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          Introduction 

 The topic of language acquisition  in deaf children      is one that 
can easily evoke visceral responses from clinicians and 
researchers in the fi eld when it arises, a situation that might 
surprise anyone who does not have regular interaction with 
deaf individuals. To laypeople, hearing loss is seen as a prob-
lem of just that—hearing. But for those of us who work in 
deafness-related fi elds, it is more closely characterized as a 
problem of communication. Where children are concerned—
especially since cochlear implants arrived on the scene—the 
problem of hearing loss is viewed primarily as a load placed 
on language learning, rather than as a problem of auditory 
sensitivity. In fact, the major challenge faced by scientists 
and clinicians is fi nding ways to facilitate language learning 
so that deaf children can progress through childhood 
unscathed by the deleterious consequences that can result 
from hearing loss. (Throughout this chapter the terms  deaf 
children  and  children with severe-to-profound hearing loss  
are used more or less interchangeably to refer to children 
with average auditory thresholds no better than 70 dB hear-
ing level, and generally much worse.) 

 Regardless of one’s particular view concerning what 
language deaf children should be learning (the omnipresent 
question of whether it should be spoken or signed lan-
guage) or how that learning should be facilitated, most pro-
fessionals would agree that two key ingredients need to be 
provided in order for language to blossom: clear sensory 
input and adequate experience. Both of these ingredients 
are in short supply for deaf children, regardless of which 
language they are being encouraged to learn. (Throughout 

this chapter, terms referring to the  teaching  of language are 
avoided because of the philosophical perspective taken by 
the authors that language is not taught, for the most part. 
Rather, language emerges, or blossoms within children as 
part of the natural developmental process, facilitated by 
appropriate nurturing.) 

 If the decision is made that a child born with severe-to- 
profound hearing loss should be brought up learning a spo-
ken language, strong constraints are imposed on the sensory 
inputs available because of that hearing loss. Although vision 
provides some access to the signals generated in the course 
of spoken language production, that information is limited 
because many articulatory gestures are not observable visu-
ally.  Acoustic signals   serve as the primary vehicles of trans-
mission for sensory information generated during spoken 
language production. And even though cochlear implants 
have done a tremendous job of providing access to acoustic 
signals—effectively solving the problem of sensitivity—
they nonetheless provide only degraded versions of natural 
speech. Spectral detail is greatly constrained by signal pro-
cessing and delivery with cochlear implants, hampering 
access to many acoustic cues to phonemic categorization. 
Temporal structure arising from the actions of the larynx is 
largely absent, as is the harmonic structure generated by 
those actions. That factor accounts at least partly for the tre-
mendous decrements in speech recognition observed when 
implant users must function in poor listening environments, 
such as noise or reverberation. And the problems associated 
with trying to listen in those tough environments serve to 
constrain the amount of language experience deaf children 
with cochlear implants (CIs) can obtain because many natu-
ral listening environments consist of some noise, arising 
from other speakers, the environment or reverberation. In the 
fi nal analysis, both input and experience with spoken lan-
guage are constrained for children with CIs. 

 Where sign language is concerned, it is true that deaf chil-
dren have no sensory restriction on their access to the struc-
ture of that language: all components of sign language are 
available visually. Input is adequate for children who are 
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deaf, but have no visual impairments, at least in principle. 
However, that point is only relevant for deaf children born to 
deaf/Deaf parents who are profi cient signers themselves. 
Those children, who constitute about 5 % of all children born 
deaf, acquire sign language in a manner similar to how hear-
ing children acquire spoken language (Lederberg et al. 
 2013 ). Generally speaking, though, deaf children are born to 
parents with normal hearing who have no profi ciency in sign 
language. Even with the sincerest of intentions on the part of 
parents to facilitate their children’s acquisition of sign lan-
guage, these children will have highly constrained access to 
appropriate models of sign language. In the home, parents 
are unable to provide the kinds of rich language input that is 
usually provided to children. And it is extremely diffi cult to 
provide enough time in intervention to foster adequate expo-
sure to sign language to make it a true fi rst language. 

 This chapter is focused on the acquisition of spoken lan-
guage by children with CIs; in particular, the acquisition of 
spoken English. Depending on the source of the estimates, 
something in the range of 93–96 % of children born with 
hearing loss are born to parents with normal hearing 
(Gallaudet Research Institute  2011 ). When those hearing 
losses are severe enough to warrant a cochlear implant, par-
ents with normal hearing typically reach the decision to give 
their children implants for the specifi c purpose of facilitating 
the acquisition of spoken language, not sign language. 

 This chapter is divided into two sections. First, a review is 
provided of relevant data on language and literacy outcomes 
of children with severe-to-profound hearing loss who use 
CIs. Where language is concerned, both receptive and 
expressive language abilities are reviewed, providing a 
benchmark of how well children are faring with CIs. Where 
literacy is concerned, only reading is discussed in this chap-
ter. Although of interest, there are not suffi cient data on the 
writing abilities of deaf children to make conclusive state-
ments at this time. A greater research effort needs to be dedi-
cated to studying the writing skills of these children before 
we will have a collective account as comprehensive in nature 
as the one we have for their abilities in the areas of speech 
production and recognition, and reading. 

 Data of two sorts are discussed in this fi rst section: (1) 
data from tests that are standardized in nature and meant to 
provide overall pictures of how children with CIs are per-
forming with respect to language development, and (2) data 
from experimental protocols focusing on specifi c language- 
learning mechanisms. This review is largely restricted to 
school-age children. 

 In the second section of this chapter, a description is 
provided of data collected in our laboratory. These data 
come from a longitudinal study of children, both with 
hearing loss and with normal hearing. Specifi cally, perfor-
mance levels will be described for children in this study at 
the age of 8 years. In this study, both standardized mea-

sures as well as experimental protocols have been incorpo-
rated in order to examine which specifi c language and 
cognitive mechanisms support the acquisition of spoken 
language and literacy.  

    Review of Research by Others 

 Anyone who is old enough to recall working with severely 
to profoundly deaf children before cochlear implants were 
available will readily recall the idiosyncratic language pat-
terns of these children. There were, of course, the ubiqui-
tous speech production errors that severely diminished 
intelligibility. Some of these speech production errors were 
problems with source support, such as breathy voice or 
deviant nasality. Other problems in production had to do 
with a failure to generate and coordinate the movements of 
the vocal tract, so omissions, epenthesis, and substitutions 
were frequent. But even when a listener could “hear 
through” those errors, the morphosyntactic and lexical con-
structions of the utterances were peculiar (e.g., Baumberger 
 1986 ; de Villiers et al.  1994 ; Quigley et al.  1976 ; Wilbur 
et al.  1976 ). Sentence structures were typically simple, with 
a lack of “sparkle” features such as adjectives beyond the 
ordinary or compound constructions of any kind. Infl ectional 
morphemes (such as plural -s) were often missing. 
Contractions were rarely used. Function words were fre-
quently absent. The pattern of language production and 
accompanying errors were recognizably unique to deaf chil-
dren, a fact that might be attributable to the very formal 
approach taken to teaching these children language or to the 
late age at which most language skills were acquired. When 
tests standardized on hearing children could be imple-
mented, deaf children of school age generally achieved age 
equivalency scores of roughly 3 or 4 years (Bishop  1983 ; 
Watson et al.  1982 ). When elicited productions of deaf and 
hearing children were analyzed, similarly low age equiva-
lencies were observed for the deaf children (de Villiers 
 1988 ). These extremely delayed language abilities made the 
very information obtained by these assessment tools of little 
value for helping school-age deaf children acquire better 
language. Because they were cognitively well past the mat-
urational levels of the children with whom they were 
matched in terms of language, typical language learning 
mechanisms could not be engaged. These qualities of the 
language of severely to profoundly deaf children (i.e., very 
low age equivalency scores and highly stylized structures) 
led to the development of evaluation instruments specifi -
cally designed for deaf children, such as the Scales of Early 
Language Communication Skills  for Hearing-Impaired 
Children      (Moog and Geers  1975 ). From these instruments 
teachers were able to get the kinds of data they needed to 
develop effective intervention programs for school-age deaf 
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children. However, outcomes of these specialized tools 
made it diffi cult to gauge the language performance of deaf 
children, relative to that of children with normal hearing. 

 Once CIs were introduced to the treatment arsenal for 
deaf children, outcomes immediately improved, which 
meant that assessment tools could be modifi ed. Many of the 
speech and language qualities so recognizable in deaf chil-
dren before CIs were available have all but disappeared, with 
perhaps the most salient change involving speech produc-
tion. The numerous source problems previously heard in the 
speech of many deaf children are rarely found any longer. 
Expressive language has improved for deaf children, as well, 
to the point where it is commonplace to use assessment tools 
designed for children with normal hearing. With the goal of 
early intervention set as having these children ready to enter 
mainstream classrooms with normal-hearing children by the 
traditional start of school it is important that we have an idea 
of how profi cient deaf children with CIs are in terms of lan-
guage skills, relative to same-age peers with normal hearing. 
Assessment tools designed for children with normal hearing 
suit that purpose. Overall, the question now becomes whether 
deaf children with CIs have the language skills required to 
keep up in regular classrooms. To help answer that question, 
data were examined from recent studies evaluating the spo-
ken language abilities of children with CIs. 

    Review of Research by Others: Standardized 
Measures 

 For this chapter, we searched the literature for published 
reports of studies that made use of standardized assessment 
instruments to evaluate the performance of children with CIs 
on fi ve kinds of language skills. 

    Lexicality 
    Results      for tests of both receptive and expressive vocabulary 
measures are reviewed. This skill refers to the number of indi-
vidual words a child has in her lexicon. Although slightly dif-
ferent from semantics, the two skills—vocabulary and 
semantics—are closely related. Semantics refers to how a 
speaker is able to convey word meaning in connected dis-
course. Naturally, the larger one’s lexicon is, the more pre-
cisely that word meaning can be conveyed. Standardized 
evaluations of vocabulary can take two forms. Tests of recep-
tive vocabulary involve having children listen to words in iso-
lation and identify the picture from a small set that represents 
each word. Tests of expressive vocabulary require children to 
look at a picture and provide a word to label it. An example of 
a receptive vocabulary measure is the  Peabody Picture 
Vocabulary Test (PPVT)   (Dunn and Dunn  2007 ). An example 
of an expressive vocabulary measure is the Expressive One-
Word Picture Vocabulary Test (EOWPVT)      (Brownell  2000 ).  

    Grammar (Morphosyntax) 
       Results of both receptive and expressive morphosyntactic 
abilities are reviewed. These skills refer to how well a child 
can use syntax to combine words into sentences, and appro-
priately incorporate morphological units into those words 
and sentences. Several standardized tests have been devel-
oped to quantify the language level of children in general, 
including the  Test of Language Development (TOLD)   
(Hammill and Newcomer  2008 ), the  Clinical Evaluation of 
Language Fundamentals (CELF)   (Semel et al.  2013 ), and the 
Comprehensive Assessment of Spoken Language (CASL) 
(Carrow-Woolfolk  1999 ). These tests provide robust metrics 
of morphosyntactic abilities, both receptive and expressive.  

