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Preface

H earing loss is the m ost com m on birth defect. The N ational Institute on D eafness and O ther
C om m unication D isorders estim ates that as m any as 12,000 new  babies w ith hearing loss are
identified every year. In addition, estim ates are that in the sam e year, another 4,000‌6,000
infants and young children betw een birth and 3 years of age w ho passed the new born screening
test acquire late onset hearing loss. The total population of new  babies and toddlers identified
w ith hearing loss, therefore, is about 16,000‌18,000 per year. O ver the decades, num erous
studies have dem onstrated that w hen hearing loss of any degree is not adequately diagnosed
and addressed, the hearing loss can adversely affect the speech, language, academ ic,
em otional, and psychosocial developm ent of young children.

There has been a veritable explosion of inform ation and technology about testing for and
m anaging hearing loss in infants and children. The vanguard of this explosion has been
new born hearing screening. A s a result, in this day and age, w e are dealing w ith a vastly
different population of children w ith hearing loss, a population that never before in history
have w e had. W ith this new  population, w hose hearing loss is identified at birth, w e can now
prevent the developm ental and com m unicative effects of hearing loss that w ere so com m on just
a few  years ago. W ith these babies and young children, w e can now  truly w ork from  a
developm ental and preventative perspective rather than from  a rem edial, corrective one. W hat
has happened in the field of hearing loss is revolutionary.

H ow  do w e understand and m anage this new  population of babies and their fam ilies? H ow
do w e revise our early intervention system s to respond to the desired outcom es of listening and
talking that today‒s parents have a right to expect?

The second edition of D eveloping Listening and Talking, Birth to Six rem ains a dynam ic
com pilation of crucially im portant inform ation for the facilitation of auditorily based spoken
language for infants and young children w ith hearing loss.

This text is intended for graduate level training program s for professionals w ho w ork w ith
children w ho have hearing loss and their fam ilies (teachers, therapists, speech-language
pathologists, and audiologists). In addition, the book w ill be of great interest to undergraduate
speech-language-hearing program s, early childhood education and intervention program s, and
parents of children w ho have hearing loss. Responding to the crucial need for a com prehensive
text, this book provides a fram ew ork for the skills and know ledge necessary to help parents
prom ote listening and spoken language developm ent.

This second edition covers current and up-to-date inform ation about hearing, listening,
auditory technology, spoken language developm ent, and intervention for young children w ith
hearing loss w hose parents have chosen to have them  learn to listen and talk. A dditions include
updated inform ation about hearing instrum ents and cochlear im plants and about w ays that
professionals can support parents in prom oting their children‒s language and listening
developm ent. The text also features a revised auditory developm ent checklist.

A new  appendix provides an im portant and useful tool for professionals w ho are interested



in A G  Bell A cadem y‒s Listening and Spoken Language Specialist C ertification Program
(LSLS)‍ LSLS C ert. AVT and LSLS C ert. AVEd. This appendix lists the com petencies
required for the LSLS, and references each chapter of the book w ith regard to those
requirem ents.

This book is unique in its scholarly, yet thoroughly readable style. N um erous illustrations,
charts, and graphs illum inate key ideas. The second edition should be the foundation of the
personal and professional libraries of students, clinicians, and parents w ho are interested in
listening and spoken language outcom es for children w ith hearing loss.

A ccordingly, this text is divided into tw o sections. The first five chapters lay the
foundation for listening and talking. They include neurological developm ent and discussions of
ear anatom y and physiology, pathologies that cause hearing loss, audiologic testing of infants
and children, and the latest in am plification technologies. The second part of the book focuses
on intervention; listening, talking, and com m unicating; through the utilization of a
developm ental and preventative m odel.
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1

N eurological Foundations of L istening and
Talking

K ey Points Presented in the C hapter

B ecause they have had 20 w eeks of auditory experience in utero, at birth, typical
infants prefer their m other‒s speech and songs and stories heard before birth.
W e hear w ith the brain‍ the ears are just a w ay in. The problem  w ith hearing loss is
that it keeps sound from  reaching the brain.
In order for auditory pathw ays to m ature, acoustic stim ulation m ust occur early and
often because full m aturation of central auditory pathw ays is a precondition for the
norm al developm ent of speech and language skills in children, w hether or not they
have a hearing loss.
N europlasticity is greatest during the first 31‰2 years of life; the younger the infant, the
greater the neuroplasticity.
The highest auditory neural centers (called the secondary auditory association areas in
the cortex) are not fully developed until a child is about 15 years of age. The less
―intrinsic‖ redundancy, the m ore redundant the ―extrinsic‖ signal m ust be.
Skills m astered as close as possible to the tim e that a child is biologically intended to
do so result in developm ental synchrony.
H earing loss can be described as an invisible acoustic filter that distorts, sm ears, or
elim inates incom ing sounds, especially sounds from  a distance‍ even a short distance.

Introduction

Everything that w e thought w e knew  about deafness has changed in exciting and dram atic w ays.
W hy? N ew born infant screening program s, new  hearing aid and FM  technologies, and cochlear
im plants have allow ed access to critical auditory brain centers during tim es of m axim um
neuroplasticity. This early identification has enabled us to fit am plification technologies and
cochlear im plants on babies. W e can now  stim ulate auditory brain centers that could not be



accessed w ith previous, less effective generations of am plification technologies. Therefore,
auditory language enrichm ent can be provided during critical periods of m axim um  brain neural
plasticity‍ the first few  years of life (Sharm a, D orm an, &  Spahr, 2002; Sharm a et al., 2004;
Sharm a, D orm an, &  K ral, 2005). N europlasticity refers to the brain‒s availability and
m alleability to grow , develop, and alter its structure as a function of external stim ulation
(K ilgard, Vasquez, Engineer, &  Panda, 2007). A s a result of neuroplasticity, today‒s babies and
young children w ho are born deaf or hard of hearing have incredible possibilities for
achieving higher levels of spoken language, reading skills, and academ ic com petencies than
w ere available to m ost children in previous generations (N icholas &  G eers, 2006; Yoshinaga-
Itano, 2004). W e are dealing w ith a new  population of babies and children w ith hearing loss‍
a population that w e have never experienced before.

