch 
group (B) comparisons of grades 1–4 versus grades 5–8 show higher 
scores for younger children due to early fitting. (FCI=Flemish CI, 
DCI=Dutch CI, FHA=Flemish HA, DHA=Dutch HA; *P<=.05, 
**P<=.01, ***P<=.001, NS, Not Significant (P>0.05)) 

1-4\5-8  FCI  DCI  FHA DHA

FCI     *  ns  *** 

DCI  ns      ns  * 

FHA  ns   ns     *** 

DHA  ***  **  ***    
*p < = .05, **p < = .01, ***p < = .001 

 
Table 2. Battery of working memory tests 
Component Test 

Working memory Visual LDT picture sequences 

 Auditory non-linguistic WISC-III number repetition 

 Auditory linguistic LDT word repetition 

 Auditory linguistic TAK sentence production 

Morpho-syntax TAK sentence comprehension 

Phonological encoding PE procedure by Vermeulen (2007) 
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Components of working memory were tested using subtests from 
test batteries designed for school-age children. For visual working 
memory, the Leidse Diagnostische Test (Leiden Diagnostic Test; LDT) 
was used, in which children were asked to remember and point out picture 
sequences in regular and reverse order (Schroots et al, 1976). The sentence 
production task from the Dutch standardized Taaltest Alle Kinderen 
(Language Test All Children; TAK) (Verhoeven & Vermeer, 2006) in 
which children repeat sentences, was used to measure linguistic working 
memory. Finally, a task from the Dutch version of the Wechsler 
Intelligence Scale for Children, third edition (Wechsler, 2002), hereafter 
referred to as WISC-III, was used to measure numerical working memory. 
In this task, children are requested to repeat number sequences in regular 
and reverse order. 

Morpho-syntactic ability was assessed by administration of a subtest 
of the TAK, focusing on sentence comprehension. In this test, sentences 
are read aloud to the child, while presenting him or her with three pictures 
for each sentence. Based on the meaning of the sentence, the child is 
requested to point to the picture belonging to the sentence. The semantic 
content of the pictures differs in the assignment of thematic roles within the 
sentence presented, case marking by morphemes, and the interpretation of 
function words. All children in both groups fell above the age range for 
which the TAK is standardized. Therefore, age could not be directly 
controlled for in the comparison with hearing peers. For the present study, 
the mean growth curve for hearing children was used to compute the delay 
in years for each child.  

Children were tested on their phonological encoding using an 
orthographic decision experiment developed by Vermeulen (2007), which 
makes use of the E-prime (Psychology Software Tools, 1996-2002) 
program. During this procedure the child was seated facing a laptop 
computer screen on which words are shown in large print. Three word 
types were presented to the participants: base words (e.g. “rug”), 
homophones (e.g. “ruch”), and pseudo homophones, which differ from the 
base word in one phoneme (e.g. “rich”). The homophones are words with 
an existing Dutch phonology while the pseudo homophones are not. 
Children are instructed to indicate as soon as possible whether or not a 
word is an “existing word” by pressing a ‘right’ or ‘wrong’ button , a task 
which corresponds to lexical decision in adults. The difference in reaction 
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times (latencies) between the homophones and the pseudo homophones 
was used as a measure of phonological encoding. Access to phonology 
during word reading was expected to interfere with giving the ‘wrong’ 
response to a pseudo homophone (that sounds like an existing word), 
resulting in a longer latency. 
 
 
Results and discussion 
 
Study 1: Reading comprehension  
 
Reading Comprehension of Flemish deaf children with a CI or HA 
Reading Comprehension scores of the individual FCI and FHA users are 
plotted against their grade equivalent in Figure 1. Note that one extreme 
outlier in the FCI group was excluded from all further analyses. This figure 
also shows the mean scores of the DH norm group. The mean score of the 
FN test evaluation group is also included . 
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Figure 1. Reading comprehension scores for the individual CI and HA 
users, plotted against the mean for Dutch deaf children without cochlear 
implants (Dutch HA) and the Dutch norm for normal hearing children 
(NH). 
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This figure shows that although a large part of the Flemish deaf 
children score more than 2 SD below the hearing mean almost half of them 
perform better than 2 SD below the mean. Within the FCI group, 57% of 
the participants score within the range of 2 SD below the mean reading 
scores of their hearing peers and therefore do not show a reading 
comprehension deficit. Only 37% of the FHA children score within this 
range. However, this apparent difference was not confirmed statistically 
using the Mann-Whitney U test. As can be seen from the plot in Figure 1, 
the delay between these groups largely develops after the 2nd grade. 
However, the scores for almost all the FCI and FHA participants exceed 
the mean of the reading comprehension scores of DHA children (Wauters, 
2006).  
  
Reading comprehension levels of Flemish and Dutch children 
To compare reading comprehension scores between the deaf and hearing 
groups, standard z scores for the deaf groups were used and expressed as 
the deviation from the hearing norm.  These mean z scores are given in 
Figure 2. Scores are computed based on the mean reading comprehension 
level of Dutch hearing children (Aarnoutse, 1996), with 0 as the hearing 
mean. 

 
Figure 2. Deviation of the CI and HA groups from the hearing norm in 
standard deviations. 
 

Figure 2 shows three trends.  First, although there are significant 
deviations from the hearing norm, Flemish deaf children performed better 
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than Dutch deaf children. Secondly, within both deaf groups, the younger 
children (grades 1-4) performed better than the older children (grades 5-8). 
Finally, there was no difference between the FCI and FHA groups but there 
was between the DCI and DHA groups. Mann-Whitney U tests showed 
that the reading comprehension scores of both the FCI children and FHA 
children differed significantly from those of the DHA children in all grade 
equivalents (p <0,001). A significant difference between the reading 
comprehension scores of Flemish and Dutch CI children developed in the 
second grade group (grades 5-8), when these children had received at least 
four years of reading instruction.  

The comprehension of written text of Flemish deaf children was 
higher than that of hearing aid users reported in the literature (Holt, 1993; 
Holt, 1996; Traxler, 2000). However, the mean scores of the Flemish 
children are, although better than those of the Dutch children, still at a level 
more than 2 SD below the hearing mean. These results are poorer than 
those reported by Spencer, Barker and Tomblin (2003) who found 63% of 
the children performed within 1 SD range of the hearing mean and those 
reported in a study by Geers (2003) where 50% of the children performed 
within one standard deviation of the hearing norm. One explanation for this 
difference may be task related. The test used in the current study consisted 
of multiple choice questions about the content of the written text. This task 
measures a person’s understanding of the main ideas of the test. The two 
other studies used a cloze task and a combined comprehension – word 
recognition score, which were possibly less difficult.  

There was no significant difference in reading comprehension scores 
between the FCI and FHA group; neither did the FHA users differ 
significantly from the DCI group. The findings are summarized in Table 1, 
completed with the results of Vermeulen and colleagues (Vermeulen et al, 
2007) which showed that the reading comprehension level of DCI children 
differs significantly from that of DHA children. In that study there were no 
group characteristics as gender, age at onset of deafness and (pre-implant) 
educational setting that accounted for those differences (The DHA group 
comprised almost the entire population of deaf children without implants 
and therefore no selection bias could be present). 

These results can be explained by three different factors. Firstly, 
cochlear implantation is known to facilitate reading comprehension. This 
effect is clear for Dutch, but not for Flemish deaf children (differences 
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between the light and dark grey bars, for each grade and country, see 
Figure 2) and might be attributable to the larger amount of spoken 
language input to deaf children with CI and HA in Flanders. Additionally, 
different policies for cochlear implantation influence the number of 
children with profound and severe deafness who continue to depend on 
conventional hearing aids. The mean FI of the DCI recipients was 119 dB 
suggesting cochlear implantation for students with profound hearing loss 
only. It is therefore conceivable that the DHA group contained more 
children with profound and severe deafness than the FHA.  The second 
factor that possibly influenced the relatively good scores in both the FCI 
and FHA groups as compared to the Dutch groups, is universal newborn 
hearing screening, which has been operational in Flanders since 1999. 

Within the FCI group, the younger children (grades 1-4), benefitting 
from neonatal screening and early implantation, scored significantly higher 
than the older children (grades 5-8), who had not been screened (compare 
the light with the dark bars within the Flemish group in Figure 2). The 
increase in the reading comprehension scores for FHA children was not 
significant. However, neonatal screening did also lead to earlier fitting of 
conventional hearing aids, which could explain the higher scores for HA 
children in the lower grades.  

Finally, there are differences in educational settings for deaf children 
in Flanders and in the Netherlands. Figure 2 clearly shows an advantage for 
Flemish compared to Dutch children when reading comprehension is 
considered. This effect is probably a result of the difference in amount of 
spoken language input that Flemish and Dutch deaf children receive. Hayes 
et al (2009) demonstrated the magnitude of the effect of auditory spoken 
language input on vocabulary in children with implants. As noted earlier, 
schools for the deaf in Flanders use spoken language and signs are mainly 
used to support that language, whereas Dutch educational settings for deaf 
children mainly use Dutch Sign Language combined with Sign Supported 
Dutch. Therefore, in Flanders, children get sufficient spoken language 
input to acquire Dutch language structure at a relatively high level, which 
in turn positively influences reading comprehension.  

These findings confirm the hypothesis that a cochlear implant can 
facilitate reading comprehension, but that both early and sufficient spoken 
language input is of great importance in order for a child to benefit 
maximally from the device. This is again confirmed by the finding that 
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Flemish and Dutch hearing children, as opposed to deaf children, show no 
difference in reading comprehension level. The differences found in the 
hearing impaired groups do not, therefore, reflect general differences 
between Flemish and Dutch educational approaches. 
  
Effects of the start and duration of Cochlear Implant experience on 
reading comprehension 
The better performance of the early implanted FCI group compared to the 
DCI group is accompanied by a clear effect of age at implantation within 
the FCI group. Linear regression shows that, after removal of the effect of 
length of use of the CI, age at implantation was associated with reading 
comprehension z scores at a small but significant level (r2 = .263, p = 
0.001). The individual data and the regression line are depicted in Figure 3.  
In other words, controlling for the amount of reading instruction and the 
length of duration of CI experience, children who received their implant at 
an earlier age performed better on the Reading Comprehension test than 
children who were implanted later in childhood. However, there was a 
strong correlation between age at implantation and length of CI use, which 
makes these factors difficult to disentangle. Together, Age at Implantation 
and Length of Use can account for 56% of the variance in reading 
comprehension z scores (r2 = .313). 

Although it cannot be claimed that sensitive period effects for 
hearing and language are the crucial factor for variance in reading 
comprehension performance, it is clear from these findings that early, as 
well as longer, exposure to speech through a cochlear implant facilitates 
reading comprehension skills, independent of the amount of reading 
instruction received. This finding is in accordance with the results of James 
et al. (2008), who found that word reading in early implanted (at ages 2;0 
to 3;6 ) school-age children was less delayed than in children who received 
their implant later in their childhood. Our results contradict the findings of 
Geers (2004) who did not find an effect of age of implantation on reading 
comprehension skills. However, in Geers’ study, implantation between 2 
and 4 years of age was considered “early”, whereas in the present study a 
linear regression model was used in a sample with a mean age at 
implantation of 48 months including many children who received their 
implant before the second year of life. Additionally, Geers’ study did not 
demonstrate an effect of early implantation on speech and language skills, 
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an effect that has been found in several recent studies with earlier 
implanted groups (e.g. Schauwers et al, 2004). 

 
Figure 3. Estimated regression lines for the factors age at implantation 
and device experience. 
 
 
Study 2: on sources of reading comprehension variability 
 
Working memory 
Results of the various working memory tests are plotted in Figure 4. Good 
readers overall performed better on working memory tests than poor 
readers. It should also be noted that the poor readers in this group were, on 
average, two years older than the good readers and should thus have 
performed better on these tests. The clearest dissociation is seen in the 
results of the number repetition subtest (WM numbers), the only subtest 
that could be sufficiently corrected for chronological age.  

 
Figure 4. Scoring profile on different linguistic and working memory tasks 
of the individual children from the GRC and PRC groups with normal 
hearing children as reference. 
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Limited working memory capacity could lead to lower reading 
comprehension scores independent of syntactic ability and sentence 
comprehension for the PRC group, because WM capacity is needed for 
understanding text coherence. 

Figure 4 also shows more dissociation between the GRC and PRC 
groups on WM sentences, WM words, and WM numbers as opposed to 
WM pictures. This result suggests that the auditory and verbal components 
of working memory play a more important role in reading comprehension 
than visual working memory. This again points to a larger role for 
language comprehension factors than would be expected when reading 
comprehension in children with cochlear implants would be purely based 
on the use of orthography. In the latter case one would expect an influence 
from visual working memory. Together with the findings reported by 
Wauters et al. (2006) and Vermeulen et al. (2007), this finding suggests 
that language comprehension plays a more important role in reading 
comprehension of deaf children than visual word recognition.  
 
Morpho-syntactic ability 
Sentence comprehension scores indicated that children with poor reading 
comprehension skills also have difficulties understanding the structure of 
sentences which are presented to them auditorily. The delays that the 
individual children show on sentence comprehension are plotted in Figure 
5. Compared to working memory, language measures were more delayed 
in both good and poor readers within the FCI group.  

The results of the sentence comprehension test point towards a 
relation between the levels of reading comprehension and morpho-
syntactic skills. However, nothing can be concluded about the precise 
nature of the processes underlying this influence. 
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Figure 5. Scores on sentence comprehension task for the individual GRC 
and PRC children expressed as their delay in years compared with the 
mean for normal hearing children. 
 

 
Figure 6. Mean reaction times (in ms) to homophones and pseudo-
homophones for the individual CI children, a measure of phonological 
encoding. 
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Phonological Encoding 
Only one of the children in the GRC group (GRCI) showed a significant 
difference in reaction time between homophones and pseudo homophones. 
No significant differences were found within the PRC group. Mean 
reaction times of the individual CI children are summarized in Figure 6. 
Accurateness on the lexical decision ranged from 83% to 100% correct. 
Therefore, the short reaction times in the PRC children could not be a 
result of guessing. 

These results suggest that only one of the CI children used 
phonological encoding (had access to phonology during word reading) in 
this lexical decision task. It therefore seems unlikely that CI children 
overall use phonological encoding in everyday reading. It is striking that 
the child with the reading comprehension score that diverged least from his 
hearing peers and who was implanted at the earliest age was the only one 
to use phonological encoding. Since the other children in the GRC group 
did not show phonological encoding, this suggests that phonological 
encoding during isolated word reading is not a factor distinguishing 
between the good and poor readers in this study. This also suggests that the 
phonological processing skills found by Spencer and Tomblin (2008) are 
not enough for good reading comprehension. We cannot conclude from our 
findings that phonological encoding distinguishes between children with 
good and poor reading comprehension.  
  
 
Conclusions 
 
The present paper describes two studies investigating to what extent and in 
which way Dutch-speaking school-age CI recipients in Flanders benefit 
from their cochlear implant in reading comprehension, and which factors 
influence the development of reading comprehension skills in these 
children.  

In the first study a comparison of deaf Flemish CI and HA children 
and reference data of deaf Dutch CI and HA children with their hearing 
peers was made. The results show that the scores of both groups of Flemish 
children exceeded those of deaf Dutch children. The extremely low mean 
of the DHA group and the slightly higher DCI mean score were exceeded 
by the FHA and FCI groups.  
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Within the Flemish group there was no evident advantage of 
cochlear implantation as compared to HA when reading comprehension 
was considered. This reflects that in Flanders the indication criteria for CI 
are appropriate. However, deaf Dutch children, as result of a stricter 
audiological criterion for the reference group, received hearing aids despite 
their large hearing losses. In these children the use of hearing aids did not 
prevent an increasing delay in reading comprehension compared to hearing 
children, compared with those in Flanders where the audiological criteria 
for CI are less stringent. The present study also shows that the age at which 
children received their implant and the amount of experience children have 
with the device influenced their reading comprehension levels, independent 
of the amount of reading instruction these children received.  

Flemish deaf children have developed reading comprehension levels 
that are on average relatively little below those of their hearing peers, as 
compared to those of Dutch reference data. We therefore conclude that 
early implantation and access to sufficient spoken language provided by 
their environment can indeed facilitate the acquisition of reading 
comprehension skills. The cultural differences between the Flemish and 
Dutch approach in age at implantation, audiological CI indication criteria 
and in communication mode are reflected in the better reading 
comprehension skills of Flemish deaf children. 

Although some children performed exceptionally well, there was 
still variability, particularly within both CI groups, which originates from 
many factors. Therefore in the second study possible sources of reading 
comprehension variability within the Flemish CI group were explored. 
Working memory capacity, morpho-syntactic skills, and phonological 
encoding were assessed in six children of which three had high and three 
had low scores on reading comprehension. 

A tendency was found toward better morpho-syntactic as well as 
better working memory skills in the Good Reading Comprehension Group 
compared to the Poor Reading Comprehension Group. 
The dissociation was especially clear on verbal and auditory working 
memory tasks compared to visual working memory tasks. These results 
suggest a relationship between auditory and verbal working memory as 
well as morpho-syntax on the one hand and reading comprehension on the 
other in Belgian congenitally deaf children fitted with cochlear implants. 
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This relationship implies that the “simple view of reading” is also 
applicable to Belgian CI children in the sense that language skills comprise 
a large part of reading comprehension skills, and that a CI can give a child 
enough information to develop reading comprehension skills based on 
spoken language and auditory/verbal memory recourses as in normal-
hearing children. However, it should be borne in mind that the second 
study reported here was explorative. Therefore, these findings should be 
viewed as new directions for research in the field of reading in deaf 
children rather than conclusive results. 

The explorative nature of study 2 implies that few definitive 
conclusions can be drawn with respect to the precise influence of the 
factors under investigation. The results suggest an influence similar to that 
in hearing children (Verhoeven & Vermeer, 2006), and children with 
conventional hearing aids (Robbins & Hatcher, 1981). To gain full insight 
in the interplay between reading comprehension, morpho-syntactic skills, 
working memory capacity, and phonological encoding, studies are needed 
which investigate all of these factors in a larger sample of children with 
cochlear implants.  
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Abstract 
 
In the last decade the population of deaf children has changed  dramatically 
in  a lot of countries, especially in  those where universal  neonatal hearing 
screening, early multi-disciplinary support, digital hearing aids and 
cochlear implants are available. 
Most of these children can acquire intelligible spoken language and choose 
spoken language as their main means of communication and for  access to  
education, because they go to mainstream schools in larger proportions, 
and fewer to schools for the deaf. Mainstream placement does not  
eliminate the need  for services,  which will vary depending upon  the 
child's age, language modality, and other  child specific factors. But there 
is  also evidence that  the outcomes after  paediatric implantation are very 
heterogeneous. 
All this is a big change for the educational services. We must ensure that  
their staff have the skills to meet these challenges: to be flexible,  
continually updated with the technology and changing expectations 
(ongoing professional training), to provide an environment which  will  
utilise the hearing while  meeting the linguistic and curricular needs of the 
children, to meet the psycho-social needs of this group as they grow 
through adolescence, and to work  with other professionals. Now, and 
looking ahead, the challenge for deaf  education is  also to embrace the 
diversity of this  population and to appropriately address the specific needs  
of each child. 
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Introduction 
 
Flanders, the  northern part of  Belgium, was, in 1998, the first  region in  
Europe to implement a Universal Neonatal  Hearing Screening (UNHS) 
programme combined with a further diagnostic and rehabilitation-guidance 
programme. Since that time a lot of literature has been published which  
shows us  that UNHS is very important for the future development of these 
children. Children who have been screened early and  fitted with hearing 
aids  before the age of six months reach a higher  expressive and  receptive  
language level, their  speech is more  intelligible, they  have higher  
auditory  capacities, fewer social-emotional  problems, their parents have  
better  attachment,  they become better  readers and  more and more of 
these children are going to a mainstreamed educational setting (Yoshinaga-
Itano, 2006; De Raeve,  2006). 

Following the implementation of UNHS and the earlier identifica-
tion and diagnosis of deafness, cochlear implantation in  the very early 
years of life  has become a reality.  In Belgium the median  age of 
implantation has decreased from forty-one months (1995-1999) to eighteen 
months (2000-2008)and we all  know that  age  of implantation has a big 
influence on the outcomes (Philips et al, 2009). But this also means  that  
parents (and 95% are hearing)  have to deal with decisions at a time when 
they are at their most vulnerable, and before they have any knowledge of 
the impact of deafness. At such a time, cochlear implantation ma y be seen 
as a quick 'fix', which will solve the hearing problem for ever. At this very 
young age, we often do not know if the child will have additional needs or 
not. That is why parents require up-to-date information about CI in order to 
make an informed decision. 

The surgical intervention of cochlear implantation has brought 
together  the worlds of medicine and education, with implications that were 
not  foreseen by surgeons and teachers or  therapists. It is not  just 
technology, surgery, and fitting; there is a lot of work to do after the 
implantation. Or as Sue Archbold (The Ear Foundation, UK) always  says: 
'what surgeons start, educators have to finish'. 
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Some recent outcomes 
 
In  the  early  days  of  paediatric implantation,  candidacy requirements 
included an unaided pure-tone average of 100 dB HL or more, aided  
thresholds of 6o dB HL or worse, and  absence of open-set speech  discri-
mination and word recognition with well-fitted hearing aids  (Osberger et 
al., 1994). Recently, profoundly hearing impaired children  with hearing 
losses of 90 dB HL or sometimes even better also have been considered 
potential candidates for cochlear implantation (Schauwers, 2006). 

The best-documented effect of CIs on profoundly deaf children is a 
marked increase in their  aided speech perception (Kirk, 2000). Most 
implant users improve  to hearing thresholds in the 20 to 40 dB HL range  
across  all frequencies. In that case the implant enables detection of  
virtually  most conversational sounds and provides a hearing sensitivity  
and functioning which  is superior to that obtained with conventional  
hearing aids (Govaerts, 2002). Many children who previously discrimina-
ted only time-intensity patterns and large spectral differences in  vowels 
using hearing aids, are able to discriminate among small spectral 
differences in manner, place, and voicing cues for consonant identification 
using CIs (Schauwers, 2006). With regard to the onset of babbling, 
Schauwers et al. (2004) reported that only a few months of auditory 
exposure are  needed for CI children to start babbling, regardless of the age 
of implantation. 

Studies using the Reynell  Developmental Language Scales in deaf 
children with  CIs have reported an acceleration of language growth after  
implantation (Robbins et al, 1997; 1999; Svirsky et al, 2000; Kirk et al, 
2000). Rates close to or even greater than those of normally hearing 
children were found. Some studies  (Kirk et al, 2000) even indicate that  
children with CIs, implanted at approximately three years of age or 
younger, were  starring to catch up with  their  hearing peers  following CI 

This  indicates  that  early implantation can have a significant impact 
on language development in children with profound deafness. Further,  
children who receive their cochlear implant before the age of one year 
develop  some preverbal communication behaviour to an extent that does  
not differ much from normally hearing children (Tait et al, 2007). 
However, few of these studies have included  large  numbers of implanted 
children,  although this is advisable given the large inter-subject variability. 
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One of the biggest studies from Philips et al. (2009) on 396 
implanted deaf children had the following significant findings: early   
screened children differ significantly from late screened children with  
respect to age of detection of hearing loss and age at cochlear implantation; 
early screening and implantation is associated with better auditory recep-
tive skills and speech intelligibility; additional impairments negatively  
influence both  receptive and  productive skills.  In addition, children who 
communicate orally and wear bilateral cochlear implants perform better on 
speech production, and better speech perception was found in children  
who became progressively deaf, as opposed to congenitally deaf children. 
The improved auditory experience provided by cochlear implants over 
hearing aids has facilitated the  acquisition of spoken  language in children  
with profound deafness from a wide range of educational settings, 
including oral, Total Communication (TC), or bilingual classrooms (Geers, 
2006) . 

Limited  research  has been done in the area of cochlear implants and  
the use of sign language. As the  earliest  group of implanted children  were  
mostly  involved  in oral environments, there  has not been sufficient time 
to evaluate longitudinal outcomes for implanted children  who  use sign 
language. Most of the older  studies (Osberger et al.,  1994) found  that 
children in oral programmes acquired spoken language perception  and  
production skills faster  than  did those in TC or signing  programmes. But 
we have to take into account that most of these children were  identified 
late and were older at age of implantation. More recently, Chin and Kaiser 
(2002) found that children educated through oral communication had better 
articulation than did those educated through TC. Mitamoto et al. (1999) 
reported that children educated through oral communication had 
significantly better speech perception than those educated through TC. 

In contrast with the above studies, other research findings indicate 
that children with CIs educated with some form of sign language have 
significantly higher vocabulary levels  than do those educated orally  
(Robbins  et al., 1999; Connoret al., 2000). Novak et al. (2000) reported 
that a transition from  sign to spoken communication was dependent upon 
the age of  implantation. Children implanted before eighteen months of age 
were able to make the transition. If implantation occurred after thirty 
months of age, the probability of  transition  from sign to speech was 
significant reduced. Tait (2003) found out that children who are good  
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communicators  before implantation, whether gestural or vocally, are likely 
to have  good  speech perception abilities in later years. 

But language is more than vocabulary. Morphology and syntax are 
also part of language and play an important role in narrative ability  and  
literacy. Even in children with CIs whose comprehension of language is  
age  appropriate, expressive use of morphological markers is often  delayed 
(Geers et al., 2003; Tomblin et al., 1999). 

The narrative ability in 8-to-9-year-old CI children (implanted at 
mean age of 3,5 year) was assessed by Crosson and Geers (2001) by asking 
them to tell a story after viewing an eight-picture sequence story. The 
results showed a correlation between the narrative ability of the CI children 
after 4-6 years of implant use with speech perception. In addition, a 
positive relation was found between narrative ability and reading compre-
hension, supporting the importance of narrative skills to academic 
achievement. 

Published studies for literacy outcomes for deaf children who 
receive CIs are rare. Moog and Geers (1999) and Moog (2002) used 
standardized reading tests in groups of CI children implanted at 
approximately 4 years of age. The results after 4 years of implant use 
revealed a reading quotient range of 71-124, meaning that the students’ 
scores ranged from below average to above average.  A child reading 
precisely at age level would score 100.  Geers (2003) also reported about 
the performance and predictors of reading skill development in children 
with cochlear implants. She found over 50% of the children to perform 
within 1 Standard Deviation (SD) of the hearing mean and 80% of the 
scores to fall within 2 SD of the hearing mean. In a recent publication of 
Vermeulen et al. (2007) they found that even late implanted deaf children 
(mean age of implantation was 74 months) obtain higher mean reading 
comprehension scores than deaf children with conventional hearing aids, 
but the average outcomes are still more than 3 standard deviations below 
the hearing norm.  

Previous research on profoundly hearing-impaired children has 
showed us much lower scores. The average 18-19-year-old deaf student 
was reading at a level commensurate with the average 8- to 9-year-old 
hearing student (Paul, 1998) and the annual growth rate is about 0.3 grade 
level per year (Allen, 1986) compared to the roughly 1.0 grade level for 
many hearing students In summary, a lot of research is done on children 
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with cochlear implants. Most of this research shows us that cochlear 
implants can have a positive influence on: auditory and speech perception, 
the acquisition of spoken language and on their literacy outcomes. But little 
research is available on the place of sign language in the education of 
children with cochlear implants. 
 
 
Education and rehabilitation of children with cochlear implants 
 
Available studies also indicate that, despite a high rate of spoken language 
achievement by many of these children, some do not acquire the skills for 
fluent use of speech for communication (Wiefferink et al, 2008). We need 
to specifically analyse profiles of these children to see whether aspects of 
their intervention programmes need to be changed to give them better 
support. And, faced anew with admonitions that signing will interfere with 
learning to speak, we need to focus research on the perceptual as well as 
the sensory aspects of processing auditory and visual language. Although it 
is clear that children with cochlear implants need much exposure to spoken 
language in order to acquire it, it is equally obvious that early communica-
tion both with hearing as well as deaf infants and toddlers is gestural in 
form. Thus early multi-modal communication seems to be the most natural 
approach in the early years. What the role is of sign (language) at later ages 
is not yet clear. It can even be different from child to child and from age to 
age. So we need more objective studies on a larger  number of children. 

Despite these difficulties, outcomes in the population of hearing 
impaired and deaf children have changed dramatically in countries where 
Universal Hearing Screening, digital hearing aids, cochlear implants and 
early multi-disciplinary support, are available.  

We see now that most of these children can acquire intelligible 
spoken language and choose spoken language as their main means of 
communication to access education, because they go to mainstream schools 
in larger proportions, and fewer to schools for the deaf.  But there is also 
evidence that a number of successful CI users with intelligible spoken 
language are opting to go to a special (oral) school where they also use sign 
language for communication with their peers. These young people were not 
diagnosed through UNHS of course, but can communicate well orally. It 
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seems that they are choosing to ‘add in’ sign and code switch depending on 
who they are communicating with; looking for their identity? 

Stimulating both ears to provide auditory information is a logical 
step in the treatment of bilateral profound hearing loss in order to provide 
the potential benefits of binaural hearing. This may be made possible 
through bilateral hearing stimulation by either bilateral acoustic hearing 
aids, combination of a unilaterally implanted CI and a hearing aid in the 
opposite ear (bimodal stimulation) or by two cochlear implants (bilateral 
electrical stimulation). There is a lot of research going on looking at the 
benefits of two cochlear implants; searching for the best way to fit children 
with two cochlear implants and  how to monitor the effect of bilateral 
implantation. But little is known about how to train children’s binaural 
hearing or is it developing automatically?  (De Raeve, 2008) 

Even the fact that a large group of these deaf children will be able to 
learn incidentally needs to be handled with caution.  This can only be the 
case if the necessary prerequisites are met to allow this learning process to 
take place. Besides attention to the personal qualities of individual 
educators who are required to show the skill to anticipate and tune in to the 
changing communication modes of their child, one also needs to focus on 
the acoustic quality of the living environment (Boothroyd, 2004). 