    Phonology 
   This level of structure  refers      to the actual sound patterns of 
the language; in particular, how phonemes are arranged. 
Having well-developed sensitivities to this level of linguistic 
structure is critical to a wide variety of language processes. 
For example, phonemic units form the substance used to 
store language in short-term memory buffers. Without strong 
sensitivity to the phonological level of linguistic structure, it 
is diffi cult to store suffi ciently long sequences of language 
material to support the comprehension of sentences with 
complex syntax, which are often long. It is also important to 
have well developed sensitivity to phonological structure in 
order to acquire awareness of some morphological struc-
tures because morphemes can consist of single phonemes, 
such as the plural –s. And because words are stored in the 
lexicon according to phonemic structure, at least for adults 
(Luce and Pisoni  1998 ), refi ned sensitivity to this level of 
structure is a prerequisite for eventually developing large 
vocabularies. Finally, it is critical that a child develop ade-
quate sensitivity to phonemic structure in order to learn to 
read because the symbols of our writing system largely rep-
resent individual phonemes. A commonly used standardized 
test of phonological sensitivity and abilities is the 
 Comprehensive Test of Phonological Processing (CTOPP)   
(Wagner et al.  1999 ).    

    Reading 
 Two  kinds        of skills are often evaluated when it comes to 
reading: the ability to recognize isolated words and the 
ability to comprehend passages that are read. Reports con-
cerning the emergence of both of these skills in deaf chil-
dren were sought for this review. One other kind of skill is 
sometimes measured in regard to children’s reading acqui-
sition, and that has to do with fl uency, which is measured 
by tallying the number of words a child can correctly read 
in a specifi ed amount of time. That skill has not been exam-
ined extensively for children with CIs, but an earlier report 
from this laboratory showed no differences in fl uency 
between children with CIs and those with normal hearing 
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(Nittrouer et al.  2012 ). Consequently, fl uency was not 
 considered in this review of research by others. However, it 
is examined in the second section of the chapter. 

 Several tests of word reading are available. For example, 
in our laboratory we frequently use the Word Reading sub-
test of the  Wide Range Achievement Test (WRAT)   
(Wilkinson and Robertson  2006 ). In these assessments, the 
child is asked to read a sequence of unrelated words that 
become increasingly harder as the list progresses. When it 
comes to reading comprehension, this skill is usually 
assessed by asking children to read a passage, and then 
answer questions to assess comprehension of that passage. 
Generally speaking, several passages and associated ques-
tions are used, of increasing diffi culty. In our laboratory, we 
have used the  Qualitative Reading Inventory (QRI)   (Leslie 
and Caldwell  2006 ), which contains several passages at each 
grade level and comprehension questions related to each pas-
sage. That structure is typical of reading assessments.    

    Working Memory for Speech 
 Finally, recent  reports         on working memory for speech (or 
phonological working memory, as it is also called) were 
sought. Although not exactly a language skill, this cognitive 
function so strongly underlies language performance that it 
was considered important to examine. Typically, the concept 
of working memory refers to how effi ciently an individual 
can preserve a sequence of phonologically relevant items in 
a short-term memory buffer, although the additional ability 
of performing some sort of action on those items is often 
incorporated into the defi nition. In order to assess working 
memory by the fi rst of these defi nitions (i.e., simple storage 
of verbal items), a child may be asked to repeat a sequence of 
digits in the order in which they were produced. The number 
of digits the child can correctly recall is used as the depen-
dent variable, and is known as forward digit span. To assess 
the second description of working memory (i.e., storage and 
processing of verbal items), the child is asked to repeat a 
sequence of digits, but backwards. Thus, the process that 
must be performed on the digits is to reverse the order. This 
task is known as backwards digit span.  

    Criteria for Including Reports 
  In our search  to   fi nd reports related to each of the fi ve skills 
listed above, certain constraints were imposed. First, the 
report had to concern children with CIs who did not use sign 
language as a primary communication mode. There are 
intervention and educational programs that use signing sys-
tems, usually English based, to support the acquisition of 
spoken language. Studies including children in those sorts 
of programs were not excluded from the review because the 
goal of those programs is steadfastly to facilitate the devel-
opment of spoken language in deaf children; it just happens 
to be the educational philosophy of the programs that a 

signed language can facilitate the acquisition of a spoken 
language in children who are unable to hear speech clearly. 
Nonetheless, all dependent measures used in the studies 
reported here had to involve spoken language. If a study 
granted children the option of responding in sign language, 
that study was not included in this review. 

 All studies had to involve school-age children, meaning 
they were in roughly grades kindergarten through high 
school. There was also the presumption that most, if not all, 
children in any study selected had been born with severe-to- 
profound hearing loss or lost their hearing very early in life. 
The children in the studies included in this review must have 
received their CIs relatively early in life, as well. In particu-
lar, most children in any single study must have received 
them before the age of 3 years. And only studies with 
English-learning children were included in this review. We 
also restricted the range of publication dates, from 2008 to 
2013, a 5-year span. 

 The studies themselves had to adhere to specifi c proce-
dures that underlie rigorous research. In particular, the study 
had to include at least 20 children with CIs in order to pro-
vide any reasonable degree of power. There needed to be 
some evidence of the validity of the assessment tools used, 
and the reliability of measurement procedures.   

    Outcomes for Literature Review 
  Table  11.1  lists the set of reports  culled   from the literature 
matching the selection criteria established for this review. A 
general conclusion that may be drawn from these studies is 
that, regardless of which language skill is examined, chil-
dren with severe-to-profound hearing loss who use CIs are 
performing, on average, one standard deviation below the 
mean of age-matched children with normal hearing. That 
means that children with CIs obtain mean standardized 
scores of roughly 85 or mean scaled scores of 7. An irre-
pressible optimist might view these outcomes as clear evi-
dence that CIs have changed the landscape completely for 
children with severe-to-profound hearing loss. These kinds 
of scores would not have been possible before CIs became 
available. This collective fi nding means that roughly half of 
the children with that degree of hearing loss are in what may 
be described as the normal range of language abilities for 
their age. That is a tremendous advance over performance 
levels of the past. The glass truly may be seen as half full.

   The realist, on the other hand, looks at these scores and 
recognizes that children with severe-to-profound hearing 
loss still are not attaining the levels of language profi ciency 
that they presumably would have attained had they not been 
born with those hearing losses. One standard deviation below 
the mean is the 16th percentile in terms of population rank-
ing. This means that half of the children born with severe-to- 
profound hearing loss are displaying language abilities in the 
lowest 15th percentile rankings of children with normal 
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      Table 11.1    Summary of outcomes of standardized testing with children with cochlear implants   

 Authors (year)  Numbers  Measures  Results 

 Lexicality (Vocabulary) 

 Schorr et al. ( 2008 )  39 CI and 37 NH matched for age and 
gender, ages 5–14 

 PPVT and EVT  CI means were ≈1 SD below control means 
 PPVT: NH-112, CI-87 
 EVT: NH-106, CI-91 

 Geers et al. ( 2009 )  153 CI, ages 5–7  PPVT, EOWPVT, 
EVT 

 CI means were ≈1 SD below normative mean 
 PPVT: 86 
 EOWPVT/EVT: 91 

 Johnson and Goswami 
( 2010 ) 

 39 CI (20 early implant, 19 late 
implant) and 19 NH matched for 
reading level, ages 5–15 

 EOWPVT  CI means in both groups were ≈2 SDs below 
control means 
 EOWPVT: NH-108, CI-80 and 76 

 Conway et al. ( 2011 )  23 CI and 26 NH matched for age, ages 
5–10 

 PPVT  CI mean was ≈2 SDs below control mean 
 PPVT: NH-114, CI-86 

 Fitzpatrick et al. 
( 2012 ) 

 21 CI, age 10  PPVT  CI means were >1 SD below normative mean 
 PPVT: 77 

 Grammar 

 Schorr et al. ( 2008 )  39 CI and 37 NH matched for age and 
gender, ages 5–14 

 TOLD  CI mean was >1 SD below control mean 
 TOLD: NH-12.3, CI-8.4 

 Geers et al. ( 2009 )  141 CI, ages 5–7  CELF  CI means were >1 SD below normative mean 
 CELF: 79 

 Fitzpatrick et al. 
( 2012 ) 

 21 CI, age 10  CELF  CI means were ≈2 SDs below normative mean 
 CELF: 71 

 Tobey et al. ( 2013 )  160 CI, ages 6–12  CASL  CI means were >1 SD below normative mean 
 CASL: 76 and 78 

 Phonology 

 Schorr et al. ( 2008 )  39 CI and 37 NH matched for age and 
gender, ages 5–14 

 CTOPP  CI mean was ≈1 SD below control mean 
 CTOPP: NH-12.3, CI-8.7 

 Geers and Hayes 
( 2011 ) 

 112 CI, ages 15–18  CTOPP  CI mean was ≈1 SD below normative mean 
 CTOPP: 6.9 

 Fitzpatrick et al. 
( 2012 ) 

 21 CI, age 10  CTOPP  CI means were between 1 and 2 SDs below 
normative mean 

 Reading 

 Spencer and Tomblin 
( 2009 ) 

 29 CI and 29 NH matched on mother’s 
education and word comprehension, 
ages 6–17 

 WRMT  CI means on both tasks were at least 1 SD below 
control mean 
 WRMT-WA: NH-117, CI-101 WRMT-WC: 
NH-108, CI-93 

 Johnson and Goswami 
( 2010 ) 

 39 CI (20 early implant, 19 late 
implant) and 19 NH matched for 
reading level, ages 5–15 

 NARA-R  CI means were ≈1 SD below control mean 
 NARA: NH-99, CI-85 and 81 

 Geers and Hayes 
( 2011 ) 

 112 CI, ages 15–18  PIAT  CI total mean was ≈1 SD below normative mean 
 PIAT: 83 

 Working memory 

 Pisoni et al. ( 2011 )  108 CI ages 8–9 and 112 CI ages 15–16  WISC-III Digit 
Span 

 CI means were <1 SD below normative means 
 WISC: 6.44, 6.38 

 Harris et al. ( 2013 )  66 CI, ages 6–12  WISC-III Digit 
Span 

 CI means were 1 SD below normative means 

   Note: Numbers : shows numbers in CI group and control group, if applicable, and age range in years;  Measures :  PPVT , Peabody Picture Vocabulary 
Test (Dunn and Dunn  1997 );  EVT , Expressive Vocabulary Test (Williams  1997 );  EOWPVT , Expressive One Word Picture Vocabulary Test 
(Brownell  2000 );  TOLD , Test of Language Development (Hammill and Newcomer  1997 );  CELF , Clinical Evaluations of Language Fundamentals 
(Wiig et al.  2004 );  CASL , Comprehensive Assessment of Spoken Language (Carrow-Woolfolk  1999 );  CTOPP , Comprehensive Test of 
Phonological Processing (Wagner et al.  1999 );  WRMT , Woodcock Reading Mastery Tests (Woodcock  1987 ): Word Attack (WA) and Word 
Comprehension (WC);  NARA - R , Neale Analysis of Reading Ability-Revised (Neale  1997 );  PIAT , Peabody Individual Achievement Test (Dunn 
and Markwardt  1989 );  WISC-III , Wechsler Intelligence Scale for Children, 3rd Ed. (Wechsler  1991 );  Results , given relative to means of normative 
sample or specifi c control group in study, and as standard or scaled scores when possible; standard scores have normative means of 100 with SDs 
of 15; scaled scores have normative means of 10 with SDs of 3  

11 Language and literacy skills in children with CIs



182

hearing. That kind of language profi ciency makes it diffi cult 
to compete in the mainstream. We, as a profession, cannot be 
satisfi ed with these outcomes. The glass remains half empty. 
Strong research efforts need to continue in order to fi nd ways 
to improve these outcomes .   