There is substantial evidence that hearing is the m ost effective m odality for the teaching of
spoken language (speech), reading, and cognitive skills (Sloutsky &  N apolitano, 2003; Tallal,
2004; 2005; W erker, 2006; Zupan &  Sussm an, 2009). Furtherm ore, w ith today‒s am plification
technologies including cochlear im plants and early identification and intervention, auditory
brain access is available to babies w ith even the m ost profound deafness. This brain access
allow s us to utilize a developm ental m odel of intervention that prevents the negative
developm ental outcom es so com m on a few  years ago. The possibilities are startling (H aynes,
G eers, Treim an, &  M oog, 2009; M oog, 2002).

This chapter w ill begin at the beginning w ith a discussion of tw o lines of research that
have direct relevance regarding the crucially im portant connection betw een listening abilities
and speech and language developm ent. N ext, auditory neural developm ent w ill be explored
along w ith a discussion of neuroplasticity. A  new  context for describing deafness w ill be
posited. A n additional topic is the acoustic filter m odel of hearing loss. The chapter w ill
conclude w ith the question to fam ilies that drives intervention.

Typical Infants: L istening and L anguage D evelopm ent

R esearch on speech perception capabilities of typical neonates, using a non-nutritive sucking
paradigm , confirm s that infants acquire native languages by listening; they start life being
prepared to speak (W erker, 2006; W inegert &  Brant, 2005). A t birth, infants prefer their
m other‒s speech and they even prefer songs and stories heard before birth. H ow  can this be?
The fact is, infants are born w ith 20 w eeks of listening experience because their cochleas are
form ed and functional by the 20th w eek of gestation (G ordon &  H arrison, 2005). There is a
great deal of sound available to the fetus in utero. That‒s w hy early identification and
am plification and an enriched auditory-linguistic environm ent are essential. N ew borns w ith
hearing loss m ay have already m issed 20 w eeks of listening.

In the first 6 m onths of life, babies can discrim inate m any speech sounds, even those not
heard in their hom e-spoken language( s). H ow ever, w ithin a few  m onths, the brain becom es a
m ore efficient analyzer of speech. B y the end of the first year, there is a functional
reorganization of the brain to distinguish phonem es specific to language(s) heard daily. This
neural reorganization im proves and tunes the phonetic categories required for the infant‒s



language and attenuates those phonem ic distinctions not required for the infant‒s m other tongue
(Vouloum anos &  W erker, 2007;W erker, 2006).

Infants use their phonetic categories as the foundation for learning new  w ords. Phonetic
distinctions guide new  w ord learning by 17 m onths of age. Thus, listening experience in
infancy is critical for the developm ent of both speech and language in young children, and a
strong auditory language base is essential for reading (Sloutsky &  N apolitano, 2003; Zupan &
Sussm an, 2009). Figure 1‌1 displays this progression.

Figure 1‌1. Listening experience in infancy is critical for adequate language developm ent, and adequate language developm ent
is essential for reading.

G iven that listening is the core event, how  m uch listening experience is necessary for
adequate language developm ent? H art and Risley (1999) explored this issue. They conducted
an extensive, longitudinal study of person-spoken w ords heard by children ages birth to age 4
years. Electronic w ords (TV, books on tape, com puter, etc) w ere not counted. Som e of their
results are as follow s.

A verage num ber of w ords per hour addressed to children by parents (H art &  R isley, 1999,
p. 169):

2100 in a professional fam ily
1200 in a w orking-class fam ily
600 in a w elfare fam ily

H art and R isley noted that, ―The extra talk of parents in the professional fam ilies and that
of the m ost talkative parents in the w orking-class fam ilies contained m ore of the varied
vocabulary, com plex ideas, subtle guidance, and positive feedback thought to be im portant to
cognitive developm ent‖ (H art &  R isley, 1999, p. 170).



They further explained that, ―Parents w ho talked a lot about such things [ideas, feelings, or
im pressions] or only a little ended up w ith 3-year-olds w ho also talked a lot, or only a little‖
(H art &  R isley, 1999, p. xii).

H art and Risley concluded that their data ―show  that the first 3 years of experience put in
place a trajectory of vocabulary grow th and the foundations of analytic and sym bolic
com petencies that w ill m ake a lasting difference to how  children perform  in later years‖ (H art
&  Risley, 1999, p. 193).

The bottom  line is, all infants and children require a great deal of listening experience,
about 20,000 hours in the first 5 years of life to create the neural infrastructure for literacy
(D ehane, 2009). These data collected on typical infants and children have significant
im plications for children w ith hearing loss.

H um an beings are organically designed to listen and talk if we do w hat it takes to
access the brain w ith sound (through technology for children w ith hearing loss) and
practice, practice, practice listening and reading.

A uditory N eural D evelopm ent

The problem  w ith hearing loss is that it keeps sound from  reaching the brain (Figure 1‌2).
The purpose of a cochlear im plant (or a hearing aid) is to access, stim ulate, and grow

auditory neural connections throughout the brain as the foundation for spoken language,
reading, and academ ics (G ordon, Papsin, &  H arrison, 2004; Sharm a &  N ash, 2009). D ue to
the lim ited tim e period of optim al neural plasticity, age at im plantation is critical‍ younger is
better (Sharm a et al., 2004; Sharm a, M artin, R oland, Bauer, Sw eeney, G illey, et al., 2005;
Sharm a &  N ash, 2009).