Sometimes, implants can even work too well, so people think of an 
implanted child as a hearing child, who needs the same education asother 
hearing children. Of course, this  is not the case. But we also have a 
growing group of young people with cochlear implants who, during 
adolescence, face many challenges. They may question the value of the 
implant system, the decision made by their parents, and need support 
during this time of transition to adulthood. 

And there are also children who do not do as well as predicted. It is 
likely that these children have other difficulties nor identifiable prior to 
implantation, have problems wearing the device properly, or are not 
receiving the correct rehabilitation and education. For the development of  
the child we have to detect these additional problems as soon as possible, 
so we can give optimal support to the child  and family as soon as possible. 

For that reason cochlear implantation requires documentation of the 
child's progress. It is also essential to monitor progress in  order to monitor 
device  functioning, to inform the tuning process, or to identify additional 
problems or  areas of difficulty as well as specific abilities and  skills.  This  
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enables the clinician to determine appropriate intervention and  
rehabilitation strategies and modify them according to the observed 
progress. It also provides indications of where other assessments may be 
necessary to explore areas of difficulty further. 
 
 
Conclusion 
 
All this  is a big change for the educational services.  They have to adapt 
their  way of working and  they must ensure  that  their educational staff  
have  the skills  to meet the challenges: to beflexible,  continually updated 
with  the  technology and  changing expectations  (ongoing  professional l   
training), to provide an environment which will  utilise  any useful hearing 
while meeting  the linguistic and curricular needs of the children, to meet  
the  psycho-social needs of this group as they grow through adolescence 
and to work with other professionals. 

So assessment and management of children with cochlear implants 
necessitates a multidisciplinary team; which includes surgeons, 
audiological scientists, teachers of the deaf,  speech and language  
therapists, social workers, psychologists; but also deaf (CI) adults and  
other  families of deaf children (with  and without implants). 
Because one-third of the deaf population has additional needs, and, as we 
implant younger and younger, we cannot know all these additional needs  
at  the  time  of implantation, so we have to continue to assess and  monitor 
these children in a multidisciplinary manner. Not only by looking at their  
auditory, speech, language, and school curriculum development, but also  
by looking at their cognitive and social emotional  development. It has  
been  essential to develop  outcome measures from implantation to  ensure  
that  information is available for parents, professionals and purchasers of 
the service. It is important to carry  out  regular evaluation of children in 
order to monitor the functioning of the device, monitor progress in early  
communication and language skills, determine whether there are no other 
learning difficulties present, provide  information to parents, professionals, 
and  purchasers, and to refine practice. We see that a lot of material is 
already  available in English,  but this is still lacking in other, less common 
languages. 
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Now and looking ahead, the challenge for deaf education is also  to 
embrace the diversity of this population and then to appropriately address 
the  specific needs of each child in his/her family in that specific country. 
The service should be delivered to meet each child's individual's needs,  
abilities, expectations, and attitudes. This is particularly relevant with 
children whose home language is not 'English' or those who have  
additional needs. 

With  growing numbers of children being implanted, increasingly 
young  and  with increasing complexity,  and growing numbers becoming  
teenagers with cochlear implants, there is still much to learn . We continue 
to consider  the long-term outcomes in  terms of reliability, a attainments 
and employment prospects. So, there still remain many challenges for the 
future. 
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Abstract 
 
The purpose of this study is to show the changing trends within the 
population of children who are deaf and hard of hearing in Belgium over 
the last 12 years. The combination of Universal Newborn Hearing 
Screening programs, early intervention, and cochlear implants have 
tremendously influenced the education and support of children who are 
deaf or hard of hearing in Flanders, Belgium. Today, three times more 
children with a hearing loss are educated in mainstream settings than 20 
years ago. At the same time, the needs of children in special schools for the 
deaf have become more complex as a significantly greater proportion of 
these students have additional needs. At a mainstream secondary level, 
students who are hard of hearing and students who are deaf make different 
academic choices: More students who are hard of hearing go to vocational 
training schools, and more students who are deaf attend technical schools. 
Although all students with hearing loss who attend mainstream  secondary 
schools in Flanders are entitled to an interpreter, significantly fewer 
students with a cochlear implant choose this option in comparison to 
students without a cochlear implant. Of the students with cochlear implants 
who do request an interpreter, approximately half use a notetaker and half 
use a sign language interpreter. Among students without a cochlear 
implant, there is a clear reference for a sign language interpreter. 
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Introduction 
 
In 1998, Flanders, the Dutch speaking part of Belgium, was one of the first 
regions in Europe to implement a Universal Newborn Hearing Screening 
(UNHS) program that combined medical-audiological diagnostics and an 
early intervention and (re)habilitation program (Van Kerschaver, 
Boudewijns, Stappaert, Wuyts, & Van de Heyning, 2007). Since then, 
approximately 98% of all newborns born in Flanders are screened every 
year. The UNHS program integrates screening, diagnosis, and early 
intervention and (re)habilitation in one program. 

Before implementation of the UNHS program, hearing screening 
was administered at the age of 9 months by means of the Ewing Behavioral 
Test (responding to simple sound makers) (Rovers et al, 1999) and the 
average age for fitting first hearing aid was 14 months (De Raeve, 2006). 
Since 1998, however, the average age for the first hearing aid fitting has 
been reduced to 4 months of age, while referral for a cochlear implant (CI) 
assessment has become common practice before 9 months of age (Philips 
et al, 2009). When appropriate, many children receive a CI before their 
first birthday, and the average age of implantation is currently 16 months 
old (De Raeve, 2010). 

This shift in policy and practice in Flanders has begun to change the 
demographic of the deaf population entering the education system, and will 
continue to do so into the future. In 2010, 94% of children who were deaf1 
and of preschool age (2.6–6.0 years) were using a CI (Figure 1). For those 
of primary school age (6.0–12.0 years), this figure was 81%, and at 
secondary school age it was 49%. Such figures demonstrate that in six 
years’ time, 80–90% of all Flemish school-aged children who are deaf will 
use a CI. Children who are hard of hearing2 are not candidates for CIs in 
Belgium and therefore are not included in Figure 1. 
 

                                                      
1 Defined as having an average bilateral hearing loss at 500, 1000, 2000, and 4000 
Hz > 90 dB SPL unaided. The term “deaf” in this paper always refers to this 
definition. 
2 Defined as having an average bilateral hearing loss at 500, 1000, 2000, and 4000 
Hz < 90 dB SPL unaided. The term “hard of hearing” in this paper always refers to 
this definition. 
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Figure 1. Percentage of school-age children in Flanders who are deaf and 
use a cochlear implant (February 2010). 
 

Evidence exists that children who receive a CI at a younger age 
perform better on a range of language measures than children who receive 
implants at an older age. Significant differences have been documented in 
the listening and spoken language abilities of children who receive CIs 
under the age of 2 rather than under the age of 4 (Anderson et al, 2004; De 
Raeve, 2010; Svirsky, Su-Wooi & Neuburger, 2004). There is also a 
growing body of research indicating that children who receive CIs under 
the age of 24 months can match the progress of peers with typical hearing 
in some areas of language development (Hehar, Nikolopoulos, Gibbin, & 
O’Donoghue, 2002; Schauwers, Gillis, Daemers, De Beukelaer, & 
Govaerts, 2004) and that many are ready to enter mainstream education in 
early primary school grades (Govaerts et al, 2002). 

With regard to speech development, Schauwers and colleagues 
(2004) showed that children who received CIs under the age of 20 months 
took an average of 1 month of auditory exposure to begin babbling, 
regardless of the age of implantation. Since babbling in children with 
typical hearing starts at an average age of 8 months (Gillis & 
Schaerlaekens, 2000), early cochlear implantation is critical in encouraging 
the child to begin babbling within the typical range. It has also been found 
that children who receive a CI before the age of 1 develop preverbal 
communication behaviors that do not differ significantly in extent from 
children with typical hearing (Tait, De Raeve & Nikolopoulos, 2007). 
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Spoken language acquisition appears to be better facilitated when there is a 
shorter interval between the onset of hearing loss and cochlear 
implantation. The largest study in Belgium—conducted by Philips and 
colleagues (2009) on 391 children with CIs—confirmed that the 
implementation of the UNHS program has resulted in earlier amplification 
(with conventional hearing aids) and earlier implantation, both of which 
are known to have a positive influence on auditory receptive skills, speech 
intelligibility, and language development (Boons et al, 2012; De Raeve, 
2010; Van Deun et al, 2010). Additionally, the use of the most recent 
speech coding strategies and electrode design, proper programming of the 
implant map, and an educational environment that focuses on the 
development of auditory and speech skills can play a critical role in 
facilitating the development of spoken language and reading (van de Kant, 
Vermeulen, De Raeve & Schrueder, 2010). 

Thus, with earlier screening, earlier cochlear implantation, and 
improved technology, there is every reason to be optimistic about the 
development of speech, language, reading, and writing skills of children 
who are deaf or hard of hearing. 
 
 
Educational System for Children with Hearing Loss in Flanders 
 
If a newborn fails the hearing screening test in Flanders, the Flemish public 
agency Child and Family refers the parents to a centre for further diagnosis 
and (re)habilitation. This could be the ear, nose, and throat (ENT) 
department of a university clinic, a centre for early intervention for 
children with hearing loss and their families, or a (re)habilitation centre for 
children with hearing loss. In Flanders, many of the audiological, 
educational, (re)habilitation, and early intervention services for children 
who are deaf or hard of hearing are concentrated in one of six regional 
service centres (one in each province). Three out of six centres offer 
daycare for infants and toddlers with hearing loss. Most of these daycare 
centres are located on the same campus, or even in the same building, as 
the pediatric audiological centre or the early intervention team. 

Children in Belgium attend preschool by the age of 30 months. 
When the child has a hearing loss, parents may choose between a special 
school for children with a hearing loss or a mainstream school 
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environment. All special schools are public schools, and five out of the six 
Flemish schools use a differentiated educational philosophy (Lichtert, 
1990). This means that they differentiate the communication mode based 
on each child’s communication and/or learning capacities. One school in 
Flanders has a sign–bilingual approach using Flemish sign language 
combined with written and spoken (Dutch) language. 

In the mainstream class, children who are hard of hearing are 
entitled to receive additional support from a peripatetic teacher of the deaf 
or from a specialized speech–language pathologist for 2 hours each week. 
This support is provided throughout preschool but is limited to only 2 years 
of primary school and 2 years of secondary school. Therefore, for 4 years 
during primary school and 4 years of secondary education, there are no 
public support services offered for children who are hard of hearing. When 
offered, the peripatetic support staff is provided by the nearest school for 
the deaf and hard of hearing. 

In contrast, children who are deaf are entitled to 4 hours of weekly 
support throughout their education, and at secondary school (ages 12–18 
years), students who are deaf have the added option of an interpreter. This 
can be a sign language interpreter or a notetaker. A complex system is used 
to calculate the number of hours per week for which each student is 
entitled to an interpreter. This depends upon the overall number of 
interpreter-hours provided by the Government of Education, the total 
number of students requesting an interpreter, and the educational level of 
each student. The average allocation is between 4 and 8 hours per week. 
 
 
Research Aims 
 
The central aim of this study was to compare numbers of children with a 
hearing loss attending special and mainstream schools between 1990 and 
2000 (Loots et al., 2003) to data collected in 2010. Both studies collected 
data in the same region of Belgium (Flanders). In the current study, 
additional data has been collected on the number of students with a hearing 
loss who have special needs, the academic choices of these students, and 
the interpreters’ support in mainstream secondary schools. Four hypotheses 
were explored: 
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-More children with a hearing loss will attend mainstream schools, and 
fewer children will attend special schools in 2010 compared to 1990. 
-The percentage of children with a hearing loss with additional needs will 
increase in special schools.  
-Due to improved earlier screening, earlier cochlear implantation, and 
improved technology, students who are deaf will choose a more theoretical 
level in mainstream secondary schools. 
-Students wearing cochlear implants in mainstream secondary schools will 
make different interpreter choices compared to children who are deaf and 
do not use CIs. 
 
 
Methodology 
 
Participants 
The present study included 1,336 children who are deaf and hard of 
hearing between the ages of 2.6–18 from all over Flanders (Belgium). 
Within this group, 585 children were using CIs. Special education and 
educational support for children with a hearing loss in mainstream schools 
are provided free by the Belgium Government of Education; therefore, 
nearly all children who are deaf or hard of hearing in Flanders are included 
in this study.  

Between 1990 and 2010, all six Flemish special schools for children 
who are deaf or hard of hearing developed centres of expertise for children 
with a hearing loss, as well as supporting children with hearing loss in 
mainstream schools and in early intervention. The six Flemish service 
centres work closely together through a joint working group, acting as a 
consultative body called CORA.3 
 
Procedure and Statistical Analysis 
From 2006 onward, CORA compiled a detailed annual inventory on the 
population of children who are deaf and hard of hearing in special and 
mainstream schools in Flanders. Each February, an Excel file is distributed 

                                                      
3 Commissie voor Ontwikkeling en Research ten aanzien van personen met een 
Auditieve beperking [Commission for Development and Research for Persons with 
an Auditory Impairment]. 
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to all members of CORA and data are collected through the end of June. 
The response so far has been 100%, which gives a complete overview of 
all school-aged children with a hearing loss in Flanders. 

This study will focus in more detail on data collected by February 
2010, concentrating on the evolution in education over the last 5 years (De 
Raeve, 2006), and it will compare these data with the retrospective study 
by Loots et al. (2003), which reported on data collected between 1990 and 
2000. Due to the limit number of service centres in Flanders (n = 6) that 
provided data, nonparametric statistical analyses was used. 
 
 
Results 
 
Changes within the Population Attending Special and Mainstream 
Schools 
Figure 2 provides an overview of all children with hearing loss in Flanders 
in mainstream and special educational settings between the school years 
1990–1991 and 2009–2010. Comparing the data from 1991 with the data 
from 2010, there was a 22% decrease (130 children) in special schools and 
a 220% increase (592 children) in mainstream schools. This decrease in 
numbers in special education was significant (Z = 1.892, p = .029, one-
tailed) if we compare the data of the six centres from 1990–1991 (M = 98, 
SD = 36) with those of 2009–2010 (M = 79, SD = 31). 

A statistical comparison of the increase of the mainstreamed 
population was not possible because the detailed data per centre were no 
longer available for 1990–1991, and it was not possible to compare the 
global results on a yearly basis because data from mainstreamed children 
who are hard of hearing (2006–2009) were missing. Only for the school 
year 2009–2010 was all detailed information available. Results shown 
indicate that not only are more children attending mainstream schools but, 
overall, more children with hearing loss are attending school than before 
(mainstream and special school totals combined). 
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Figure 2. Numbers of children with a hearing loss in regular and special 
schools between 1990–1991 and 2009–2010. 
 

However, Figure 2 must be read with some caution. The sudden 
decrease in numbers of children with hearing loss in mainstream schools 
between 1995–1996 and 1996–1997 reflects a change in the law on support 
services for children who are hard of hearing (Lichtert, 2007) rather than 
an actual reduction in the numbers of children entering mainstream 
schools. Until 1995–1996, all children who were hard of hearing received 2 
hours of weekly support throughout their schooling. From 1996–1997 
onward, this changed to 2 hours a week for a maximum of 2 years during 
primary school and again a maximum of 2 years during secondary school. 

This means that, as reported earlier, these children were not 
receiving (public) support for 4 years of primary and 4 years of secondary 
schooling. The data in Figure 2 include only children who received support 
during each school year. 

Consequently, the data from February 1991 can be accurately 
compared only with data from 2010 (bar 09–10) if the number of children 
who are hard of hearing and did not receive support during the 2009–2010 
school year are included. These data are represented by the last bar, 09–10 
plus, in Figure 2. In February 2010, 65% of children who were deaf or hard 
of hearing in Flanders were educated in mainstream schools and 35% in 
special schools. Of the 861 children in mainstream schools, 245 children 
who were diagnosed as hard of hearing did not receive public support in 
2009–2010. This represented 28% of the mainstream population. During 
that period of no public support, we know from clinical practice that some 
of these children received assistance from professionals from the early 
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intervention or home guidance services, from (re)habilitations centres, or 
from private therapists. 
 
Population of Children in Special Schools 
Although 65% of Flemish children with a hearing loss were attending 
mainstream schools in 2010, this does not necessarily mean that all these 
students had been in a mainstream school since the beginning of preschool. 
When examining the subgroups within the 2010 data more closely, it can 
be seen that the percentage of children with a CI attending mainstream 
schools, rather than special schools, gradually increased from preschool 
through primary school and secondary school (see Figure 3). For the cohort 
of 2010, this increase is significant (KW = 8.851, p = .012) as calculated 
with a nonparametric ANOVA. 

 
Figure 3. Percentage of children with a cochlear implant in mainstream 
pre-, primary, and secondary schools from 2006 through 2010. 
 

Only 28% of children using a CI entered directly into a mainstream 
preschool (ages 2.6–6.0) program in 2010, indicating that the majority 
started in a special school. By primary school (ages 6.0–12.0), 46% of the 
children using a CI were attending a mainstream school. That number 
increased to 66% by secondary school (ages 12.0–18.0). Thus, 2 out of 3 
Flemish students with a CI were attending mainstream secondary schools 
in 2010. This represents an increase of 40% when compared with a similar 
study carried out in the same region in 1999 (De Raeve, 2006). 
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By reviewing the data in Figures 2 and 3, it can be surmised that the 
population of students who are deaf and hard of hearing in special schools 
is decreasing, especially at the secondary level. In 2010, the average 
number of students per special school at the secondary level, calculated 
across the six schools for the deaf, was only 23 (SD = 10), compared with 
an average of 42 in 1991. This means that decreased enrollment in some 
schools is significant. 

Although the actual enrollment in special schools might have 
decreased, the percentage of children who are deaf or hard of hearing in 
special schools with additional disabilities has increased by 10% in the last 
5 years for both preschool and primary school and by approximately 5% 
for secondary school (Figure 4). This means that in 2010, approximately 
40% of the population in primary and secondary special schools had 
additional special needs. This increase is significant (Z = 1.892, p = .029, 
one-tailed), especially the numbers of students in secondary school (Z = 
1.841, p = .033, one-tailed). 

 
Figure 4. Evolution of the percentage of children who are deaf and hard of 
hearing with additional needs in special educational settings in Flanders 
between 2006 and 2010. 
 
 
Educational Level in Mainstream Schools 
In Flanders, the educational curriculum of mainstream secondary schools 
can be divided roughly into three levels: (a) a vocational level, mainly 
focused on practical subjects; (b) a technical level, which is a combination 
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of practical and theoretical teaching; and (c) a theoretical level. For 
instance, art and sports are taught at a technical level while science and 
mathematics are at a theoretical level. Analysis of the educational level of 
students with hearing loss in mainstream secondary schools (Figure 5) 
shows a significant difference (χ² = 7.336, p = .025) in how students with 
different levels of hearing (deaf or hard of hearing) are distributed across 
the educational strata (vocational, technical, and theoretical). More 
students who are hard of hearing (49%) than deaf (36%) favor education at 
a vocational level, while the reverse is true at a technical level (hard of 
hearing, 24%; deaf, 41%). The distribution at a theoretical level is similar 
between the two groups (hard of hearing, 27%; deaf, 23%). 

 
Figure 5. Percentage of students who are deaf or hard of hearing studying 
at vocational, technical, and theoretical levels in mainstream secondary 
schools in 2009–2010. 
 
Interpreters at Secondary School 
In mainstream secondary schools in Flanders, students who are deaf can 
receive the services of a sign language interpreter and/or a notetaker. The 
average allocation is between 4 and 8 hours per week. However, a study by 
Vermeerbergen and Van Herreweghe (2008) found that, in most cases, 
many teachers did not consider 8 hours enough time, and in response to 
their concerns, the Ministry of Education in Flanders agreed to gradually 
increase the number of interpreter-hours available to students who are deaf. 

In September 2011, parents of two secondary school students who 
are deaf took the Minister of Education to court, asking for more hours of 
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interpreters for their children. The parents won their case on the basis of 
equal rights for people with disabilities. The Government of Education was 
given a five-month deadline within which to provide interpreters for a 
minimum of 70% of the school hours (FEVLADO, 2011). Students who 
are hard of hearing are not entitled to ask for interpreters. 

 
Figure 6. General comparison of the use of an interpreter by children with 
and without CIs at mainstream secondary school level during the school 
year 2009–2010. 
 

Data analysis of students’ use of an interpreter at secondary 
schools during 2010 (Figure 6) showed that fewer students with CIs (53%) 
made use of some form of interpreter service compared to students without 
a CI (68%). However, more students with a CI preferred to use a notetaker 
when compared to students without a CI. Significant differences were 
found by statistically comparing the preference of interpreter (no 
interpreter, sign language interpreter, notetaker) of children with CIs to 
those without CIs (χ² = 6.720, p = .034). 
 
 
Discussion 
 
During the last decade, much has been published about the auditory, 
speech, language, and academic outcomes of the Belgian population of 
children with hearing loss who were screened early and received CIs early 
(Baudonck, Dhooge, D’haeseleer & Van Lierde, 2010; Boons et al, 2012; 
De Raeve, 2010; Philips et al, 2009; Schauwers, Gillis & Govaerts, 2005, 
2008; Schauwers et al, 2004; Scherf et al, 2007, 2009a, 2009b; Tait et al, 
2007, 2010; van der Kant et al, 2010; van Deun et al, 2009a, 2009b). All of 
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these studies have shown significant improvement in the children’s 
linguistic and academic performance when compared with their 
performance before the introduction of the UNHS. However, results also 
show large individual differences. 

Based on this study regarding the educational setting of all children 
who are deaf and hard of hearing in Flanders, three times more children 
with a hearing loss are now educated in mainstream settings compared with 
20 years ago. This increase can be explained by the number of children 
moving from special to mainstream schools and by the increased total 
number of children with hearing loss now receiving support services. In the 
past, many children with a hearing loss were detected very late. By 
employing a UNHS program, many children with a mild hearing loss are 
now diagnosed and supported at a young age, while children who are deaf 
are offered CIs (when appropriate) at an early age. Children identified early 
demonstrate improved auditory performance and speech intelligibility 
(Philips et al, 2009), prompting easier entry into mainstream schooling. It 
is also possible that the overall number of children who are deaf or hard of 
hearing has increased over the last 20 years, but there is insufficient data 
available with which to compare. Therefore, it can only be concluded that 
in Flanders today, a greater number of children who are deaf and hard of 
hearing are supported than previously. 

However, many support staff start to work as itinerant or peripatetic 
teachers immediately upon completing their basic teacher training; they 
have little or no specific experience in educating or supporting children 
with a hearing loss. In the past, these teachers received their training in 
schools for the deaf and started working as peripatetic teachers some years 
later. With more students in mainstreamed classes, more staff is needed to 
support them in their mainstream school, while fewer staff is required to 
educate the smaller population in the special schools for the deaf, thus 
reducing opportunities for experiential training. 

As a consequence of the increasing number of mainstream students 
with a hearing loss, the overall numbers of students in special secondary 
schools is decreasing. In February 2010, there were only 138 students with 
a hearing loss attending special secondary schools in Flanders. The current 
model of special schooling—developed when numbers were much 
higher—cannot be expected to meet the needs of current students as 
effectively when their needs are diverse and they are spread across six 
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schools. Perhaps fewer, but more specialized, secondary schools for 
students who are deaf and hard of hearing and/or more inclusive education 
alongside children with typical hearing (with or without special needs, 
either individually or as a group) might be possible solutions to guarantee a 
rich, differentiated curriculum. The numbers of students in special schools 
are not only declining, but that population’s needs are becoming more 
complex. Recent research by Nikolopoulos, Archbold, and O’Donoghue 
(2006) and Verhaert, Willems, Van Kerschaver, and Desloovere (2008) 
shows that in general, 30–40% of the population with hearing loss have 
additional needs. The growing complexity of this population makes it 
difficult for teachers in special schools for the deaf in Flanders because the 
Government of Education has neither adapted the curriculum nor provided 
extra financial support. An appropriate education for these students often 
requires an adapted curriculum with smaller groups and increased 
multidisciplinary support (Bertram, 2004; De Raeve, Baerts, Colleye & 
Croux, 2012) ; this is currently not the case. 

Based on the traditional thinking that the degree of hearing loss 
influences the development of spoken language (the more severe the 
hearing loss, the greater the spoken language delay) (Kirk, Miyamoto, 
Ying, Perdew, & Zuganelis, 2000), it could be expected that at secondary 
school age, children with a milder hearing loss would follow more difficult 
(theoretical) courses and that children with a more severe hearing loss 
would follow easier (vocational) ones. In reality, the opposite is seen. This 
might be because many children with a CI are functioning at a higher 
spoken language level than are children who are hard of hearing and use 
hearing aids (Snik, Vermeulen, Brokx, Beijk & van den Broek, 1997). In 
Flanders, it could also be that children who are deaf reach a higher level 
because they receive more intensive support. In that case, it also means that 
Belgian legislation on the educational support of children with hearing 
loss—in which a distinction is made between children who are deaf and 
those who are hard of hearing based on their audiological threshold without 
hearing aids—is out of date. 

Another interesting trend is that students who use CIs require fewer 
interpreters at the mainstream secondary school level compared to students 
who do not have a CI. Students with CIs use half the number of sign 
language interpreters compared to students without a CI. However, the use 
of a notetaker by CI students is slightly higher (6%) compared to students 
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without a CI. This is likely due to children mainstreamed early without 
learning or using sign language. The high need for more notetakers also 
suggests that the training centres for interpreters should guarantee the 
competencies of the notetakers as well as for sign language interpreters. 
Again, this is not currently the case in Flanders. 

The current population of secondary school students who use CIs are 
considered “late implanted.” Most of these children received their CIs 
between the ages of 2 and 6 years, prior to the implementation of UNHS. 
In the future, it is likely that students who have received uni- or bilateral 
CIs at younger ages will use even fewer interpreters (both sign language 
interpreters and notetakers) than the current population. 

The choice to begin schooling in special preschools is often made by 
parents in consultation with professionals. More than 75% of toddlers who 
are deaf start in special schools because of (a) the small number of children 
in one class group in special schools, (b) contact with peers who have a 
hearing loss, (c) good multidisciplinary support for the child and family, 
(d) good classroom acoustics, and (e) provision of daily auditory and 
speech-language therapy. Students then move to a mainstream setting 
between the ages of 4 and 10. 

For effective inclusion of children with hearing loss in a mainstream 
setting, more attention must be given to the number of children in a class 
and the classrooms’ acoustics in the mainstream schools as well as to the 
social-emotional development of these children (Rieffe, Kouwenberg, 
Scheper, Wiefferink & Smit, 2009). 

The fact that increasingly more children with a hearing loss are 
attending mainstream schools influences the experience and qualifications 
required by their teachers and support staff. Most teachers of the deaf begin 
work as soon as they have finished their studies as a teacher or speech-
language pathologist. In Flanders, there is no specialized training for 
teachers of the deaf. Teachers have to follow only a one-year course on 
“special needs children” to become a “special needs” teacher who is 
allowed to teach children with a hearing loss. Therefore, many new staff 
begins work with little or no experience in educating children with a 
hearing loss. In the past, most of the teachers of the deaf received their 
training on the job while working in schools for the deaf before moving out 
as a peripatetic teacher. This is now compromised as the special schools 
population is decreasing, meaning that Flanders has yet another challenge 
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to meet in providing appropriate specialized training courses for teachers of 
the deaf. 

At the time of writing, research is being conducted at the Katholieke 
Universiteit Leuven to examine the qualifications and competencies needed 
for teachers of the deaf to work in all settings with children who are deaf or 
hard of hearing. One part of this research is embedded in a larger European 
Leonardo project, which seeks to identify the pan-European core 
competencies for teachers of the deaf and how they can be acquired 
(Lichtert & van Wieringen, 2010). Another part of the research is focused 
on the special language didactic needs of teachers of the deaf. To guarantee 
a high standard of education for all children with hearing loss in Flanders, 
the Belgium Government must use this research to invest in the 
development of training courses tuned to the diverse population of today in 
combination with good practices and in cooperation with its European 
partners. 
 

 
Summary 
 
The data from Flanders, Belgium, provides further evidence that an early 
UNHS program, early intervention, and early cochlear implantation can 
influence the educational path of children who are deaf or hard of hearing. 
Increasing numbers of children with hearing loss are attending mainstream 
schools, although not always from a young age. Parents of preschool-aged 
children often choose special educational settings because of (a) small class 
sizes; (b) opportunities for their children to meet peers with hearing loss; 
(c) classrooms with a good acoustic environment; (d) provision of intensive 
auditory, speech, and language therapy; and (e) multidisciplinary support. 

These children move to mainstream schools during their primary 
school years and, by secondary school age, most are in a mainstream 
setting following a regular curriculum. The numbers of children attending 
specialized schools for the deaf at secondary level is decreasing while the 
needs of their population are becoming more complex. In the group of 
children with a CI at secondary school, there is a shift from the support of a 
sign language interpreter (chosen by children without CI) to the support of 
a notetaker or even without an interpreter at all (chosen by students with a 
CI). Because of the rapidly changing educational landscape, the 
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government has a responsibility to invest in new training possibilities for 
teachers of the deaf and interpreters to meet the special needs of children 
with hearing loss in the 21st century. 
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Abstract 
 
Auditory perception with cochlear implants (CIs) enables the majority of 
deaf children with normal learning potential to develop (near) age-
appropriate spoken language. As a consequence, a large proportion of 
children now attend mainstream education from an early stage. The 
acoustical environment in kindergartens and schools, however, might be 
detrimental for children with hearing loss. This paper considers the 
progress and needs of children with CIs in mainstream education, using the 
Screening Instrument for Targeting Educational Risk and the assessment of 
mainstream progress. Academic skills develop quite swiftly, while on the 
other hand, communicative skills lag behind. The needs of children with 
CIs are rather subtle and their communicative abilities which show delay 
may be camouflaged by good speech, spoken language, and academic 
skills that are at a higher level than observed in the past. One reason for the 
delay in communicative difficulties may be the difficulty for deaf children 
with implants to learn incidentally or from informal interactions in noisy 
classrooms. These findings are considered relevant for the practice in 
mainstream settings. The more subtle the needs of these children with CIs, 
the more difficult it is for the educational environment to provide effective 
support. The authors argue for an ongoing teacher training programme that 
focuses on these issues. 
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Introduction 
 
Increasing mainstream education 
More and more deaf children are now fitted with cochlear implants (CI’s). 
For example, over the past twelve years, the percentage of young severe 
and profoundly hearing impaired (pre)school aged (2;6-6;0 yrs) children in 
Flanders (the Dutch speaking part of Belgium) receiving a CI increased 
from 25% to 93% (Figure 1).  Data are gathered from all 6 Flemish schools 
for the deaf (De Raeve & Lichtert, 2012). 