    Review of Research by Others: Nonstandard 
Measures 

  The  clear   conclusion to be drawn from the studies reviewed 
above is that in spite of the benefi cial effects accrued by deaf 
children from CIs, they still are not performing as well as 
children with normal hearing in terms of their language abili-
ties. The half of children with CIs whose standardized test 
scores are within the normal range—defi ned as better than 
one standard deviation below the mean of children with nor-
mal hearing—are in all likelihood not performing at the lev-
els that they would attain, if they did not have 
severe-to-profound hearing loss. Even at that, comparing 
scores from standardized instruments to published norms 
underestimates the true magnitude of the average defi cit for 
these children with CIs. Parents who choose to participate in 
research studies tend to be heavily involved in their chil-
dren’s upbringing, and are often well educated. Both these 
factors positively infl uence language development and are 
associated with high scores on standardized tests. Evidence 
of this claim is provided by the fi ndings shown in Table  11.1 . 
Means for children in the control groups of almost every 
study were above the normative means, often by as much as 
one standard deviation. That trend suggests that the children 
with CIs in these studies would have been performing com-
parably, if it were not for their hearing loss. The goal of cur-
rent research efforts must be to move the language 
performance for children with severe-to-profound hearing 
loss who wear CIs to the levels they would achieve if it were 
not for the hearing loss. 

 In addition to studies that make use of standardized instru-
ments are ones that investigate the mechanisms underlying 
each language skill considered above. These studies point us 
to the kinds of underlying skills that need to be measured and 
sharpened in order to improve the overall language perfor-
mance of individual children with CIs. For these reasons, 
several experiments on the mechanisms that underlie the lan-
guage skills discussed above are reviewed here. 

 For the selection of experiments to be discussed in this 
section, criteria were again imposed. Any study that is dis-
cussed had to focus on a specifi c mechanism, using nonstan-
dard assessment methods. That meant that scores could not 
be standardized on a larger sample. Accordingly, each study 
had to include its own control group of children with normal 
hearing in order to be included in this review section. Again, 
participants in the studies selected for review had to be 

learning language primarily through an oral method of 
instruction, although sign support was permissible as long 
as there was a clear focus on spoken language. Dependent 
measures had to consist of spoken language. Not every 
study meeting these criteria could be included, but a repre-
sentative sample was selected. 

 For this review, a restriction regarding date of publica-
tion was not imposed. It is reasonable to restrict date of 
publication when considering benchmarks of how well 
children with CIs are doing in order to ensure that perfor-
mance with current devices and intervention procedures are 
being taken into account. However, when it comes to 
understanding the mechanisms that underlie the skills mea-
sured, those principles would not be expected to change 
over time or as a function of changes in treatment for a 
specifi c group of individuals.  

    Vocabulary Acquisition 
   Looking  fi rst      at vocabulary skills, Table  11.1  reveals that 
both the receptive and expressive vocabularies of deaf chil-
dren with CIs are smaller than the vocabularies of their age- 
matched peers with normal hearing. It appears that 
vocabulary growth is slowed. In our longitudinal study (e.g., 
Nittrouer  2010 ), we have found that vocabulary growth is 
roughly 2 years delayed for children with CIs. This factor 
can make it diffi cult to function in school settings and can 
hinder the acquisition of literacy because it is affected by 
lexical knowledge (Wise et al.  2007 ). 

 Because of these observed defi cits in vocabulary, it is rea-
sonable to ask how children with CIs learn words. Broadly 
speaking, learning a word to the point where it is a stable and 
readily accessible element in the lexicon involves three pro-
cesses. The fi rst stage of this learning is termed   fast- mapping   , 
which happens when a learner makes a connection between 
the sensory input and the referent (object, action, attribute, 
etc.). At fi rst, these fast-mapped representations are not sta-
ble and not well specifi ed in terms of meaning. At this point, 
the learner is able to pick the referent out of a closed set of 
pictures upon hearing the word, as is the protocol for recep-
tive vocabulary tests, but likely could not retrieve the item 
from the lexicon in order to label the referent, according to 
the protocol for tests of expressive vocabulary. 

 The second step in word learning involves extending the 
word to other exemplars. Thus, the learner comes to recog-
nize the group of referents that may be labeled with that 
word, as well as those that do not fi t in the category. For 
example, many furry quadrupeds fi t the category of  dog , but 
not all of them. Discovering which ones are legitimate 
members of that category is the process of  extension . Finally, 
the learner’s experience hearing and producing the word 
must be suffi cient so that the word is retained in the lexicon 
and can be retrieved at much later times. That process is 
termed   retention   . 
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 There have been several studies looking at word  learning 
in children with CIs, or children with severe-to-profound 
hearing loss more broadly (Lederberg and Spencer  2009 ; 
Tomblin et al.  2007 ; Walker and McGregor  2013 ). Two of 
these studies included children with normal hearing as con-
trol groups (Tomblin et al.  2007 ; Walker and McGregor 
 2013 ). In both cases, it was observed that children with CIs 
performed more poorly in terms of fast-mapping than age- 
matched peers with normal hearing. Walker and McGregor 
further observed poorer skills at extension and retention of 
new vocabulary items. These authors were able to show that 
the performance of children with CIs matched that of children 
with normal hearing who were roughly 14 months younger. 
Still another study traced the largest share of variance in fast-
mapping abilities for children with CIs to their sensitivities to 
phonological structure in the speech signal,  r  2  = 0.72 
(Willstedt-Svensson et al.  2004 ). This fi nding can explain 
observed defi cits in receptive and expressive vocabularies in 
children with CIs. If the word-learning process depends in 
large part on sensitivity to phonological structure, children 
with CIs could be expected to have diffi culty because CIs do 
not provide a signal rich in the kinds of spectral and temporal 
detail that are thought to underlie phonemic representations. 
Consequently, their vocabularies suffer.    

    Sensitivity to Phonological Structure 
 The lack  of            sensitivity to phonological structure predicted 
for children with CIs likely poses problems for other kinds of 
language learning, as well. Beyond deaf children, this lack of 
sensitivity is often suggested as a critical defi cit underlying 
problems in reading and working memory skills: In both 
cases, evidence shows that profi ciency in these areas depends 
strongly on children’s abilities to recover phonological 
structure (primarily phonemic) from the acoustic signal. In 
fact, one predominant view is that developmental dyslexia 
can be explained by a single (core) defi cit in sensitivity to 
phonological structure (Snowling  1998 ; Stanovich  1986 ; 
Wagner and Torgesen  1987 ; but cf., Pennington  2006 ). 
Children with normal hearing who get diagnosed as having 
dyslexia have also been found to demonstrate poorer work-
ing memory skills than their typically reading peers (Brady 
et al.  1983 ; Nittrouer and Miller  1999 ; Savage et al.  2007 ), a 
fi nding that has similarly been traced to poor sensitivity to 
phonological structure (Mann and Liberman  1984 ; 
Shankweiler et al.  1979 ; Spring and Perry  1983 ). Thus, it is 
reasonable to propose that much of the defi cit in reading and 
working memory observed for children with CIs may be 
explained by poor sensitivity to phonological structure in the 
acoustic speech stream, which in turn arises because of the 
highly degraded signal they receive through their CIs. 

 Evaluating children’s sensitivity to phonological structure 
in the acoustic speech signal can be accomplished with a vari-
ety of tasks, each tapping into different sorts of phonological 

skills. The terms  phonological awareness  and  phonological 
processing  are generally used to refer to slightly different 
phenomena, although the exact phenomenon to which each 
refers can vary across reports. In reality, the two terms might 
be seen as anchoring two ends of a continuum, with the 
boundary between awareness and processing being some-
what fuzzy. Strictly speaking, phonological awareness refers 
to the ability to recognize phonological structure—infl ec-
tional, syllabic, onset/rimes, and individual phonemes—in 
the acoustic speech signal. The term   phonemic awareness    is 
also used to refer to awareness, but strictly of phonemic struc-
ture. Phonological awareness tasks usually consist of asking 
children to explicitly judge similarity or difference in the pho-
nological structure of words, assess whether words rhyme or 
not, count elements of one type or another, or blend or remove 
elements from target words or syllables. Phonological pro-
cessing refers to children’s abilities to take structure and use 
it in further processing, such as in the storage of words in a 
short-term memory buffer or in repeating non-words. In prin-
ciple, children may be able to recognize phonological units in 
the signal, without being able to bring that recognition to the 
level required for conscious inspection and manipulation 
known as meta-linguistic awareness. In examining phono-
logical awareness and processing, investigators need to take 
care to ensure that any differences found between experimen-
tal and control groups are not actually due to differences in 
that meta-linguistic component of testing. One way to do that 
is to include a range of phonological awareness or processing 
tasks in the experimental protocol. Patterns of variability 
across tasks can help identify where any observed problems 
reside. In particular, if group differences are smaller for tasks 
with low processing demands, then concern is heightened 
that children in the poorer performing group have diffi culties 
with meta-linguistic awareness. 

  Phonological awareness   can be further grouped according 
to the level of structure in the signal being examined. 
Children acquire sensitivity to various levels of phonological 
structure at different times during development. Evidence of 
this maturational effect was fi rst offered by Liberman et al. 
( 1974 ). They showed that typically developing children were 
able to count the numbers of syllables within words with bet-
ter than chance accuracy by kindergarten, but it took until 
second grade for them to be able to count the number of 
sounds (or phonemes) in those syllables. The developmental 
hierarchy of phonological skills was further explicated by 
Stanovich et al. ( 1984 ), who tested kindergarten children on 
ten separate phonological awareness tasks. By ranking tasks 
according to mean accuracy of responses they established a 
developmental hierarchy. 

 A fundamental point that is easily forgotten when think-
ing about phonological awareness and processing skills in 
children is that the acoustic signal of speech is not com-
prised of sequences of isolable phonemes. Clinical and 
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experimental protocols ask children to perform chores such 
as counting or matching phonemes, or removing one from 
a sequence. The implementation of these tasks can rein-
force natural impressions that speech signals consist of 
strings of separate phonemes. But that is not the case. 
Figure  11.1  shows the sentence  Everybody knows the story 
of Winnie the Pooh , and illustrates that it would be impos-
sible to place markers on the  x  axis indicating where one 
phoneme ends and the next begins. (Spectrograms display 
time on the  x  axis and frequency on the  y  axis. Energy dis-
tribution across frequencies is represented by the darkness 
of the tracings.) That situation represents the attribute of 
speech known as a lack of segmentation. Figure  11.2  illus-
trates another relevant attribute of speech signals, known as 
a lack of acoustic invariance. This fi gure shows a single 
word,  bug , spoken by a man and by a child. It is apparent in 
this fi gure that the acoustic structure affi liated with that 
production differs drastically for each talker. Thus, not only 
is it hard to identify individual phonemes in the continuous 
speech signal, but the acoustic structure affi liated with each 
phoneme differs depending on factors such as who the 
talker is. These attributes of speech signals emphasize the 
fact that speech perception involves more than just the har-
vesting of either phonemes or acoustic cues from the sig-
nal. Several separate processes must be undertaken and 
coordinated. The listener must know which components of 
the signal require attention for the perceptual task at hand: 
recovering phonemes or recognizing the speaker, for 
 example. Those signal components need to be organized 

 appropriately and interpreted within the current linguistic 
and social context. These considerations emphasize the fact 
that phonemic structure is highly encoded in the acoustic 
signal. Consequently, tasks of phonological awareness tap 
into processes much more complicated than simply recog-
nizing phonemes in the signal. They require appropriate 
attentional and organizational strategies, as well.

     Phonological awareness   is an especially important mech-
anism to evaluate in children with CIs if we want to under-
stand the underpinnings of their language and literacy skills. 
There is very good reason to suspect that children with CIs 
will have diminished sensitivity to phonological structure in 
the speech signal: the signal processing of CIs does not pre-
serve the kind of spectro-temporal structure that strongly 
supports recognition of phonological structure. At the same 
time, phonological awareness has reliably been shown to 
underlie the development of many other language skills: in 
particular, working memory and reading. In turn, working 
memory plays a role in the acquisition of morphosyntactic 
abilities, especially those related to complex syntactic struc-
tures. Sentences with embedded clauses tend to be long, so it 
is important that a child can store long strings of linguistic 
material in order to discover clause structure in those 
sentences. 