Studies in brain developm ent show  that sensory stim ulation of the auditory centers of the
brain is critically im portant and, indeed, influences the actual organization of auditory brain
pathw ays (Berlin &  W eyand, 2003; B oothroyd, 1997; C herm ak, B ellis, &  M usiek, 2007;
C linard &  Trem blay, 2008). Furtherm ore, neural im aging has show n that the sam e brain area‍
the prim ary and secondary auditory areas‍ are m ost active w hen a child listens and w hen a
child reads. That is, phonological or phonem ic aw areness, w hich is the explicit aw areness of
the speech sound structure of language units, form s the basis for the developm ent of literacy
skills (Pugh, 2005; Strickland &  Shanahan, 2004; Tallal, 2004).



Figure 1‌2. This is a picture of the ―real ear.‖W e hear w ith the brain‍ the ears are just a w ay in. H earing loss is not about the
ears; it‒s about the brain.

C learly, anything w e can do to access and ―program ‖ those critical and pow erful auditory
centers of the brain w ith acoustic detail w ill expand children‒s abilities to listen and learn
spoken language. A s R obbins, K och, O sberger, Zim m erm an-Philips, and K ishon-R abin (2004)
contend, early and ongoing auditory intervention is essential.

Im portant neural deficits have been identified in the higher auditory centers of the brain due
to prolonged lack of auditory stim ulation, and further, the auditory cortex is directly involved
in speech perception and language processing in hum ans (K retzm er, M eltzer, H aenggeli, &
Ryugo 2004; Sharm a &  N ash, 2009; Shayw itz &  Shayw itz, 2004). In order for auditory
pathw ays to m ature, acoustic stim ulation m ust occur early and often because norm al m aturation
of central auditory pathw ays is a precondition for the norm al developm ent of speech and
language skills in children. Research also suggests that children receiving im plants very early
(in the first year of life) m ay benefit m ore from  the relatively greater plasticity of the auditory
pathw ays than w ill children w ho are im planted later w ithin the developm entally sensitive
period (Sharm a, D orm an, &  K ral, 2005). These results suggest that rapid changes in P1
latencies and changes in response m orphology are not unique to electrical stim ulation but
rather reflect the response of a deprived sensory system  to new  stim ulation. G ordon et al.
(2003; 2004) concurred and reported that activity in the auditory pathw ays to the level of the
m idbrain can be provoked by stim ulation from  a cochlear im plant (CI). The hypothesis that
early im plantation appears to be prom oted by changes in central auditory pathw ays w as
supported by evidence provided by G ordon and colleagues.

Em erging data from  the Colorado Project are show ing that about 90%  of children born
w ith a profound hearing loss w ho obtain a CI before they are 18 m onths old attain intelligible
speech. Further, if the cochlear im plant is obtained betw een 2 and 4 years of age, about 80%  of
the children born w ith a profound hearing loss w ill attain intelligible speech (Yoshinaga-Itano,
1998; 2004; Yoshinaga-Itano, Sedey, Coulter, &  M ehl, 1998). This outcom e is based on having
the CI m apped appropriately and w orn consistently. D irect, repetitive auditory skills



instruction as part of an effective fam ily-based early intervention program  also is critical. That
is, the child m ust receive extra auditory exposure, stim ulation, and practice (N ott, C ow an,
Brow n, &  W igglesw orth, 2009). In contrast, only about 20%  of children born w ith a profound
hearing loss w ho w ear hearing aids (and not a cochlear im plant) attain intelligible speech.

Acting in harm ony with a structure can be illustrated by a child learning to pum p on a
swing. W hen they first begin to try to m ake the swing m ove without being pushed,
children expend a great deal of energy but the sw ing m oves only a little bit. Then
som ething happens, and the child learns how  to m ove in harm ony w ith the swing. As a
result of child and swing synchrony, a little bit of energy input by the child causes
large m ovem ent by the swing (Figure 1‌3). In an analogous fashion, a developm ental
m odel allow s for synchrony of intervention and developm ent, prom oting large and
rapid gains.

Figure 1‌3. W hen the child learns how  to act in harm ony w ith the sw ing, a little bit of energy input leads to startling effects.

R obbins et al. (2004) found that skills m astered as close as possible to the tim e that a child
is biologically intended to do so result in developm ental synchrony. A s hum an beings, w e are
preprogram m ed to develop specific skills during certain periods of developm ent. If those
skills can be triggered at the intended tim e, w e w ill be operating under a developm ental and
not a rem edial paradigm . That is, w e w ill be w orking harm oniously w ithin the design of the
hum an structure. W hen w e intervene later in a child‒s life, out of harm ony w ith the typical
developm ental process, w e are forced to w ork w ithin a rem edial m odel. A brain can only
organize itself around the sensory stim ulation that it receives. Rem edial intervention m eans that
w e need to undo the neural organization that the brain has initially acquired and reorganize the
brain around different stim uli. A rem edial m odel takes longer and typically has reduced
outcom es because the child is now  neurologically and psychosocially out of synchrony w ith the
typical developm ental process. Think of how  long it takes an adult to learn to ski. It‒s a very
long and effortful tim e, com pared w ith the am ount of tim e that it takes a child to learn to zoom



dow n the hill.
M astery of any developm ental skill depends on cum ulative practice; each practice

opportunity builds on the last one. Therefore, the m ore delayed the age of acquisition of a skill,
the farther behind children are in the am ount of cum ulative practice they have had to perfect
that skill. The sam e concept holds true for cum ulative auditory practice. D elayed auditory
developm ent leads to delayed language skills w hich w ill necessitate using a rem edial rather
than a developm ental paradigm .

N o skill is acquired without practice. Children learn to w alk by practicing w alking.
They learn to listen by practicing listening. They learn to talk by practicing talking. A
great deal of practice is necessary for the acquisition of any skill. Learning following
a developm ental m odel allow s for the necessary, substantial practice.