Figure 1: Percentage young deaf children (2;6-6;0j) with CI in Flanders 
(Belgium) 
 

Not only have the numbers of children implanted increased, but at 
the same time, the age at implantation has decreased steadily.  In CI Centre 
Nijmegen, the largest pediatric implant centre in the Netherlands, 75% of 
the children had CI-surgery in their second year of life and 20% before 
their first birthday, in 2010. In Figure 2 the proportions of children, 
receiving their implant are presented for subsequent ´age at implantation´ 
intervals, for the period of 2006 until 2010. 
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Figure 2. Age at implantation between 2006 and 2010 in Nijmegen 
 

There is a growing body of research indicating that children 
implanted under 24 months of age can match the progress of normally 
hearing peers in some areas of language development (Schauwers et al, 
2004; Geers et al, 2008; De Raeve, 2010) and as, a consequence, many 
enter mainstream schooling in early primary grades (Francis et al, 1999; 
Geers, 2003). Recent data from CI Centre Nijmegen show that about 75 % 
of the children who received a CI before the age of 2 are placed in 
mainstream education (Langereis & Vermeulen, 2011).  
 
Impact of participation in mainstream education 
Mainstream education is now considered to be a realistic option for the 
majority of CI children with normal learning potential, by both parents and 
professionals.  Many parents hope their child will be able to attend a 
regular school in their home environment to be part of their community, 
with siblings, neighbors and classmates. However, we do not know 
whether the expectations of the parents and professionals are realistic. 
Cochlear implants provide severe and profoundly hearing impaired 
children with much better auditory information than conventional hearing 
aids. Speech perception in quiet is often excellent  (for example, Kirk et al, 
2000), but speech perception in noise is known to remain difficult for 
children with (unilateral) cochlear implants (for example, Dunn et al, 
2008).  
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Despite standard regulations for noise and reverberation levels for 
educational settings, the reality is that children with CI’s are often in 
mainstream kindergarten or elementary educational settings in which noise 
and reverberation is high. An example is reported by Buch and Fielding in 
2001, showing that noise in a kindergarten at 11 of 14 daily educational 
situations that were measured, reached peak levels intensities over 80 dB 
SPL. This occurred not only in the situations expected to be noisy: 
collecting children, free play time and eating. During painting-drawing and 
in circle time sessions noise levels were high. In 16 of the 18 care-takers 
environments, the average noise levels even exceeded 80 dB.  Poor 
acoustic environments can affect even hearing children, especially in 
young children with high levels of  noise and reverberation rates 
decreasing speech recognition substantially. Data of Papso and Blood 
(1989) showed that the word recognition of children aged 4 to 6 decreases 
from 94 % in quiet to 67% in multi talker noise. Their results also show 
that adults are much less hindered by noise.  

In a study conducted by Taub et al. (2003), the influence of 
classroom acoustics for language learning was studied using the Screening 
Instrument for Targeting Educational Risk (SIFTER), developed by 
Anderson (1989). They used the SIFTER to study the effect of 
improvement of the acoustic environment of children in a low socio-
economic kindergarten. The conclusion of this study was that the risk for 
language/learning problems decreased significantly when soundfield 
systems were used to improve classroom acoustics. The authors state that 
data about appropriate classroom acoustics exist but are widely ignored.   
The effect of these acoustical educational environments on learning 
capacity, concentration, listening skills, is known to be detrimental, even 
for children without hearing loss. For children with limited auditory speech 
perception skills and/or unilateral hearing the negative effects of poor 
classroom acoustics are even worse. This is also reflected in the data of 
combined effects of noise and reverberation, reported by the NDCS, 
(2007). Strikingly lower scores are obtained by hearing impaired children. 
Their speech perception decreases more in poorer acoustic situations than 
normal hearing subjects.   

This paper explores, using SIFTER and the Assessment of 
Mainstream Progress (AMP), the progress of children with implants in 
mainstream environments and considers some of the reasons for delay.  



Chapter 4.3  

232 
 

Method 
 
Data of a Nijmegen study (Damen et al, 2007, 2008) in which the SIFTER 
was used for assessment of the classroom performance of deaf children 
with unilateral CI in mainstream education, have been reanalyzed to 
monitor the effects of acoustic environments.  

In the Nijmegen study the SIFTER and the AMP (Assessment of 
Mainstream Progress; Chute & Nevins, 2006) were used  to evaluate 
educational progress and the Reynell Developmental Language Scales 
(RDLS) to assess language development (Schaerlaekens et al, 2003).   The 
subjects, consisting of 26 children with unilateral CI and 60 control 
classmates, were rated by their teachers. The CI group included 18 
congenitally and 8 prelingually deaf children. Information about the group 
is shown in table 1. 

 
Table 1. CI group demographics 
In months range mean 

Age at Implant 16 - 115 50 

Duration of deafness   6 - 115 45 

Duration of CI use   1 - 99 63 

Age at testing 77 - 152 117 

 
Firstly the AMP was used, which aims to determine skills that are 

required to be successful in mainstream school settings. Aspects evaluated 
include participation in typical classroom activities and age and content 
appropriate behavior.  It is a 22 item teacher questionnaire focusing on 
several instructional and social domains. The score consists of a “class 
ranking scale” (1 to 5), (Outstanding, good, above average, below average, 
weak) and an “Appropriate behavior “rating (1 to 6) (Almost never, 
seldom, sometimes, regularly, often, almost always). Secondly the SIFTER 
was used. This is a 15 item teacher-rating test that covers 5 areas of school 
performance:  academics, attention, communication, class participation and 
school behavior. There are 3 outcome measures: failure, marginal or 
sufficient. Thirdly the RDLS was used to assess receptive spoken language 
skills.  
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The AMP and SIFTER were administered once, following the 
standard procedure. RDLS data were available from the CI standard 
evaluation protocol, administered at 3 years post implant at the CI centre.  
 
 
Results 
 
The results of the Nijmegen study are summarized in table 2. These results 
show large inter individual variability. On the average the AMP 
“Appropriate behavior” rating  was ranged from always to sometimes. 
Three SIFTER areas were rated on average as “sufficient”, namely: 
Academics, Class participation and School behavior. Attention was rated 
“marginal” and Communication was on average rated as a “failure”. 
 
Table 2. Average (modal) scores and range on, SIFTER,  RDLS and the 
speech recognition score in quiet 
  range mean / modus 

AMP app. behavior sometimes- always often 

AMP class ranking 1 to 5 above average 

SIFTER 
Academic 
Attention 
Communication 
Class participation  
School behavior 

failure – sufficient 
6 - 15 
3 - 13  
3 – 12 
4 - 13 
7 – 15 

sufficient 
10,4 
8,5 
7,3 
9,2 
12,6 

Rec. language delay -11 to -69 months 30,6 months 

Phoneme recognition 42% - 95% 72,2  % 

 
Why is communication, an important factor in life, rated so poorly? 

We computed some associations between outcome measures of the AMP, 
SIFTER and RDLS to obtain more insight in the nature and causes of this 
low rating.  

A factor of importance might be the language level of the children. 
So, firstly, we analyzed the effect of age at implantation and came to the 
conclusion that there was a strong (two-tailed) correlation between age at 
implantation and language delay (r=.807, p<0.01). The younger implanta-
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tion took place, the smaller the receptive language delays were, as shown 
in Figure 3. 

 
Figure 3: Relation between age at implantation and receptive language 
delay on the RDLS 
 

A confounding factor may be the age of the child. Since, the older a 
child is, the larger the delay can be. Analysis of covariance with language 
delay as dependent variable and age at implant as independent variable and 
age as a covariate confirmed this (F(1,18) = 4.46, p= .079).   

After analyzing the effect of age at implantation on language 
development we looked at the effect of language level at the AMP score. 
As expected, there was a significant correlation between language delay 
and appropriate behavior in the classroom, see Figure 4. Children demon-
strating less delay in receptive language showed more often appropriate 
behavior on the AMP (higher on the y-axis) than those with larger 
language delays,who tend to have low scores on the AMP. 

 
Figure 4. Relation between receptive language delay and behavior-scores 
on the AMP 
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Similarly, children with smaller language delays obtained higher 
class ranking scores on the AMP, and those with large delays show lower 
scores on the AMP (r=-0.47, p<0.03). 

Furthermore, this type of association was found between language 
delay and academic achievements, rated with the SIFTER, (r=-0.60, 
p<0.002). This is visible in Figure 5, where those with high levels of delay 
score more poorly on the SIFTER academic scales. 

 
 
 
 
 
 
 
 
 
 
 
 

Figure 5. Relation between receptive language delay on the RDLS and 
academic achievement on the SIFTER 
 

Next, Figure 6 shows the association between language delay and 
communication, (r=-0.62 p<0.002).  Children with smaller language delays 
tended to receive higher ratings for communication. 

 
Figure 6: Relation between receptive language delay on the RDLS and 
communication achievement on the SIFTER 
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Finally, there was a strong association between SIFTER subscales 
communication and academic (r=-0.75 p<0.000). Language delay showed 
no relation with the SIFTER areas: attention, class participation, and school 
behaviour. However, the areas ‘academics’ and ‘communication’were 
associated with receptive language delay. The scores on the two areas 
‘academics’ and ‘communication’ were highly correlated, but those on 
communication were at a lower level. Bearing in mind that the area 
‘academics’ was on average rated as ‘sufficient’ and ‘communication’ on 
average as ‘failure’, we focused on these two areas to determine the factors 
that may cause the lagging communication and help to determine the needs 
of CI children in mainstream education. 
 
 
Discussion 
 
Previous data show that children with greater language delays are likely to 
do less well in class in both communication and academic areas as 
measured by the SIFTER and to have lower scores on classroom ranking 
and appropriate behaviours as measured by AMP. With so many children 
with implants entering mainstream schools considering their behavior and 
progress in class is important. Receptive language is key to their achieving 
their potential in class; however, the situation in the classroom may not be 
conducive to accessing spoken language easily.  

The reality of attendance of mainstream education, in contrary to 
many parents’ expectations, is that speech perception can be poor, hindered 
by a noisy classroom environment. In addition to this, there are often little 
visual cues in regular schools. For teachers it will be difficult to estimate 
the level of ability of the child due to varying reactions (in quiet and noise). 

More complex linguistic skills might be less-developed. These 
deficits may be hidden by relatively good auditory perception skills, 
intelligible speech and relatively good basic language skills. Subtle 
misperceptions and misunderstandings might not be noticed.  Recently, 
long term data from Nijmegen (Langereis & Vermeulen, 2010) showed 
that such misperceptions and miscommunications do not prevent children 
to enjoy school and maintain friendships with classmates and other peers.   

Reanalysis of the Nijmegen data show the importance of monitoring 
subtle aspects of wellbeing of CI children in mainstream settings. In 
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literature, monitoring of progress in education and evaluate at risk 
situations has been described before and the results are pointing in the 
same direction. The SIFTER was sensitive to these subtle needs and the 
two areas “academics” and “communication” were associated with 
language delay.  

Inspection of the items that construct the areas “academics” and “ 
communication” skills, show a remarkable difference. The “academics” 
area reflects specific and common knowledge and behavior items that are 
explicitly taught to children in classroom situations (See appendix A). The 
difference between the contents of these two areas, can be defined as 
“learning knowledge level and attitude” (academics) versus “pragmatic 
language use and interaction/cooperation skills” (communication). 

Rephrased, one can say “explicitly taught” versus “acquired by 
incidental learning”. By definition, incidental learning is ”Unintentional or 
unplanned learning that results from natural and spontaneous activities. It 
happens in many ways, through observation, repetition, social interaction 
and problem solving. It is a skill or knowledge that is learned without 
noticing the learning. It typically occurs when a natural situation is 
enjoyed, when the child is relaxed and intrinsically motivated” (Coninx, 
2005). Incidental learning is known to be important for the development of 
narrative skills which is highly correlated with reading (Asker-Arnason, 
2011). Also, social-emotional development and interaction skills develop 
largely via incidental learning and these skills are vital to appropriate 
behaviour in class.  

A study by Tova Most (2004), considered the effects of degree and 
type of hearing loss (not deaf) on children’s performance in class. The 
study included 47 children, aged 7;2 to 9;3 years, with various degrees and 
types of hearing loss. The SIFTER, which was used for assessment and the 
results, showed us that some children with minimal hearing loss have a 
lower performance than some with severe hearing losses.  She found that 
on the domains “communication” and “attention” the largest proportion 
failed. She concluded that professionals need to become more aware of the 
possible adverse effects of minimal or unilateral hearing loss, comparable 
to the situation in which students with CI find themselves,  on students’ 
functioning in the educational system.  

In the same vein effects of unilateral hearing loss on teacher 
responses to the SIFTER have been assessed by Dancer, Burl and Waters 
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(1995). They assessed 18 students with unilateral hearing loss with the 
SIFTER. Their results indicate that children with unilateral hearing loss are 
given SIFTER scores significantly lower than their peers in all five 
SIFTER areas: academics, attention, communication, participation, and 
behavior.  So the authors concluded that “teachers' attitudes toward 
students with unilateral hearing loss have to be adapted and indicate a need 
for in-service education for the classroom teacher and special attention to 
the educational risks of such children”. This type of results might reflect 
parallel processes as in our group with CI children.  In their functioning in 
daily life they can be regarded as children with a unilateral deafness and 
unilateral minimal hearing loss on the other side. Children with CI, 
however, benefit in learning situations from personal FM systems and miss 
the most information in informal learning situations. Although this study 
did not collect data on FM use, personal FM systems are being used at a 
regular basis in mainstream settings in the Netherlands and Flanders to 
overcome the difficulties of background noise and distance. It appears that 
they may improve the acoustical environment in formal learning situations 
adequately, as the children obtain a sufficient level of academics.  With FM 
systems the formal learning process seems not to be seriously hindered by 
poor classroom acoustics. However, in more informal situations where 
children can learn from others, on an incidental learning basis, the 
equipment is not as helpful, and may not be being used.  

Chute and Nevins  (2009) devised a comprehensive Audiological 
Management Plan for assessing the academic progress of students with 
hearing loss. It focuses on the desires of parents for local school placement, 
the fact that language influences academic outcomes and stresses that 
language age and chronological age may be always not aligned. Chute and 
Nevins emphasize that at-risk factors should be evaluated and followed by 
intervention if needed, particularly as education becomes more 
challenging. Tools like the AMP can be used for monitoring of the 
development. This should be done by professionals in close collaboration 
with local school staff. 

Deaf children, particularly those with unilateral CI’s, may  not reach 
their full potential, unless their subtle learning needs are addressed. With 
improved potential, the amount of direct explicit guidance may be less 
intense than previously, but specific support of child and thinking about the 
learning environment remain essential.  
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Conclusion 
 
Most mainstream settings are characterized by poor classroom acoustics 
which can hinder performance of hearing impaired children with CI. As 
expected, personal FM systems may improve the formal learning situations 
for these children, but there remain difficulties with  incidental learning. In 
peripatetic teaching in mainstream schools less focus is on explicit 
language learning. Academic knowledge seems necessary but awareness 
of, and coping with the consequences of the auditory impairment is 
important for them too. The authors recommend that this should include 
the following: to teach appropriate communicative and auditory strategies; 
to learn to detect/perceive misunderstandings and to use proper repair 
strategies for fluent communication and learning; to become aware of 
intentions and feelings of other people; to learn how to express emotions. 
Furthermore, knowledge about classroom acoustics and educational 
audiology are essential for peripatetic teachers. Ongoing teacher training 
programs are necessary to address the subtle needs of CI children in 
mainstream education 

It is of the utmost importance to keep monitoring the classroom 
performance closely because difficulties may be subtle in mainstreamed 
children who use CI’s. The SIFTER proved to be an adequate instrument 
for this purpose. Documented problems must be followed by adequate 
interventions to ensure optimal benefit of the CI in order to enable the 
children to develop their full potential.  
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Appendix A: Example of SIFTER items 
 
Academics area items: 
1. History of completing and turning in assigned work 
2. Performance on test measures or projects within the expected range of 
performance 
3. Demonstrates the foundation skills to perform the work expected in class 
4. Ability to summarize and draw conclusions about events or information 
presented in class 
5. Demonstrates a steady progression of skills. 
 
Communication area items: 
1. Ability to verbally describe class events or information with accuracy 
2. Ability to communicate needs effectively to teacher 
3. Ability to start work independently following oral instructions 
4. Ability to assimilate verbal instruction 
5. Demonstrates typical vocabulary and word usage skills.
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Abstract 
 
In the last two decades the population of deaf children has changed 
dramatically in those countries where universal hearing screening, early 
intervention, digital hearing aids, and cochlear implants are available. Most 
of these children can now acquire intelligible spoken language and they go 
to mainstream school in larger proportions. But mainstream placement 
does not eliminate the need for services, which will vary depending upon 
the child’s age, school curriculum, language, and other child-specific 
factors. This paper reports on the content of all these changes and will also 
show how one of the schools for the deaf in Belgium, called KIDS (Royal 
Institute for the deaf) has adapted its educational setting to their changing 
population of deaf children. The special school for the deaf became a 
service centre for the deaf. Within this service centre, which has to deal 
with the whole, very heterogeneous group of deaf children, there are 
several departments: early intervention, daycare centre, pre-, primary and 
vocational training school, mainstreamed support service, audiological 
centre, and residential department. 
All this is a big challenge for the management of the service centre, who 
must ensure that their staff have the skills to meet these challenges. 
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Introduction 
 
The introduction of the latest hearing technologies, including universal 
neonatal hearing screening (UNHS) and cochlear implantation have 
transformed the opportunities for deaf children, and brought new 
challenges to schools for the deaf. This paper describes the changes made 
at KIDS-Hasselt, a school for the deaf in Flanders,Belgium. 
Studies to date (Moeller, 2000; Yoshinaga-Itano & Sedey, 2000; Kennedy 
et al, 2006; Yoshinaga-Itano, 2006; Watkin et al, 2007; Verhaert et al, 
2008) provide strong evidence of the benefits of early identification and 
intervention on the development of expressive and receptive language, on 
auditory and reading skills and on social emotional development. Most (95 
per cent) parents of deaf children are hearing, and do not expect their child 
to have a hearing loss. Receiving this information at an early stage may 
influence the emotions of these parents and the way in which they 
communicate and interact with their child (Luterman, 2002). 

Hearing parents of deaf children are often unsure about the effects of 
the hearing loss on the child’s language development, which can lead to the 
adult adopting a more controlling interaction style. However, such an 
interaction style is counterproductive to language development. In fact, a 
responsive interaction style that connects with the child’s intentions is 
more conducive for language acquisition (Lichtert, 2003). Therefore 
following early screening, early intervention provision is crucial; involving 
families is critical in the proactive management of these children and 
their families (Moeller, 2000). 
 
(Bilateral) Cochlear implantation 
The number of people wearing a cochlear implant (CI) worldwide was 
219,000 by December 2010, of which more than half are children (NIDCD, 
2011). Evidence shows that children who receive a CI at a younger age do 
better on a range of auditory, speech, and language measures than children 
who are implanted at an older age (Kirk et al, 2000; Svirsky et al, 2004). 
Yoshinago-Itano (2006) concluded that early-identified profound hearing 
loss combined with early cochlear implantation and a high-quality auditory 
stimulation programme results in expectations that are similar to those of 
early-identified children with a mild-to-severe hearing loss, amplified by 
conventional hearing aids. There is also a growing body of research 
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indicating that children implanted under 24 months of age can match the 
progress of normally hearing peers in some areas of language development 
(Schauwers et al, 2004; Geers, 2006; De Raeve, 2010), and that many enter 
mainstream schooling in early primary grades (Francis et al, 1999; Geers, 
2003; De Raeve & Lichtert, 2012). Despite this, researchers have recently 
shown an achievement gap between deaf students with a CI and hearing 
students that increases as they progress through the academic grades 
(Duchesne et al, 2008; Geers et al, 2008; van der Kant et al, 2010). 

In recent years increasing numbers of individuals have received 
bilateral CIs (Litovsky et al, 2010; Sparreboom et al, 2010) with benefits 
shown for localization of sound (Beijen et al, 2007; Greco-Alub et al, 
2008; VanDeun et al, 2009) and speech discrimination in noise (Kuhn-
Inacker et al, 2004; Litovsky et al, 2006; Dunn et al, 2008). 

From these studies we know that the use of two ears is very 
important in an educational setting, where children are often in noisy 
rooms and working in groups. Being able to use both ears enables easier 
identification of the speaker and hence greater likelihood that they will 
understand the speech in a mainstream educational setting. 
 
Changing population of deaf children 
In Flanders, the Dutch-speaking part of Belgium, 93 per cent of children 
born deaf (>90 dB loss in the better ear) receive CIs. Since February 2010, 
bilateral implants have been reimbursed by the government, and 67 per 
cent of deaf children under age 6 are now wearing two CIs (De Raeve & 
Lichtert, 2012). 

In general, there are now three different groups of deaf children with 
implants: those at the secondary level who were screened later and 
implanted at a later age; those at the primary level who were screened early 
and implanted unilaterally before the age of two; and preschool children 
who are now screened early and who are wearing bilateral implants before 
the age of two. 

Archbold (2010) reports that children with CIs are now in a variety 
of educational settings using a variety of communication approaches. Some 
are in special schools, others start in a special school before moving to a 
regular school, and at the primary level the majority of children with CIs 
attend regular schools. However, these children in a mainstream setting 
still need additional support to function well in these settings. Regardless 
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of programme type and methodology, success with an implant will be 
influenced by the consistency and quality of spoken language use that is 
integrated into a child’s programme (De Raeve, 2006). It is also important 
to remember that, in general, 30–40 per cent of the deaf population present 
with additional needs that can have a negative impact on the outcomes after 
implantation (Nikolopoulos et al., 2006). For an appropriate education 
these students often need an adapted curriculum, as well as smaller groups 
and more multidisciplinary support (De Raeve & Lichtert, 2012). 

So, over a relatively short period of time cochlear implantation has 
changed from a procedure parents had to fight for, to that of routine 
provision in most parts of the developed world, and even increasingly in 
the developing world (Leigh, 2008). The outcomes brought about by 
cochlear implantation have been greater than expected, but have also taken 
place in a rapidly changing context. Archbold (2010) recognizes some 
major changes that have taken place: 
• the introduction of UNHS, which increases the possibility of early 
implantation; 
• the changing nature of the deaf population, particularly the survival of 
more deaf babies with complex needs; 
• an increased focus on ‘outcomes’ for all deaf children; 
• developments in a number of related fields, such as cognitive psychology, 
neuroscience, and linguistics which contribute to a fuller understanding of 
the impact of a CI on learning; 
• changing choices for deaf people and their parents, with increasing 
recognition of their rights and inclusive education; 
• the development of a range of communication technologies, which are 
changing the communication needs, abilities, and opportunities for deaf 
people; 
• greater emphasis on the need for an evidence base for intervention with 
children; 
• a more technologically aware society in which technology is playing a 
larger role and is accepted more widely. 

These changes have influenced decisions made with regard to the 
management of childhood deafness, and to practice with respect to CI 
technology, outcomes, habilitation, and educational settings. 
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KIDS-Hasselt: from school for the deaf to service centre for the deaf 
 
Considerable research has been conducted into early screening of children 
with a hearing loss and into deaf children with CIs, but the majority of 
these studies focus on the technology, on speech perception outcomes, or 
on spoken language development. Much less research examines how 
parents and professionals work with these children at home, in therapy or 
in school. Swanwick and Marschark (2010) report a gap in communication 
from teachers to researchers with respect to the priorities in education, and 
from researchers to teachers as to the ways in which scientific progress 
might be utilized in the learning context. This paper illustrates how one of 
the public schools for the deaf in Belgium, named KIDS (Royal Institute 
for the Deaf), has adapted its educational setting to meet the needs of this 
changing population of deaf children with CIs. 
 
Early intervention 
Flanders was one of the first regions in Europe to implement a UNHS 
programme in 1998, combined with a diagnostic and early intervention 
programme. When we look at the results in Figure 1, we can see that the 
onset of UNHS has led to an enormous decrease in the average age of 
identification of a hearing loss (from 12 months to 1 month), the onset of 
intervention (from 13 to 3 months), fitting of first hearing aids (from 13 to 
5 months), and receiving a CI (from 36 to 14 months). As a result, 
Flanders’ UNHS programme has not only influenced the screening method, 
but also the way we work with the child and the families during the early 
intervention programme (De Raeve, 2006). 

The early intervention team of KIDS-Hasselt provides support in 
educational settings (e.g. daycare centres), and in the family home. They 
visit the families on a regular basis (on average once in every 2 weeks). 
During the home visits they lay emphasis on helping the family to cope 
with this new and mostly unexpected situation, and gradually provide them 
with information on the effects of having a deaf or hard-of-hearing child. 
Another important topic in early intervention is how to keep the interaction 
between the parents and the child as natural as possible (De Raeve, 2006). 

This typically happens in a very natural way, by modeling during 
play, feeding, and nurturing. If requested by the family, early intervention 
can continue beyond the preschool age through primary and secondary 
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school, although this is then called ‘home guidance’ rather than early 
intervention. 

 
Figure 1. Identification of hearing loss, onset of intervention, first hearing 
aid, and first CI for all implanted children in Flanders (Belgium) in 1998 
(before UNHS) and in 2003 (after 5 years of UNHS). 
 
Special day care centre 
Following early implantation, there is a greater demand from parents to 
support them in raising and educating their child at this young age. Parents 
have to visit the audiological centre frequently to check the hearing levels, 
to monitor speech, language and auditory skills, to check device function-
ning, or to participate in the child’s rehabilitation programme. Several 
service centres in Belgium now offer daycare for infants and toddlers with 
hearing loss, often together with hearing children. 

In KIDS-Hasselt it is called ‘KIDSJE’ and it is located in the same 
building as the audiological centre. This makes it easy to coordinate 
audiological testing or hearing aid/CI fitting during the day, saving time for 
the child, parents, and hearing health professionals. Speech and language 
therapists, psychologists, and care staff at the daycare centre work with the 
children on their auditory, communication, and cognitive skills, and 
provide instruction to parents in small groups or on an individual basis, 
with a focus on communication and on easing the transition to preschool. 
 
From school for the deaf to service centre for the deaf 
Flanders is divided into five regions and each region formerly had its own 
public school for deaf and hard-of-hearing children. Since the introduction 
of UNHS, cochlear implantation, and the enormous increase in the number 
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of deaf children in mainstream settings, most of these schools for the deaf 
have become service centres for the deaf. Within these centres there can be 
several departments (e.g. early intervention, daycare, preschool, primary 
school, vocational training school, mainstream support service, audiology, 
residence, and rehabilitation), and they must work together to address the 
needs of the range of the entire, heterogeneous population of deaf children. 

In February 2010, CORA-CI (Commissie voor Onderzoek en 
Research voor personen met een Auditieve handicap, werkgroep CIs), a 
Flemish working group on paediatric CIs, collected data from all (583) 
deaf children with CIs in Flanders who are in an educational setting (aged 
between 2.6 and 18 years). It is important to know that ‘all’ deaf children 
with CIs in Flanders are included in this cohort: children in special schools, 
in special units, and in mainstream settings (De Raeve & Lichtert, 2012). 
In Figure 2 it can be seen that 93 per cent of deaf children in preschool are 
wearing CIs. At primary level (age 6–12 years) 80 per cent of all deaf 
children are wearing a CI, and at secondary level (age 13–19 years) 47 per 
cent have received a CI. It is clear that the number of deaf children with 
CIs decreases with age, but in 6 years time we can expect that, based on 
these figures, 80–90 per cent of the all deaf children in educational settings 
will wear CIs. Thus, we have to adapt our style of intervention and 
education for these children now to respond to both the results of the 
changing demographic in the field, and to the local situation for deaf 
children in our country. 
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Figure 2. Total numbers and percentages of deaf children with and without 
CIs in Flanders (Belgium) at different educational levels the 1 February 
2010. 
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Communication choices 
 
Given the heterogeneity of the deaf population, the outcomes of CIs are 
difficult to predict at a very young age. At KIDS service centre, a ‘no 
exclusion principle’ is in effect during the preschool period. Parents and 
educators are encouraged to use spoken language with sign support in the 
linguistic environment. This is referred to as Simultaneous Communication 
(SimCom). A decision was made that if sign language is to be used with 
some children, then only deaf staff members and sign language interpreters 
may use it, so that children will see good signing role models. SimCom 
means that the spoken language (and the grammar of spoken language) is 
the main language input in communication, but speech is supported with 
some signs and characteristics of sign language (visual communication 
strategies, spatial location, etc.). In the past it was challenging to use signed 
(English) systems because a deaf child with a conventional hearing aid was 
not able to fully access spoken language input, and the signed message was 
often incomplete as modes were combined. Now, however, the majority of 
children with CIs can fully access spoken language in a quiet environment. 

Using SimCom in this form makes it possible to determine the extent 
to which the child is able to discriminate speech sounds. If it is not able to 
discriminate most speech sounds, the child needs more visual support, and 
in that case sign language will become the main language in a bilingual 
educational setting. If children can discriminate most of the speech sounds, 
spoken language will become their main communication mode and they 
can choose sign language as a second language. The ASSE-test, developed 
by Daemers et al. (2006), is a very useful tool to assess speech discrimina-
tion at a very young age. 