 The  CTOPP   is very commonly used to evaluate phono-
logical awareness and processing. As Table  11.1  shows, 
when a standardized measure of phonological awareness 
and processing is needed, the CTOPP is often the test of 
choice. Nonetheless, there have been some experiments 

  Fig. 11.1    A spectrogram of the sentence  Everybody knows the story of Winnie the Pooh  spoken by a man, illustrating the lack of clear segmental 
boundaries       
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conducted that used nonstandardized measures of phono-
logical awareness, and met the criteria for inclusion in this 
review. For example, James et al. ( 2009 ) examined phono-
logical awareness in 19 eight-year-olds with CIs, 19 read-
ing-level matched peers, and 19 chronological-age matched 
peers. These authors examined children’s sensitivity to three 
kinds, or levels, of phonological structure: syllable, rhyme, 
and phoneme. The tasks were all visual, with pictures repre-
senting target words. The children with CIs performed as 
well as children in the two control groups on syllable aware-
ness, but more poorly on rhyme and phonemic awareness. 
That fi nding would be predicted from the fact that syllable 
structure at the linguistic level is discernible from amplitude 
structure at the acoustic level. Recognizing phonemic struc-
ture, on the other hand, requires access to detailed spectro-
temporal structure, precisely what is impoverished in 
cochlear implant processing strategies.     

    Grammar 
  Other studies  have   investigated the relationships among 
skills that are not strictly phonologically based. For example, 
Spencer et al. ( 2003 ) examined the relationship between 
reading comprehension and morphosyntactic skills for 16 
nine-year-olds with CIs and 16 age-matched peers, for each 
group separately. To evaluate reading comprehension, the 
passage comprehension subtest of the  Woodcock Reading 
Mastery Tests (WRMT)   (Woodcock  1987 ) was used. To 
evaluate receptive and expressive language, the Concepts 
and Directions and Formulated Sentences subtests of the 
CELF were employed. Results demonstrated that the rela-
tionship between reading comprehension and oral language 
abilities was stronger for children with CIs than for the chil-
dren with normal hearing:  r  = 0.8 vs.  r  = 0.5, respectively. A 
separate study by Connor and Zwolan ( 2004 ) replicated the 
general result. Taken together, those fi ndings are important 

  Fig. 11.2    The word  bug  spoken by a man ( left ) and a child ( right ), illustrating the lack of invariant acoustic structure       
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because they suggest that the extent to which  non- phonological 
language factors explain literacy acquisition may differ for 
children with normal hearing and those with CIs. Robust evi-
dence supports the claim that children with normal hearing 
develop literacy skills largely through a phonological route. 
Any reading profi ciency children with CIs manage to acquire 
may depend to a greater extent on language abilities not nec-
essarily related to phonological knowledge. The reason for 
that difference in underlying mechanisms is likely the dimin-
ished access to acoustic structure that supports phonemic 
structure experienced by children with CIs. Unfortunately, it 
is generally agreed that in order to read much above a fourth 
grade level, sensitivity to phonemic structure is required 
(Goldin-Meadow and Mayberry  2001 ). Thus, the reliance on 
extra-phonological factors observed for the literacy skills of 
young school-age children with CIs might be a harbinger of 
limited profi ciency to be found in their later literacy 
achievements. 

 There have been fewer investigations of the morphosyn-
tactic skills of children with CIs using nonstandard measures 
than of other sorts of speech and language abilities. That may 
be due to the arduous nature of analyzing morphosyntax in 
language samples; it is much more effi cient to use standard-
ized test instruments. Nonetheless, one report using a mea-
sure that is not strictly standardized was conducted by Geers 
et al. ( 2003 ). It included 181 children with CIs, and 24 age- 
matched peers with normal hearing, all tested at 8- to 9-years 
of age. As the measure of morphosyntax, the Index of 
Productive Syntax (Scarborough  1990 ) was used. With this 
instrument, trained listeners review language samples from 
children. Occurrences of 56 syntactic and morphological 
forms are evaluated, providing scores in four categories: 
complexity of noun phrases, verb phrases, questions/nega-
tions, and sentence structures. When Geers et al. applied this 
index, the average score of children with CIs was 1.13 SDs 
below the mean of the control group. Thus, this study repli-
cated the general fi nding that children with CIs are perform-
ing, on average, roughly one standard deviation below the 
means of children with normal hearing.    

    Summary 

 Results from several laboratories have been reviewed in this 
fi rst section of the chapter, but it is far from an exhaustive 
set of studies on the topic of language and literacy in chil-
dren with CIs. Over the past two decades there has been a 
well- focused effort on quantifying language outcomes in 
children with severe-to-profound hearing loss who use CIs, 
and measure how those outcomes have improved since CIs 
became available for children. Entering the search terms 
 language ,  cochlear implants , and  children  together into the 
 PubMed  database produces more than a 1000 results. In this 

review section, we focused on a select few of those studies, 
using specifi c criteria. Nonetheless, the outcomes reported 
here generally match those of the numerous papers that we 
were unable to include. The data overwhelmingly indicate 
that CIs have allowed many children with severe-to-pro-
found hearing loss to acquire language and literacy skills in 
the range of children with normal hearing, but the infl uences 
of that hearing loss have not yet been eliminated. The goal 
of future research and intervention efforts must be to fi nd 
ways to more effectively ameliorate those infl uences. One 
approach that could facilitate that effort would be to con-
struct a better model of the factors that underlie language 
acquisition for these children, and how those factors may 
differ for children with CIs and children with NH. That is 
what we are seeking to do in the research conducted in our 
laboratory.   

    Review of Outcomes at Second Grade 
from a Longitudinal Study of Children 
with CIs 

 In this next section, outcomes are reported for a sample of 
children in a longitudinal study conducted for 10 years in 
our laboratory. The project is titled Early Development of 
Children with Hearing Loss (EDCHL). In this chapter, 
language and literacy outcomes are reported for these 
children from data collected when they were all 8 years of 
age (mean age = 8 years, 6 months; SD = 5 months). They 
were tested during the summer following second grade in 
all cases. More detailed information about the original 
sample and procedures can be found elsewhere (e.g., 
Nittrouer  2010 ). 

    Participants 

  The   children on the EDCHL project came from across the 
USA, and all had been tested as part of this project between 
four and eight times since their fi rst birthdays. Forty-eight of 
these children had normal hearing (NH), and 50 of them had 
severe-to-profound hearing loss and wore one or two CIs. In 
order to participate in the study, children, their families, and 
their early intervention programs (in the case of the children 
with CIs) needed to meet specifi c criteria. 

    Criteria for Participation for Children 
 In order to  participate,  there   could be no evidence of any 
physical, cognitive, or emotional defi cit other than hearing 
loss (in the case of children with CIs) that could on its own 
be expected to impact development. While the fi rst of 
these three requirements was easy to verify from clinical 
records, the last two were less transparent. Consequently, 
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assessments were made at each test time to confi rm that 
none of these children had any disabling conditions other 
than hearing loss. The children in the NH group had their 
hearing screened each time they were tested, with octave 
frequencies between 0.25 and 8 kHz presented at 20 dB 
hearing level. All children were administered four subtests 
on the  Leiter International Performance Scale  —Revised 
(Roid and Miller  2002 ), which is a completely nonverbal 
test of cognitive functioning. The four subtests adminis-
tered were Figure Ground, Form Completion, Sequential 
Order, and Repeated Patterns. From these four subtests an 
estimate of nonverbal intelligence can be computed that is 
labeled by the test authors as the Brief IQ. That metric is 
given as a standardized score, with a mean of 100 and a 
standard deviation of 15. 

  Emotional stability  —defi ned here as the lack of emo-
tional problems—was assessed using the  Child Behavior 
Checklist (CBCL)   by Achenbach and Rescorla ( 2001 ). This 
is an instrument completed by each parent separately and by 
the classroom teacher. Each of these three responders read 
113 individual statements, such as  Argues a lot  and  Stubborn , 
 sullen ,  or irritable  and had to rate how strongly the statement 
describes the child being assessed using a three-point scale 
(0–2). Weighted sums across items are computed to obtain 
two general indices, one of internalizing and one of external-
izing tendencies. These weighted sums are given as stan-
dardized  T  scores, which have means of 50 and standard 
deviations of 10. Scores above 70 are considered to be in the 
clinical range. Internalizing problems refer to diffi culties 
such as being emotionally reactive, withdrawn, or anxious. 
Externalizing problems refer to diffi culties with rule break-
ing or aggressive behavior. 

 Finally, all children were screened with the  Short Sensory 
Profi le (SSP)   by McIntosh et al. ( 1999 ), which is an abbrevi-
ated version of the Sensory Profi le (Dunn  1999 ). This instru-
ment is completed by parents, who rate according to a fi ve-level 
scale how frequently 38 separate statements describe their chil-
dren. Each statement concerns a specifi c kind of sensory pro-
cessing, such as  Avoids going barefoot, especially in sand or 
grass  and  Responds negatively to unexpected or loud noises . 

Impairments in the ability to process sensory inputs—such as 
defensiveness or over- responsivity—are widely reported for 
children with autism spectrum disorders (e.g., Kientz and Dunn 
 1997 ; Ornitz  1989 ; Osterling and Dawson  1994 ; Watling et al. 
 2001 ). By administering this instrument, we were able to 
screen the children in this study for tendencies that would place 
them on the autism spectrum. Scores on the SSP load on seven 
separate clusters: Tactile Sensitivity, Taste/Smell Sensitivity, 
Movement Sensitivity, Underresponsive/Seeks Sensation, 
Auditory Filtering, Low Energy/Weak, and Visual/Auditory 
Sensitivity. Results are not given as standardized scores. 
Instead, three ranges of scores are used that group children into 
three categories: Typical Performance, Probable Difference, 
and Defi nite Difference. Summing across the seven categories 
provides a total score that can be used, as well. Children on the 
autism spectrum have reliably been found to score lower than 
typical children in each category separately and on the total 
score, and reliably in the third category of Defi nite Difference 
(e.g., Tomcheck and Dunn  2007 ). 

 Table  11.2  shows means and standard deviations for per-
tinent scores from these screening measures. For the Brief 
IQ, it is clear that means for both groups were at the means 
for the normative sample, and standard deviations were simi-
lar, as well. A  t  test revealed no difference in scores across 
the groups.

   For the CBCL internalizing and externalizing scores, 
two-way, repeated-measures ANOVAs were performed on 
each set of scores with respondent (mother, father, or teacher) 
as the repeated measure and group (NH or CI) as the between- 
subjects factors. Only for the externalizing scores was a sig-
nifi cant effect found, and it was for respondents,  F (2, 
162) = 3.86,  p  = 0.023. That fi nding refl ected the fact that 
mothers rated their children as having slightly fewer prob-
lematic externalizing behaviors than either fathers or teach-
ers. But the differences were small: mean externalizing  T  
scores were 46, 48, and 49 for mothers, fathers, and teachers, 
respectively. No Hearing Group × Respondent interaction 
was found. Consequently, means across the three responders 
were computed and are reported in Table  11.2 , for both inter-
nalizing and externalizing behaviors. 