To sum m arize, neuroplasticity is greatest during the first 31‰2 years of life (Sharm a &
N ash, 2009). The younger the infant, the greater the neuroplasticity (Sharm a et al., 2002, 2004;
Sharm a, D orm an, &  K ral, 2005). Rapid infant brain grow th requires prom pt intervention,
typically including am plification and a program  to prom ote auditory skill developm ent. In the
absence of sound, the brain reorganizes itself to receive input from  other senses, prim arily
vision; this process is called cross-m odal reorganization and it reduces auditory neural
capacity. Early am plification or im plantation stim ulates a brain that is in the initial process of
organizing itself, and is therefore m ore receptive to auditory input, resulting in greater auditory
capacity (Sharm a &  N ash, 2009). Furtherm ore, early im plantation synchronizes activity in the
cortical layers. Therefore, identification of new born hearing loss should be considered a
neurodevelopm ental em ergency! Please refer to C hapter 4 for m ore inform ation about EH D I
program s.

The popular book about change, W ho M oved M y C heese? by Spencer Johnson, M .D ., is
particularly m eaningful in the w orld of hearing loss. Technology and early hearing
detection and intervention (EH D I) program s have allow ed outcom es of listening and
talking only dream ed of a few years ago. It is im portant to realize that the new
outcom es available today do not invalidate the decisions that we m ade for intervention
in the past. W e did what we did when that‒s what there w as to be done. Because we now
know m ore, we can offer better services. W e do the best that we can in today‒s w orld.
Tom orrow ‒s world w ill bring new possibilities, and w e need to ―m ove with the cheese.‖
O ur job is to prepare today‒s babies to be the take-charge adults in the world of 2030,
2040, and 2050 “  not in the w orld of 1970 or 1990 or even 2015. Because inform ation
and knowledge are the currencies of today‒s cultures, listening, speaking, reading,
w riting, and the use of electronic technologies m ust be m ade available to our babies
and children to the fullest degree possible.



N ew  C ontext for the W ord D eaf

Today, hearing aids and/or cochlear im plants and FM  and B luetooth technologies (w ireless
connectivity) can allow  infants and children w ith even the m ost profound hearing
loses/deafness access to the entire speech spectrum . Indeed, there is no degree of hearing loss
that prohibits the brain‒s access to sound if cochlear im plants are available. D egree of hearing
loss as a lim iting factor in auditory acuity is now  an ―old‖ acoustic conversation. That is, w hen
one uses the w ord ―deaf,‖ the im plication is that one has no access to sound, period. The w ord
deaf in 1970 occurred in a very different context than the w ord deaf is used today. Today‒s
child w ho is deaf w ithout using technology m ay function as a child w ith a m ild or m oderate
hearing loss w hen he or she is using hearing aids or cochlear im plants‍ because the brain has
been developed w ith m eaningful sound. Therefore, the w ords used to express hearing loss
convey different conditions as contexts change.

H earing Versus L istening

There is a distinction betw een hearing and listening. H earing is acoustic access to the brain; it
includes im proving the signal-tonoise ratio by m anaging the environm ent and utilizing hearing
technology. Listening, on the other hand, is attending to acoustic events w ith intentionality.

Lack of high quality acoustic access to the brain is the biggest challenge w orldwide. It
is im perative to have very high expectations for today‒s technologies to m ake soft
sounds available to the brain at a distance and in the presence of noise. C hildren m ust
use technologies that enable them  to overhear conversations and to benefit from
incidental learning in order to m axim ize auditory exposure for social and cognitive
developm ent.

Sequencing is im portant. H earing m ust be m ade available before listening can be taught.
That is, parents and interventionists can focus on developing the child‒s listening skills,
strategies, and choices only after the audiologist channels acoustic events to the brain by fitting
and program m ing technologies‍ not before.

A M odel of H earing L oss: The Invisible A coustic Filter E ffect

H earing loss of any type or degree that occurs in infancy or childhood can interfere w ith the
developm ent of a child‒s spoken language, reading and w riting skills, and academ ic
perform ance (D avis, 1990; Ling, 2002). That is, hearing loss can be described as an invisible
acoustic filter that distorts, sm ears, or elim inates incom ing sounds, especially sounds from  a



distance‍ even a short distance. The negative effects of a hearing loss m ay be apparent, but the
hearing loss itself is invisible and easily ignored or underestim ated.

It is critical to note that as hum an beings w e are neurologically ―w ired‖ to develop spoken
language (speech) and reading skills through the central auditory system  (Figure 1‌4). M ost
people think that reading is a visual skill, but recent research on brain m apping show s that
prim ary reading centers of the brain are located in the auditory cortex‍ in the auditory portions
of the brain (C herm ak et al., 2007; Pugh, 2006; Tallal, 2005). That is w hy m any children w ho
are born w ith hearing losses and w ho do not have brain access to auditory input w hen they are
very young (through hearing aids or cochlear im plants and auditory teaching) tend to have a
great deal of difficulty reading even though their vision is fine (R obertson, 2009). Therefore,
the earlier and m ore efficiently w e can allow  a child access to m eaningful sound w ith
subsequent direction of the child‒s attention to sound, the better opportunity that child w ill have
to develop spoken language, literacy, and academ ic skills. W ith the technology and early
auditory intervention available today, a child w ith a hearing loss can have the sam e
opportunity as a typically hearing child to develop spoken language, reading, and academ ic
skills.

Figure 1‌4. The design of hum an beings is such that hearing (auditory neural grow th) is a first order event for the developm ent
of language, reading, and academ ic skills, not an isolated activity.

Sum m ary: The Q uestion That D rives Technological and



Intervention R ecom m endations

The bottom -line question to ask fam ilies is: W hat is your vision for your child? N inety-five
percent of children w ith hearing loss are born into hearing and speaking fam ilies (M itchell &
K archm er, 2004); they are interested in having their child talk. O nce w e know  that listening
and speaking are desired outcom es, the next conversation is centered around, w hat w ill it take?