As implantation occurs at increasingly younger ages, it is not 
possible to know about all additional needs at the time of the surgery. We 
have to continue to assess and monitor these children in a multidisciplinary 
manner, not only looking at their auditory, speech, language, and school 
curriculum development, but also at their cognitive and social emotional 
development. In addition, there are an increasing number of families where 
the local spoken language (used as the language of instruction in 
education) is not their first language. 

To meet this growing diversity in educational needs, the special 
school for the deaf in KIDS-Hasselt has created three departments: (i) one 
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in which the spoken language is the main language (supported with some 
signs if needed); (ii) a signed bilingual department where sign language 
and spoken language (supported with signs) are used equally, but where 
sign language is the language of instruction; and (iii) one for children with 
complex additional needs. There is flexibility in utilizing these different 
departments and children can move from one department to another 
depending on their education and communication needs. 
 
 
Curriculum changes 
 
There have also been changes made to the school curriculum to meet the 
particular educational needs of learners with CIs. These include: 
• Increased technical support because the CI system has to function at all 
times. This can be challenging with very young children and with the 
complexity of tuning and monitoring the system. 
• Consistent/increased oral/aural input whatever their educational setting, 
because they now have access to high-frequency speech sounds. Music is 
now an important part of our curriculum. 
• Specific auditory training especially in the early years after implantation, 
to achieve maximum benefit from their implants. All children under 6 
years of age receive daily speech and language therapy. 
• Optimal listening conditions and/or additional listening devices: FM-
systems are available in all classes in the special school and used by nearly 
all students in the mainstream school. Induction loop systems are available 
in all living rooms of the boarding house and in the meeting room where 
the assemblies take place. 
• Enhanced opportunities to promote spoken language. 
• A reading curriculum that focuses on the specific vocabulary and 
morpho-syntactic structures often needed by children with a hearing loss. 
 
 
Mainstream support service 
 
Over the last 10 years the average number of deaf students going to regular 
schools has increased from 20 to 50 per cent. At secondary level, as many 
as 66 per cent of implanted deaf children are in a mainstream setting (De 
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Raeve & Lichtert, 2012). Hence, the number of staff members working in 
mainstream support services has increased enormously, and their aim is to 
integrate the curriculum changes outlined above into the regular curriculum 
and/or into their support. 

The deaf child in the mainstream is often the only child with a 
hearing loss in the classroom or even in the school, which increases the risk 
for problems in their social-emotional development. For this reason, the 
mainstream support service at KIDS-Hasselt promotes group integration 
(more than one child with a hearing loss in the same school), and has 
started to organize ‘Saturday afternoon meetings’ so that deaf students can 
meet, socialize, and can do some (educational) activities together. During 
the summer holiday the staff of the boarding house organizes a summer 
camp for all children in mainstream and special schools. Deaf adults and 
deaf ex-mainstreamers also take part in these activities. Some use sign 
language and others use spoken language as their main mode of communi-
cation (De Raeve, 2006). 
 
 
An integrated way of working for deaf children with (complex) 
additional needs  
 
As reported earlier, 30–40 per cent of deaf children have additional needs. 
Some deaf children have additional needs that are so severe that the 
children need a special educational setting (e.g. learning disability (mild to 
moderate), attachment disorder, attention-deficit hyperactivity disorder, 
autism spectrum disorder, or behaviour). 
In the past children with significant additional needs were placed and 
educated in separate groups, or if they had severe behavioural issues they 
may have been sent to a special school for hearing children, although there 
were unlikely to be other deaf children in that school. But this was not a 
successful approach. The two most important reasons were: lack of proper 
communication, and the learning and living environment. To deal with all 
these difficult situations, a new educational setting has been created. A 
group of eight adolescents (boys and girls, aged between 13 and 20 years), 
was identified, and a large staff (including teachers and health care 
workers) was brought together into one multidisciplinary team. The main 
communication for the group is sign language, with spoken Dutch as a 
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second language, although this can be modified depending on the needs of 
the group. Staff have also been trained in how to deal with behavioural 
problems. For support on all levels there is also a guidance team, consisting 
of a psychologist, social worker, coordinator of care staff, and a child-
psychiatrist. Currently, we are in the second year with this group and early 
indications are that progress is being made on a number of levels (e.g. 
behaviour, language, and social skills). 
 
 
The house of the future 
 
In 2005, once permissions and funding were in place, a new residential 
home was built on the school premises. It was agreed that this new building 
should not look like a boarding house, but rather like a ‘deaf-friendly’ 
family house. The resulting building, which has been in use since 
September 2010, has a capacity for twenty-eight pupils aged between 2.6 
and 21 years. In practice, this means three different age groups, each with 
their own separate rooms and living space. However, the house is designed 
in such a way that none of the residents are isolated, and they can all meet 
and see each other as would be the case in any ordinary family. 

The younger children share bedrooms with two or three to a room. 
From the age of 12 years they have individual rooms, and from 16 years 
they can each have their own fully equipped studio (which includes a 
guidance programme on their way to independent living). The opportunity 
to have their own rooms is very important as increasing numbers of deaf 
students are staying in the boarding house while going to a mainstream 
school in the neighbourhood. Therefore, they can also use their room for 
studying or welcoming friends from school. This new building is also fully 
adapted to the specific needs of deaf children and adolescents. It has an 
‘open’ architecture with a lot of glass instead of walls or closed doors, thus 
creating a ‘see-through’ effect. The working area of the open kitchen faces 
forward, so that it is always possible to have visual contact with the group. 
It is also a listening-friendly environment with very good acoustics. The 
ceiling and part of the walls are made from a special material that absorbs 
all reverberation, and an induction loop system that can be connected to the 
radio, CD-, or DVD-player, and television is available throughout the 
house. To truly claim the title of ‘house of the future’, this house is fully 
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equipped with the latest communication technology to ensure effective 
communication between residents. 

 
 

Conclusion and challenges 
 
UNHS and cochlear implantation have provided new opportunities for 
profoundly deaf children, created new challenges for teachers of the deaf, 
and have changed educational choices and options. The challenge for the 
field is to embrace the diversity of this population and to appropriately 
address the specific needs of each child in his/her family in a specific 
country. Just as the population of deaf children has changed very rapidly in 
locations with access to advanced technology, and as more children attend 
mainstream schools, so the demand for professional development 
opportunities and for specialized staff training increases. The school for the 
deaf in Hasselt-Belgium is one example of how schools can adapt 
themselves to this changing population of deaf children and meet the new 
challenges of this diverse population. 
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Abstract 
 
This paper reviews first what is known of outcomes from bilateral 
implantation, and the challenges of working with cochlear implant users 
after bilateral implantation, in particular after sequential bilateral implanta-
tion. Our investigation of the existing literature to date to determine the 
best rehabilitativemethods and how they should vary for different groups of 
bilaterally implanted children suggests there is a lack of description of the 
therapy types and techniques and no attempt to correlate the methods used 
with the outcomes observed.  
As a result, a standard or optimal rehabilitative approach cannot be 
concluded from the literature to date. Based on clinical good practices, this 
review gives some suggestions for maximizing the benefits from bilateral 
implantation, in therapy, at home and school. 
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Introduction 
 
A cochlear implant (CI) improves hearing abilities of deaf children 
substantially and it is one of the most important technological 
breakthroughs for the treatment of hearing impairment. Studies on the 
effects of cochlear implantation in children show a positive influence on 
their auditory perception (Kirk et al, 2000, De Raeve, 2010), speech 
recognition, speech intelligibility and other aspects of spoken language 
development (Svirsky et al, 2000; Svirsky et al, 2002; Schauwers et 
al,2004; Vermeulen et al, 2007; De Raeve, 2010). These effects are even 
stronger in children who receive early implantation (Anderson et al, 2004; 
Miyamoto et al, 2003; Schauwers et al, 2004; Spencer et al, 2003; Svirsky 
et al, 2004; Tomblin et al, 2007; Zwolan et al, 2004). Recent studies have 
also demonstrated that the language development and early reading levels 
of early implanted deaf children are comparable to their typical hearing 
peers (Geers, 2003; Spencer et al, 2003; Vermeulen et al, 2007), although 
this was not sustained at later ages as the complexity in  language and 
reading skills grows (Geers et al, 2008;  Archbold et al, 2008; van der Kant 
et al, 2010). Furthermore early implantation has led to a growing number 
of implanted deaf children attending schools in the mainstream alongside 
their typical hearing peers (Archbold, 2010; De Raeve & Lichtert, 2012).   

However, the vast majority of children observed in these studies 
were wearing only one cochlear implant. The absence of bilateral 
stimulation needed for potential binaural hearing, creates a limitation in the 
overall hearing ability required for speech understanding, especially from a 
distance, in noisy background conditions, and for localization of sounds. 
Bilateral cochlear implantation provides the potential for improved hearing 
ability to function in complex listening environments in daily life, such as 
classrooms, playgrounds, and sports environments. However this is not 
realized for all children in view of large variation in the outcomes observed 
(Litovsky et al, 2006).  

During the last five years, cochlear implantation  has moved  from 
unilateral only to an increasing number of bilateral cochlear implants in 
sequential or simultaneous (same day) procedures, particularly in children 
under the age of three years (Peters et al, 2010). Currently, in Europe 
bilateral CI’s are provided for bilaterally deaf children as standard clinical 
management (national health coverage or health insurance) in Austria, 
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Belgium, Denmark, Finland, Germany, Norway, Sweden, Switzerland and 
the UK. In many other countries funding of bilateral CI’s is provided in 
special cases only (e.g. meningitis and blindness), through national funds 
or via special projects or private health insurances. Most countries do not 
provide funding for bilateral implants in adults.  

This paper focuses on providing suggested guidelines for 
rehabilitative management following  sequential bilateral implantation. 
Therapy is typically less time consuming following simultaneous 
implantation and not dictated by the need to overcome the impact upon the 
central auditory cortex of long-term unilateral auditory input (Gordon et 
al., 2008). Additionally, sequential bilateral implantation is likely to grow, 
given the numbers implanted with only one device, and therefore need will 
grow for information about rehabilitation options. As a consequence our 
guidelines focus in particular on suggested rehabilitation methods 
following sequential bilateral implantation in a variety of daily settings. 
 
 
Methods 
 
A review of the literature was performed using PubMed Medline and 
Cochrane Systematic Review Database. Furthermore, the major internet 
sites and guidelines from national and international scientific societies 
were consulted. Selection of articles for detailed review was based on 
language being in English or Dutch.  

Owing to the rapid progress of technology and the rapidly-expanding 
indications to CI procedure, papers published before the year 2000 were 
excluded. The first bibliographical search was undertaken in May 2010. At 
a later stage, bibliographic research was updated for the period of 
publication from May 2010 to 1 March 2012. In total 111 articles were hit 
by the latest search terms.  
 
 
Literature review 
 
There are a lot of published research studies available on the outcomes of 
bilateral cochlear implantation, but there are no such studies examining the 
impact of rehabilitation techniques, possibly in part due to the many 
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challenges and inability to control the multiple variables that may 
additionally impact performance outcomes.  Guidelines to inform and 
assist parents, teachers or therapists on how to tailor hearing rehabilitation 
following bilateral implant do not exist.  

Binaural hearing is made possible by a combination of binaural 
processing and physical effects including the head shadow effect, binaural 
redundancy and the binaural squelch effect. The head shadow effect is the 
result of the head acting as an acoustic barrier to sounds and noise coming 
from different locations. The ear furthest from the noise source will have a 
more advantageous signal-to noise ratio than the ear closest to the noise 
source. Peters (2004) reported that this effect results in an average of 6.4 
dB of noise attenuation, but can be as high as 20 dB for the high 
frequencies.  

Sounds that are presented to both ears rather than just one are 
perceived as louder due to binaural summation of the information received 
at each ear. In fact, the threshold of hearing is known to improve by about 
3 dB for binaural versus monaural presentations to typical ears, resulting in 
improved sensitivity to fine differences in the intensity and frequency 
domains. This latter effect is sometime referred to as binaural redundancy 
(Sammeth, 2008). 

The squelch effect takes advantage of the spatial separation of the 
signal source and the noise source and the differences in time and intensity 
that these create at each ear. Binaural redundancy and squelch are two 
central auditory processes which improve, when combined, acoustic 
signals arriving at each ear.  Sound localization is made possible by the 
central auditory system’s ability to calculate differences in the 
characteristics of sound arriving at each ear. Differences in sound intensity, 
phase, frequency spectrum and arrival time are calculated for each ear to 
determine the origin of sound (Welsh et al., 2004). 

 
Outcomes after bilateral implantation 
The main findings of recent research have been the benefits given by 
bilateral implantation for localization of sound (Beijen et al, 2007; Van 
Deun et al, 2010), speech discrimination in noise (Litovsky et al, 2006; 
Zeitler et al,2008; Dunn et al, 2008; Scherf et al, 2007), development of 
early communication skills (Tait et al, 2010), and for their quality of life 
(Bichey & Miyamoto, 2008). Parents of bilaterally implanted children also 
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indicate a wide range of positive subjective changes associated with 
bilateral cochlear implantation, leading to better and easier communication, 
more incidental learning and easier integration in the hearing world (Scherf 
et al, 2007).  Recently a multicentre study from Boons et al. (2012) 
reported that children undergoing bilateral implantation performed 
significantly better than those undergoing unilateral implantation in terms 
of receptive and expressive language development. The interval between 
the first and the second implantation correlated negatively with language 
scores and on expressive language development; there was also noting an 
advantage for outcomes following simultaneous compared to sequential 
implantation. 

Objective behavioral and perceptual outcomes in adults and children 
with bilateral CI’s generally do not meet the same level of performance 
seen in listeners with typical hearing. However, subjective reports gathered 
from questionnaire data about improvements in the quality of life are 
noteworthy. Bilateral adult CI users also reported that they prefer to wear 
both devices regularly, because they feel more ‘balanced’ in their 
perception of sound, their conversations are more enjoyable and less 
strenuous, their ease of listening is enhanced, and their incidental listening 
and learning occur more frequently (Litovsky et al, 2006; Noble et al, 
2008; Summerfield et al, 2006). 
 
Simultaneous stimulation/implantation 
Following simultaneous implantation, children are recommended to wear 
both implants for all waking hours. In view of the majority of simultaneous 
implants in children occurring at an early age, the auditory system has a 
high level of plasticity, enabling the majority of children to readily 
recognise, integrate and interpret the information obtained from each 
implant in a closer to typical fashion than for sequentially implanted 
children.  

Nonetheless monitoring of each device in each ear is still crucial 
during routine trouble-shooting to determine any discrepancies or 
anomalies that may develop in either ear which may potentially affect 
speech understanding performance over time. In some cases, where a large 
discrepancy in inter-aural speech perception performance is observed, the 
auditory programme may be temporarily modified to support the poorer 
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performing ear separately for short periods, specifically to encourage 
further development.  

Typically, the frequency of the auditory therapy is considered 
similar to that used for children using unilateral stimulation only.  

 
Sequential stimulation/implantation 
In a study examining outcomes following sequential bilateral implantation 
(Mather et al., 2011) interviews were undertaken with 15 teenagers to 
explore their experiences related to sequential bilateral implantation. They 
observed  that the majority were consistent full-time users, and all found 
improvements in daily listening. Benefits in terms of localization, listening 
in noise and general ease of listening were reported, although the extent of 
these benefits varied a lot. However, the process of rehabilitation after the 
second implant was highly individual, with little consistency across the 
group often lengthy and not straightforward, requiring perseverance. 

Although they had been counseled carefully, they did not always 
appreciate the challenge of adapting to a new second implant after several 
years of use of a single implant, keeping in mind adolescence is a time of 
challenge for many individuals also. The factors predicting successful use 
were difficult to determine but parents were key figures in ensuring 
successful use. The group reported little rehabilitation support from their 
cochlear implant centre following receipt of the second implant, having 
mostly experienced considerable support with their first implant. Those 
who had been offered additional therapy and taken on individual listening 
sessions reported finding it of value and benefit.  

The communication of evidence of benefits from bilateral 
implantation published to date has resulted in professional society 
positional statements recommending bilateral cochlear implantation as 
accepted medical practice (Offeciers et al., 2005; Balkany et al., 2008; 
Ramsden et al, 2011) and to the National Institute for Health and Clinical 
Excellence (NICE) in the UK recommending bilateral implantation for 
children and select adults (post-meningitic and blind) (NICE, 2009). 

Sparreboom et al. (2010), who performed a systematic review of the 
effectiveness of bilateral sequential implantation in a heterogeneous group 
of bilaterally deaf children, concluded that there is no definitive statement 
about the clinical effectiveness of bilateral implantation for all cases. 
However they add that with the level of medical evidence available, it is 
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clear that the performance outcomes following bilateral CI’s are superior to 
those observed following unilateral CI for children. This is particularly true 
in certain more challenging listening situations such as in spatially 
separated speech and background noise signals, but also for the perception 
of speech in quiet.  Furthermore they observed a significant impact of the 
time-delay between the first and second CI upon performance outcomes 
measured longitudinally post 2nd implant. These practical results are 
consistent with the findings from research into objective measures of 
peripheral biomarkers (P1) for bilateral hearing from Sharma et al. (2005) 
who conclude that age at first CI, time interval between implantation of the 
two ears and prior benefit from amplification are crucial factors for 
sequential bilateral implantation. This has been further supported through 
examination of characteristics of higher order biomarkers (wave V) of 
bilateral hearing comparing relatively large groups of children with 
simultaneous and sequential implant with both short and long inter-implant 
delays (Gordon et al, 2008).  
 
 
Developing binaural hearing skills 

It is known that more than 80 to 90 % of the vocabulary of typical hearing 
children is learned outside the classroom setting (Gillis & Schaerlaekens, 
2000).  This incidental or random learning refers to unintentional learning 
occurring at any time and in any place, during everyday life (UNESCO, 
2005). Incidental learning is characterized as unorganized, unstructured 
and unintentional, through observation, repetition, social interaction, 
problem solving, overhearing conversations and speech or while watching 
TV or listening to the radio playing in the background for example. 
Children need good auditory conditions to stimulate and develop the 
cognitive skills needed for incidental learning. To enable incidental 
learning, the ideal acoustic environment for hearing impaired children 
would have minimal background noise and low level reverberation with a 
signal-to-noise ratio of +15 dB, i.e. the speech is 15 dB louder than the 
surrounding noise level (Boothroyd, 2004).  

          The reduction in signal intensity and integrity over increasing 
distance means that a child with a hearing problem may have a limited 
range or distance of hearing. As a consequence the implanted deaf child 
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may have a higher dependence upon direct  intentional structured therapy 
to acquire many of the skills and information that other typical hearing 
children learn incidentally. 

           The preservation and presentation of binaural cues to bilateral 
implant users pose a unique challenge. Today’s speech processors designed 
to receive, process and communicate sounds to the implant are not 
engineered in a way that allows for coordination between the two 
individual implant devices in two separate ears. Bilateral CI users are 
essentially fitted with two separate individually functioning monaural 
implant systems. So it is important to balance the stimulation between both 
implants with the aim to achieve symmetry of auditory perception 
(Litovsky, Jones & Agrawai, 2010). This means that this auditory input is 
not comparable to that of typical hearing children. As a consequence, 
special training targeting the identification and use of auditory information 
can be very useful to optimise the success and performance outcomes 
achieved after bilateral implantation. Although we know from several 
researchers (Heydebrand et al, 2005; Boothroyd, 2010) that CI users may 
benefit from intensive aural rehabilitation programs that include auditory 
training and strategies to enhance their understanding of the incoming 
speech signal, there is currently no consensus concerning the optimal 
rehabilitation techniques (Peters et al, 2010). 
          As a consequence, based on what is known to date and the 
collaborating authors’ clinical experience on more than 200 sequentially 
bilaterally implanted children,  an overview reference guide of the special 
considerations for rehabilitation for the sequentially implanted bilaterally 
stimulated deaf child has been created, aimed at advising both 
professionals and parents involved,  in a variety of daily settings. 

 

Amount and type of therapy ? 
 
There is no one answer to the question “How much therapy should a child 
with one or two cochlear implants receive?”, or indeed whether therapy is 
needed at all. Each child brings different auditory and speech skills levels 
to the process, regardless of family environment, age at implantation  or 
educational placement. Individualized programming, starting with 
assessment of the child’s auditory, speech and language skills is therefore 
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the key.  After a child’s listening skills have been assessed, goals have to 
be established for continued auditory development. There are several 
adaptive methods that can be used to provide ongoing listening experience, 
including a natural conversation approach, a shared experience approach  
or a specific listening activity.  

All three approaches can be used at home, in school and in therapy. 
In general, more structured listening activities will take place in therapy, 
more shared experience conversations in school and more natural 
conversation will take place at home, but it is important that all three 
activities take place in each learning environment,  home, school and 
therapy  (Erber, 2011).  

  
 
Guidelines for therapy in the bilateral implanted child 
 
The basic building blocks 
Therapy in bilaterally  implanted children should be aimed at influencing 
everyday interactions around communication and listening in the child’s 
real world to maximise the potential of binaural hearing development.  
Some professionals will prefer to use the word ‘guidance’ instead of 
‘therapy’ and ‘auditory learning’ instead of ‘auditory training’. The optimal 
outcome of bilateral implantation is that the recipient understands and 
integrates information from each implant for functional and balanced 
binaural hearing (Caleffe-Schneck, 2010). 

The fitting procedure for combined stimulation from both CI 
systems will need to consider the binaural hearing phenomena of loudness 
summation and compensate accordingly. To assist the sequentially 
implanted child in their acceptance of the second device and sound signal, 
initially the second CI may be fitted more conservatively, gradually 
adapted to meet their hearing needs as the child grows more accustomed to 
the second sound signal. The child should be encouraged to use both 
systems consistently as much as possible each day.  

To enable the child’s auditory system to adapt to the newer and 
possibly relatively weaker signal, initially it is suggested to aim to train the 
second implanted ear separately for at least short time periods on a daily 
basis. This is in order to train the auditory system to recognise, adapt and 
use the stimulation received at the second ear and ultimately to help 
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remove the bias to the stimulation received at the first ear. In general it is 
our experience that the younger the child receives the 2nd implant, the less 
the need for individual 2nd ear therapy and the older the child at 2nd 
implant, especially in the case of good performers with the 1st  CI, the 
greater the need for individual 2nd ear therapy. 

Through regular assessment of both ears (separately and combined) 
the development of the child’s speech perception skills may be monitored. 
Experience has shown that hearing ability of the sequentially implanted 
second ear develops relatively quicker, reaching the same performance 
level as that for the first CI ear in the majority of cases. Exceptions can 
occur, especially in cases with several years or more of delay between the 
first and the second implant. Although dependent on age at implantation, 
cognitive development and maturation, equivalent performance between 
the ears is typically observed between 3 months to 2 years after switch-on 
of the second CI (Peters et al, 2007). In some cases the 2nd implanted ear 
may even develop to become the better performing ear.  

Once the perception of sound obtained from each implanted ear is 
deemed relatively well-balanced and equal through the use of clinically 
standard loudness-balancing tasks for example, the therapist may 
commence implementing special exercises in the training programme for 
the perception of softer speech sounds, speech understanding in various 
competing background noises and for localisation ability. In case both ears 
are still not balanced after 6 months of second CI use, we suggest not to 
wait longer, but to start with specific binaural learning activities, in order 
not to deprive too long from binaural training.  
 
Specific listening tasks  
Training with softer sounds and speech 
Due to the loudness summation effect of receiving sound stimulation from 
two devices simultaneously, the child is better equipped to learn to 
perceive and recognize softer sounds and speech compared to when using 
only one device. As an example, the sound stimulus level may gradually be 
reduced by decreasing the volume or by increasing the distance of the 
stimuli presented to the child. Training may be performed ideally in larger 
spaces, indoors or outdoors, enabling the therapist to adjust and modify the 
training exercise according to the child’s performance level (De Raeve, 
2008).  If children are able to understand soft speech, it means that they are 
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able to pick up speech from larger distances, which is one of the most 
important precursors for incidental learning. Recent research from De 
Raeve (2012) shows us that CI-children who have three years after 
implantation good speech perception at a soft intensity of 45 dB HL, have 
significantly better receptive and expressive language outcomes at ages 7-
10 years in comparing to their implanted peers who don’t have good 
speech perception of soft speech. 

Speech perception training with background noise 
In case of bilateral stimulation, it is very important to provide listening 
practice in more difficult listening situations than would be used with a 
unilaterally implanted deaf child. Listening environments could include 
rooms with standard acoustics in the presence of various background 
noises, or outside spaces that more closely represent the daily listening 
situations. Furthermore, increasingly difficult listening environment 
options to train binaural listening skills can be created by choosing a room 
with a high level of revation such as a hard-walled gymnasium, or by 
moving to a noisy playground, or creating background noise indoors by 
using a radio or CD-player at various loudness levels (De Raeve, 2008) 

Also speech perception in noise is one of the precursors for 
incidental learning and it leads in bilaterally implanted children  to a better 
perception of acoustically similar morphological structures (e.g. Dutch 
diminutive suffixes ‘-je’, ‘-tje’, ‘-pje’)  (van Deun et al, 2010; Zeitler et al, 
2008). 

 
Developing localisation 
Identifying the direction of a sound-stimulus is another aim of training 
binaural hearing skills for the bilaterally stimulated child. While this may 
be automatically acquired for the short-term deafened child receiving 
bilateral stimulation, this is not the case for the older child with a 
considerable time delay between stimulation of the 1st and 2nd ear. To 
develop localisation skills, different stimuli may be used such as: 
environmental sounds, musical instruments, speech sounds or 
conversational speech (De Raeve, 2008). Localisation is a very important 
issue for children with a hearing loss, because it not only gives them the 
opportunity to know from which direction the sound (f.i. traffic) is coming 
from, but in a social gathering, localization allows you to hear from which 
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direction someone is speaking to you and to find that speaker quicker, so 
you have his visual input (for lipreading) as an extra input (van Deun et al., 
2010). 

 
Guidelines for at home  
It is important that therapists and parents work closely together and arrange 
for therapy sessions for the implanted child, to demonstrate and identify 
activities that can be adopted for repeated use at home and to monitor the 
child’s progress over time. Suggestions of what kind of activities can be 
done at home after receiving hearing aids or cochlear implants, can be 
found in the bookstore of the Listening and Language Knowledge Centre at 
http://www.listeningandspokenlanguage.org; or at Sounding Board at 
http://www.earfoundation.org.uk.  

Depending on the child’s willingness and needs, the therapist may 
recommend, e.g. in case of sequential implantation, to wear both devices at 
home, but to wear only the new device in some short unstructured activities 
such as while watching television. Importantly activities outside of therapy 
sessions to provide additional listening practise, especially for the newly 
fitted ear should be considered as not crucial to education, non-stressful 
and enjoyable!  So we also have to inform parents on how to challenge 
binaural hearing at home. 

Once both implants are functioning on an equal level, game-like 
listening exercises may be included for use at home with a high fun 
element to help train various auditory skills such as: localisation; speech 
understanding in noise; and speech understanding of soft speech . Fun-
focused less formal yet auditory-focused games increase not only the 
motivation and interest level of the CI child but create a possibility to 
involve their parents, siblings and other relatives or friends while providing 
listening therapy. 
 
 
Guidelines for in the classroom 
 
From studies examining classroom acoustics (Nelson & Soli, 2000), we 
know that the use of two ears is important in an educational setting where 
children are often in noisy rooms and working in groups. The typical 
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classroom presents a difficult listening situation for a child with a hearing 
loss. Classrooms tend to be very noisy places, especially in preschool. The 
level of background noise within the classroom setting is often louder than 
the teachers voice by up to 15 dB creating a signal to noise ratio of –15dB 
which is possibly challenging for the typical hearing child but most 
certainly far less than ideal for the child with a hearing loss (Taub, Kanis & 
Kramer, 2003). 

Furthermore children are often seated at a distance of 3 metres or 
more from the teacher. The greater the distance between the child and the 
teacher the greater the decrease in the quality and intensity level of the 
teachers voice at the child’s ears and consequently the lower their ability to 
understand what is being communicated. Characteristically, for practical 
reasons, classrooms are full of hard-surfaced walls and furnishings and are 
prone to a high level of reverberation (i.e. reflection and echoes) further 
reducing the quality of the acoustic conditions and leading to distortion of 
the teacher’s voice. 

Being able to use both ears enables easier identification of the 
speaker’s voice and to locate the speaker as they move around the 
classroom. By providing bilaterally deaf children with bilateral implants in 
the hope of creating the foundations for binaural hearing and its subsequent 
benefits, it is hoped that they are enabled to perform better in acoustically 
challenging and difficult sound environments, such as mainstream 
classrooms. 

Improvements in the listening condition can be created by keeping 
the distance between the teacher and the hearing-impaired child to a 
maximum of 2-3 meter, together with the use of carpets and soft 
furnishings to reduce the level of reverberation and background noise. 

Classroom acoustic standards were developed by the American 
National Standards Institute, Inc. (ANSI, 2010). The standards dictate an 
ambient noise level of 35 dBA and a 0.6 second reverberation time for 
typical classrooms. Provision is made for reducing the reverberation time 
to 0.3 for children with special listening needs. 

  
Assistive listening devices 

Additionally to further improve the listening conditions in the classroom 
for the hearing-impaired child, the use of assistive listening devices such as 
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an FM-system, can be considered. The decision to use a FM-system on the 
one or other implant separately or with both implants combined should be 
determined individually on a case by case basis. For the simultaneously 
implanted child the FM-system may be connected to both implants to 
balance the input to both ears. In the case of the sequentially implanted 
bilateral CI user, in our experience continued use of the FM-system with 
the first CI ear is usually recommended. Following fitting of the second CI, 
at the point the speech processor programme is stable and the child begins 
to demonstrate speech identification skills through the second ear, FM-
system use is encouraged with both implants in combination. But in 
contrast, some clinicians may prefer to recommend FM-system use with 
the second CI ear alone initially, as a way of strengthening the signal 
delivered to the second ear relative to that perceived by the experienced 
first CI ear. To date, there is no evidence to suggest one or the other 
method of FM-system use following sequential implantation provides 
superior or quicker outcomes. 