     Table 11.2    Group means and  standard deviations  for children with normal hearing ( N  = 48) and children with CIs ( N  = 50) for cognitive, emo-
tional, and sensory processing measures   

 Brief IQ  CBCL internalizing  CBCL externalizing  SSP auditory 
fi ltering  SSP total 

 M   SD   M   SD   M   SD   M   SD   M   SD  

 Normal hearing  105   14   48   7   47   6   24   3   168   13  

 Cochlear 
implants 

 100   18   47   8   48   9   22   5   166   18  

   Note:  Brief IQ = standardized scores with a mean of 100 and  SD  of 15; CBCL (Child Behavior Checklist) =  T  scores with a mean of 50 and  SD  of 
10; and SSP (Short Sensory Profi le) = categorized into ranges describing performance. For SSP Auditory Filtering these are: Typical Performance 
(23–30); Probable Difference (20–22); and Defi nite Difference (6–19). For SSP Total Score these are Typical Performance (155–190), Probable 
Difference (142–154), and Defi nite Difference (38–141)  
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 For the SSP, mean scores for both groups were in the 
Typical Performance range on all subtests and  t  tests revealed 
no differences between scores for children with NH and 
those with CIs, with one exception. Children with CIs scored 
signifi cantly lower in the category of Auditory Filtering, 
 t (1,96) = 4.07,  p  = 0.046, refl ecting the fact that children with 
CIs did not attend to auditory input as well as children with 
NH. That difference could be predicted due to children in the 
CI group having hearing loss. Nonetheless, because of that 
difference, scores for this category are reported, as well as 
total scores. 

 In general it can be seen from Table  11.2  that mean scores 
for both groups were well within the average ranges on 
these screening instruments. That means that any group dif-
ferences found for language and literacy measures can be 
fairly attributed to differences in hearing status, and the fact 
that children with CIs were learning language with a 
degraded signal. 

 For the children with hearing loss, further criteria had to 
be met in order for them to participate. There could be no 
evidence that the hearing loss was progressive in nature. As 
closely as could be determined, it needed to be present since 
birth. Better-ear pure-tone average thresholds for the fre-
quencies of 0.5, 1, and 2 kHz (better-ear PTAs) needed to be 
poorer than 50 dB hearing level. The children needed to have 
been identifi ed with hearing loss, received appropriate 
amplifi cation, and started an intervention program by the 
time they were 2 years of age in order to be included in the 
study. For this group of children with CIs, mean age of iden-
tifi cation was 6 months (SD = 7 months); mean age at which 
they received their fi rst hearing aids was 8 months (SD = 6 
months), and they began early intervention by a mean age of 
9 months (SD = 7 months). Mean better-ear PTAs before 
receiving CIs was 100 dB hearing level (SD = 17 dB). 

 A few children are exceptions to the descriptions offered 
above, and they are the children who received their CIs late. 
Forty-three of the 50 children in this CI group received a fi rst 
CI before 3 years of age, with a mean age of 16 months 
(SD = 5 months). Those children all had better-ear PTAs 
poorer than 80 dB hearing level, with a mean of 105 dB 
(SD = 13 dB). The seven children who received a fi rst CI after 
3 years of age (with a mean age of 58 months), all had better-
ear PTAs better than 80 dB hearing level, with a mean of 
71 dB. (SDs are not listed here because the group is so small.) 
These late-implanted children are also distinguished by the 
fact that they were identifi ed with hearing loss and started 
intervention later than the early-implanted children: mean age 
of identifi cation for the late-implanted children was 10 
months and mean age of starting intervention was 12 months. 
These factors raise the specter that these late- implanted chil-
dren form a distinct group. Because of that possibility, two-
group  t  tests were performed on all 13 measures reported in 
this section of the chapter. Mean scores for the early- and 

late-implanted children were remarkably similar, and were 
not signifi cant in any instance. Consequently, data at second 
grade from these seven late-implanted children are included 
with the larger group of children with CIs in this report.   

    Criteria for Parents and Early-Intervention 
Programs 
  In order for a child  to   participate in the EDCHL study, their 
parents and early intervention programs needed to meet cer-
tain requirements. All children had parents with normal 
hearing, and the language spoken in the home was predomi-
nantly English. In a few cases, grandparents visited who 
spoke a language other than English with each other and 
with the child’s parents. However, in all cases parents spoke 
English with each other and with the children in this study. 
At every test session, parents were asked to reconfi rm that it 
was their goal that their children would be fully main-
streamed in a regular educational setting by the start of tradi-
tional school age, without the need for a sign language 
interpreter. Some children, both with NH and with CIs, were 
exposed to a manual sign system from infancy through pre-
school. In all those cases, the stated purpose of using a sign 
system was to facilitate the acquisition of spoken language 
and/or to provide a means for the child to communicate 
wants and needs while learning to talk. 

 The early intervention programs in which children and 
their parents participated needed to provide services at least 
once per week during infancy and the toddler years. Those 
programs needed to be staffed by individuals with at least a 
Master’s degree, and that educational background needed to 
be in a discipline related to communication and the needs of 
children with hearing loss. That typically meant that early 
intervention was provided by speech-language pathologists 
or teachers of the deaf. All of the children with CIs for whom 
data are reported in this section received early intervention 
services along with their parents at least once per week up to 
age 3 years, and then they attended preschool programs for 
children with hearing loss for an average of 16 h/week. They 
were generally mainstreamed into regular classrooms start-
ing at kindergarten, but for a couple children, mainstreaming 
did not start until fi rst grade.    

    Method 

  Children and one parent traveled  to   Columbus, Ohio for a day 
and a half of testing during the summer following second 
grade. Four to six children were tested during each of these 
“camps” in six sessions. Children had a minimum of 1 h 
between test sessions. In each session, several tasks were 
combined to make between 40 and 60 min of data collection. 
Undergraduate and graduate students were involved in data 
collection in each of the six sessions. These students were 
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thoroughly trained during the spring preceding the summer 
camps, and were required to practice procedures on at least 
15 children with normal hearing whose data are not included 
in this report. Training emphasized testing details, such as 
how to provide verbal reinforcement for staying on task and 
working hard without providing reinforcement for giving 
correct answers. During the training of experimenters as well 
as during data collection itself, the program manager observed 
test sessions and reviewed video recordings to make sure that 
no experimenter strayed from standard protocol. 

 All procedures for stimulus presentation were made stan-
dard and automated. Any test instrument that is typically pre-
sented with live voice by a clinician or experimenter was 
presented on a computer monitor with audio presented on a 
high-fi delity speaker at 0° azimuth. All materials were pre-
sented at a 68 dB sound pressure level. Materials for these 
presentations were created by video recording a member of 
the laboratory staff producing test instructions and test items. 
High-quality audio was ensured on these videotapes by hav-
ing the staff member wear a FM transmitter, and the signal 
from the receiver was fed into the video camera. With the 
exception of two tasks, children were videotaped as they were 
responding, and care given to recording the relevant dimen-
sion of the responses. When responses involved pointing, for 
example, the video camera was positioned so those responses 
could be seen on the video recording. When responding 
involved verbal responses, clear shots of the children’s faces 
were obtained. Figure  11.3  shows the setup for data collection 
for the passage comprehension subtest of the CASL. In this 
case, the video camera recording children’s responses was 
positioned behind them in order to capture the pointing 
responses. All tasks used in data collection were preceded by 

appropriate training. Scoring was done using the video 
records at a later time, with the stipulation that the staff mem-
ber who collected a specifi c kind of data could not score 
responses for those data. All scoring was done by two inde-
pendent staff members so that reliability could be checked.

   The two tasks that were not video-recorded were the pho-
nological awareness and the working memory tasks. In these 
cases, responses were entered directly into the computer by 
the software that controlled the experiments. 

 Outcomes are presented for the same set of language 
skills reviewed in the previous section: lexicality, grammar, 
phonological awareness, reading, and working memory. In 
sum, there were 13 measures that were examined . 

    Lexicality 
 Two    measures      were used to assess the size of children’s lexi-
cons and their abilities to use words in spoken language. 
Expressive vocabulary was assessed with the EOWPVT. This 
task requires the child to provide the words that label a series 
of pictured items shown one at a time on separate pages. 
Standardized scores were used as dependent measures. 

 Children’s skill at using their lexical knowledge as part of 
spoken language (i.e., semantics) was evaluated by the num-
ber of different words they used in a 20-min narrative sample 
consisting of a story retelling. For this narrative, each child 
entered the sound booth and the experimenter explained that 
she had been called away for a few minutes. The equipment 
was set up for the child to view and hear a video of the book 
 The Day Jimmy’s Boa Ate the Wash  (Noble  1980 ). This story 
was video-recorded with a narrator reading the printed mate-
rial, but with separate staff members saying the material that 
appeared in quotes in the book. Full images of each face were 

  Fig. 11.3    Setup for testing        
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shown to ensure optimal opportunity for speech reading. 
Illustrations from the book were shown when appropriate. 
The experimenter explained that she hadn’t seen the video 
story yet, and asked the child to watch carefully so it could be 
told to the experimenter when she returned. After the story 
was fi nished, the experimenter reentered the sound booth, and 
asked the child to tell her the story in as much detail as pos-
sible. If the story retelling did not take a full 20 min, the 
experimenter supplemented the time by asking questions 
about personal experiences the child had that paralleled some 
of those of the children in the story. Later the story retelling 
was transcribed by members of the laboratory staff. Those 
transcriptions were submitted to the Systematic Analysis of 
Language Transcripts (SALT) software (Miller and Iglesias 
 2010 ) for analyses of morphosyntactic structures, including 
the number of different words (NDW). For most SALT mea-
sures, including NDW, the fi rst 100 utterances were used in 
the analysis. The NDW score indexes how well children use 
their vocabulary knowledge in their generative language.    

    Grammar 
   Children’s abilities  to      understand morphosyntactic struc-
ture was assessed using the paragraph comprehension sub-
test of the CASL. In this task, children listen to progressively 
more complex stories, and have to answer comprehension 
questions by pointing to one of four choices on an easel. 
The stories and questions were video-recorded by a staff 
member. It is characterized by test authors as a measure of 
receptive syntax. 

 Generative grammar was assessed by three measures 
obtained with SALT analysis: mean length of utterance in 
morphemes (MLU), number of pronouns, and number of 
conjunctions. Although MLU is frequently criticized for 
being insensitive to language differences once children 
reach MLUs of roughly 5, we have found it continues to 
distinguish between syntactic capabilities for children 
with hearing loss and those with NH past that stage.    

    Phonological Awareness 
 Three   measures of  phonological      awareness were used. 
Multiple measures are always used in our laboratory so that 
differences among groups will not be diminished by selecting 
a task that is either so easy that even children with phonologi-
cal delays can perform it, or so hard that even children who 
are developing typically have diffi culty. Using multiple tasks 
also provided an opportunity to evaluate whether children 
with CIs seem to have any special diffi culties with meta-lin-
guistic analysis. For these second graders, the three tasks used 
were the initial consonant choice, fi nal consonant choice, and 
phoneme deletion tasks. Again, all test stimuli were video-
recorded using laboratory staff members as talkers. In the 
fi rst two tasks, children saw and heard a target word that 
they were required to repeat correctly. They were given three 

 opportunities. If they could not repeat it correctly, that test 
item would not be included. However, all these children were 
able to understand the target words without diffi culty. After 
repeating the target word, children saw and heard three word 
choices and had to select which of the three started or ended 
with the same sound, depending on which task was presented. 
In the phoneme deletion task, children saw and heard a non-
word and had to repeat it correctly. Next they were asked to 
say the non-word without one of the segments. They needed 
to delete the correct segment and blend the others to create a 
real word. This task involved more phonological  processing  
than the fi rst two tasks, so required greater meta-linguistic 
awareness. In order to complete the phoneme deletion task, 
the child not only needed to be sensitive to phonological 
structure, but also needed to be able to manipulate segments 
within the non- word. By including this task, we were able to 
get an indication of whether any differences between groups 
would best be attributed to defi cits in sensitivity to segmental 
structure, or to diminished capacities to engage meta-linguis-
tic awareness. Each task had many items (i.e., 32 or 48), and 
all have been used extensively in this laboratory and others 
so they were known to be reliable (e.g., Nittrouer and Burton 
 2005 ; Nittrouer et al.  2012 ; Pennington et al.  1990 ; Stanovich 
et al.  1984 ). The percentage of items answered correctly was 
the dependent measure for each task.    