To develop listening and talking, it takes (N ote: see the second half of this book for
detailed instruction in the developm ent of listening and talking.):

Early identification and intervention to take advantage of neuroplasticity and
developm ental synchrony.
Vigilant, ongoing, and kind audiologic m anagem ent.
Im m ediate and consistent auditory brain access via technology‍  hearing aid loaner banks
‍ to preserve and develop auditory neural capacity.
G uidance from  a professional w ho is highly qualified in the developm ent of listening and
speaking, through techniques of parent coaching.
Follow ing the professional‒s coaching w ith daily and ongoing form al and inform al
auditory, language, cognitive, and literacy enrichm ent.
Integration and use of auditory strategies into all-day, everyday interactions w ith the child
to ―grow  the baby‒s brain.‖ See A ppendix 1 for a handout of H ow  to G row  Your B aby‒s or
Child‒s B rain.

W hat W ill It Take?

Because early intervention is a fam ily-focused strategy, it‒s necessary that fam ilies
assist in form ulating their role. A ―w hat will it take‖ conversation w ith fam ilies is
im portant to clarify the necessary steps to attaining the fam ily‒s desired outcom e of
listening and talking. O ne strategy is to use the analogy of driving a car. W hat are the
steps necessary to acquire the desired outcom e of a driver‒s license? W ell, to begin
with, one needs to have access to a car. Then, a coach or driving instructor is sought.
M ost states then require up to 150 hours of supervised driving practice with a
licensed, adult driver. Next is the necessity of passing a written exam  and a vision
exam , follow ed by a practical exam ‍ the driving test. If all that is com pleted
satisfactorily, one has a driver‒s license. If any requirem ent is deleted, the driver‒s
license is not achieved no m atter how  badly one w ants it or how  sym pathetic the
excuses.



2

T he A uditory System

K ey Points Presented in the C hapter

The subtle and often am biguous functions of hearing can be divided into three levels:
unconscious (prim itive), signal w arning, and spoken language.
The Ling 6-7 Sound Test allow s parents, professionals, and teachers to know  the
child‒s distance hearing/―earshot‖ distance.
The hum an ear is an extrem ely sensitive and delicate yet am azing structure for sound
and balance perception; therefore, it is im portant to note the significance of each
function of the ear‒s m any parts and the effects that environm ental, physiological, and
psychological factors have on the ability to hear and m aintain equilibrium .
Sounds are received through the peripheral auditory system : the outer, m iddle, and
inner ear.
O ssicles, the sm allest bones in the body, are m ade up of the m alleus, incus, and stapes,
w hich are attached to tw o m em branes: the tym panic m em brane and the oval w indow .
The distinctions of the peripheral and central auditory system s include tw o general
processes of hearing w hich are the transm ission of sounds to the brain through the
outer, m iddle, and inner ear; and learning the m eaning of those sounds once they are
transm itted to the brain. Therefore, auditory perception requires sensory evidence.

The N ature of Sound

In order to appreciate the im pact of hearing loss and the benefits of hearing m anagem ent
strategies, it is useful to understand first the vital and often subtle role that sound plays in our
physical and psychological lives. The functions of hearing can be divided, roughly, into three
levels: unconscious (prim itive), signal w arning (environm ental m onitoring), and spoken
language learning‍ com m unication (N orthern &  D ow ns, 2002).

U nconscious Function



The unconscious level distinguishes the m ost prim itive function of hearing by carrying the
auditory background and sounds that serve to identify a location. A  hospital sounds different
com pared to a school, w hich sounds different from  a departm ent store. Typically, one does not
notice these sounds; how ever, if a location does not produce the expected sound, one becom es
uneasy. For exam ple, entering an em pty hospital or deserted school m ay evoke feelings of
anxiety.

A new  hearing aid, cochlear im plant, or assistive listening device alters the w earer‒s
auditory background because sounds not previously heard becom e am plified. A
w earer‒s anxiety m ay reflect this change in auditory background, although he m ay be
unable to understand w hy. Certainly, a baby or young child cannot explain that an
altered auditory background m ay be a cause for resistance to am plification, w hich is
expressed as an irritable disposition. Yet, as professionals, we should be m indful that
there is an adjustm ent period to am plification as the wearer‒s brain reorganizes itself
to the altered auditory background. O ne could also speculate about the effects of a
hearing loss in constant fluctuation, like otitis m edia (ear infections), on a child‒s
auditory background and subsequent em otional state.

A lso heard at the prim itive level are one‒s ow n biological sounds such as breathing,
sw allow ing, chew ing, heartbeat, and pulse. A ll furnish proof that w e are indeed alive and
functioning. Som e people w ho suddenly lose their hearing m ay experience acute psychosis due
to feelings of disconnectedness from  the environm ent, tim e, and their ow n bodies.

Signal W arning Function

The second level of hearing function, signal w arning, is less subtle and pertains to m onitoring
the environm ent. Classified as distance senses, hearing and vision allow  us to know  w hat
happens aw ay from  our bodies. H ow ever, w e cannot alw ays actually see events to know  w hat
occurs around us. A baby in bed at night can hear people talking, the television prattle, a
com puter‒s clatter, dogs barking, cars roaring, and so forth. K now ledge of w hat happens
around us prom otes feelings of security, w hereas being uninform ed about the environm ent m ay
induce anxiety.

Unfortunately, persons w ith hearing loss of any degree, even w hile w earing suitable
hearing aids, lack the ability to hear w ell over distances. D istance hearing becom es
problem atic because the speech signal loses both intensity and critical speech elem ents as the
signal travels aw ay from  its sound source (Leavitt &  Flexer, 1991). The greater the hearing
loss, the greater the reduction in earshot or distance hearing (Ling, 2002). Said another w ay,
the greater the hearing loss, the closer the listener m ust be to the talker for speech to be heard
at levels loud enough and w ith sufficient redundancy to be understood.