         We would like to present you now two case studies to show you how 
an auditory programme may be implemented  after bilateral implantation. 
These are two examples from Germany, where most children receive 
special rehabilitation from a CI centre in combination with local speech 
and language therapy. 

 

Case studies 

Case study 1  
K is a five year old girl, diagnosed with bilateral sensorineural hearing loss 
at birth. She had a simultaneous bilateral implantation at 18 months and is 
currently going to a regular kindergarten. She has no additional handicaps 
and her cognitive, social and emotional development are at a typical level. 
Her mother tongue is German and rehabilitation started one month after 
implantation, taking  place every two months for two days.  
Rehabilitation 
All the time, K’s mother was involved into the therapy either taking part 
directly or following via a monitor. At the onset of therapy on month after 
implantation, mother-child interactions were videotaped for further 
analysis and discussions with the mother were aimed at advising how to 
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optimize behaviour and competencies in early interaction with her 
daughter. K took part in a natural auditory approach during which different 
daily life situations were simulated such as food preparation, washing up 
and laying the table to increase vocabulary and tighten grammatical 
structures. All this was monitored in a diary.  

After every therapy session, present results and expectations for the 
near future were discussed with the mother. Intermittently, language, 
speech, and hearing assessments were performed. Additionally regular 
contact was maintained between the therapist,  the fitting audiologist and 
the local speech therapist and educational staff of the kindergarten. 
Outcome 
After two years of bilateral CI use, K’s word perception scores are 70% for 
the right and 60% for the left ear respectively as measured using the 
Göttinger word lists at 65 dB SPL.  Despite being implanted relatively late 
in comparison to other children receiving early intervention, K 
demonstrates equivalent audition, speech and language skills as her typical 
hearing peers. As a consequence, K aims to attend mainstream school in 
the following year and rehabilitation sessions will be reduced to four/year. 
Additionally K is encouraged to visit her local speech therapist weekly to 
manage articulation.  
 
Case study 2:  
M was diagnosed with a bilateral sensorineural hearing loss at birth. She 
has no additional handicap and her cognitive, social and emotional 
development is at a level, corresponding to her chronological age. M 
received her first CI at the age of 17 months and her second CI at 25 
months. The onset of auditory rehabilitation was at 1 month after the first 
implantation, and specific binaural training began  at the age of 27 months. 
Her parents are German speakers and she attends  a regular kindergarten. 
Rehabilitation 
Every 2-3 months she came over to the rehab centre together with her 
parents for 2-3 days. The parents were attending every session live or 
following via monitor. During the first therapy sessions, parent-child 
interactions were videotaped for further analysis. The results of the 
analysis were discussed with the parents to optimize their behaviour and 
competencies in early interaction.  
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During early therapy sessions, training with the new CI only was 
performed suspending the first CI. Additive hierarchic auditory training 
sessions were undertaken during therapy with the 2nd CI alone: e.g. with 
special computer programs or via FM-system, or CD-player. The majority 
of time,  therapy took place with both devices. As the inter-implant interval 
was small and she demonstrated rapid improvements, training with the 2nd 
new CI alone was performed for a short period only.  

M’s therapy then followed a natural auditory approach, involving 
daily life situations. To increase vocabulary and to tighten grammatical 
structures daily activities included shopping tours, cooking, baking,  meal-
time and all this was reported in a diary. The parents were trained how to 
support their child’s auditory, speech and language development at home 
through daily routines.  

After every session, present outcomes and future expectations were 
discussed with the parents and if necessary, language, speech, and hearing 
assessments were performed. Additionally the therapist had regular contact 
to: fitting audiologist, local speech therapist and educators in the 
kindergarten. In kindergarten M is using a FM-system connected to both 
implants. 
Outcome 
After two years bilateral CI use, M’s aided word perception scores using 
the Göttinger word lists are 90% in each ear. Her language level, measured 
by the Sprachentwicklungstest SETK 3-5, shows the same rate of  increase 
as her typical hearing peers, however she continues to display a delay of 17 
months. She attends a regular kindergarten, and receives daily local 
language therapy to meet her needs. The reason for this language delay 
may be related to a combination of influences such as the sequential 
implantation, delayed onset of regular rehabilitation or other learning 
factors.  
 
 
Discussion  
 
Binaural input, whether through bilateral electrical or acoustic devices or a 
combination, enables binaural hearing skills to develop, which would 
otherwise not be achieved through the use of unilateral stimulation 
(Sparreboom et al., 2010). Recent research outcomes show us that within 
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the level of evidence bilateral CI’s are better than unilateral CI’s in certain 
listening situations, such as the perception of speech in quiet and when the 
speech and noise were spatially separated and that children receiving two 
CI’s have a significant better language development in comparing to 
unilateral implanted deaf children (Boons et al, 2012). 

Professional society positional systems recommend bilateral 
cochlear implantation as accepted medical practice (NICE, 2009). So, 
provision of bilateral stimulation should be considered as the standard of 
care in the treatment of bilaterally deaf children wherever appropriate .  
For educators and therapists working with the deaf child, one of the main 
aims in designing long-term (re)habilitation programs, is to enable their 
language and communication level to reach that of their typical hearing 
peers. As typical hearing cannot be restored for the deaf child, even in the 
event of early intervention and early bilateral implantation, hearing 
performance outcomes may be further optimised through a natural 
conversation approach, a shared experience approach  or an individualised 
auditory training program to meet the child’s language and communication 
needs over time under the care of a multidisciplinary team. 

However, there is little or no research concerning the optimal 
rehabilitation program(s) after bilateral implantation. The number of 
bilateral implanted children is increasing enormously and there is a large 
range of rehabilitation practice amongst therapists and teachers. This is 
confirmed by Swanwick and Marschark (2010) who stated we currently 
lack channels for communication from teachers and therapists to 
researchers about the priorities in deaf education and rehabilitation and 
from researchers to practitioners about scientific progress that might be 
effectively utilized in the learning context. 

Over time one may hypothesise that bilateral implantation may have 
the potential to increase the percentage of bilaterally deaf children who are 
considered ‘moderate to high performers’ in the educational setting relative 
to their unilaterally implanted peers and who perform closer to their typical 
hearing peers. Assessment of the longitudinal academic achievement 
across the various groups of age-comparable children is not reported in the 
literature to date, but is an important objective to consider in the planning 
and design of future studies. Until such outcomes are known, the cost 
benefit of bilateral implantation will remain unclear. 
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Our guidelines offer a descriptive overview to methods and tasks for 
auditory rehabilitation that may be considered and adapted easily by both 
the professional and parent pending the individual child’s interests, daily 
activities and hearing needs.  

However several challenges lie ahead. While we present results of 
retrospectively sequentially implanted teenagers and their views on the 
lack of rehabilitation as well as methods and preliminary outcomes for two 
young bilateral implanted case studies these data sets are small and 
inconclusive in terms of what therapy works best.  

Ultimately more research is needed to investigate how to optimize 
auditory rehabilitation therapy to achieve the desired outcomes for speech 
and language development and social integration for the hearing impaired 
child  that brings them closer to the skills displayed by their typical hearing 
peers. We have to know more about what kind and what amount of 
guidance sequential and simultaneous implanted children need. Who and 
when do they need more structured listening activities, or more natural 
conversations and if they need it, what kind of activities does this child 
need, because there is not one solution for all? 

Ideally longitudinal controlled prospective studies including large 
subject numbers and intra-subject controls are needed to observe and 
examine the best rehabilitation techniques versus desired outcomes. 
Parameters to be examined may include frequency of sessions, duration of 
sessions, device suspension, monaural versus binaural training, stimuli and 
material types, and various listening conditions. 

Additionally the challenge exists to ensure  rehabilitation methods 
appropriate for each child, with their individual needs. More 
communication of therapy methods in the literature and the outcomes 
observed as well as, greater availability of auditory training programs and 
increasing access via software programs to help deliver them more readily 
and widely in a variety of languages beyond the English language will 
support this. These challenges reside with all professionals and parents 
dealing with implanted hearing-impaired children on a daily basis for the 
present and the future. 
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Chapter 5:  Conclusion and discussion  
In this last chapter I will discuss our six research aims as introduced in the 
first chapter (part 1.3.) (part 5.1. to 5.6). . In the last topic (part 5.7.) I will 
focus on the implications of the outcome for the education of deaf children 
using cochlear implants.  
 
 
5.1.  The impact of newborn hearing screening and cochlear implants 
on deaf children’s auditory development and speech intelligibility. 
 
Flanders (Belgium) was the first European region starting with an universal 
neonatal hearing screening program in 1998. In 2009, the first number of  
long term results of paediatric implantation in Belgium (Chapter 2, part 
2.1.) indicated that children screened early, significantly differ from those  
who had been screened later on  with respect to the age of detection of 
hearing loss and  of the age of cochlear implantation. Furthermore, early 
screening and implantation are associated with better auditory perception 
skills and speech intelligibility. Additional impairments negatively 
influence both receptive and productive skills. In addition, children who 
communicate orally and wear bilateral cochlear implants perform better at 
speech production. So we may conclude that a newborn hearing screening 
program results in earlier intervention and earlier implantation of deaf 
children, which beneficially influences their auditory perception skills and 
speech intelligibility. On speech intelligibility development there is an 
advantage for binaural hearing, good input of spoken language and no 
additional learning disabilities. 

In the mean time, these Belgian outcomes are confirmed by other 
publications (Baudonck et al, 2010; Boons et al, 2012; Niparko et al, 2010; 
Scherf et al, 2009; Sparreboom et al, 2010; van der Kant et al, 2010; van 
Deun et al, 2009; Johnson & Goswami, 2010; Archbold, 2010; Dettman et 
al, 2013). All these studies also confirmed a large variability in outcomes. 

However, despite the good results, we have to be aware of the 
possible impact of early screening on other domains, such as early 
parenting. Hearing parents can feel bewildered and confused as a 
consequence of the early identification of their child’s hearing loss or feel 
pressured to comply with a virtual decision-making timetable (Mc 
Cracken, Young, Tattersall, 2008). This can result in the denial of 
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important emotions during the adjustment process, which can 
negatively influence the early parent child interaction (Kurtzer-White & 
Luterman, 2003). Mathijs et al. (2012) suggested that universal neonatal 
hearing screening programs should be organised in a way that ensures the 
provision of psychological support and that parents receive complete and 
unbiased information about all aspects of deafness, about the medical 
approach, but also about the cultural-linguistic approach. Or, as highlighted 
by Beattie (2010), the entire process of early screening and intervention is 
devalued and made less effective when any information or potential 
sources of support and assistance are omitted from what is conveyed to 
parents in the important period following identification of hearing loss.  

Holt and Svirsky (2008) queried whether earliest  is always best and 
found that earlier implantation influenced language outcomes, however 
there were few differences between those implanted in the first year of life 
and those implanted between 12 and 18 months. The advantage of 
implanting before the age of one was only apparent in receptive 
development, not in expressive or word recognition development. 
Neonatal hearing screening of newborns can be the start of early detection, 
intervention and early cochlear implantation. But comparing to the total 
group of hearing impaired children, the newborns with a hearing loss are 
just a small group. More children will develop a hearing loss during their 
lifespan. So additional pre-school, school screening of hearing loss can also 
be effective for early identification and management of later onset or 
progressive hearing loss, which is often not the case. 
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5.2. Prevalence and accessibility to cochlear implants in Belgium and 
other European countries 
 
Despite widespread acknowledgement of effectiveness and efficacy of 
cochlear implants, our data in Chapter 2, part 2.2. have shown there is 
considerable variation in CI utilization. Most East-European countries with 
a less high economic status focus on the implantation of children rather 
than adults, but even than the paediatric utilization rate in these countries is 
less than 40%, which is comparable to the situation in the US (Sorkin, 
2013), Japan (Oliver, 2013) and China (Liang & Mason, 2013), but lower 
in comparing to most West-European countries, which have paediatric 
utilization rates above 80% (Chapter 2, part 2.3.).  In these West-European 
countries nearly all hearing parents of deaf children, but also more and 
more deaf parents, decide for a cochlear implant for their child. So there 
seems to be a demand to invest more in paediatric cochlear implantation 
and support provision in these countries which have a utilization rate below 
80%. 

In countries which have a universal neonatal hearing screening, it is 
possible to estimate quite precisely the yearly number of paediatric CI 
candidates. The yearly number of adult candidates is hard to estimate. 
Taking the mean threshold of at least 90 dB HL as criterion, we estimate 
that the yearly number of adults is around 200 per million inhabitants, in 
the age range of 21-90 years. Although adult recipient numbers are 
growing, our estimation is that less than 10% of candidate adults in Europe 
receive a CI, which is comparable to US figures (Sorkin, 2013).  

To make this estimation of CI candidates more reliable we need 
more data on the number of children, adults and elderly with a bilateral 
progressive or late onset hearing loss. A project on this important matter 
would be welcomed not only to estimate the demand of cochlear 
implantation more precisely, but also to obtain more insight into the 
hearing problems of the vastly increasing number of elderly. 

All countries also have their own selection criteria for implantation 
based especially on their awareness of CI and their financial status. Some 
countries decide to lower the budget for CI by reimbursing only the 
operation and the device, without taking care of the support after 
implantation. But cochlear implantation needs the provision of a 
multidisciplinary team (Chapter 4, part 4.1.), which takes care of the 
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selection, operation, fitting and rehabilitation. These teams have to be 
flexible, because the content and amount of support can change over time 
and from user to user.   

Because of the underutilization of cochlear implants, especially in 
adults, we also have to work on the general awareness of the benefits of 
cochlear implants , based on cost-effectiveness data and on guidelines for 
good clinical practices. Reasons for this underutilization of CI users are:  

 absence of universal neonatal hearing screening 

 lack of technical resources and guidance for training of 
health-care workers 

 lack of audiologists or hearing specialists 

 low awareness of the benefits of CIs among the general 
population and among health care professionals 

 lack of specific referral pathways and cost effectiveness 
studies 

 political issues relating to the Deaf community 

 financial issues related to provision of CI from government 
entities or private insurers, relatively stringent candidacy 
requirements 

 price of the cochlear implants 

 lack of support provision after CI and guidelines for good 
clinical practices.  
 

The vast majority of children and adults are wearing only one 
cochlear implant. However, during the last five years, cochlear 
implantation has moved from unilateral only to an increasing number of 
bilateral cochlear implants in sequential or simultaneous procedures, 
particularly in children under the age of three years old (Peters et al, 2010). 
Currently, in Europe bilateral CI’s are provided for bilaterally deaf children 
as standard clinical management (national health coverage or health 
insurance) in Austria, Belgium, Denmark, Finland, Germany, Norway, 
Sweden, Switzerland and the UK. In many other countries funding of 
bilateral CI’s is provided for a certain number of patients or in special 
cases only (e.g. meningitis and blindness), through national funds or via 
special projects or private health insurances. Most countries do not provide 
funding for bilateral implants in adults.  
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Knowing from our data (Chapter 3, part 3.3.1.) and from current 
research that binaural hearing is essential, we can expect that the number of 
CIs placed and the number of candidates might expand in the near future. 
For example children and adults who suffer from single sided deafness 
(SSD) might become candidates. Which country however will be able to 
reimburse CI in case of SSD or bilateral CIs for adults?  With the growing 
number of CI users and the fact that they all need lifelong support, we have 
to invest in research on how to support more CI users in less time. The use 
of online options for fitting, troubleshooting, rehabilitation, etc. can be one 
way. Furthermore, it is expected that CI manufacturers will be able and 
willing to decrease the costs of their devices, otherwise CIs will only be 
available for those who can provide the budget. 
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5.3. Outcomes of young implanted children: auditory development, 
early communication skills, language, reading and verbal cognition 
skills in comparing to normal hearing peers.   
 
5.3.1. Auditory performance, preverbal communication, speech 
intelligibility 
The first two papers included in Chapter 3 of this thesis reveal levels of 
benefit from early implantation (<18 months) in auditory performance, 
preverbal communication and speech intelligibility in comparison to those 
implanted at an older age (Chapter 3 part 3.1.1. and 3.2.1.). It seems that in 
deaf children implanted under 18 months the auditory development and 
speech intelligibility progresses more rapidly and they reach a higher level 
(3 years after implantation). In those implanted under the age of one, some 
preverbal communication behaviours are developing to an extent (although 
at a somewhat lower level) not significantly different from those of age-
matched normally hearing children, although there is large variability. 
Early preverbal communication skills within normal range are promising  
for their speech and language development, but it doesn’t mean that the 
later speech, language and verbal cognition development will be equal to 
normal hearing children. Therefore we have monitored a group of young 
implanted children longitudinally and studied their outcomes on the long 
term as presented and discussed in Chapter 3, part 3.1.1. and 3.3.1. 
 
5.3.2. Preverbal communication and binaural input 

The results from our more recent study on preverbal communication 
skills (Chapter 3, part 3.2.2.) showed that profoundly deaf bilaterally 
implanted children are significantly more likely to use vocalisation to 
communicate, and to use audition when interacting vocally with an adult, 
compared with unilaterally implanted children. These results are 
independent of age at implantation and length of deafness. For a lot of 
these children, the spoken language of the family is now accessible and 
they can follow communication mainly through audition. That the more 
natural pattern of communication is effective is shown by the fact that at 
the 12-month post CI use there are no significant differences between the 
normally hearing and the bilaterally implanted deaf group concerning the 
two most revealing measures: vocal autonomy and non-looking vocal turns 
(NLVT). It is likely that it is this NLVT which gives the hearing adults the 
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feedback that encourages them to continue this natural pattern of 
communication, which in turn provides the framework for the child to 
continue to develop their vocal and auditory communication skills. If CI 
children are able to respond to the parent’s spoken language, without 
looking to the adult (which is a NLVT), it means that these deaf children 
have the auditory precursors required for incidental learning.  

It is interesting to see that the importance of binaural hearing for 
language and verbal cognition development were confirmed in one of our 
prospective longitudinal studies (Chapter 3, part 3.3.1.) demonstrating that 
especially CI children who have bilateral devices are able to develop age 
equivalent verbal cognition skills later in life.  Verbal cognition shows high 
correlations with speech perception scores at 45 dB SPL and speech-
reception threshold in noise 3 years post CI, and also with a monolingual 
home environment. These outcomes are in line with other publications 
showing the relation between speech perception and spoken language 
development (O’Donoghue et al, 1998; Svirsky et al, 2004; O’Neill et al, 
2002) in deaf children using cochlear implants, but it also shows that it is 
possible to assess these skills at a young age. 

Bringing the outcome of the importance of the perception of soft 
speech and speech-in-noise to daily practice, we can conclude that binaural 
hearing should be the standard of care for bilateral deaf children. That 
means for children with poor residual hearing bilateral implantation and for 
those with residual hearing either bilateral CI’s or a bimodal fitting (using a 
hearing aid and a CI). It was beyond the scope of the present study to 
specify more precisely when bilateral or bimodal should be offered. It also 
means for audiologists, who are fitting the devices, it is not only important 
for good speech perception at a comfortable loudness level, but also soft 
speech should be perceived well and speech should be understood in more 
challenging listening situations, which are precursors to come to incidental 
learning. Incidental learning is thought to be the reason for the correlation 
in our study between verbal cognition and speech perception.  

 
5.3.3. Reading comprehension 

Maybe the most important finding of Chapter 3 are the data on 
reading comprehension in profoundly deaf children with CIs in Flanders 
which are presented in part 3.3.2. Scores were higher than ever reported 
before, but on average still poorer in comparing to hearing peers. Also 
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remarkable was that the reading performance of the Flemish group was 
significant better than their deaf peers from the Netherlands. These 
differences may reflect Belgian policy aiming at early hearing screening, 
early implantation and the use of spoken language input in early 
communication (often supported by signs).  But we have to handle these 
explanations with caution, because there were more variables between the 
two groups, which were not taken into account in this study. In a 
comparable study between Flemish and Dutch children on the influence of 
the linguistic environment on the children’s language development, 
Wiefferink et al. (2008) reported that the differences between both groups 
are also partly caused by better residual aided hearing before implantation 
and by more professional support at an early age.  

The second part of our study on the reading performance of CI 
children (Chapter 3, part 3.3.2.) contrasted good and poor readers and 
showed a tendency toward better morpho-syntactic abilities and better 
working memory skills in the good readers. Indeed, according to the 
literature in the morphological domain the correct use of auxiliary verbs 
(Ruder, 2004), adverbs and prepositions (Le Normand et al, 2003) and 
articles (Coene et al, 2010) can be problematic in children with CI. 
Additionally, these children can have difficulties using plurals (Ruder, 
2004) and past tense (Hammer, 2010). The importance of working memory 
skills for the development of language, reading and verbal cognition and 
the weaker working memory skills of CI children are confirmed by Pisoni 
& Cleary (2003) and Kronenberger et al. (2011) but also by recent studies 
from neuroscience on developmental neuroplasticity after cochlear 
implantation (Sharma et al, 2007; Kral & Sharma, 2012). Knowing the 
strong relationship between working memory span and overall learning 
rate, and the fact that a lot of deaf children develop deficiencies in working 
memory, we have to focus more on working memory during intervention 
and education (Hamilton, 2011), which will be discussed further on in this 
chapter in part 5.7. 
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5.4.  Child and environment related factors influencing the variability 
in outcomes after implantation. 
 
One of the aims of this thesis was to determine factors influencing the 
variability in outcomes after implantation. The outcomes of our studies 
published in Chapter 2, part 2.1., 2.2., 2.3. and Chapter 3, part 3.2.1., 
3.2.2., 3.3.1. and 3.3.2. have led to the following in child and environment 
related factors:  

 The need for early implantation (< 18 months)  

 Bilateral devices should be the standard of care to enable incidental 
learning 

 The importance of good working memory skills and morpho-
syntactic abilities to come to age equivalent reading levels 

 The need for spoken language input in early communication  

 Negative influence by additional (learning) problems and by a 
multilingual home environment.   
 

The major predictor of positive outcomes appears to be early 
implantation, which is already discussed in part 5.1., same as we did with 
the importance of binaural hearing and good morpho-syntactic and 
working memory skills in part 5.3.  

The need for spoken language input in early communication is 
confirmed by a lot of publications in the area of cochlear implantation 
(Nicholas & Geers, 2006; Niparko et al, 2010; Boons et al, 2012), and also 
recently from neuroscience (Kral & Sharma, 2012). It is clear that these 
young implanted children need good auditory input, but it is not clear 
whether the use of visual support (spoken words supported by cues or 
signs) has a positive or negative influence on their auditory, speech, 
language, reading and verbal cognition development. It is also not known 
what kind of language input will be best for which child. It is also likely 
that the influence of some predictors changes over time and the effect of a 
variable may differ between outcome measure. A strong predictor of 
receptive language is not necessary a good predictor for expressive 
language. To address these issues a large study is required, because a 
limitation of the studies we have today is the small number of participants.  
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In the literature, 30 to 40% of deaf children are reported to have 
additional disabilities (Fortnum et al, 2002; Nikolopoulos et al, 2005; 
Verhaert et al, 2008). In the early years of cochlear implantation, these 
children were not candidates for CI. However the number of children with 
additional disabilities receiving CIs has increased substantially (Meinzen-
Derr et al, 2011) and we noticed a negative impact of additional disabilities 
on the outcomes after implantation (part 2.1. and part 3.1.1.), which 
confirms earlier outcomes in studies from Geers et al. (2003), Duchesne et 
al. (2008) and Boons et al. (2012). According to Hawker et al. (2008), 
language difficulties in some children using CIs may reflect the same 
predominantly inherited basis as specific language impairments which 
suggests that these children have a language disorder separate from their 
deafness.  

In addition, many deaf children are raised by parents whose first 
language is not that of the country in which they are living in, or who may 
speak multiple languages proficiently. In these situations, hearing children 
will learn their parents’ first language, as well as the national language. In 
our longitudinal study on young implanted deaf children (Chapter 3, part 
3.3.1.) multilingualism in the family was related to lower language and 
verbal cognition scores even when counting their knowledge in both 
languages together, which confirms the outcomes in studies by Robbins et 
al. (2004), Guiberson et al. (2005) and Boons et al. (2012). Raising and 
education a deaf child using cochlear implants in a multilingual 
environment is a big challenge and access to a rich language model and to 
incidental language which is critical if a child is to learn more than one 
spoken language via a CI, which is not the case for a lot of deaf children. 

Of course not only these factors above are influencing the outcomes 
after implantation. Several studies have investigated the relationship 
between outcomes and possible predictors. Better language development is 
associated with early identification of hearing loss (Yoshinaga-Itano, 1998) 
and hearing aid fitting (Artieres et al, 2009); longer CI use (Nicholas & 
Geers, 2006) and better preoperative hearing levels (Artieres et al, 2009; 
Wiefferink et al, 2008). Also intactness of the neurological system (Pyman 
et al, 2000), number of channels that are effectively programmed (Francis 
et al, 2008) and bimodal stimulation (Nittrouer & Chapman, 2009) or 
bilateral cochlear implantation (Sparreboom et al, 2010; Boons et al, 2012) 
can affect language development and academic performance. Non-verbal 
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cognitive skills  and mainstreamed schooling  (Geers et al, 2003, 2008; 
Vermeulen et al, 2007) are also strong predictors of language and reading 
skills in CI children, although good cognition alone is not sufficient 
(Meinwen-Derr et al, 2010).  
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5.5. Changing trends in the education of young deaf children using 
(bilateral) cochlear implants  
 
5.5.1. Paediatric cochlear implantation requires an experienced 
multidisciplinary team 
As published in the first paper of Chapter 4 (part 4.1.), assessment and 
management of children with cochlear implants necessitates a 
multidisciplinary team which includes surgeons, audiological scientists, 
teachers of the deaf, speech and language therapists, social workers and 
psychologists. Additionally, other professional disciplines (physiotherapist, 
neuroscientist,…) and even deaf (CI) adults and parents of children using 
CIs can be partners of this multidisciplinary team.  The most important 
partners in a paediatric CI-team are not the professionals but the child and 
his family.  Cochlear implant programs have to involve the parents and the 
local teachers and professionals supporting those children on a daily basis, 
in the rehabilitation process. They have to take care of troubleshooting the 
device, of monitoring the child’s progress, of using the device at home and 
school. Obtaining an appropriate provision and flexibility in educational 
services has often been a source of tension between parents and local 
teachers (Wheeler et al, 2009). 

Although the Belgium authority only recommend that at least an 
ENT-surgeon, audiologist and speech and language therapist are involved 
in the CI-team, the clinical guidelines of most other countries recommend 
multidisciplinary teams of at least five disciplines (NICE, 2011; 
Department of Health, Australia, 2013).  They also recommend that the 
evaluation of the deaf child for implantation is best done by a 
multidisciplinary team who understands the needs of hearing-impaired 
children and who can work with the family, the child, therapist, classroom 
teachers, as well as other school professionals. The decision to proceed 
with cochlear implantation in a child is one that requires long-term 
commitment on the part of the family and the cochlear implant team.   

In the UK, in order to ensure that best practice prevails, quality 
standards have been published by the National Deaf Children’s Society and 
the British Cochlear Implant Group (NDCS, 2010). Same happened in the 
Netherlands by CI-ON (Cochlear Implant Overleg Nederland), OPCI 
(Overleg Platform cochleaire Implantatie) and SBG (Stichting 
Gezinsbegeleiding) when they published in 2008 their field standards in 
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cochlear implantation together. This is something we are missing in 
Belgium and this results now in more than 20 CI-teams responsible for a 
maximum of 240 CIs/year of which a maximum of 6 centres are doing 
more than 10 implants/year, which makes it difficult to become 
experienced in CI. 
 
5.5.2. Impact on educational placement and communication mode 
Over a relatively short period of time cochlear implantation has changed 
from a procedure parents had to fight for, to that of a routine provision in 
most parts of the developed world, and even increasingly in the developing 
world (Leigh, 2008). This routine provision, in combination with universal 
hearing screening, has also changed Flanders’ population of children who 
are deaf, as published in Chapter 4, part 4.2. In line with a world-wide 
movement to inclusion and the education of all children with disabilities in 
a mainstream setting, also children with a hearing loss are increasingly 
being educated in mainstream schools. In Flanders three times more 
children with a hearing loss are educated in mainstream settings than 20 
years ago and the needs in special schools for the deaf have become more 
complex as a significant greater proportion of deaf children in special 
schools have additional needs (Chapter 4, part 4.4.), which confirms the 
tendency as published by Geers et al., (2008), Archbold and Mayer (2010), 
Mayer and Leigh (2010) and Knoors and Marschark (2012).  

Spoken language has become the first language for the majority of 
CI students. Therefore, a decreasing number of deaf CI students prefer to 
use sign language as their main communication mode at home and in 
school. In Flanders this results (Chapter 4, part 4.2.) in fewer mainstreamed 
CI students who choose for an interpreter. Furthermore, of those who do 
request an interpreter, approximately half use a notetaker and half use a 
sign language interpreter. Nearly all deaf students without a CI prefer a 
sign language interpreter.  

However this tendency doesn’t mean that deaf children with a CI are 
not interested in sign language. On the contrary, within the increasing 
number of mainstreamed deaf students using CIs, there is a demand to 
learn sign language, not as their first but as their second or third language 
and they also want to meet deaf friends live or online. 

Since the reimbursement of bilateral implants in Flanders in 
February 2010, there is an obvious increase in young deaf children 
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receiving (bilateral) cochlear implants early in life in Belgium. Knowing 
from the results of our publication in Chapter 3, part 3.3.1., these children 
have more opportunities to pick up language incidentally, which will 
further influence the trends in deaf education in the near future. 
 
5.5.3. Changing trends in deaf education 
Looking at the results of this thesis, one might have the impression that 
sign language, Deaf community and Deaf culture are not important 
anymore for young implanted deaf children, which is not the case. For 
children using CIs in special and in mainstream education, the use of signs, 
the knowledge of sign language and Deaf culture can be valuable in their 
development.  