    Reading 
 The  Qualitative   Reading Inventory ( QRI)      was used to assess 
word reading, paragraph comprehension, and fl uency. 
Although this last measure had not been found to distinguish 
children with NH and those with CIs when they were tested 
at kindergarten, it seemed worthwhile to examine it again 
because fl uency is commonly used in educational settings to 
assess reading skill. 

 The  QRI   has both narrative and expository passages 
written at various levels of reading ability. In this study, 
children read each passage and were asked ten comprehen-
sion questions about each one. Three passages were used 
at each test age. One passage was a narrative written at 
one level below grade level, one was a narrative at grade 
level, and one was an expository at grade level. Children 
were video-recorded reading each story and responding to 
questions. Staff members scored the number of words read 
correctly and the number of questions answered correctly. 
Finally, the time required to read the passage was computed 
from the videotape, and the  number of correct words read 
per minute was used as the metric of fl uency.  

    Working Memory 
 On this task,    children were asked to recall the order of strings 
of six monosyllabic nouns presented as auditory lists. In this 
case, video presentation was not used. A single set of words 
served as stimuli, and recognition was checked for each 
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child both prior to testing and after testing was completed. If 
a child had diffi culty recognizing even a single word audito-
rily, testing would not have been conducted (if it happened 
during the pre-test) or data would have been removed from 
analysis (if it happened on post-test). However, all children 
readily recognized these simple nouns. 

 This test procedure has been used often to examine short- 
term memory (e.g., Brady et al.  1983 ; Spring and Perry 
 1983 ), and this particular task with these particular words 
has been shown to have good test-retest reliability (Nittrouer 
and Miller  1999 ). In this procedure, pictures of each noun 
are shown at the top of a touch screen monitor, and the words 
are played in random order at a rate of one per second. The 
child’s task is to touch the pictures in the order that the words 
were heard. Ten lists are presented. The dependent measure 
is the percentage of words recalled in the correct order.   

    Results 

 Data for the 13 measures described above were screened for 
normal distribution and homogeneity of variance. Data on all 
measures met the criteria. 

    Overall Performance 
  Means and  standard   deviations for the measures described 
above were computed. Two-group  t  tests were performed, 
and Cohen’s  d s were obtained. These last values index effect 
sizes by representing group differences according to stan-
dard deviations. Thus, a Cohen’s  d  of 1.00 represents a group 
difference of one standard deviation. 

 Looking fi rst at lexicality, means and standard deviations 
of those measures are shown in the two left-most columns of 
Table  11.3 , with statistical outcomes shown below. The 
 EOWPVT   scores indicate that the expressive vocabularies of 
children with CIs were not as large as those of children with 
NH. Based on NDW, it is clear that using those lexical items 
to represent semantic variation in spoken language was not a 
skill that was as well developed for children with CIs as it 
was for children with NH. However, the difference in perfor-
mance between the two groups of children is not as great for 
NDW as for EOWPVT. Thus, although the lexicons of chil-
dren with CIs were not as large as those of children with NH, 
their skills at using those vocabulary items were less delayed.

   Looking next at grammar, results for those measures are 
shown in the right-most columns of Table  11.3 . Here it is 
seen that children with CIs were not performing as well as 
children with NH, but none of these effect sizes are as large 
as that found for expressive vocabulary with  the   EOWPVT. 

 Scores for the measures of phonological awareness are 
shown in the left half of Table  11.4 , with statistical outcomes 
shown below. These measures reveal some of the largest 
effect sizes observed in this study, with the fi nal consonant 

choice task showing the single largest effect. Of pertinence 
is the fi nding that children with CIs performed better on the 
phoneme deletion than on the fi nal consonant choice task, 
 t (47) = 3.232,  p  = 0.002, whereas children with NH per-
formed indistinguishably on the two tasks. That fi nding for 
children with CIs provides support for the suggestion that 
they do not have diminished capacities for meta-linguistic 
awareness or phonological processing because they were 
able to do relatively well on the phoneme deletion task, the 
more meta-linguistically challenging of the tasks. Rather, it 
is recovering phonological structure that remains a challenge 
for them. (These were the only measures that could not be 
collected for all 98 children. One child with CIs was not able 
to understand the instructions for phoneme deletion, and 
another child with CIs became ill part way through testing, 
and could not complete the initial consonant choice or pho-
neme deletion tasks.)

   Reading scores are shown in the right half of Table  11.4 , 
with statistical outcomes shown below. Of these, fl uency 
shows the weakest effects, making it a less sensitive metric 
of group difference than the other two measures. Paragraph 
comprehension shows the greatest difference between chil-
dren with NH and those with CIs. 

 Scores for working memory are not shown in the tables 
described above. However, mean recall was 56 and 43 % 
correct for children with NH and those with CIs, respectively 
(SD = 16 % for each group). The  t  test performed on these 
data showed a signifi cant group effect,  t (1,96) = 3.97, 
 p  < 0.001, with a Cohen’s  d  of 0.81. Thus, children with CIs 
are poorer at retaining verbal material in short-term memory, 
which could interfere with their learning of syntactic 
structures. 

 In summary, all 13 of these measures revealed signifi -
cantly poorer abilities for children with CIs than for those 
with NH. The magnitude of those differences was generally 
between three-quarters of a standard deviation and one stan-
dard deviation, matching effect sizes found in the data of 
other investigators and summarized in the fi rst section of this 
chapter. Consequently it seems fair to conclude that even 
with early identifi cation, good intervention, and CIs, chil-
dren with severe-to-profound hearing loss still experience 
signifi cant delays in language acquisition because of that 
hearing loss. The challenge facing clinicians and scientists is 
to enhance our understanding of the mechanisms underlying 
the acquisition of spoken language for children with CIs in 
order for us to appropriately modify intervention techniques 
so that these children may one day reach their full  potential.  

    Computing Latent Variables 
 Analyses  of sorts other  than   those that merely measure dif-
ferences in abilities between children with NH and those 
with CIs were performed to help us understand how spo-
ken language skills interact with each other for these 
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 children. In particular, factor analysis was performed to 
see if data across the 13 separate measures described above 
could be reduced to reveal a smaller set of latent variables. 
Specifi cally, factor analysis with varimax rotation was 
done on these measures. Although not strictly confi rma-
tory in approach, this analysis was not exploratory, either. 
Predictions about how these measures might combine to 
create a few components could be made based on tradi-
tional models of linguistic structure. In particular, linguis-
tic structure is generally viewed as having duality of 
patterning, in which a limited set of phonemic elements 
get combined to create almost an infi nite variety of words 
and those words can be combined according to a fi nite set 
of rules to create sentences with almost infi nite meanings 
(e.g., Hockett  1958 ; Studdert-Kennedy  2005 ). According 
to that model of duality, it was reasonable to expect prior 
to this analysis that the separate measures might reveal 
two latent variables based on these levels of structure: 
phonological and morphosyntactic. Thus the resulting 

variables would refl ect language abilities associated with 
sensitivity to and processing of phonological structure or 
morphosyntactic structure. 

 Table  11.5  shows the standardized component matrix 
that resulted from the analysis, with signifi cant effects indi-
cated by bolded text. As expected, the variance in each of 
the individual measures is well explained by one of the 
components, but not the other. Furthermore, it seems appro-
priate, based on the measures associated with each compo-
nent, to label the fi rst of these a phonological component 
and label the second one a morphosyntactic (grammar) 
component. In this analysis, the number of participants rela-
tive to the number of measures was slightly less than opti-
mal, but the strength of the components derived and the fact 
that those resolved components are conceptually sound 
militate against rejecting the outcomes because of that con-
cern. Tabachnick and Fidell ( 1989 ) argue that in a situation 
such as this one (i.e., resolved components are strong and 
conceptually sound) fi ve cases per measure is suffi cient.

    Table 11.3    Group means and  standard deviations  for children with normal hearing ( N  = 48) and children with CIs ( N  = 50) for measures of 
lexicality and grammar. Results of two-group  t  tests performed on the measures, along with Cohen’s  d s are shown below. Degrees of freedom 
were 1, 96 for all analyses   

 Lexicality  Grammar 

 EOWPVT  NDW  CASL  MLU  Conjunctions  Pronouns 

 M   SD   M   SD   M   SD   M   SD   M   SD   M   SD  

 Normal 
hearing 

 110   14   292   56   112   12   6.27   1.35   106   41   231   70  

 Cochlear 
implants 

 95   19   248   65   99   21   5.43   1.34   79   41   177   72  

  t  value   4.56    3.61    3.61    3.11    3.17    3.70  

  p  value   <0.001    <0.001    <0.001    0.002    0.002    <0.001  

 Cohen's  d    0.90    0.73    0.76    0.62    0.66    0.76  

   Note:  EOWPVT (Expressive One-Word Picture Vocabulary Test) and CASL (Comprehensive Assessment of Spoken Language) = standardized 
scores with means of 100 and  SD s of 15; NDW (Number of Different Words), Conjunctions, and Pronouns = count of occurrence of each in 
100-utterance sample; MLU (Mean Length of Utterance) = count across the language sample  

    Table 11.4    Group means and  standard deviations  for children with normal hearing ( N  = 48) and children with CIs ( N  = 50) for measures of read-
ing and phonological awareness. Results of two-group  t  tests performed on the measures, along with Cohen’s  d s are shown below. Degrees of 
freedom were 1, 96 for all measures, except for Initial Consonant Choice (1, 95) and Phoneme Deletion (1, 94)   

 Phonological awareness  Reading 

 Initial consonant  Final consonant  Phoneme del.  Comprehension  Word read  Fluency 

 M   SD   M   SD   M  M  M   SD   M   SD   M   SD  

 Normal 
hearing 

 87   13   70   18   71   22   21   3   200   5   122   32  

 Cochlear 
implants 

 65   26   36   26   50   31   16   6   191   15   104   38  

  t  value   5.45    7.34    3.84    4.16    4.05    2.62  

  p  value   <0.001    <0.001    <0.001    <0.001    <0.001    0.010  

 Cohen’s  d    1.07    1.52    0.78    1.05    0.80    0.51  

   Note : Initial Consonant Choice, Final Consonant Choice, and Phoneme Deletion = percent of correct responses on each phonological awareness 
measure; Comprehension = number (out of 30) of comprehension questions answered correctly on the Qualitative Reading Inventory (QRI); Word 
Reading = number of words read correctly on the QRI; and Fluency = mean number of words read per minute on the QRI  
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   Scores for the two latent variables derived from this 
analysis were computed for each child, using the children 
with NH as the standard. Consequently, the mean for chil-
dren with NH was 0.00 and the standard deviation was 1.00 
on both the variables of phonological processing and of 
morphosyntax. It was found that means for the children 
with CIs were −1.86 (SD = 2.01) for the phonological pro-
cessing variable and −0.87 (SD = 1.20) for the morphosyn-
tactic variable. That means that the children with CIs in this 
study were trailing the children with NH in acquisition of 
both phonological and morphosyntactic skills, but they 
were further behind in phonological skills. That outcome 
could have been predicted from the fact that CIs provide 
signals that are highly degraded, allowing only limited 
access to the acoustic properties that underlie phonemic 
categories. Morphosyntactic structure can more readily be 
learned from how words are combined and knowing when 
to use each word. Even if the representations of those words 
are more global (i.e., less phonemically differentiated) for 
children with CIs than for children with NH, the rules for 
combining and using words may be learned.   