A child w ith a hearing loss, w hether m ild or unilateral (hearing loss in only one ear),



cannot casually hear w hat people are saying or the events that are occurring (Ling, 2002).
O ften, children w ith norm al hearing seem  to absorb passively inform ation from  the
environm ent; they can learn from  overhearing the speech of others. In contrast, children w ith
hearing problem s m ay seem  distractible or oblivious to environm ental events; they often
experience a disconnection from  the environm ent.

B ecause of the reduction in signal intensity and integrity w ith distance, children
experiencing hearing problem s have lim itations in their access to auditory inform ation in the
environm ent. Therefore, these children m ay need to be taught directly the m any skills that other
children learn incidentally. Lack of access to social clues and the redundancy of spoken
inform ation that occurs in day-today transactions m ay also result from  reduction of distance
hearing. Tangential inform ation not directed to the child is im portant for learning. Listening in
to others‒ conversations teaches children how  to start a conversation, m ake a request, problem
solve, negotiate, com prom ise, joke, tease, and use sarcasm .

Follow ing is one exam ple of how  distance hearing and incidental learning im pact day-
to-day fam ily life. A young child later discovered to have a m oderate hearing loss
w ould repeatedly take food from  the kitchen w ithout asking perm ission, an activity that
w as view ed by the fam ily as disruptive and rude. The fam ily later recognized that w hile
the child could observe his siblings taking food from  the kitchen, because of his
hearing loss, he could not overhear them  first ask the parent‒s perm ission. The child‒s
behavior im proved dram atically once the fam ily realized that the child needed to wear
his hearing aids all of the tim e, not just at school. In addition, he required direct
instruction of the fam ily‒s social function, even though the other children learned
social cues passively.

A ny degree of hearing loss presents a barrier to the casual acquisition of inform ation from
the environm ent.

Spoken C om m unication Function

Children learn to talk through listening (W erker, 2006). Therefore, spoken com m unication does
not develop naturally or com pletely for infants and children w ho do not hear w ell, unless
technology and specific auditory strategies are used to im prove the quantity and quality of their
auditory access.

Verbal language takes form  after a great deal of hearing and active listening experience
(Estabrooks, 2006; H ayes et al., 2009; Ling, 2002; N orthern &  D ow ns, 2002). B ecause the
inner ear is fully developed by the 5th m onth of gestation, an infant w ith norm al hearing
potentially has 4 m onths of in utero auditory stim ulation prior to birth (Sim m ons, 2003). A t
approxim ately 1 year of age, after 12 m onths (or m aybe 16 m onths if w e count before-birth
listening) of m eaningful and interactive listening, a norm al hearing child begins to produce



w ords. The point is that listening tim e cannot be skipped, and a child w ho m isses m onths of
brain access due to hearing loss m ust m ake them  up (Estabrooks, 2006). The brain requires
extensive listening experience to properly organize itself around the speech signal.

The brain benefits from  practice listening to m usic as w ell as speech. Studies provide
biological evidence that listening to m usic boosts the brain‒s ability to distinguish
em otional aspects of speech by focusing on the paralinguistic (nonverbal) elem ents of
speech (Sheridan &  C unningham , 2009).

A coustics

In order to understand the causes of hearing loss it is first im portant to establish an
appreciation of the hum an ear. Though this intricate and com plex m echanism  m ay not appear
very im pressive from  the outside, the inner structures of the ear enable a person to access a
10,000-to-1 range of sensitivity from  the softest sound that can barely be detected to one that is
uncom fortably loud (Bess &  H um es, 2003). The typical hum an ear has such am azing sensitivity
that it can nearly detect random  m olecular m ovem ent.

W hen hearing sound, an individual interprets a pattern of vibrations initiated from  a source
in the environm ent. Vibrational energy produces the sound w aves w e can hear. Vibrations need
tw o properties‍  m ass and elasticity. Sound w aves are very sim ilar to ring patterns in w ater
produced w hen a pebble is throw n into a pond, only w ith sound, the w aves are form ed by the
vibration of air m olecules. M uch like the effect of w ater ripples, sound w aves originate from  a
point w here the sound is first generated and spread out in circles of w aves.

The speed at w hich sound travels through the air is called velocity. Sound travels through
the air as fast as 770 m iles per hour at sea level, or 1,130 feet per second. W ater w aves travel
m uch slow er, only a few  m iles an hour.

G raphed as a circle on a flat plane plot, a sine w ave is the sim plest form  of sound called
sim ple harm onic m otion; it is heard as a pure tone (Figure 2‌1).

O ur ability to hear sound is defined by the three characteristics of frequency, intensity, and
duration. A  hearing loss m ay affect one‒s ability to perceive one or all of these features.



Figure 2‌1. G raphed as a circle on a flat plane plot, a sine w ave is the sim plest form  of sound.

The riddle, ―If a tree fell in the forest and no one w as around, would a sound still be
m ade by the falling tree?‖ serves as a good exam ple of whether one describes sound
from  a physical or psychological basis. The answ er depends on one or the other.
Existing independently of the observer are the physical param eters of intensity,
frequency, and duration; these features can be m easured by equipm ent. H owever, the
psychological perceptions of loudness, pitch, and tim e require the presence of a person
for interpretation.

The psychological attributes of sound are pitch and loudness. The physical param eter of
frequency corresponds to the psychological attribute of pitch. The listener hears high-frequency
sounds as high in pitch, w hereas the perception of low -frequency sounds is that of a low  pitch.
The physical param eter of intensity is the psychological correlate of loudness. So, w hen a
sound has m ore intensity the listener perceives it as louder.