There is not a one-size-fits-all approach which meets the needs of all 
children with cochlear implants and their families. A combination of 
communication approaches may be used and modified over time depending 
on the needs of the child and his family. The language and communication 
approaches and strategies for a young child will be different from those for 
a child obtaining an implant when he or she is older and at a later stage of 
language development. In addition, the use of signs does not imply 
exclusion of spoken language. When professionals and families consider 
use of ‘sign’ for children with cochlear implants, it is important to define 
the use of signs and to understand the distinction between sign as a 
clarification of spoken language (sign supported speech) and sign as a full 
visual language (sign language). Use of signed supported speech will 
involve different strategies than use of a bilingual approach that develops 
and utilizes both sign language and spoken language as separate languages. 
Sign may be used in a diverse set of approaches: to facilitate early 
language development before or in the early months after implantation, to 
make a bridge or transition to proficiency in spoken language, to support 
spoken language or as real sign language within a signed bilingual 
approach. However it was beyond the scope of this thesis to discuss the 
pros and cons of the various communication approaches.  

Early hearing screening and early implantation also created a 
changing trend towards family centered early intervention (Chapter 4, part 
4.2.) as confirmed by Ingber and Dromi (2010). Because of the very young 
age of the children involved, it is clear that the general principles of 
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working in partnership with parents have particular relevance. These 
programs also however need further improvement. 

Another consequence of early screening and implantation is the 
increased demand for early developmental stimulation, especially in the 
areas of audition and spoken language,  in order to catch up with their 
normal hearing peers as soon as possible. That’s one of the reasons why the 
demand for auditory verbal therapists (AVT) has increased worldwide.  

What is common to all changing trends described in the literature is 
the fact that for most deaf children using cochlear implants the first 
language is going to become spoken language. This is confirmed by the 
changing trends in deaf education in Flanders as described in Chapter 3, 
part 3.3.1. and Chapter 4, part 4.2. and 4.4. An increasing number of deaf 
students using cochlear implants have developed good spoken language 
skills, attend mainstream schools and fewer chose for an interpreter. The 
reality of attendance of mainstream education however can be rather 
complex in a noisy classroom environment, where speech perception is 
very poor. Therefore we have described in part 4.3. the changing realities 
in the classroom for students with a hearing loss. Good classroom acoustics 
are essential for deaf children using cochlear implants, but also teachers' 
attitudes toward students with hearing loss have to be adapted. This 
demand is confirmed by a lot of work of the National Deaf Children’s 
Society (NDCS) in the UK. They created several brochures on quality 
standard for deaf children using cochlear implants and they developed an 
acoustic toolkit to provide advice and guidance to schools and local 
authorities to help them create a better learning environment for children 
with a hearing loss (NDCS, 2008). 

 However the deaf child in the mainstream is often the only one with 
a hearing loss in the classroom or even in the school, which increases the 
risk for problems in their social-emotional development. For that reason 
there is an increased demand by these students to meet and socialize with 
other deaf peers.  Initiatives as ‘Saturday KIDS’ and ‘the Deaf culture 
holiday week’ organised by KIDS-Hasselt (B) are examples of good 
practice and new trends in deaf education. 

Although the outcomes of young implanted children are very 
promising, we also have to take care of those who have (for one reason or 
the other) poor auditory perception skills, who are not able to engage in 
incidental learning from an auditory only input, who have additional needs 
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or who are not wearing cochlear implants (because there was no cochlea or 
auditory nerve, because they don’t like the implants or because their 
parents decided not to go for a cochlear implant). This is the group which 
raises the greatest concerns, because it is a small group asking for a special 
approach, which might not be available even not in special schools for the 
deaf. Early differentiation within the population of deaf children remains 
essential.  

In Flanders another trend in the education of deaf children using 
cochlear implants (Chapter 4, part 4.4.)  is the increased demand for 
training for teachers of the deaf and other staff members to become 
experienced in optimal education and rehabilitation of CI children. Even 
the teachers of the regular schools need some basic knowledge on deaf 
children using cochlear implants. 

Although we could highlight some interesting trends in deaf 
education in Flanders, there are more trends in deaf education, which were 
not discussed in this thesis, but it does not mean they are less important. A 
few examples from recent literature:  

 increased focus on the social emotional development of deaf 
children (Wiefferink et al, 2013) 

 increased focus on rhythm and music  (Robbins & Barton, 2010) 

 increased focus on phonological processes in the development of 
literacy (Spencer & Tomblin, 2009) 

 increased focus on flexibility in communication over time and in 
differing situations (Archbold, 2010) 

 increased focus on the neurological foundations of listening, 
talking and learning (Cole & Flexer, 2011) 
 

Changing trends within the population and education of deaf 
children are not a situation unique to Flanders, although we were one of the 
first regions in the world to notice these changes as one of the pioneers of 
universal neonatal hearing screening. In the mean time, health authorities 
in other countries have made the same decisions, which results the same 
changing trends. Leading educational scientists in the world, with decades 
of experiences in deaf education, have recently published some important 
statements on the changing trends in deaf education: 
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Archbold and Mayer (2012): 
“Although there is variation in outcome, more children with implants are 
going to mainstream schools, and using spoken language as their primary 
means of communication, and the evidence to date suggests that cochlear 
implantation early in life has led to improved levels of spoken language an 
educational attainments” (p.2).  
 
Mayer and Leigh (2010): 
“The widespread implementation of newborn hearing screening and 
advances in amplification technologies (including cochlear implants) have 
fundamentally changed the educational landscape for deaf learners 
(p.175)…what is common to all scenarios is the fact that the first language 
is going to be some form of spoken language…the possibility of some new 
conceptualizations of bilingual education must be acknowledged but such 
arrangements require objective evaluation” (p.184). 
 
In the same line Knoors and Marschark (2012) suggest: 
“To revisit bilingual language planning policy for deaf children by 
differentiation in language input.  A carefully implemented, differentiated 
language policy will better meet the current wishes, strengths and needs of 
deaf children and their parents, to accomplish these goals…Differentiation 
should be made also in deaf education, although it is controversial for 
those who believe that all deaf children should be brought up and educated 
bilingually from an early age” (p.301).  
 
Spencer and Marschark (2010) came to the conclusion that : 
“The field is now seeing significant benefits from early identification, early 
intervention and technological advances in devices…All of these raise 
expectations for deaf children’s spoken language development far beyond 
any we had a right to hold at any point in the past….If we tread carefully 
and document our progress, we may finally be able to fulfil the promise of 
effective support for speech and spoken language for children with hearing 
loss. Raising and educating a deaf child is about having choices and 
making decisions. When these decisions are informed, and when the 
differences between choices are clear, parents and practitioner will be able 
to optimize developmental opportunities for all deaf children. We cannot 
ask for anything more (p. 17)”.   
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5.6. Rehabilitation programs after (bilateral) cochlear implantation 
 
The last paper in Chapter 4 (part 4.5.) addresses the issue on how we can 
maximize the benefits from bilateral implantation in therapy, at home and 
in school. There is a lot of research going on looking at the benefits of 
cochlear implants, searching for the best way to fit children with one or 
two cochlear implants and how to monitor the effect of (bilateral) 
implantation. But our literature review didn’t give us the answer to the 
question “How much and what kind of therapy should a child with one or 
two cochlear implants receive?”, or indeed whether therapy is needed at 
all. Ideally, but ethically difficult,  longitudinal controlled prospective 
studies including large subject numbers and intra-subject controls are 
needed to observe and examine the best rehabilitation techniques versus 
desired outcomes. Parameters to be examined may include frequency of 
sessions, duration of sessions, device suspension, various neurobiologic 
and neurocognitive processes, monaural versus binaural training, stimuli 
and material types, and various listening conditions. 

So meanwhile we can only look at good clinical practice. There are 
several adaptive methods that can be used to provide ongoing listening 
experience, including a natural conversation approach, a shared experience 
approach or a specific listening activity. All three approaches can be used 
at home, in school and in therapy. In general, more structured listening 
activities will take place in therapy, more shared experience conversations 
in school and more natural conversation will take place at home, but it is 
important that all three activities take place in each learning environment,  
home, school and therapy  (Erber, 2011). But we don’t know what is best 
for this individual child. Ultimately more research is needed to investigate 
how to optimize auditory rehabilitation therapy to achieve the desired 
outcomes for speech and language development and social integration for 
the hearing impaired child that brings them closer to the skills displayed by 
their typical hearing peers. We have to know more about what kind and 
what amount of guidance uni- and bilateral (sequential or simultaneous) 
implanted children need. Who and when do they need more structured 
listening activities, or more natural conversations and if they do need it, 
what kind of activities does this child need, because there is not one 
solution for all? 
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In general we know that the younger children receive their 
implant(s) the more natural the auditory development takes place and the 
less structured therapy they need. To have a better insight in the hierarchy 
and possibilities of structured auditory training we developed at KIDS-
Hasselt (B) the Listening Cube (Appendix 1) which is a tool for planning 
therapeutic sessions which are both challenging and appropriate for CI 
users’ individual needs. The three dimensions of the cube (levels of 
perception, practice material, and practice conditions) can serve as a visual 
reminder of the task analysis and other considerations which play a role in 
structuring therapy sessions.    

Additionally the challenge exists to ensure rehabilitation methods 
appropriate for each child, with their individual needs. Recent and future 
research outcomes from neurosciences on critical periods in development, 
on synaptic plasticity, on changes in auditory cortex after cochlear 
implantation and on auditory processing, will give better insight in how to 
build up rehabilitation after implantation. Better evaluations of therapy 
methods as well as increased availability of auditory training programs 
might help to deliver them more readily and widely in a variety of 
languages. These challenges reside amongst all professionals and parents 
dealing with implanted hearing-impaired children on a daily basis. 
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5.7.  Implications for the education of deaf children using cochlear 
implants 
Universal neonatal hearing screening (UNHS) and cochlear implantation 
have changed the choices for parents and educators for their deaf children. 
Archbold (2010) even calls it an educational impact in ways that no 
changes in pedagogy or communication approach have previously 
achieved. It is not only influencing parental or educators choices, but also 
the early intervention approach, the language and communication 
approach, the school curriculum, school placement and a lot of other 
educational attainments. 

After UNHS detection of a baby's hearing loss, hearing parents of 
young deaf children are confronted with the need to make choices about 
issues that they seldom may have thought about before learning of their 
child’s hearing loss. UNHS programs should be organised in a way that 
parents receive complete and unbiased information about all aspects of 
deafness, about the medical but also about the cultural-linguistic approach 
to support their decisions about implantation and subsequent choices about 
communication and education conditions for their children. Effective 
support for families empowers parents to make informed decisions and 
take positive action on behalf of their child before language and 
communication deficit becomes established. 

What is important is that we recognize that there are many different 
avenues to success. It is also important to acknowledge that early 
identification of hearing loss is crucial, that early communication between 
the deaf child and his or her parents and family is vital, whatever the 
communication choice will be, and that a lot of hard work on everyone’s 
behalf is necessary to raise and educate a deaf child. Deaf children also are 
a particularly heterogeneous population with many variables to account for 
and cochlear implantation has added even more variables, which results in 
a diversity of outcomes. For educators this variability makes advising 
parents about educational decisions and providing appropriate educational 
support for deaf children with cochlear implants very challenging.  
Knowing that a lot of deaf children are receiving cochlear implants during 
the first year of life, and that 30 to 40% are having additional needs, we 
have to take into account that a lot of additional needs are not known at the 
age of implantation. So professionals should be cautious in predicting 
outcomes. Therefore cochlear implantation requires documentation of the 
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child's progress in order to monitor device functioning, to inform the 
tuning process, or to identify additional problems or areas of difficulty as 
well as specific abilities and skills. This enables the educator to 
differentiate, to determine appropriate intervention and rehabilitation and 
modify them according to the observed progress. It also provides 
indications of where other assessments may be necessary to further explore 
the areas of difficulty. 

Crucial to being able to assess the impact of early implantation on 
deaf education has been the ability to measure early changes in 
communication skills, in the use of audition and in the development of 
spoken language. The Nottingham Early Assessment Package (NEAP) was 
developed to monitor progress in young children (Nikolopoulos, Archbold 
& Gregory, 2005). The NEAP was translated into the Dutch language as an 
assessment tool within a research study of NSDSK-Amsterdam on the 
development of young deaf children after cochlear implantation 
(Wiefferink et al, 2007). Three years later an adapted Dutch version of the 
NEAP was developed by ONICI, in cooperation with Cochlear Benelux  
(The Ear foundation, Cochlear Benelux, ONICI, 2010). This Dutch adapted 
version of the NEAP focuses not only on auditory perception, 
communication and speech development, but also on cognitive and social 
emotional development and on family involvement. Based on the research 
outcomes of which most of them are published in this thesis,  we have 
updated the ONICI monitor again, and the final result is shown in figure 1.  
An explanation of all assessments can be found in appendix 2. 

This ONICI monitor consists of basic subtests (light grey colour) 
and additional subtests  (in white) which can give you more detailed 
information on a certain topic. It focuses on a child’s strengths as well as 
weaknesses, providing a comprehensive assessment as a basis for the 
child’s individual educational plan. Outcomes from the ONICI monitor can 
also be used to motivate educational choices (mainstream, unit or special 
school for the deaf) or to differentiate in language groups based on the 
schools’ language policy. Reliability and validity for many of these 
assessments have been well established and a number of them have already 
been shown to predict outcomes (Tait et al, 2007, 2010; Boons et al, 2012).  
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Figure 1: Overview of the Dutch ONICI monitor for young CI children first 
3 years after implantation 
 

Because most additional needs are not known at implanting around 
the age of one, and because especially the early years are very important in 
the development of children, it is recommended to use the basic scale of 
this monitor every 6 months within the first two year after implantation and 
yearly later on. Once the score on certain assessments is within 1 SD of the 
average score of normal hearing children, or within normal range, it is not 
necessary to measure this topic again in the near future unless there are 
new indications. Of course, this monitor is not only useful for children 
wearing cochlear implants but also for other deaf and hard of hearing 
children after fitted with conventional hearing aids. 

Looking at cost-effectiveness, monitoring a hearing impaired child 6 
times (at 0,6,12,18,24,36 months) after the onset of fitting hearing aids or 
cochlear implants by using this ONICI monitor is not such an expensive 
intervention,  because most assessments are very short in time and they can 
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easily be integrated in the early intervention program, audiological 
management or after care of CI children. It is just a matter of deciding who 
will be the key person to coordinate these assessments and to collect the 
results together.  

In language and verbal cognition development of hearing and deaf 
children there are 2 crucial milestones. First of all there is the period of 
joint attention around the age of 18 to 24 months,  in which children start 
to look actively at another person’s intention. In children’s learning to 
interpret linguistic symbols as referring to the focus of joint attention, 
caregivers play a crucial role. They talk about things the child is looking at. 
Hearing children are able to look at the object the adult is talking about, 
while listening to the adult. This combined input results in the 
comprehension of the language of the adult. If the child is not able to hear 
the voice of the adult clearly (because there is no or unclear auditory 
input), it is important to bring the object he/she is talking about into the 
visual field between the adult and the child and to support the spoken 
language with signs. Most children receiving cochlear implants in the first 
year of life should have the auditory skills by the age of 18 months to come 
to joint attention as hearing children. But those implanted in the second 
year of life are in the early fitting period after implantation or even not 
implanted yet, which makes it very important to look at these children’s 
speech perception skills. The non-looking vocal turns within Tait Video 
Analysis, which is included in the ONICI monitor,  can give relevant 
information concerning the ability of the child to come to joint attention on 
an auditory way (Tait, De Raeve, Nikolopoulos, 2007). Because of the 
audition given by the implant, the child can receive the language input at 
the same time that they are looking at/playing with the object, rather than 
having to divide their attention between the object and the (subsequent) 
communication. If this is not the case, we have to add additional visual 
communication strategies (Loots & Devisé, 2003). Now, it is possible there 
for hearing carers of deaf babies to do what comes most naturally to 
someone caring for the very young: to supply the language for whatever is 
occupying the child’s attention at any one time, without having to attract 
their visual attention all time. For a lot of these young implanted deaf 
children, the spoken language of their family is now accessible and, for 
their part, will not need to integrate visual and spoken signals, but can 
follow communication mainly through audition. 
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Secondly, 80 to 90 % of the vocabulary of normal hearing children is 
learned outside the classroom setting (Gillis & Schaerlaekens, 2000). This 
incidental or random learning refers to unintentional learning occurring 
at any time and in any place. Children need good auditory conditions to 
stimulate and develop the cognitive skills needed for incidental learning.  
CI children with good binaural hearing skills are able to understand speech 
from distance and in challenging listening situations, which are precursors 
to come to incidental learning. To enable incidental learning in deaf 
children who don’t have these auditory skills, it is necessary to adapt the 
acoustic environment to a signal-to-noise ratio of +15 dB and/or to increase 
the visual support. These incidental learning precursors can also be 
assessed by Tait’s NLVT and/or by assessing speech perception in noise 
and at 45 dB HL. All three assessments are part of the ONICI monitor.  

Children with CIs are now in a variety of educational settings 
using a variety of communication approaches. Some are in special 
schools, others start in a special school or in a unit before moving to a 
regular school, and others start immediately in a regular school. Many 
parents hope their child will be able to attend a regular school in their home 
environment to be part of their community, with siblings, neighbours and 
classmates. However, we do not know whether the expectations of parents 
and professionals are always realistic, knowing the amount of children (and 
also families) with special needs. The educational choices parents have to 
make for their child should not been made solely on subjective, political or 
philosophical ideas, but more on objective measurements. The ONICI 
monitor can give more objective information which can help in making a 
decision, but we also need more research on the reliability of specific 
developed assessment batteries and checklists such as the MARCOF 
(Mainstream Assessment of Readiness for. Children Over Five) (Robinson, 
2005); SIFTER (Screening Identification for Targeting Educational Risk) 
(Anderson, 1989); Student Inclusion Rating scale (Richards, 2003) or the 
PARC (Placement And Readiness Checklist for students who are deaf or 
hard of hearing) (Johnson, 2011). 

Based on the results of an assessment battery, in combination with 
the academic results and the meaning of parents and educators, it should be 
possible to decide on the frequency and content of the support. Every 
mainstreamed deaf child, every educational situation is different, and the 
content and intensity of the educational support can change over time. 
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Looking at cost-effectiveness it is not a good idea to give every deaf child 
the same amount of support every year during his school career. It should 
be possible to be flexible in supporting these children: some children don’t 
even need support or just some small support from distance and others 
need daily individual support. The development of a valid instrument to 
estimate the amount and content of educational support these children 
need, is more than welcome. 

The reality of attendance of mainstream education, in contrary to 
many parents’ expectations, is that speech perception can be poor, 
hindered by a noisy classroom environment. In addition to this, there are 
often little visual cues in regular schools. For teachers it will be difficult to 
estimate the level of ability of the child due to varying reactions (in quiet 
and noise). As a result more complex linguistic skills might be less-
developed. These deficits may be hidden by relatively good auditory 
perception skills, intelligible speech and relatively good basic language 
skills. Subtle misperceptions and misunderstandings might not be noticed.  
Recently, long term data from Nijmegen (Langereis and Vermeulen, 2010) 
showed that such misperceptions and miscommunications do not prevent 
children from enjoying school and maintaining friendships with classmates 
and other peers.  As Wiefferink et al. (2013) mentioned, for effective 
inclusion of children with hearing loss in a mainstream setting, more 
attention must be given to the number of children in a class and the 
classrooms’ acoustics in the mainstream schools as well as to the social-
emotional development of these children. The fact that a larger group of 
mainstreamed deaf children should be able to learn incidentally needs to be 
handled with caution. This can only be the case if the necessary 
prerequisites are met to allow this learning process to take place. Besides 
attention to the personal qualities of individual educators who are required 
to show the skill to anticipate and tune in to the changing communication 
modes of their child, one also needs to focus on the acoustic quality of the 
living environment. Additionally to further improve the listening 
conditions in the classroom, the use of assistive listening devices such as 
an FM-system, can be considered. The decision to use a FM-system on the 
one or other implant separately or with both implants combined should be 
determined individually on a case by case basis. To date, there is no 
evidence to suggest one or the other method of FM-system use following 
(bilateral) implantation provides superior or quicker outcomes. We really 
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need more research on this topic to guide teachers to come to good 
practise. 

An increasing number of deaf students using cochlear implants 
attend mainstream schools and they often are the only child with a hearing 
loss in the classroom or even in the school, which increases the risk for 
problems in their social-emotional development. For that reason there is 
an increased demand by these students to meet and socialize with other 
deaf peers. Initiatives as ‘Saturday KIDS’ and ‘the Deaf culture holiday 
week’ organised by KIDS-Hasselt(B) are examples of good practice 
focusing on this increased demand.  

Spoken language has become the first language for the majority of 
mainstreamed deaf students but it doesn’t mean that these deaf children are 
not interested in sign language. On the contrary, there is an increasing 
demand to learn sign language, not as their first but as their second, 
third or fourth language. Offering sign language as a school subject for 
deaf children in regular education as well as in special education, will 
generally improve the level of sign language skill among deaf children 
(Knoors & Marschark, 2012).  Special schools for the deaf, as centres of 
expertise on deafness, together with the Deaf Community and the 
universities who establish programs for teachers of the deaf or for teachers 
in sign language, should play an important role in this matter.  

The fact that less mainstreamed deaf students using cochlear 
implants in Flanders request for an interpreter, and that those who request 
an interpreter prefer a notetaker, results in an increased demand for note 
takers. The increase demand for note takers also suggests that the training 
centres for interpreters should guarantee the competencies of the note 
takers as well as for sign language interpreters. This is not the case in 
Flanders, where there is even no special training for notetaker.  

Knowing that good readers have better morpho-syntactic abilities 
and better working memory skills, these topics need more attention in 
the school curriculum. The reflective exercises within the Maternal 
Reflective Method of Anton van Uden focused a lot on morpho-syntactic 
skills and have the aim to help the children discover the language structure 
by themselves (van Uden, 1977).  At that time van Uden already noticed 
that deaf children have a lot of problems with homonyms, figurative 
meaning, expressions and with the correct use of verbs, pointer words, 
question words, articles, prepositions and conjunction words. However 
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these reflective exercises have to be revisited to the recent population of 
deaf children using cochlear implants. The fact that working memory needs 
more attention in the curriculum of deaf children is confirmed by the 
National Deaf Children’s Society in the UK who recently developed a 
program to support deaf students (aged 5-11 years) with their working 
memory (NDCS, 2012). Most tasks within this program however are visual 
tasks, so it should be expanded by auditory working memory tasks, which 
are more the demand of deaf children using cochlear implants. 
Recognizing the neuroplasticity during the early years, it is also 
recommended to expand the program by games and tasks for our youngest 
population, under the age of 5.  

As the education of deaf learners has become increasingly complex, 
there is currently more knowledge and skill required from educators than at 
any time in the history of the field. This has implications for teachers and 
teacher education programs (Leigh, 2008). 

Newborn hearing screening and cochlear implantation have provided 
new opportunities for profoundly deaf children, created new challenges for 
teachers of the deaf, and have changed educational choices and options. All 
this is a big change for the educational services. They have to adapt their 
way of working and they must ensure that their staff  have the skills to 
meet the challenges: to be flexible, continually updated with the 
technology and changing expectations, to provide an environment which 
will utilise any useful hearing while meeting  the linguistic and curricular 
needs of the children, to meet the psycho-social needs of this group as they 
grow through adolescence and to work with other professionals. 

The challenge for the field is to embrace the diversity of this 
population and to appropriately address the specific needs of each child in 
his/her family in a specific country. This is particularly relevant with 
children whose home language is not the national language or those who 
have additional needs. Just as the population of deaf children has changed 
very rapidly in locations with access to advanced technology, and as more 
children attend mainstream schools, the demand for professional 
development opportunities and for specialized staff training increases. 

However, many support staff start to work as itinerant or peripatetic 
teachers immediately upon completing their basic teacher training; they 
have little or no specific experience in educating or supporting children 
with cochlear implants. In the past, these teachers received their training in 
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special schools for the deaf and started working as peripatetic teachers 
some years later. With more students in mainstreamed classes, more staff is 
needed to support them in their mainstream school, while fewer staff is 
required to educate the smaller population in the special schools for the 
deaf, thus reducing opportunities for experiential training. Also the 
teachers of the regular schools need some basic knowledge on CI children. 
So also the training opportunities should be very diverse: some intensive 
training courses for teachers of the deaf working in early intervention, 
special schools for the deaf or as peripatetic teacher supporting these 
children in mainstream settings and some basic knowledge courses for 
teachers in mainstream, who have to deal in their class not only with this 
deaf child, but maybe also with some children with other special needs. 
ONICI, the Independent Information Centre on Cochlear Implantation, 
created by Leo De Raeve and functioning especially in Belgium and the 
Netherlands, tries to answer to this demand by organising training courses 
and workshops for professionals and parents supporting deaf people using 
cochlear implants. 

Some countries have their training centres for teachers of the deaf, 
but often they are not up to date concerning cochlear implants, others don’t 
even have a specific training. Very recently, research is being conducted at 
the Katholieke Universiteit Leuven (Belgium) to examine the qualifications 
and competencies needed for teachers of the deaf to work in all settings 
with children who are deaf or hard of hearing. One part of this research is 
embedded in a larger European Leonardo project, which seeks to identify 
the pan-European core competencies for teachers of the deaf and how they 
can be acquired (Lichtert & van Wieringen, 2010). Another part of the 
research is focused on the special language didactic needs of teachers of 
the deaf. To guarantee a high standard of education for all children with 
hearing loss the outcomes of this kind of research is needed to invest in the 
development of training courses tuned to the diverse population of today in 
combination with good practices and in cooperation with its European 
partners. 

In order to try to ensure the best outcomes and the highest safety 
levels for every present or potential implant user, the HEARRING 
network, a group of 23 CI clinics from all over the world, has very recently 
created a series of quality standards that should cover all aspects of the 
implant solution process; a decision which we can only welcome. But 
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when we evaluate these recent published quality standards of cochlear 
implantation in children and young adults (Martin & Raine, 2013) we 
notice that within the 8 pages’ publication, there are only 7 lines about 
family support and education. All other quality standards have to do with 
the CI-team,  accommodation in the hospital (but not at home or in a 
school environment), preoperative information, surgery, assessment, device 
failure, clinical management and follow-up and long term maintenance. 
Knowing that family variables such as socioeconomic status, parents 
involvement and parents linguistic input (Spencer P, 2004; Niparko et al, 
2010; Boons et al, 2012; Holt et al, 2012; Cruz et al, 2013) and also 
educational setting and quality of mainstream support service (Archbold, 
2010; Boons et al 2013; Percy-Smith et al, 2012 ) have a high significant 
impact on the outcomes of young CI children, we have to focus more on 
the quality standards for families and educational settings in the near 
future. So there still remain many challenges. 

The potential of cochlear implants is still not fully realised given that 
all current research is based on children implanted a number of years 
previously. In addition, future additional gains are anticipated because of 
innovative new technologies and better understanding of central nervous 
system plasticity and cognitive and neurobiological factors. All health 
professionals and educators of deaf children have to be aware of this 
current change, so that they can provide appropriate support and advice for 
the diverse group of children, many of whom have additional needs and 
whose families share complex expectations (Powell & Wilson, 2011). 
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5.8. Limitations on choosing methods in research on deaf education 
and rehabilitation 
This thesis comprises results of 14 studies which have been published in 
international educational, medical and linguistic journals, between 2007 
and 2014. To describe the strength of these studies, we scored  these 
publications with regard to their level of evidence. We used for ranking the 
classification system of Lebwohl, which is shown in table 1 (Lebwohl, 
2010).  
Table 1: classification of the levels of evidence by Lebwohl (2010) 

A  Double blind study: at least one prospective randomized, double-
blind, controlled trial without major design flaws (in the author's 
view).  

B  Clinical trial > 20 subjects: prospective clinical trials with 20 or 
more subjects; trials lacking adequate controls or another key facet 
of design, which would normally be considered desirable (in the 
author's opinion).  

C  Clinical trial < 20 subjects: small trials with less than 20 subjects 
with significant design limitations, very large numbers of case 
reports (at least 20 cases in the literature), or retrospective analyses 
of data.  

D  Series > 5 subjects: series of patients reported to respond (at least 5 
cases in the literature).  

E  Anecdotal case reports: Individual case reports amounting to 
published experience of less than 5 cases or expert opinion. 

 
In table 2 we present an overview of the scoring of all our 

publications on their level of evidence. The fact that the highest score is a 
‘C’ (as retrospective studies) and that other publications score an ‘E’  has 
to do with the fact that research in deaf education has some typical 
limitations. 

First of all the incidence of severe childhood hearing loss is only 
about 1:1000, which represents a very small population.  Knowing that the 
yearly birth rate in Flanders is around 62000, there are yearly only 62 
newborns with a severe to profound hearing loss in the whole Dutch 
speaking part of Belgium.  

Looking at KIDS-center of the deaf in Hasselt, which is one of the 
biggest centers for the deaf in Belgium, it means that 7/8 new deaf children 
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enter into their educational setting every year. Taken into account that 30 
to 40% of deaf children have additional disabilities (Archbold, 2010) this 
means that only 4/5 children without additional needs enter KIDS-center 
each. So doing research within the population of one center means that one 
has to collect data over several years to reach significant numbers (chapters 
3.1.1. and 3.3.1.) or one has to collaborate with other centres (chapters 2.1., 
2.2., 2.3., 3.2.1., 3.2.2., 3.3.2. and 4.2.). The remaining chapters comprise 
publications that are opinions of one or more experts in deaf education, 
based on their expertise, good practice and structured review of  literature. 
 
Table 2:  the level of evidence of all publications of this thesis based on the 
classification of Lebwohl. 
Publication Level of evidence ranking 
2.1. C 
2.2. E 

2.3. E 
3.1.1. C 
3.2.1. C 
3.2.2. C 
3.3.1. C 
3.3.2. C 
4.1. E 
4.2. E 
4.3. E 
4.4. E 
4.5. E 
Appendix 1 E 

 
A second limitation is the heterogeneity inherent in the population 

of deaf children due to factors associated with hearing losses and 
variability in their early auditory, linguistic, family and educational 
environment. This implies that the range of educationally relevant 
individual differences is large, much larger than it would be in a population 
of hearing children (Swanwick & Marschark, 2010).  