    Explaining Variance 
  Finally, Pearson product- moment   correlation coeffi cients 
were computed for all pairwise combinations of the depen-
dent measures examined, with one exception. Reading fl u-
ency was not included in this analysis because it was not 
found to be especially sensitive to differences between chil-
dren with NH and those with CIs. 

 The primary motivation for this particular analysis was 
that by examining relationships among separate language 
measures, ideas should be derived concerning which skills 
would best be targeted in intervention. Table  11.6  shows 
correlation coeffi cients for each group separately: those for 

children with NH are on the top in each cell and those for 
children with CIs are on the bottom. Computing correlation 
coeffi cients separately for each group allowed us to exam-
ine whether the same pattern of relationships across skills 
could be observed for children in both groups. Again, that 
should help in designing interventions. A serious risk to the 
design of effective treatment options is encountered when 
strategies are based on patterns of language development 
found for children with NH because those patterns may or 
may not hold for children with CIs. In fact, examining 
Table  11.6  reveals that the most striking outcome is that 
many more of these correlations were signifi cant for the 
children with CIs than for those with NH. Out of the 65 cor-
relations performed, 51 were found to be signifi cant for the 
children with CIs, while only 19 were signifi cant for the 
children with NH. Fisher’s  z  tests for the difference between 
correlation coeffi cients were performed on all pairs of coef-
fi cients in order to see if the strength of the relationship 
between individual pairs of measures were different for the 
two groups of children. In 28 cases, Fisher’s  z  was signifi -
cant, and in all those cases it was because the relationship 
was stronger for children with CIs than for those with 
NH. In Table  11.6 , signifi cant  z  scores are indicated by bold-
ing. These outcomes indicate that language skills are less 
diversifi ed for children with CIs than for children with NH .

        Summary 

 This second section of the chapter reported data for second 
graders that come from an ongoing longitudinal study. All 
results are consistent with the pattern of outcomes reported 
in the fi rst section of the chapter, from other studies. Even 
though the children in the longitudinal study have no risk 

   Table 11.5    The proportion of variance on each measure explained by the principal component   

 Components 

 1  2 

 EOWPVT—expressive vocabulary   0.814   0.166 

 NDW—semantics  0.222   0.875  

 CASL—receptive syntax   0.711   0.346 

 MLU  0.235   0.825  

 Conjunctions  0.055   0.890  

 Pronouns  0.144   0.761  

 Initial consonant choice   0.838   0.104 

 Final consonant choice   0.693   0.153 

 Phoneme deletion   0.823   0.105 

 QRI—paragraph comprehension   0.746   0.383 

 QRI—word reading   0.762   0.071 

 QRI—fl uency   0.763   0.221 

 Working memory   0.622   0.065 

   Note :  bolded text  indicates signifi cant effects, with a  p  < 0.05  
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factors for language delay other than hearing loss, and they 
all received appropriate and early treatment for that hearing 
loss, they trail behind their peers with NH by a substantial 
margin when it comes to language learning. Across the 13 
measures reported in this section, the mean Cohen’s  d  was 
0.84. It was specifi cally found that children with CIs are fur-
ther behind on skills requiring sensitivity to the phonological 
structure of the speech signal, rather than morphosyntactic 
abilities. That strong demonstration of phonological defi cit 
surely refl ects the fact that even with technological advances, 
CIs still provide degraded representations of spectro- 
temporal structure in the speech signal. Consequently these 
children have diminished access to some important cues to 
phonemic categories. 

 One piece of good news to come from these analyses is 
that morphosyntactic skills appear to be learned quasi- 
independently from the other language skills examined in 
this study, which are all strongly dependent on phonological 
structure. That outcome seems consistent with the proposal 
that young children with NH are less sensitive to word-inter-
nal segmental (phonemic) structure than are adults (Jusczyk 
and Derrah  1987 ; Locke  1988 ; Nittrouer  1992 ; Studdert-
Kennedy  1981 ; Walley and Carrell  1983 ). For example, kin-
dergartners have been found to judge similarity of non-word 
pairs based primarily on overall syllable shape, rather than 
on shared phonemes; by second grade, similarity is judged 
based on shared phonemes (Walley et al.  1986 ). As another 
example, the organization of the lexicon for 6-year-old chil-
dren seems less clearly based on phonemic structure than are 
those of adults; instead children’s lexicons seem based more 
on global acoustic patterns (Charles-Luce and Luce  1990 ). 
So although the rate of lexical acquisition is infl uenced by 
children’s sensitivity to phonological structure (Willstedt-
Svensson et al.  2004 ), children with normal hearing who are 
slightly younger than those for whom data are reported here 
acquire vocabulary items with less than adult- like sensitivi-
ties to phonological structure. It seems fair to suggest that the 
second graders with CIs in the EDCHL study may still be 
acquiring new vocabulary with those global representations. 
The independence of phonological and morphosyntactic 
skills revealed by the factor analysis reported in this section 
suggests that children with CIs can learn how to combine and 
when to use those lexical items in spite of having diminished 
sensitivity to phonological structure. 

 Finally, the results of correlational analysis reported in 
this section show that the language skills evaluated by the 
separate measures used in the EDCHL study are more 
interdependent for children with CIs than for those with 
NH. That fi nding emphasizes the need for enriching the 
language environments of children with CIs in a broad 
sense, rather than only working on separate language 
skills in piecemeal fashion, as might occur in pull-out 
intervention sessions.   

    Conclusions 

 This chapter has reviewed language and literacy outcomes 
for children with severe-to-profound hearing loss who 
receive CIs. Work by other investigators was reviewed, as 
well as work from an ongoing longitudinal study taking 
place in this laboratory. Outcomes were found to be con-
sistent across studies, and reveal that children with CIs 
are performing on most language measures at roughly the 
15th percentile of performance for children with 
NH. These fi ndings suggest that language outcomes have 
not substantially improved for children with CIs since 
those devices fi rst became available. Looking at the pat-
terns of relationship across skills, it appears that morpho-
syntactic skills are not as affected by hearing loss and 
subsequent implantation as are skills dependent on sensi-
tivity to phonological structure. Because the degraded 
nature of signals available through CIs likely diminishes 
access to the kinds of acoustic information needed to 
develop sensitivity to phonological structure, these lan-
guage problems can be traced specifi cally to the nature of 
the signal children receive through their CIs. This situa-
tion means that ultimately solutions to the problems faced 
by children with CIs must involve the types of auditory 
prostheses we provide to them, but behavioral interven-
tions should help, as well.     

  Acknowledgements   This work was supported by Grant No. R01 
DC006237 from the National Institute on Deafness and Other 
Communication Disorders, the National Institutes of Health. The 
authors are grateful to the many members of the laboratory staff who 
made the collection of these data possible, including Caitlin Rice, 
Daniel Burry, Jamie Kuess, Joanna H. Lowenstein, Eric Tarr, Emily 
Sansom, and Keri Low. Christopher Holloman provided help with sta-
tistical analysis. The continued commitment on the part of many fami-
lies to participating in the longitudinal study described in this chapter is 
also gratefully recognized.  

   References 

    Achenbach TM, Rescorla LA. Manual for the ASEBA school-age 
forms & profi les. Burlington, VT: Research Center for Children, 
Youth, & Families, University of Vermont; 2001.  

    Baumberger T. Past tense acquisition in deaf children. Northampton, 
MA: Smith College; 1986.  

    Bishop DV. Comprehension of English syntax by profoundly deaf chil-
dren. J Child Psychol Psychiatry. 1983;24:415–34.  

     Brady S, Shankweiler D, Mann V. Speech perception and memory cod-
ing in relation to reading ability. J Exp Child Psychol. 
1983;35:345–67.  

     Brownell R. Expressive one-word picture vocabulary test (EOWPVT). 
3rd ed. Novato, CA: Academic Therapy Publications, Inc; 2000.  

     Carrow-Woolfolk E. Comprehensive assessment of spoken language 
(CASL). Bloomington, MN: Pearson Assessments; 1999.  

    Charles-Luce J, Luce PA. Similarity neighbourhoods of words in young 
children’s lexicons. J Child Lang. 1990;17:205–15.  

11 Language and literacy skills in children with CIs



196

    Connor CM, Zwolan TA. Examining multiple sources of infl uence on 
the reading comprehension skills of children who use cochlear 
implants. J Speech Lang Hear Res. 2004;47:509–26.  

    Conway CM, Pisoni DB, Anaya EM, Karpicke J, Henning SC. Implicit 
sequence learning in deaf children with cochlear implants. Dev Sci. 
2011;14:69–82.  

    de Villiers PA. Assessing English syntax in hearing-impaired children: 
eliciting production in pragmatically-motivated situations. J Acad 
Rehabil Audiol. 1988;21:41–71.  

    de Villiers JG, de Villiers PA, Hoban E. The central problem of functional 
categories in the English syntax of oral deaf children. In: Tager-Flusberg 
H, editor. Constraints on language acquisition: studies of atypical chil-
dren. Mahwah, NJ: Lawrence Erlbaum Associates; 1994. p. 9–48.  

    Dunn W. The sensory profi le: user’s manual. San Antonio, TX: 
Psychological Corporation; 1999.  

    Dunn L, Dunn D. Peabody picture vocabulary test. 3rd ed. Circle Pines, 
MN: American Guidance Service; 1997.  

    Dunn L, Dunn D. Peabody picture vocabulary test. 4th ed. Bloomington: 
Pearson Education Inc.; 2007.  

    Dunn L, Markwardt FC. Peabody individual achievement test—revised. 
Circle Pines, MN: American Guidance Service; 1989.  

      Fitzpatrick EM, Olds J, Gaboury I, McCrae R, Schramm D, Durieux- 
Smith A. Comparison of outcomes in children with hearing aids and 
cochlear implants. Cochlear Implants Int. 2012;13:5–15.  

    Gallaudet Research Institute. Regional and national summary report of data 
from the 2009–2010 annual survey of Deaf and Hard of Hearing chil-
dren and youth. Washington, DC: GRI, Gallaudet University; 2011.  

     Geers AE, Hayes H. Reading, writing, and phonological processing 
skills of adolescents with 10 or more years of cochlear implant 
experience. Ear Hear. 2011;32:49S–59.  

    Geers AE, Nicholas JG, Sedey AL. Language skills of children with 
early cochlear implantation. Ear Hear. 2003;24:46S–58.  

     Geers AE, Moog JS, Biedenstein J, Brenner C, Hayes H. Spoken lan-
guage scores of children using cochlear implants compared to hearing 
age-mates at school entry. J Deaf Stud Deaf Educ. 2009;14:371–85.  

    Goldin-Meadow S, Mayberry RI. How do profoundly deaf children 
learn to read? Learn Disabil Res Pract. 2001;16:222–9.  

    Hammill DD, Newcomer PL. Test of language development—interme-
diate (TOLD-I). 3rd ed. Austin, TX: Pro-Ed.; 1997.  

    Hammill DD, Newcomer PL. Test of language development—interme-
diate (TOLD-I:4). 4th ed. Austin, TX: Pro-Ed; 2008.  

    Harris MS, Kronenberger WG, Gao S, Hoen HM, Miyamoto RT, Pisoni 
DB. Verbal short-term memory development and spoken language 
outcomes in deaf children with cochlear implants. Ear Hear. 
2013;34:179–92.  