The num ber of back-and-forth oscillations produced by a sound source in a given tim e
period is called frequency. The term s hertz (H z) and cycles per second (cps) are m easures of
frequency. By counting the num ber of cycles per second of a sound w ave, one can m easure the
frequency of sound. The distance betw een the top (crest) of one sound w ave and the top of the
next sound w ave is one cycle. To have a frequency of 1000 H z, a sound source w ould need to
com plete 1,000 back-and-forth cycles in one second. Low  frequencies are characterized by
few er cycles per second, w hereas m any cycles per second indicate a higher frequency sound.
In Figure 2‌2 the frequency of the sound increases as the w avelengths becom e shorter and the
num ber of cycles per second increases.



Figure 2‌2. Low  frequencies are characterized by few er cycles per second, w hereas m any cycles per second indicate a
higher frequency sound.

A lthough hum ans can hear frequencies ranging from  20 to 20000 H z, frequencies betw een
250 and 8000 H z are of particular im portance for the perception of speech. M iddle C on the
piano corresponds to 250 H z. Frequencies of 500 H z and below  are identified as low -pitched
sounds and they have a bass quality. R elative to individual speech sounds (phonem es), those
that are low -pitch carry m elodies of speech, vow el sounds, and m ost environm ental sounds
(Ling, 2002). O n the other hand, high-pitched sounds are 1500 H z and above and they have a
tenor quality. The high frequencies are im portant for understanding speech because they carry
the energy that helps distinguish am ong the consonants. Put sim plistically, the m eaning of
speech is carried by high frequencies w hereas low  frequencies carry the m elody. The softest
and loudest sounds in conversational speech are separated by approxim ately a 30 dB  range.
The th sound, as in thin, is the least intense speech sound. The m ost intense speech sound is /a/
as in law. R efer to Table 2‌1 for a m ore detailed description of speech inform ation carried by
each relevant frequency.

A  sound‒s intensity can be defined as pressure or pow er. G raphed as the am plitude of a
sine w ave caused by displacem ent of air m olecules, intensity is m easured in decibels (dB) and
perceived as loudness (Figure 2‌3). The degree of air particle displacem ent that occurs w hile
a sound is m ade determ ines a sound‒s intensity. The abbreviation dB stands for decibel; the B
is capitalized in honor of A lexander G raham  B ell. The hearing level (H L), defined as 0 dB



H L, is the softest sound a young adult w ith norm al hearing can just barely detect. The loudness
of a person w hispering a few  feet aw ay is about 25 to 30 dB  H L. Typical conversational
speech in a quiet environm ent w hen the speaker is a few  feet aw ay is heard at 45 to 50 dB  H L.
City traffic is about 70 dB H L, a food blender is about 90 dB H L, an alarm  clock is about 80
dB H L, a rock concert can be louder than 110 dB H L, a jet airport can produce sounds
reaching an intensity as high as 120 dB H L, and a firecracker can produce a bang at
approxim ately 140 dB  H L (Berg, 1993).

B ecause the decibel has a logarithm ic and not a linear scale, every dB  counts a great deal.
For exam ple, if a sound increases or decreases 10 tim es in intensity, the change is only 10 dB .
A 20-dB  change m eans a sound is 10 Õ 10, or 100 tim es the intensity of the original sound. The
average hearing loss caused from  ear infections is about 20 dB‍ usually described as a slight
or ―m inim al‖ hearing loss. W hen understanding the dB scale as logarithm ic, one recognizes
that in reality, the child‒s ―slight‖ hearing loss m eans that w hat is heard is approxim ately 100
tim es less intense w hen the fluid is present than can be heard w hen the fluid is cleared.



Table 2-1. Speech Inform ation C arried by the K ey Speech Frequencies of 250‌4000 H z (̄  one
half octave)



Figure 2‌3. G raphed as the am plitude of a sine w ave caused by displacem ent of air m olecules, intensity is m easured in
decibels (dB ) and perceived as loudness.

M ost environm ental sounds are com plex in structure. Com plex sounds are com prised of
m any frequencies w ith varying intensities occurring at the sam e tim e. Speech is one exam ple of
a com plex sound. The spectrum  of a speech w ave specifies the frequencies, am plitudes, and
phases of each of the w aves‒ sinusoidal com ponents.

In all learning dom ains‍ hom e, school, and com m unity settings‍  there are a variety of
sounds from  m any sources. U ndesirable sounds typically are referred to as noise. N oise levels
tend to be m ore intense in the low  frequencies and less pow erful at the high frequencies. The
w eaker consonant sounds (i.e., th, s, sh, f, p) are m ore affected by noise than are the louder
vow el sounds. In noisy situations, the intelligibility of speech (the ability to hear w ord-sound
distinctions clearly) is com prom ised even though the sounds m ight still be audible.

A udibility versus Intelligibility of Speech

There is a big difference betw een an audible signal and an intelligible signal. Speech is
audible if the person is able sim ply to detect its presence. H ow ever, for speech to be
intelligible the person m ust be able to discrim inate the w ord-sound distinctions of individual
phonem es or speech sounds. Consequently, speech m ight be very audible but not consistently
intelligible to a child w ith even a m inim al hearing loss, causing the child to hear, for exam ple,



w ords such as walked, w alking, w alker, and w alks, all as ―__ah.‖
Vow el sounds (such as o, u, ee, etc.) have strong low -frequency energy, about 250 to 500

H z. They are the m ost pow erful sounds in English. Vow els carry 90%  of the energy of speech.
O n the other hand, consonant sounds (like f and s) are very w eak high-frequency sounds, w ith
energy focused at 2000 and 4000 H z and above (see Table 2‌1). C onsonants carry only 10%
of the energy of speech but 90%  of the inform ation needed to perceive the differences am ong
the sounds. The octave band at 2000 H z carries the greatest am ount of speech inform ation. For
speech to be heard clearly, both vow els and consonants m ust be acoustically available.
Persons w ith hearing losses typically have the m ost difficulty hearing the w eak, unvoiced,
high-frequency consonant sounds.