For that reason research related directly to deaf education is rather 
rare. In Flanders there are just a few active researchers in deaf education 



Limitations on choosing methods in research on deaf education 

323 
 

and the same happens in the Netherlands and even in the UK in comparing 
to the allied fields of linguistics, audiology or psychology. This leads us to 
the issue of the low evidence-based quality of the research in deaf 
education and the extent to which it actually models or supports a critical 
and reflective approach to developing practice (Swanwick & Marschark, 
2010). 

Another problem is that currently empirical research in this area is 
not being communicated to practitioners and the practice issues are not 
being addressed by the research. There is really a gap between research and 
practice in deaf education especially in Belgium where there is little or no 
collaboration between Universities and Centers for deaf education. Greater 
synchrony between research and practice should provide opportunities for 
deaf pupils to achieve greater academic success.  

Several studies described in this thesis try to bridge this gap. Apart 
from practical issues, there are also some more fundamental issues with 
classification models for evidence in cochlear implantation studies. 
Randomised trials (level A) are problematic not only because of the 
relative low number of new deaf children but also because of anticipated 
long term consequences of different treatment options. Therefore, it was 
not a surprise that in the past such trials have been discontinued because 
parents refused to participate in randomisation procedures, or didn’t accept 
the outcome of randomisation (Summerfield, personal communication). 
Probably the highest level of evidence that has been achieved was (with 
our collaboration) by Boons et al. (2012). They performed a multicenter 
study, aimed at benefit of bilateral cochlear implantation in children. 
Results of 25 bilaterally implanted children (all cases that could be 
included) and those of matched controls were compared. The 25 controls 
were selected from a group of 288 unilaterally implanted children, matched 
on factors such as age at implantation and diverse environmental factors. 

Cochlear implantation in children is not just a medical intervention, 
but, essentially, includes rehabilitation which might extend over years. 
While the intervention itself is rather standardized, rehabilitation is not 
standardized and depends on significant local factors like the provision and 
experience of the local speech and language therapists, the role of 
supporting signs, bilingual education (sign language and/or spoken 
language) etc., as well as local thoughts and support provision on deaf 
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children in special or regular schools. Such factors add noise to the 
question of effectiveness of (bilateral) cochlear implantation in children.  

In summary, evidence levels as generally used (e.g. those described by 
Lebwohl, 2010) might be helpful to evaluate the effect of new medications 
and straight-forward medical interventions but, in their present forms, not 
to assess the evidence of complex treatments like cochlear implantation in 
young children which inherently includes not-yet-standardised 
rehabilitation.
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6.1. Summary 
 
Universal neonatal hearing screening (UNHS) and early cochlear 
implantation have changed deaf education in two decades more than ever 
before. Universal hearing screening is not only influencing the age of onset 
of early intervention, but also the age of fitting hearing aids, the age of 
cochlear implantation and the age of stimulating the auditory cortex in the 
brain. The fact that Flanders was in 1998 one of the first regions in Europe 
to implement an UNHS program, resulted in a young deaf population 
different from most neighbouring countries. In the meantime nearly all 
European countries have their UNHS program resulting also in a changing 
population of young deaf children. Studying this changing population and 
these changing trends in education and rehabilitation was one of the main 
topics of this thesis.  
 

In the introduction in Chapter 1, short overviews are presented 
concerning the history on cochlear implants, the outcomes and the trends in 
education and rehabilitation. The introduction was finished by declaring 
the aims of this thesis. 
 

Chapter 2 presented 3 papers focusing on the impact of universal 
hearing screening and the prevalence and accessibility to cochlear 
implants. The first paper (part 2.1.) presented the long term results of the 
first early screened children who received a cochlear implant in Flanders 
early in life and concluded that a newborn hearing screening program 
results in earlier intervention and earlier implantation of deaf children, 
which beneficially influences their auditory perception skills and speech 
intelligibility. On speech intelligibility development, there is an advantage 
for binaural hearing, good input of spoken language and no additional 
learning disabilities. 

Our data on the prevalence of cochlear implants in Europe, presented 
in the second paper (part 2.2.), show considerable variation in CI utilization 
in Europe. Most East-European countries focus on the implantation of 
children rather than adults, but even than the paediatric utilization rate in 
these countries is less than 40%, which is half of the population in 
comparing to most West-European countries, which have paediatric 
utilization rates above 80%.  
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We also came to the conclusion that in countries which have a 
universal neonatal hearing screening, the yearly number of paediatric CI 
candidates is always around 45% out of the group of newborns with a 
bilateral hearing loss. The yearly number of adults is hard to estimate. 
Taking the mean threshold of at least 90 dB HL as criterion, we estimated 
that the yearly number of adults receiving a CI is around 200/million 
inhabitants, in the age range of 21-90 years. Although adult recipient 
numbers are growing, our estimation is that less than 10% of candidate 
adults in Europe have received a CI. To make this estimation of CI 
candidates more reliable we need more recent data on the number of 
children, adults and elderly with a bilateral progressive or late onset 
hearing loss. 

In the third paper of this chapter we focused in more detail on the 
accessibility to cochlear implants in Belgium and our data showed that the 
paediatric utilization rate in Belgium is above 80% and in Flanders even 
above 93%. The reason of this can be found in the fact that Belgium was 
one of the pioneers of cochlear implantation and that the Flanders region 
was one of the first regions in Europe to implement a universal neonatal 
hearing screening program. The government of health care also supported 
cochlear implants in adults and in children from the early years and they 
have been reimbursed in adults and children since 1994. Bilateral implants 
in children have been reimbursed since February 2010. 
 

Chapter 3 reported on the outcomes of young implanted deaf 
children. In a longitudinal study of deaf children implanted under the age 
of 18 months (part 3.1.1.), we presented their outcomes on auditory 
perception and speech intelligibility. It seems that in deaf children 
implanted under 18 months the auditory development and speech 
intelligibility progresses more rapidly and they reach a higher level 3 years 
after implantation. In those implanted under the age of one, as described in 
paper 3.2.1., some preverbal communication behaviours are developing to 
an extent not significantly different from those of age-matched normally 
hearing children, although there is large variability.  

Therefore cochlear implantation requires documentation of the 
child's progress in order to monitor device functioning, to inform the 
tuning process, or to identify additional problems or areas of difficulty as 
well as specific abilities and skills. The ONICI-monitor, which is a Dutch 
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adapted version of the NEAP (appendix 2), can be used to monitor the 
development of CI children. It focuses not only on auditory perception, 
communication and speech development as the NEAP, but also on 
cognitive and social emotional development and on family involvement.   

The results from our more recent study on preverbal communication 
skills (part 3.2.2.) showed that profoundly deaf bilaterally implanted 
children are significantly more likely to use vocalisation to communicate, 
and to use audition when interacting vocally with an adult, compared with 
unilaterally implanted children. These results are independent of age at 
implantation and length of deafness.  

It is interesting to see that the importance of binaural hearing for 
language and verbal cognition development were confirmed in one of our 
prospective longitudinal studies (part 3.3.1.) demonstrating that especially 
CI children who have binaural hearing are able to develop age equivalent 
verbal cognition skills later in life. Verbal cognition shows high 
correlations with speech perception scores at 45 dB and speech-reception 
thresholds in noise 3 years post CI. Bilateral input enhances complex 
listening skills enabling the development of verbal cognition skills by the 
opportunity to learn in implicit, incidental (learning) situations. Bringing 
the outcome of the importance of the perception of soft speech and speech-
in-noise into daily practice, we can conclude that binaural hearing should 
be the standard of care for bilateral deaf children. Children with good 
binaural hearing skills are able to understand speech from distance and in 
challenging listening situations, which are precursors to come to incidental 
learning.  

Another important finding of this chapter are the data on reading 
comprehension in profoundly deaf children with CIs in Flanders (part 
3.3.2.). Scores were higher than ever reported before, but on average still 
poorer in comparing to their hearing peers. The second part of that study 
contrasted good and poor readers and showed a tendency toward better 
morpho-syntactic abilities and better working memory skills in the good 
readers. Knowing the strong relationship between working memory span 
and overall learning rate, and the fact that a lot of deaf children develop 
deficiencies in working memory, we have to focus more on working 
memory during intervention and education. 
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Chapter 4 consists of 5 publications, in which the first paper (part 
4.1.) focuses on the fact that assessment and management of children with 
cochlear implants necessitates a multidisciplinary team which includes 
surgeons, audiological scientists, teachers of the deaf, speech and language 
therapists, social workers and psychologists. Additionally, other 
professional disciplines (physiotherapist, neuroscientist,…), deaf (CI) 
adults and parents of children using CIs can be partners of the 
multidisciplinary team. The most important partners in a paediatric CI-
team however are not the professionals but the child and his family. 

As already described in the introduction, cochlear implantation, in 
combination with universal hearing screening, has changed Flanders’ 
population of children who are deaf. In this chapter, we have presented in 
part 4.2. the changing trends within the population of children who are deaf 
or hard of hearing in Flanders. In line with a world-wide movement to 
inclusion and the education of all children with disabilities in a mainstream 
setting, also children with a hearing loss are increasingly being educated in 
mainstream schools. Three times more children with a hearing loss in 
Flanders are educated in mainstream settings than 20 years ago and the 
needs in special schools for the deaf have become more complex as a 
significant greater proportion of deaf children in special schools have 
additional needs.  

However, the reality of attendance of mainstream education can be 
rather complex in a noisy classroom environment, where speech perception 
is very poor. Therefore we have described in part 4.3. the changing realities 
in the classroom for students with a hearing loss. Good classroom acoustics 
are essential for deaf children using cochlear implants, but also teachers' 
attitudes toward students with hearing loss have to be adapted. 

Because spoken language is the first language of most mainstreamed 
deaf students, fewer choose for an interpreter and those who do request an 
interpreter, approximately half use a notetaker and half use a sign language 
interpreter in comparing to deaf students without a CI who prefer a sign 
language interpreter. However this doesn’t mean that these CI children are 
not interested in sign language. On the contrary, within the increasing 
number of mainstreamed deaf students using CIs, there is a big demand to 
learn sign language, not as their first but as their second, third or fourth 
language.  
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For a lot of children using cochlear implants in special and in 
mainstream education, the use of signs, the knowledge of sign language 
and Deaf culture can be valuable in their development. There is not a one-
size-fits-all approach which meets the needs of all children with cochlear 
implants. A combination of communication approaches may be used and 
modified over time depending on the needs of the child and his family. The 
language and communication approaches and strategies for a young child 
will be different than those for a child obtaining an implant when he or she 
is older and at a later stage of language development. The use of signs does 
not imply exclusion of spoken language. 

A deaf child in a mainstream setting is often the only one with a 
hearing loss in the classroom or even in the school, which increases the risk 
for problems in their social emotional development. Therefore there is an 
increased demand by these students to meet and socialise with other deaf 
peers.  Initiatives as ‘Saturday KIDS’ and ‘the Deaf culture holiday week’ 
organised by KIDS-Hasselt(B) are examples of some new trends in deaf 
education (4.4.).  

Another trend in the education of deaf children using cochlear 
implants in Flanders is the increased demand for (multidisciplinary) staff 
training to become experienced in education and rehabilitation of CI 
children. Even the teachers of the regular schools need some basic 
knowledge on deaf children using cochlear implants. And the population of 
deaf children using cochlear implants is still changing. Since the 
reimbursement of bilateral implants in Flanders in February 2010, there is 
an increase in young deaf children receiving (bilateral) cochlear implants 
early in life. As published in part 3.3.1. these children have more 
opportunities to pick up language incidentally, which will further influence 
their communication skills, school placement, language and reading skills, 
interpreter use, academic performance,...in the near future. 

The last paper in chapter 4 (part 4.5.) addresses the issue on how we 
can maximize the benefits from bilateral implantation in therapy, at home 
and in school. There is a lot of research going on looking at the benefits of 
cochlear implants, searching for the best way to fit children with one or 
two cochlear implants and how to monitor the effect of (bilateral) 
implantation. But our literature review didn’t give us the answer to the 
question “How much and what kind of therapy should a child with one or 
two cochlear implants receive?”, or indeed whether therapy is needed at 
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all. Ideally, but ethically difficult, longitudinal controlled prospective 
studies including large subject numbers and intra-subject controls are 
needed to observe and examine the best rehabilitation techniques versus 
desired outcomes. So meanwhile we can only look at good clinical 
practise. One example of good practice is the Listening Cube, developed 
by the speech and language therapists in KIDS-Hasselt and described in 
appendix 1. The Listening Cube gives the therapist a better insight in the 
hierarchy and possibilities of structured auditory training. The three 
dimensions of the cube (levels of perception, practice material, and practice 
conditions) can serve as a visual reminder of the task analysis and other 
considerations which play a role in structuring therapy sessions. 
Additionally the challenge exists to ensure rehabilitation methods 
appropriate for each child, with their individual needs. 
 

In Chapter 5 our research aims were discussed and some practical 
implications for the education and rehabilitation of deaf children using 
cochlear implants, based on the current trends and outcomes of our studies,  
were presented. 
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6.2. Samenvatting 
 

De invoering van de universele neonatale gehoorscreening en vroege 
cochleaire implantaties hebben de laatste twee decennia het 
dovenonderwijs meer veranderd dan ooit tevoren. Universele gehoor-
screening beïnvloedt niet alleen de leeftijd van de start van de begeleiding, 
maar ook de leeftijd waarop hoorapparaten worden aangepast, de leeftijd 
van implanteren en dus ook de leeftijd waarop de auditieve cortex 
gestimuleerd wordt. Het feit dat Vlaanderen in 1998 één van de eerste 
regio's in Europa was die startte met vroege universele gehoorscreening, 
resulteerde in een populatie jonge dove kinderen, die verschilde van de 
meeste buurlanden. Maar in tussentijd zijn bijna alle Europese landen 
gestart met vroege gehoorscreening, wat ook daar resulteert in een 
veranderende populatie van dove kinderen. Het bestuderen van deze 
veranderde populatie en van de trends in onderwijs en revalidatie was één 
van de belangrijkste doelstellingen van dit proefschrift . 
 

In het inleidend Hoofdstuk 1 werd een kort overzicht gegeven van de 
geschiedenis van cochleaire implantatie en van de algemene trends in 
onderwijs en revalidatie. Op het einde van dat hoofdstuk werden de 
doelstellingen van deze thesis naar voren gebracht. 
 

Hoofdstuk 2 bestaat uit 3 publicaties over de gevolgen van de 
universele gehoorscreening en de prevalentie en de toegankelijkheid van 
cochleaire implantaten.  In de eerste publicatie  (deel 2.1.) werden de lange 
termijn resultaten gepresenteerd van de eerste Vlaamse vroeg gescreende 
en vroeg geïmplanteerde kinderen. Er werd geconcludeerd dat de vroege 
gehoorscreening resulteert in vroegere opstart van de begeleiding en 
jongere leeftijd van implanteren, wat een gunstige invloed heeft op hun 
auditieve perceptieve vaardigheden en spraakverstaanbaarheid. In de 
ontwikkeling van het verstaanbaar spreken is er een voordeel voor kinderen 
die binauraal horen, die een goede input krijgen van gesproken taal en die 
geen extra leermoeilijkheden hebben. 

Onze gegevens over de prevalentie van cochleaire implantaten in 
Europa, die in de tweede publicatie (deel 2.2.) worden weergegeven, 
vertonen een aanzienlijke variatie in CI-gebruik binnen Europa. De meeste 
Oost-Europese landen richten zich eerder op de implantatie van kinderen 
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dan op volwassenen, maar zelfs dan krijgen nog geen 40% van de 
kinderen een CI, wat nauwelijks de helft is van de meeste West-Europese 
landen waar meer dan 80% van de doofgeboren kinderen een CI krijgt.  

We kwamen tevens tot de conclusie dat in landen die een universele 
neonatale gehoorscreening hebben, het jaarlijkse aantal pediatrische CI-
kandidaten er meestal rond de 45% ligt van het totaal aantal pasgeborenen 
met een bilateraal gehoorverlies. Het jaarlijks aantal volwassenen dat in 
aanmerking komt voor een CI is moeilijk in te schatten. Gebaseerd op de 
cijfers van Davis kunnen we veronderstellen dat jaarlijks ongeveer 
200/miljoen inwoners in de leeftijdsgroep 21-90j in aanmerking komen 
voor een CI, waarbij als audiologische drempel een gehoorverlies van ten 
minste 90 dB HL werd genomen. Alhoewel het aantal volwassen CI-
dragers stelselmatig toeneemt, is het onze schatting dat minder dan 10% 
van de volwassen CI-kandidaten daadwerkelijk een CI hebben gekregen. 
Om deze berekening van mogelijke CI-kandidaten betrouwbaarder te 
maken, zouden we moeten kunnen beschikken over recentere gegevens van 
het aantal kinderen, volwassenen en ouderen met een bilateraal progressief 
of plots gehoorverlies . 

In het derde artikel van dit tweede hoofdstuk hebben we ons meer 
specifiek gericht op de toegankelijkheid van cochleaire implantaten in 
België. Uit onze gegevens bleek dat het gebruik van een CI bij 
doofgeboren kinderen in België boven de 80% ligt en in Vlaanderen zelfs 
boven de 93%, wat zeer hoog is. De reden hiervoor is dat België één van 
de pioniers was op vlak van cochleaire implantatie en dat Vlaanderen één 
van de eerste regio's in Europa was, die startte met de universele neonatale 
gehoorscreening. De overheid, en in het bijzonder de gezondheidszorg 
heeft er cochleaire implantaten zowel bij volwassenen als bij kinderen vrij 
snel ondersteund. Cochleaire implantaten worden in België, zowel bij 
volwassenen als bij kinderen, terugbetaald sinds 1994 en bilaterale 
implantaten worden bij kinderen tot 12 jaar terugbetaald sinds februari 
2010. 
 

In Hoofdstuk 3 worden de resultaten gerapporteerd van een 
longitudinale studie van dove kinderen geïmplanteerd onder de leeftijd van 
18 maanden (deel 3.1.1.)  en dit op vlak van auditieve perceptie en 
verstaanbaar spreken. Het lijkt erop dat de auditieve en de spraak-
ontwikkeling bij dove kinderen geïmplanteerd onder de 18 maanden 
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vlugger evolueren en dat zij 3 jaar na implantatie ook een hoger niveau 
bereiken, dan later geïmplanteerden. Bij kinderen die geïmplanteerd 
werden tijdens het eerste levensjaar werd vastgesteld (zoals beschreven in 
document 3.2.1.) dat de preverbale communicatieve vaardigheden niet 
significant afwijken van deze van horende leeftijdsgenoten, al was er een 
grote variatie in de resultaten.  

Omwille van deze grote variatie in de resultaten is het dan ook nodig 
dat de vorderingen van kinderen na implantatie goed worden opgevolgd, 
zodat eventuele problemen met het dragen of het functioneren van het 
apparaat, of extra leerproblemen snel kunnen worden opgespoord. De 
ONICI-monitor, wat een aangepaste Nederlandstalige versie is van de 
NEAP (bijlage 2), kan hierbij gebruikt worden om de ontwikkeling van 
kinderen met een CI op te volgen. De ONICI-monitor richt zich niet alleen 
op de auditieve waarneming, de communicatie en de spraakontwikkeling 
zoals de NEAP, maar ook op de cognitieve, de sociaal-emotionele 
ontwikkeling en op de betrokkenheid en het taalaanbod van het gezin. 

De resultaten van onze meer recente studie over preverbale 
communicatieve vaardigheden (deel 3.2.2.) toonden aan dat bilateraal 
geïmplanteerde dove kinderen in de preverbale communicatie aanzienlijk 
meer hun stem gebruiken om te communiceren, en dat ze in vergelijking 
met unilateraal geïmplanteerde kinderen, ook meer luisteren naar de 
volwassenen in een vocale interactie. Deze resultaten zijn onafhankelijk 
van de leeftijd bij implantatie en van de duur van de doofheid . 

Tevens is het interessant om zien dat het belang van het binaurale 
horen voor taal- en verbaal cognitieve ontwikkeling bevestigd werden in 
één van onze prospectieve longitudinale studies (deel 3.3.1.) waaruit blijkt 
dat met name CI-kinderen die binauraal horen in staat zijn om op termijn 
leeftijdsadequate verbale cognitieve vaardigheden te ontwikkelen. Er is 
namelijk een hoge correlatie tussen verbale cognitie en het verstaan van 
zachte spraak bij 45 dB en van spraak in ruis 3 jaar na implantatie. Het 
binauraal horen zorgt ervoor dat spraak ook verstaan wordt in complexe 
luisteromstandigheden, wat de kans vergroot om taal te leren op een 
incidentele manier, hetgeen uiteindelijk kan leiden tot betere verbaal 
cognitieve vaardigheden. Deze resultaten betekenen voor de dagelijkse 
praktijk dat we standaard moeten ijveren voor binauraal horen en voor het 
verstaan van zachte spraak en spraak in ruis. Kinderen met goede binaurale 
vaardigheden zijn in staat zijn om spraak van op afstand en in moeilijke 
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luistersituaties  te verstaan, wat voorwaarden zijn om tot incidenteel leren 
te komen. 

Nog meer belangrijke resultaten werden in dit hoofdstuk naar voren 
gebracht in de publicatie over de leesvaardigheden van dove kinderen met 
een cochleair implantaat in Vlaanderen (deel 3.3.2.). Alhoewel de scores 
voor begrijpend lezen nog nooit zo hoog waren dan bij deze groep 
geïmplanteerde dove kinderen, waren de resultaten nog steeds lager dan bij 
hun horende leeftijdsgenoten.  

In het tweede deel van deze studie werden goede en zwakke lezers 
met mekaar vergeleken en werd vastgesteld dat de goede lezers vooral 
betere morfo-syntactische vaardigheden en een beter werkgeheugen 
hadden, in vergelijking met de zwakke lezers. Wetende dat er een sterke 
relatie is tussen het werkgeheugen en het algemeen leervermogen, en dat 
veel dove kinderen over een zwak werkgeheugen beschikken, moeten wij 
in de begeleiding en het onderwijs aan dove kinderen meer aandacht 
schenken aan dit werkgeheugen. 
 

Hoofdstuk 4 bestaat uit 5 publicaties, waarbij in de eerste publicatie 
(deel 4.1.) de nadruk gelegd werd op het belang van het multidisciplinaire 
aspect van het CI-team en van de begeleiding. Een team waarin chirurgen, 
audiologen, leerkrachten, logopedisten, maatschappelijk werkers en 
psychologen een plaats hebben. Maar ook andere disciplines 
(fysiotherapeut , neuroloog , ... ), volwassen CI-gebruikers en ouders van 
kinderen met CI kunnen deel uitmaken van dit multidisciplinair team. De 
belangrijkste partners in een pediatrische CI-team zijn echter niet de 
professionelen, maar zijn het kind en zijn gezin . 

Zoals reeds in het inleidend hoofdstuk werd beschreven, heeft 
cochleaire implantatie, in combinatie met universele gehoorscreening, de 
populatie van dove kinderen in Vlaanderen grondig gewijzigd. In de 
tweede publicatie van hoofdstuk 4 (deel 4.2.) werden de veranderende 
trends binnen de populatie van dove en slechthorende kinderen in 
Vlaanderen, onderzocht en besproken. In lijn met een wereldwijde 
beweging naar inclusie van alle kinderen met een beperking in een 
reguliere setting, gaan ook steeds meer kinderen met een gehoorverlies 
naar een reguliere school . Vandaag de dag gaan in Vlaanderen drie keer 
meer kinderen met een gehoorverlies naar het reguliere onderwijs dan 20 
jaar geleden. Dit heeft tot gevolg dat de onderwijsnoden in het 
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dovenonderwijs complexer zijn geworden, doordat procentueel gezien het 
aantal dove kinderen met bijkomende problemen in het speciale onderwijs 
gestaag toeneemt.  

Tevens moeten we ook oog hebben voor de situatie van de dove 
leerling in het regulier onderwijs, waar de klasakoestiek vaak te wensen 
over laat, waar veel omgevingslawaai kan zijn en bijgevolg het 
spraakverstaan erg moeilijk kan verlopen. Daarom hebben we in deel 4.3. 
de veranderde behoeften besproken van leerlingen met een CI die regulier 
onderwijs volgen. Goede klasakoestiek is voor dove kinderen met een 
cochleair implantaat essentieel, maar ook de houding van de leerkrachten 
ten opzichte van leerlingen met een gehoorverlies moet aangepast worden. 

Omdat gesproken taal steeds meer de eerste taal is van de 
geïntegreerde dove CI-leerlingen, kiezen zij steeds minder voor 
ondersteuning door een tolk. En als zij voor een tolk kiezen, dan vraagt de 
helft een gebarentolk en de helft een schrijftolk, daar waar dove kinderen 
zonder CI bijna unaniem een gebarentolk prefereren. Toch betekent dit niet 
dat deze CI kinderen niet geïnteresseerd zouden zijn in gebarentaal. 
Integendeel, bij het toenemend aantal dove leerlingen met CI’s die regulier 
onderwijs volgen, is er een grote vraag naar het leren van gebarentaal, niet 
als hun eerste, maar als hun tweede, derde of vierde taal. 

Voor vele van deze kinderen met een cochleair implantaat zowel in 
speciaal als in regulier onderwijs kunnen gebaren, gebarentaal en de 
Dovencultuur erg waardevol zijn in hun ontwikkeling. Er is immers niet 
één vaste benadering die aan de behoeften van alle kinderen met een 
cochleair implantaat voldoet. Een combinatie van communicatiefilosofieën 
kan in de loop der jaren worden aangewend, afhankelijk van de behoeften 
van het kind en zijn gezin. De taal- en communicatiebehoeften van een 
doof kind dat op heel jonge leeftijd één of zelfs twee CI’s krijgt, zullen 
anders zijn dan die van een doofgeboren kind dat een implantaat krijgt in 
een latere ontwikkelingsfase. Het gebruik van gebaren sluit ook het gebruik 
van gesproken taal niet uit. 

Een doof kind in een reguliere omgeving is vaak het enige kind met 
een gehoorverlies in de klas of zelfs in de school, wat het risico op 
problemen in de sociaal-emotionele ontwikkeling vergroot. Daarom is er 
een toenemende vraag door deze studenten om mekaar te ontmoeten en om 
gesprekken te kunnen voeren met andere dove leeftijdsgenoten. Initiatieven 
zoals ' Saturday KIDS' en 'de Dovencultuurweek tijdens de grote vakantie' 
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zoals georganiseerd wordt vanuit KIDS-Hasselt (B) zijn voorbeelden van 
enkele nieuwe trends in het dovenonderwijs (4.4.) . 

Een andere trend in het onderwijs aan dove kinderen met een 
cochleair implantaat in Vlaanderen is de toenemende vraag naar opleiding 
van het personeel dat instaat voor de begeleiding en het onderwijs aan 
kinderen met een cochleair implantaat. Zelfs de leerkrachten van de 
reguliere scholen moeten enige basiskennis hebben over dove kinderen met 
een cochleair implantaat.  Bovendien verandert de populatie van CI-
kinderen voortdurend. Aangezien de terugbetaling van bilaterale 
implantaten in Vlaanderen sinds februari 2010 mogelijk is, is er recent een 
toename van dove kinderen die op jonge leeftijd bilaterale cochleaire 
implantaten krijgen. Zoals blijkt uit de publicatie in deel 3.3.1. beschikken 
deze kinderen over nog meer auditieve mogelijkheden om de gesproken 
taal vlot te verwerven, wat een invloed zal hebben op hun communicatieve 
vaardigheden, schoolkeuze, taal- en leesvaardigheid, tolkgebruik en 
schoolse prestaties in de nabije toekomst . 

De laatste publicatie van hoofdstuk 4 (deel 4.5.) handelde over de 
vraag hoe we de voordelen van bilaterale implantatie maximaal kunnen 
helpen ontwikkelen in therapie, thuis en op school. Er is immers veel 
onderzoek gedaan naar de mogelijke voordelen van (bilaterale) implantatie, 
maar onze uitgebreide literatuurstudie toonde ons geen antwoorden op de 
vragen: ‘Hoeveel en wat voor soort therapie een kind met één of twee 
cochleaire implantaten zou moeten krijgen?', ‘Is therapie wel nodig of 
niet?’  

Willen we onderzoeken wat de beste revalidatietechnieken zijn, dan 
zou het ideaal zijn moesten we een longitudinale gecontroleerde studie met 
grote aantallen kinderen kunnen opzetten, waarbij sommige groepen 
gebruik zouden maken van bepaalde revalidatietechnieken en anderen niet. 
Maar ethisch is een dergelijk studie moeilijk te verantwoorden. Dus 
kunnen we ondertussen alleen maar kijken naar goede praktijkvoorbeelden, 
zoals onder andere ‘de Luisterkubus’. Dit auditief trainingsprogramma 
(bijlage 1) dat ontwikkeld werd door de logopedisten van KIDS-Hasselt 
geeft de therapeut een beter inzicht in de hiërarchie en de mogelijkheden 
van gestructureerde auditieve training. De drie dimensies van de kubus 
(niveau van waarneming, oefenmateriaal en de oefenomstandigheden) 
kunnen het ontwikkelen van auditieve oefeningen visueel ondersteunen en 
kunnen helpen bij het structureren van de oefeningen volgens 
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moeilijkheidsgraad.  Dé uitdaging is natuurlijk om voor elk kind de meest 
passende oefeningen samen te stellen volgens de behoeften van dit kind. 
 