    Hockett CF. A course in modern linguistics. New York: Macmillan; 
1958.  

    James D, Rajput K, Brinton J, Goswami U. Orthographic infl uences, 
vocabulary development, and phonological awareness in deaf children 
who use cochlear implants. Appl Psycholinguist. 2009;30:659–84.  

     Johnson C, Goswami U. Phonological awareness, vocabulary, and read-
ing in deaf children with cochlear implants. J Speech Lang Hear 
Res. 2010;53:237–61.  

    Jusczyk PW, Derrah C. Representation of speech sounds by young 
infants. Dev Psychol. 1987;23:648–54.  

    Kientz MA, Dunn W. A comparison of the performance of children 
with and without autism on the Sensory Profi le. Am J Occup Ther. 
1997;51:530–7.  

    Lederberg AR, Spencer PE. Word-learning abilities in deaf and hard- of- 
hearing preschoolers: effect of lexicon size and language modality. 
J Deaf Stud Deaf Educ. 2009;14:44–62.  

    Lederberg AR, Schick B, Spencer PE. Language and literacy develop-
ment of deaf and hard-of-hearing children: successes and chal-
lenges. Dev Psychol. 2013;49:15–30.  

    Leslie L, Caldwell J. Qualitative reading inventory—4. New York: 
Pearson; 2006.  

    Liberman IY, Shankweiler D, Fischer FW, Carter B. Explicit syllable 
and phoneme segmentation in the young child. J Exp Child Psychol. 
1974;18:201–12.  

    Locke JL. The sound shape of early lexical representations. In: Smith 
MD, Locke JL, editors. The emergent lexicon: the child’s develop-
ment of a linguistic vocabulary. San Diego: Academic; 1988. p. 3–22.  

    Luce PA, Pisoni DB. Recognizing spoken words: the neighborhood 
activation model. Ear Hear. 1998;19:1–36.  

    Mann VA, Liberman IY. Phonological awareness and verbal short-term 
memory. J Learn Disabil. 1984;17:592–9.  

    McIntosh DN, Miller LJ, Shyu V. Development and validation of the 
Short Sensory Profi le. In: Dunn W, editor. Sensory profi le manual. 
San Antonio, TX: Psychological Corporation; 1999. p. 59–73.  

    Miller J, Iglesias A. Systematic analysis of language transcripts (SALT) 
research version [computer program]. Middleton, WI: SALT 
Software, LLC; 2010.  

    Moog JS, Geers AE. Scales of early communication skills for hearing- 
impaired children. St. Louis, MO: Central Institute for the Deaf; 1975.  

    Neale MD. Neale analysis of reading ability—revised. Windsor, ON: 
NFER-Nelson; 1997.  

    Nittrouer S. Age-related differences in perceptual effects of formant 
transitions within syllables and across syllable boundaries. J Phon. 
1992;20:351–82.  

     Nittrouer S. Early development of children with hearing loss. San 
Diego: Plural Publishing; 2010.  

    Nittrouer S, Burton LT. The role of early language experience in the devel-
opment of speech perception and phonological processing abilities: 
evidence from 5-year-olds with histories of otitis media with effusion 
and low socioeconomic status. J Commun Disord. 2005;38:29–63.  

     Nittrouer S, Miller ME. The development of phonemic coding strate-
gies for serial recall. Appl Psycholinguist. 1999;20:563–88.  

     Nittrouer S, Caldwell A, Lowenstein JH, Tarr E, Holloman C. Emergent 
literacy in kindergartners with cochlear implants. Ear Hear. 2012;
33:683–97.  

    Noble TH. The day Jimmy’s boa ate the wash. New York: Dial Books 
for Young Readers; 1980.  

    Ornitz EM. Autism at the interface between sensory and information 
processing. In: Dawson G, editor. Autism: nature, diagnosis and 
treatment. New York: Guilford; 1989. p. 174–207.  

    Osterling J, Dawson G. Early recognition of children with autism: a 
study of fi rst birthday home videotapes. J Autism Dev Disord. 
1994;24:247–57.  

    Pennington BF. From single to multiple defi cit models of developmen-
tal disorders. Cognition. 2006;101:385–413.  

    Pennington BF, Van Orden GC, Smith SD, Green PA, Haith 
MM. Phonological processing skills and defi cits in adult dyslexics. 
Child Dev. 1990;61:1753–78.  

    Pisoni DB, Kronenberger WG, Roman AS, Geers AE. Measures of digit 
span and verbal rehearsal speed in deaf children after more than 10 
years of cochlear implantation. Ear Hear. 2011;32:60S–74.  

    Quigley SP, Montanelli DS, Wilbur RB. Some aspects of the verb system in 
the language of deaf students. J Speech Hear Res. 1976;19:536–50.  

    Roid GH, Miller LJ. Leiter international performance scale—revised 
(Leiter-R). Wood Dale, IL: Stoelting Co.; 2002.  

    Savage R, Lavers N, Pillay V. Working memory and reading diffi culties: 
what we know and what we don’t know about the relationship. Educ 
Psychol Rev. 2007;19:185–221.  

    Scarborough HS. Index of productive syntax. Appl Psycholinguist. 
1990;11:1–22.  

      Schorr EA, Roth FP, Fox NA. A comparison of the speech and language 
skills of children with cochlear implants and children with normal 
hearing. Commun Disord Q. 2008;29:195–210.  

    Semel E, Wiig EH, Secord WA. Clinical evaluation of language funda-
mentals (CELF). 5th ed. San Antonio, TX: Pearson; 2013.  

    Shankweiler D, Liberman IY, Mark LS, Fowler CA, Fischer FW. The speech 
code and learning to read. J Exp Psychol Hum Learn. 1979;5:531–45.  

S. Nittrouer and A. Caldwell-Tarr



197

    Snowling M. Dyslexia as a phonological defi cit: evidence and implica-
tions. Child Adolesc Ment Health. 1998;3:4–11.  

    Spencer LJ, Tomblin JB. Evaluating phonological processing skills in 
children with prelingual deafness who use cochlear implants. J Deaf 
Stud Deaf Educ. 2009;14:1–21.  

    Spencer LJ, Barker BA, Tomblin JB. Exploring the language and liter-
acy outcomes of pediatric cochlear implant users. Ear Hear. 
2003;24:236–47.  

     Spring C, Perry L. Naming speed and serial recall in poor and adequate 
readers. Contemp Educ Psychol. 1983;8:141–5.  

    Stanovich KE. Cognitive processes and the reading problems of learn-
ing disabled children: evaluating the assumption of specifi city. In: 
Torgesen JK, Wong BYL, editors. Psychological and educational 
perspectives on learning disabilities. San Diego, CA: Academic; 
1986. p. 87–131.  

     Stanovich KE, Cunningham AE, Cramer BB. Assessing phonological 
awareness in kindergarten children: issues of task comparability. 
J Exp Child Psychol. 1984;38:175–90.  

    Studdert-Kennedy M. The emergence of phonetic structure. Cognition. 
1981;10:301–6.  

    Studdert-Kennedy M. How did language go discrete? In: Tallerman M, 
editor. Language origins: perspectives on evolution. Oxford: Oxford 
University Press; 2005. p. 48–67.  

    Tabachnick BG, Fidell LS. Using multivariate statistics. 2nd ed. 
New York: Harper & Row; 1989.  

    Tobey EA, Thal D, Niparko JK, Eisenberg LS, Quittner AL, Wang 
NY. Infl uence of implantation age on school-age language performance 
in pediatric cochlear implant users. Int J Audiol. 2013;52:219–29.  

     Tomblin JB, Barker BA, Hubbs S. Developmental constraints on lan-
guage development in children with cochlear implants. Int J Audiol. 
2007;46:512–23.  

    Tomcheck SD, Dunn W. Sensory processing in children with and with-
out autism: a comparative study using the Short Sensory Profi le. Am 
J Occup Ther. 2007;61:190–200.  

    Wagner RK, Torgesen JK. The nature of phonological processing and 
its causal role in the acquisition of reading skills. Psychol Bull. 
1987;101:192–212.  

     Wagner RK, Torgesen JK, Rashotte CA. The comprehensive test of 
phonological processing (CTOPP). Austin, TX: Pro-Ed; 1999.  

     Walker EA, McGregor KK. Word learning processes in children with 
cochlear implants. J Speech Lang Hear Res. 2013;56:375–87.  

    Walley AC, Carrell TD. Onset spectra and formant transitions in the 
adult’s and child’s perception of place of articulation in stop conso-
nants. J Acoust Soc Am. 1983;73:1011–22.  

    Walley AC, Smith LB, Jusczyk PW. The role of phonemes and syllables 
in the perceived similarity of speech sounds for children. Mem 
Cognit. 1986;14:220–9.  

    Watling RL, Deitz J, White O. Comparison of Sensory Profi le scores of 
young children with and without autism spectrum disorders. Am 
J Occup Ther. 2001;55:416–23.  

    Watson BU, Sullivan PM, Moeller MP, Jensen JK. Nonverbal intelli-
gence and English language ability in deaf children. J Speech Hear 
Dis. 1982;47(2):199–204.  

    Wechsler D. Wechsler intelligence scale for children—III. 3rd ed. San 
Antonio, TX: The Psychological Corporation; 1991.  

    Wiig E, Secord W, Semel E. Clinical evaluation of language fundamentals: 
preschool 2. 2nd ed. San Antonio, TX: Psychological Corporation; 2004.  

    Wilbur RB, Montanelli DS, Quigley SP. Pronominalization in the lan-
guage of deaf students. J Speech Hear Res. 1976;19:120–40.  

    Wilkinson GS, Robertson GJ. The wide range achievement test (WRAT). 
4th ed. Lutz, FL: Psychological Assessment Resources; 2006.  

    Williams K. Expressive vocabulary test. Circle Pines, MN: American 
Guidance Service; 1997.  

     Willstedt-Svensson U, Löfqvist A, Almqvist B, Sahlén B. Is age at 
implant the only factor that counts? The infl uence of working mem-
ory on lexical and grammatical development in children with 
cochlear implants. Int J Audiol. 2004;43:506–15.  

    Wise JC, Sevcik RA, Morris RD, Lovett MW, Wolf M. The relationship 
among receptive and expressive vocabulary, listening comprehen-
sion, pre-reading skills, word identifi cation skills, and reading com-
prehension by children with reading disabilities. J Speech Lang 
Hear Res. 2007;50:1093–109.  

     Woodcock RN. Woodcock reading mastery tests—revised examiner’s 
edition. Circle Pines, MN: American Guidance Service; 1987.    

11 Language and literacy skills in children with CIs


	11: Language and Literacy Skills in Children with Cochlear Implants: Past and Present Findings
	 Introduction
	 Review of Research by Others
	 Review of Research by Others: Standardized Measures
	 Lexicality
	 Grammar (Morphosyntax)
	 Phonology
	 Reading
	 Working Memory for Speech
	 Criteria for Including Reports
	 Outcomes for Literature Review

	 Review of Research by Others: Nonstandard Measures
	 Vocabulary Acquisition
	 Sensitivity to Phonological Structure
	 Grammar

	 Summary

	 Review of Outcomes at Second Grade from a Longitudinal Study of Children with CIs
	 Participants
	 Criteria for Participation for Children
	 Criteria for Parents and Early-Intervention Programs

	 Method
	 Lexicality
	 Grammar
	 Phonological Awareness
	 Reading
	 Working Memory

	 Results
	 Overall Performance
	 Computing Latent Variables
	 Explaining Variance

	 Summary

	 Conclusions
	References