In hoofdstuk 5 werden de vooropgestelde doelstellingen besproken en 
bediscussieerd. Tot slot werden, op basis van de eigen onderzoeks-
resultaten, nog een aantal praktische implicaties gegeven voor het 
onderwijs en de revalidatie van dove kinderen met een cochleair 
implantaat.
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In dit dankwoord wil ik uiteraard iedereen bedanken die een bijdrage heeft 
geleverd aan de totstandkoming van mijn proefschrift, want dit had ik nooit 
kunnen realiseren zonder hun steun.  
Lang heb ik uitgekeken naar het moment om het dankwoord te schrijven, 
omdat dit aangeeft dat de manuscriptcommissie het proefschrift heeft 
goedgekeurd en dat de verdediging kan gepland worden. Maar anderzijds 
houdt het schrijven van een dankwoord ook in dat je mensen kan vergeten. 
Voor dit laatste al vast mijn excuses, iedereen die ik zou vergeten hebben, 
bij dezen toch bedankt! 
In de eerste plaats wil ik mijn promotor prof. Ad Snik bedanken. Mede 
dankzij zijn overtuigingskracht ben ik aan dit project begonnen, en heb ik 
het ook afgemaakt. Zeker toen het einde in zicht kwam en het allemaal niet 
meer zo snel vorderde was zijn steun enorm welkom. Zijn kritische kijk en 
begeleiding heb ik enorm gewaardeerd. 
Of course, I would also like to thank my co-promoters Anneke Vermeulen 
and Sue Archbold, not only for their support during the writing of this 
thesis, but also because they both are for more than 20 years my 
‘colleagues’ and friends  in the area of education and rehabilitation of  CI-
children. It is a real pleasure to work together, to publish together, to 
organise workshops and conferences together or just to change ideas with 
them. I am sure that the finalisation of this thesis will not be the end of our 
joined work, but will be the start for further cooperation.  And I hope this 
thesis will not only be the start for further cooperation with the Ear 
Foundation-Nottingham and Radboud University Nijmegen, but also with 
other universities in Belgium and the Netherlands. 
I would also like to thank my foreign co-authors for their critical and 
valuable feedback on my manuscripts. 
 Ook dank aan de professoren van de manuscriptcommissie, Gert Jan van 
der Wilt, James McQueen en Frans Coninx en aan de professoren van de 
examencommissie Johan Frijns, Harry Knoors, Carolien Rieffe en Astrid 
van Wieringen voor de tijd die ze genomen hebben voor het opvolgen van 
mijn onderzoek, het zorgvuldig nalezen van het manuscript en het 
bijwonen van mijn publieke verdediging. 
Ik wil bij deze ook de directie van KIDS-Hasselt bedanken. In eerste 
instantie oud algemeen directeur Gust Brants. Hij nam mij niet alleen in 
dienst en bracht me veel kennis bij over de opvoeding en het onderwijs aan 
doven, maar hij geloofde ook in mijn mogelijkheden en gaf me de kans om 
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die te laten ontwikkelen. Dank ook aan de huidige directieleden van KIDS, 
Edgard De Wijngaert, Rudi Vanden Wyngaert,  Margo Nulens,  Ivo 
Vandeput en Koen Cornelissen, voor de steun die zij mij hebben geboden 
bij de realisatie van dit proefschrift.  Mede dankzij hen sta ik hier voor je. 
Natuurlijk ook dank aan al mijn collega’s binnen de begeleidingsteams van 
de afdelingen ‘Doven en Slechthorenden’ en ‘STASS’ en van de 
thuisbegeleidingsdienst van KIDS-Hasselt, met wie ik (met plezier) 
dagelijks mag samenwerken. Ook dank aan de collega’s uit deze teams die 
recent met pensioen gingen, want het resultaat van vandaag is in het 
verleden gestart. 
Ik zou ook alle personeelleden van de afdeling Doven en Slechthorenden 
van KIDS willen bedanken voor de jarenlange goede samenwerking,  maar 
een bijzonder woord van dank wil ik toch uitbrengen voor de logopedisten 
van de afdeling ‘doorstroom’ van KIDS. Met hun uitzonderlijke 
logopedische kennis over dove en slechthorende kinderen en hun groot 
enthousiasme waren zij regelmatig een grote steun in de realisatie van dit 
proefschrift. 
Tevens gaat mijn dank uit naar mijn oudste dochter Veerle, voor de mooie 
layout en alle administratieve hulp. En als ik Veerle vernoem, mag ik 
natuurlijk mijn vrouw Hilde en mijn twee andere dochters Dorien en 
Hanne niet vergeten. Jullie hebben me de voorbije vier jaar in huis nogal 
eens moeten missen, omdat ik naar een of andere studiedag was of omdat 
ik weer achter in de lokalen van ONICI aan het werken was. Als jullie 
rustig naar een soap op tv wouden kijken, kwam dat waarschijnlijk wel 
goed van pas, maar als hierdoor het behangen of verven van een kamer of 
opknappen van een of andere klus langer bleef liggen, was dit 
waarschijnlijk minder leuk.  
Ik hoop dat ik nu terug iets meer tijd heb om al de klussen die zijn blijven 
liggen op te knappen en om af en toe samen gezellig een uitstap te maken 
of iets te gaan eten. Ik twijfel er niet aan dat jullie me ten gepaste tijde wel 
zullen herinneren aan hetgeen ik hier nu gezegd heb. 
Als jongste uit een gezin van 5 wil ik ook mijn twee zussen Jeannine en 
Maria en mijn twee broers Odiel en Alfons bedanken voor mijn opvoeding, 
waar zij toch ook allemaal, ieder op zijn/haar manier, hun steentje hebben 
toe bijgedragen, van in de wieg tot vandaag. Spijtig dat onze ouders dit 
moment niet meer kunnen meemaken, want zij zouden er enorm fier op 
zijn.  Als mijnwerkersgezin was het immers voor hen niet eenvoudig om 
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hun vijf kinderen te laten studeren.  Vooral dank zij hen sta ik hier vandaag 
voor je en hebben wij toch allemaal onze talenten optimaal kunnen 
ontwikkelen. 
Bedankt ook aan mijn paranimfen, mijn broer Odiel die mij in de 
dovenwereld binnenbracht en aan mijn collega Maria met wie ik meer dan 
30 jaar in KIDS heb samengewerkt. Alhoewel jullie vooraf niet goed 
wisten wat de taak van een paranimf zou inhouden, zijn jullie er na een 
korte bijscholing toch volkomen in geslaagd om de taak tot een goed einde 
te brengen. 
Tot slot zou ik nog alle collega’s in het werkveld en alle ouders van CI-
kinderen en volwassen CI-gebruikers willen bedanken,  voor de jarenlange 
goede samenwerking. 
And finally I would like to thank the CI-companies not only for their 
financial support for printing this thesis, but also for their confidence in me 
and in ONICI, the Independent Information Centre on Cochlear Implants. 
Their support is also an important issue in the realisation of this PhD. 
Thanks. Bedankt allemaal. 
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Abstract 
  
Objectives 
In this publication we will focus on the Listening Cube, an auditory 
training program for children and adults receiving cochlear implants, 
developed during clinical practice at KIDS Royal Institute for the Deaf in 
Belgium. We will inform you on the content of this program and will guide 
you in how to use it.  
Methods 
The Listening Cube is a three dimensional auditory training model which 
takes into consideration: the sequence of auditory listening skills to be 
trained; the variety of materials to be used and the range of listening 
environments to be considered. During therapy it is important to develop 
training protocols and materials that will provide rapid improvement over a 
relatively short time period and to determine that the training provided will 
generalize to the many listening environments that CI users encounter in 
the real world. 
Results 
Because this publication is not a research article, but comes out of good 
daily practice, we cannot state the main results of this study.  We can only 
say that this auditory training model is very successful, because after the 
first publication in the Dutch language in 2003, more than 200 people in 
Belgium and the Netherlands followed a training course and most of them 
decided to use the Listening cube in their daily practice with children and 
adults with a hearing loss, especially in those wearing cochlear implants. 
Conclusion 
The Listening Cube as a tool for planning therapeutic sessions which are 
both challenging and appropriate for the person’s individual needs.  The 
three dimensions of the cube - levels of perception, practice material, and 
practice conditions - can serve as a visual reminder of the task analysis and 
other considerations which play a role in structuring therapy sessions.    
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Introduction 
 
The number of cochlear implant (CI) users continues to increase due to 
expanding candidacy requirements, including individuals with prelinguistic 
deafness (Waltzman, Roland, Cohen, 2002), those with more residual 
hearing (Waltzman, 2006) and those who use bilateral CIs (Kuhn-Inacker 
et al, 2004). 

With the most advanced implant technology and speech-processing 
strategies, many recipients receive great benefit and are capable of 
conversing with friends and family in face-to-face situations and even over 
the telephone. However individual patient outcomes can still vary 
considerably. Some implant recipients have little benefit from the latest 
technology, even after many years of daily use of the device whilst others 
are really star patients and are even able to use the telephone with an 
unknown listener. 

Much research has been devoted to explore the sources of variability 
in CI recipients outcomes. Some studies have shown that patient-related 
factors such as duration of deafness, age at implantation, communication 
mode, type of educational setting, IQ, motivation and family related 
variables are correlated with speech perception performance (Svirsky, 
Teoh, Neuburger, 2004; Tait, Nikolopoulos, Lutman, 2007; Nicholas, 
Geers, 2007). Others have shown dramatic improvements in CI recipients’ 
speech recognition performance with advances in speech processing 
strategies (David et al, 2003) or  by differences in CI recipients’ initial 
listening experiences (Davidson et al, 2011). 

Several researchers have also suggested that children and adults may 
benefit from intensive aural rehabilitation programs that include auditory 
training and strategies to enhance their understanding (Heydebrand et al, 
2005). Auditory training can be described as an intervention in which 
listeners are taught to make perceptual distinctions between sounds that are 
presented systematically (Schow & Nerbonne, 2007). Programs may be 
formal or informal but are often structured around the type of training 
stimuli, the targeted skills, and the level of difficulty (Robinson, 
summerfiels, 1996). An early study examining auditory training with CI 
users showed large progress in speech understanding for children but small 
progress in adults (Dawson & Clark, 1997). But later on Fu et al. (2004) 
demonstrated significant improvement when adults received auditory 
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training and even with CI users completed a daily computerized 
training program. 
 
 
Materials and Methods 
 
Auditory training can be done by a top-down or a bottom-up approach. A 
top-down approach (or synthetic training approach) aims to improve the 
efficiency of central processing (Hines, 1999); participants are trained to 
develop active listening strategies (e.g. attention to lexical or contextual 
cues). Top-down training targets higher levels of auditory processing and 
selectively uses lower-level auditory processing as needed. For example, 
the connected discourse tracking used by De Filippo and Scott (1978) and 
also in Rosen et al. (1999) is considered a more top-down approach. 

Analytic training is termed a bottom-up approach, because the intent 
is to improve overall speech comprehension by focusing on the acoustic 
parts of speech messages. The reasoning is that if someone can reliably 
distinguish the acoustic elements of speech, then he or she should be better 
able to comprehend the larger units, such as sentences and paragraphs. 

The effectiveness and efficiency of these approaches may illuminate 
the relative contribution of top-down and bottom-up auditory processing to 
speech understanding. For example, Gentner and Margoliash (2003) found 
that both top-down and bottom-up processes modify the tuning properties 
of neurons during learning and give rise to ‘plastic’ recognition patterns for 
auditory objects. Rather than invoking either top-down or bottom-up 
processes, auditory processing most likely involves both mechanisms to 
some degrees that may change according to the listening demands (Fu, 
Galvin, 2007). 

Auditory training also include a series of exercises aiming for a 
balance between success on each successive task and increasing difficulty 
to ensure the user’s motivation is maintained, while in parallel further 
development of more sophisticated auditory skills are being trained and 
acquired over time.  

Besides different training protocols, different training materials may 
also influence training outcomes. A variety of speech materials have been 
used in previous studies (e.g., natural speech, synthetic speech, noisy 
speech, acoustically modified speech); these materials may include 
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meaningful or nonsense speech. CI users with different disabilities may 
require different training materials. 

At KIDS Royal Institute for the Deaf in Belgium, an auditory 
training program called ‘the Listening Cube’ (Bammens et al, 2008) was 
developed during clinical practice with CI children and adults over the last 
20 years. All previous mentioned auditory training approaches and training 
materials can be included in this program. The Listening Cube (Figure 1) is 
a three dimensional auditory training model, based on the model by 
Corthals (1981). It takes into consideration the sequence of auditory 
listening skills to be trained (Dimension 1: the levels of perception); the 
variety of materials to be used (Dimension 2: the practice material and 
prosody) and the range of listening environments (Dimension 3: the 
practice conditions) to be considered. It also remind the therapists to 
increase their expectations and to allow improved perception of soft sounds 
and speech; improved speech understanding in background noise, as well 
as localization of sound and speech (De Raeve, 2008). While planning 
auditory training exercises, therapists can simply select combinations of 
items from these three different dimensions of the Listening Cube.  

 
Figure 1. The three dimensional Listening Cube. 
 
 



The Listening Cube 

369 
 

Levels of Perception 
We think of hearing in terms of four different levels of perception in a 
hierarchy, which was already introduced by Erber in 1982 (Figure 2). 

 
Figure 2. Dimension 1: Levels of perception within The Listening Cube 
 

Detection  is the most basic level of perception.  It involves being 
able to notice and perceive the presence or absence of auditory stimuli and 
stimulates the exploration and discovery of the world of sound.  
Localization is the ability to detect the location of a sound source.  This is 
an important topic in the case of bilateral stimulation. Discrimination is the 
perception of differences and similarities between sounds.  Environmental 
sounds, phonemes, and words are all examples of different types of sounds 
which can be discriminated.  In a discrimination task, the CI user must 
indicate if two or more items (such as /t/ and /k/ or /bi/ and /bo/) are the 
same or different.  Identification of sounds is the ability to repeat or point 
to the stimuli heard. It involves the ability to match up the perception of a 
sound to its actual source (or a picture of its source) and also to associate a 
speech sound (phonemes, words, phrases,…) with the larger context of 
language. Interpretation, also called processing or comprehension, is the 
ability to understand the meaning of auditory stimuli (not just to hear it). 

Understanding the content and meaning of a sound, phoneme, word, 
phrase, expression,  sentence, or larger utterance is central to interpretation.  
A good interpretation level stimulus, then, is one that requires the CI user 
to do something to show that it was correctly processed or comprehended, 
e.g. following directions, giving a specific response, or summarizing 
something in his own words.  All of these demonstrate understanding that 
goes beyond just hearing. 
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Practice material 
An overview of the practice material can be found in Dimension 2 (Figure 
3). It consists of non-verbal (environmental sounds or phonemes in 
isolation) and verbal (speech) sounds.  Language material which can be 
used for training are: onomatopoeia, phonemes, words, phrases, and 
sentences. Songs and lyrics are also excellent practice material. 

 
Figure 3. Dimension 2: Practice material within The Listening Cube. 
 
Prosody plays also an important role in the practice material.  It refers to 
the rhythm, stress, and intonation in connected speech and includes 
suprasegmental (rhythm, duration, pause and pitch) and segmental (vowel, 
diphthong and consonant) characteristics. 
 
Practice Conditions 
Auditory training should not only be done in ideal listening conditions 
(quiet environment, one meter distance, good speech intensity) but also 
under conditions that more closely resemble everyday life situations 
(background noise, larger distances, people who whisper, etc.).  In Figure 4 
you can find an overview of the practice conditions of The Listening Cube. 
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Figure 4. Dimension 3: Practice conditions within The Listening Cube. 
 

Auditory training can be done while the person is wearing his/her 
own listening devices (such as cochlear implant(s), or a cochlear implant 
and a conventional hearing aid), as well as by using assistive listening 
devices (ALDs) such as FM-systems, infrared systems or T-loops. In case 
of CI users who are going to use these ALDs in daily life, it is especially 
important to practice using them during therapy so that any troubleshooting 
or adjustments needed can happen with the support of the therapist. 
Purely auditory signals, purely visual (speech reading), or a combination of 
both can be used for training.  Speech reading adds the visual component 
(including eye contact and gestures) into the auditory training and makes 
the exercise much easier. But it can be a good way to start with visual 
support and to drop it further on you when the CI user gains more 
experience and confidence. 

In a closed-set activity, the person practices with a limited number of 
items (known by the person) via a set of objects, photos, drawings or a list 
of written possibilities. In a semi-closed set activity the person does not 
know exactly which items are being presented.  Information is given about 
the stimuli to aid the person before the exercise begins, for instance, by 
agreeing on a topic, theme, or a rule for the first few letters or phonemes of 
the possible responses. In an open-set (the most difficult) activity, the 
person does not know the names of the items or anything about them 
beforehand.  So, there is an unlimited number of possible responses.  

The sound source can be the person, object, or animal that produces 
the sound.  The possibilities for practice are almost unlimited:  live voice 
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(male, female, or children), back-ground noises, musical instruments, 
radio, TV, landline, mobile phone, CD, DVD, MP3, etc. 

When designing sessions around the practice material and around the 
person’s needs, always keep the difficulty level in mind (listed here from 
easiest to most difficult): 
-From closed to open-set 
-With and without speech reading  
-Without and with background noise  
-From a short distance to a larger distance  
-From easy to difficult practice material (from large to small auditory 
differences, from short to long utterances, from easy to difficult language 
level) 
-All kind of combinations of three dimensions 

Auditory training always starts with large contrasts.  These are large 
differences in sound characteristics, which are more easily perceivable and 
the degree of difficulty becomes bigger by reducing the contrasts.  
 
 
Results 
 
Although we know from several researchers that CI-users may benefit from 
intensive aural rehabilitation programs that include auditory training and 
strategies to enhance their understanding of the incoming speech signal 
(Heydebrand et al, 2005), there is currently no consensus concerning the 
optimal rehabilitation program or technique (Peters, Wyss, Manrique, 
2010). The Listening Cube is one of the rehabilitation programs which is 
developed in clinical practise and in which it is possible to integrate several 
rehabilitation techniques. But also we cannot prove the results of the 
Listening Cube, because so many other variables are influencing the 
outcomes. We can only say that this auditory training model is very 
successful, because already more than 250 therapists in Belgium and the 
Netherlands followed a training course and most of them decided to use the 
Listening cube in their daily practice with children and adults with a 
hearing loss, especially in those wearing cochlear implants. 
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Discussion 
 
Many challenges remain in designing effective aural rehabilitation 
programs for CI users. It is important to develop training protocols and 
materials that will provide rapid improvement over a relatively short time 
period and to determine that the training provided will generalize to the 
many listening environments that CI users encounter in the real world. It is 
also important to ensure that training programs are efficient and effective 
so as to minimize the time commitment required of the CI user while 
maximizing training outcomes. 

The Listening Cube is a tool for planning therapeutic sessions which 
are both challenging and appropriate for CI users’ individual needs.  The 
three dimensions of the cube - levels of perception, practice material, and 
practice conditions - can serve as a visual reminder of the task analysis and 
other considerations which play a role in structuring therapy sessions.    

This training model is very successful in Belgium and the 
Netherlands since the first publication in the Dutch language in 2003. 
Because of the big demand by professionals working in the rehab of people 
with a hearing loss, we started to offer training courses twice a year. Most 
professionals attending these courses decided  to start using it in the rehab 
of children and adults with a hearing loss, especially in those wearing a 
cochlear implant. In 2008 the Austrian CI-company MED-EL (2011) 
decided to implement the Listening Cube into their rehab material and to 
translate it from Dutch into English, French, German and Spanish. Since 
then, the Listening Cube is used in the rehab of CI-users all over the world. 
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Appendix 2: Overview of the ONICI-monitor 
 
The ONICI-monitor is especially designed to monitor young deaf children 
in the early years after implantation, but it can be used further on till end of 
primary school. 
The ONICI-monitor covers 6 areas: auditory perception, communication 
development, speech development, social emotional development, parent 
involvement and cognitive development.  
The package uses video analyses, rating scales, questionnaires and 
commercially available tests. Figure 1 illustrates the measures used in the 
six areas of interest, which will be described briefly. 

 
Figure 1: overview of the ONICI-monitor 
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1. Auditory perception 
 

1.1. Aided threshold  
The aided thresholds are measured at the implant side, and in case of 
bimodal fitting (CI+HA) or bilateral implantation, we suggest to measure 
left and right separately and simultaneously. 

 
1.2. Auditory Speech Sound Evaluation (ASSE): phoneme discrimi-

nation task 
The Phoneme discrimination task of the ASSE-test (Daemers et al, 2006) is 
included in this monitor, because it is a test which can be used from the age 
of 6 months onwards and it gives already information on speech 
perception. For this ONICI-monitor we used a basic set of 4 phoneme 

pairs: [a:-u],[u-i],[m-z] and [s-ʃ]. 
 
1.3. The Littlears Auditory Questionnaire (LEAQ) 

The LEAQ is the first module of MED-EL’s Littlears comprehensive test 
battery for children under the age of two who have normal hearing, 
cochlear implants or hearing aids. The LEAQ is a parent questionnaire 
comprised at 35 ‘yes/no’ questions which can be completed by parents in 
less than 10 minutes. It is developed by Coninx et al (2003) and is 
currently translated in more than 25 languages.  

 
1.4. Speech perception at 45 dB SPL and speech in noise test 

After 3 years of implantation, it should be possible in young deaf children 
with no additional disabilities to assess their speech perception by using 
consonant-vocal-consonant (CVC) monosyllable words, not only at 60 dB, 
but also with soft speech at 45 dB SPL. 
The speech perception in noise threshold (S/N threshold) can be 
determined with the same Dutch monosyllable CVC words and 
narrowband noise. Speech and a fixed noise  of 65 dB SPL were presented 
from the front. (Forton et al, 2008). 
 

1.5. Categories of auditory performance (CAP) 
The CAP (Archbold, Lutman & Marshall, 1995) is a global outcome 
measure that assesses the auditory performance of deaf children. It 
comprises a nonlinear hierarchical scale of auditory receptive abilities; the 
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lowest level describes no awareness of environmental sounds, and the 
highest level is represented by the ability to use the telephone with a 
known speaker. CAP is a measure of everyday auditory performance and 
thus reflects the real-life progress of children in the developing use of 
audition. It contains 8 categories (from 0 to 7) with criteria for completion.   
 

1.6. Optional: Meaningful Auditory Integration Scale (MAIS) 
The MAIS was developed by Robbins et al (1991) to evaluate the 
meaningful use of sound in everyday situations by profoundly deaf 
children. It can be used by parents or caregivers. Nottingham Paediatric 
Cochlear Implant Programme has extended it to include the opinion of 
their teachers as well as parents. Ten questions are given ranging from the 
child’s initial adaptation to using the hearing aid or cochlear implant, 
through response to name, to sounds in the environment through to more 
sophisticated levels of hearing such as identifying speakers and the ability 
to identify emotions from vocal tone. 
 

1.7. Optional: Listening progress profile (LiP) 
The LiP, created by Archbold (1994) measures the developing listening 
skills in young deaf children, in everyday situations. Specific activities are 
used to enable completion of the profile, in observation and play, rather 
than by testing.  It covers a range of abilities from first response to environ-
mental sounds and first response to voice, through to discrimination of 
environmental sounds and discrimination of voice, to identification of the 
child's own name. It’s especially useful the first two years after implanta-
tion. Then, a lot of children are reaching the maximum score.  Responses 
are scored by always (2 points), sometimes (1 point) and never (0 points). 

1.8. Optional: Phonological Awareness 

In the age range from 3 to 10 years, phonological awareness can be an 
important topic in the school curriculum for its high relation to reading. So 
at that age it can be useful to look more specific into their phonological 
awareness. In the Dutch language we can use the commercially available 
test ‘Proef voor Fonologisch Bewustzijn (PFB)[assessment of phonological 
awareness]’ developed by Elen (2006), with normative data on hearing 
children from 3 to 10 years. 
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2. Communication development 

2.1. Preverbal communication by Tait Video Analysis 

Tait Video Analysis (TVA), developed by Tait (1997) assesses, in a video 
sample, deaf children’s preverbal communication skills: responses in an 
interaction with a known adult, eye contact, turn taking, vocal autonomy, 
gestural autonomy, and auditory awareness. TVA is very useful in the early 
stages of assessing communication skills because it measures the 
developments which take place before understanding of spoken language is 
evident and certainly before the emergence of speech. 

2.2. Spoken language 

The spoken language development can be assessed by several 
commercially available language tests. Which test to be used best, depends 
on the child’s chronological and language age. In the Dutch language the 
following tests can be used: 

 Nederlandse Non-Speech Test (NNST), Zink & Lembrechts (2000). 
Age 12-21 months. 

 Peabody Picture Vocabulary Test 3-NL (PPVT), Dunn & Dunn, 
2005  
Age 2;3- 15.11 years 

 Reynell Developmental Language Scale (RDLS), van Eldik et al, 
1995 
Age 2;0-5;0 years 

 Schlichting Expressive Language Test (SELT), Schlichting & 
Spelberg, 2010. 
Age 2;0-7;0 years 

 Clinical Evaluation of Language Fundamentals (CELF) pre-school 
2-NL, Wigg, Secord & Semel, 2012 
Age 3;0 -6;11 years 

 Clinical Evaluation of Language Fundamentals (CELF)4-NL, 
Semel et al, 2010 
Age 5;0-18 years 
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2.3. Sign language 

There is no sign language test available in the Dutch Sign Language 
 

2.4. Optional: 20 words speech reading test 

This test consists of 20 monosyllabic CVC words, and was originally 
developed by De Raeve in 1988, but is revised in 2011. A photo of the 
object is used for those children whose speech is not intelligible. Words are 
presented in 3 conditions: only lip reading, only listening, combined lip 
reading+listening. There are no normative data available, but comparing 
the scores in the 3 conditions, gives an impression of the auditory and 
visual communication possibilities of the child.  

 

3. Speech development 
 

3.1. Littlears Early Speech Production Questionnaire 
The Littlears Early Speech Production Questionnaire (LEESPQ) is the 
latest developed module of MED-EL’s Littlears comprehensive test battery 
for children under the age of two who have normal hearing, cochlear 
implants or hearing aids (Schramm, Brachmaier, Keilmann, 2009). The 
LEESPQ is a parent questionnaire comparable to the LEAQ, but now the 
questions focus on the early speech production. Normative data are 
currently only available in the German language, but will soon be available 
in Dutch. 
 

3.2. Speech Intelligibility Rating (SIR) 
The SIR, which is developed by Dyar (Allen et al, 2001), is a scale that 
quantifies the speech production abilities of linguistically compromised 
profoundly deaf children in a clinical setting. It is a five-point rating scale 
ranging from ‘pre-recognisable words in spoken language’ to ‘connected 
speech is intelligible to all listeners’.   
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3.3. Meaningful Use of Speech Scale (MUSS) 
The MUSS was created by Robbins et al (1992) to evaluate the meaningful 
use of speech in everyday situations by profoundly deaf children. It can be 
used by parents or caregivers. Ten questions are given ranging from the 
child’s initial use of voice, through the use of intelligible speech for 
unknown people. 
 

3.4. Antwerps Spraak Instrument voor Articulatie (ASIA-5) / Logo-
art / Computer Articulatie Instrument (CAI) 

The ASIA-5 [Antwerp Articulation Instrument for children till age 5] was 
developed in 1992 by Stes & Elen. In 2001 Baarda, de Boer-Jongsma and 
Haasjes-Jongsma developed the Logo-art articulation training program and 
an assessment tool. But there are no normative data available for both 
instruments.  
Very recently the Computer Articulation Instrument [Computer 
Artciulation Instrument] (CAI) was developed by Sloep, K., Rickli, L. & 
Heukels (2010). Normative data will become available in the near future. 
 
 

4. Optional: Social emotional development 
 

4.1. Blikvanger 
‘Blikvanger’ [eye catcher] is the acronym from  ‘Beoordelingslijst 
individuele verschillen tussen kinderen’[assessment list for individual 
differences between children] (Elphick, 2002).  There is one questionnaire 
for 3 year olds and one for children age 5 and 13 years. This questionnaire 
gives information on a child’s social emotional development and 
personality.  
 

4.2. Child Behaviour Checklist (CBCL) 
The CBCL,1;5-5 and CBCL, 6-18 (Verhulst et al, 1990) are two 
questionnaires screening the behaviour of children age 1;5-5 years and 6-
18 years. The Teacher Report Form (TRF) is developed specifically to be 
used by teachers. 
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5. Parent involvement 
 

5.1. Parent involvement rating scale 
The parent involvement rating scale is developed by Moeller (200) en 
contains two questions: how well do you know the family (good, average, 
not so good) and how well is the family involved in the health care of the 
child (ideal, good, average, below average, low). A person who knows the 
family very well (f.i. social worker) fills in the questionnaire. 

5.2. Multilingual environment 
This is just one yes/no question scoring the language environment of the 
child. In case both parents speak the same spoken language at home, which 
is also the language at school, there is no multilingual environment. But in 
case both parents are not using the same language to the child, the child is 
educated in a multilingual environment. 
 
 

6. Cognitive development 
 

6.1. Bayley Scale of Infant Development (BSID)-II-NL 
The BSID-2-NL (van der Meulen et al, 2002) is a standard series of 
measurements originally developed by Bayley and used primarily to assess 
the motor (fine and gross), language (receptive and expressive), and 
cognitive development of infants and toddlers, ages 0-42 months. 
 

6.2. SON-R non-verbal intelligence test 
The SON 2;5-7 (Tellegen, Laros & Winkel, 1998) is a nonverbal 
intelligence test appropriate for children age 2;5-7 years.  
 

6.3. Wechsler Preschool and Primary Scale of Intelligence (WPPSI)-
III-NL 

The WPPSI-III-NL helps measure overall cognitive ability for preschool 
children age 2.6-7.11 years and contains a verbal and a non-verbal part. 
The recent Dutch version is developed by Hendriksen & Hurks in 2009. 
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6.4. Wechsler Intelligence Scale for Children (WISC)-III-NL 
The WISC-III-NL is also a verbal and non-verbal intelligence scale, same 
as the WPPSI-III-NL but focuses on children age 6 to 17 years. The 
original version was created by Wechsler, and the Dutch version was 
developed by Kort et al (2005). 
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