The L ing 6-7 Sound Test: A coustic B asis and D escription

The Ling sound test allow s a quick and easy w ay to verify that a child detects the vow el and
consonant sounds of spoken language (Ling, 2002). The sounds used for this test w ere selected
because they encom pass the entire speech spectrum  as noted below .

The Ling 6-7 Sound Test allow s parents, professionals, and teachers to know  the child‒s
distance hearing or earshot. K now ing this inform ation has vital instructional
ram ifications if one intends to use audition as a viable m odality of reception. Sounds
m ust first be detected before the brain can be stim ulated. Frequent adm inistration of
this test can help parents, professionals, and teachers m onitor for hearing aid
m alfunction and/or cochlear im plant failure, changes in the child‒s hearing, or onset of
m iddle ear conductive involvem ent that would be reflected by reduced earshot. Refer to
Chapter 4 for a further discussion of distance hearing, and to Appendix 2 for specific
Ling 6-7 Sound Test application and instructions.

/m / corresponds to 250 H z, plus and m inus »  octave.
/u/ is like a narrow band of noise corresponding to 500 H z on the audiogram , plus and
m inus »  octave.
/a/ corresponds to 1000 H z, plus and m inus »  octave.
/sh/ is a band of noise corresponding to 2000 H z, plus and m inus »  octave.
/s/ is a band of noise corresponding to 4000 H z, plus and m inus »  octave.
/i/ has a first form ant (resonance of the vocal track) around 500 H z, and a second form ant
around 2000 H z; the second form ant m ust be heard in order for the listener to be able to
distinguish betw een front and back vow els.
The silent interval is really a seventh ―sound‖ that is necessary to track false positive
responses.



E ar M echanism s

A t birth, the auditory system  of a child w ith norm al hearing is functioning and com pletely
developed (N orthern &  D ow ns, 2002). Specifically, the m iddle ear structures are developed
and functional by the 37th w eek of prenatal developm ent. The inner ear m echanism  is
developed, adult size, and receiving sound by the 20th w eek of prenatal developm ent. The
external ear and auditory canal continue to grow  as the child grow s, up to the age of about 9
years (Sim m ons, 2003; W right, 1997). Therefore, norm al developm ent of the auditory
m echanism  including neural enervation begins in the early w eeks of em bryological
developm ent. The ear develops from  the sam e em bryonic layer as the central nervous system
(G ordon &  H arrison, 2005).

Figure 2‌4. The peripheral portion of the ear can be subdivided into three general areas‍ the outer ear, the m iddle ear, and the
inner ear; the central portion includes the brainstem  and cortex.

The auditory system  is an incredible structure. Figure 2‌4 show s a cross section of the
auditory system . The peripheral portion can be subdivided into three general areas: the outer
ear, the m iddle ear, and the inner ear; the central portion includes the brainstem  and cortex.

To understand how  the auditory system  breaks dow n resulting in hearing loss, it is first
necessary to discuss how  the ear is put together and how  it norm ally functions.



D ata Input A nalogy

Together, the outer, m iddle, and inner ear are know n as the peripheral auditory system  and
function to receive sounds. The brainstem  and auditory cortex, called the central auditory
system , take the sounds that are received through the peripheral system  and code them  for m ore
com plex, higher level auditory processes.

Therefore, tw o general processes of hearing exist: (a) transm ission of sounds to the brain
through the outer, m iddle, and inner ear; and (b) understanding the m eaning of those sounds
once they have been transm itted to the brain. B efore understanding can take place, sounds m ust
first be heard, sim ilar to how  com puter data input precedes data m anipulation. There can be no
auditory perception w ithout the sensory evidence of sound input (Berlin &  W eyand, 2003;
B oothroyd, 1997).

O ne w ay to illustrate the potentially negative effects of any type of a degree of hearing loss
on a child‒s language and overall developm ent and to further explain the peripheral-central
distinction is to use a com puter analogy. The prim ary concept is: data input precedes data
processing.

A n infant or toddler (or anyone) m ust have inform ation/data in order to learn. A  prim ary
avenue for entering inform ation into the brain is through the ears, via hearing. So, the ears can
be thought of as analogous to a com puter keyboard, and the brain could be com pared to a
com puter ―hard drive.‖ A s hum an beings w e are neurologically w ired to code and hence to
develop spoken language and reading skills through the auditory centers of the brain, the hard
drive (Pugh et al., 2006; Sharm a et al., 2004). Therefore, auditory data input is critical, and it
is w orth our tim e and effort to m ake detailed auditory inform ation available to a child w ith any
degree of hearing loss. If data are entered inaccurately, incom pletely, or inconsistently,
analogous to using a m alfunctioning com puter keyboard or to having one‒s fingers on the w rong
keys on a com puter keyboard, the child‒s brain or hard drive w ill have incorrect or incom plete
inform ation to process. H ow  can a child be expected to learn w hen the inform ation that reaches
his or her brain is deficient? The brain can organize itself only around the inform ation that it
receives.

A m plification technologies, such as hearing aids, personal FM  system s, or sound-field
system s, and biom edical devices such as cochlear im plants can all be thought of as keyboards
‍ as a m eans of entering acoustic inform ation into the child‒s hard drive. So, technology is
really a m ore efficient keyboard. U nfortunately, technology is not a perfect keyboard and it
does not have a life of its ow n, any m ore than a car has a life of its ow n. Technology is only as
effective as the use to w hich it is put, and only as efficient as the people w ho use it.
C onversely, w ithout the technology, w ithout acoustic data input, auditory brain access is not
possible for persons w ith hearing loss.

To continue the com puter analogy, once the keyboard is repaired or the figurative ―fingers‖
are placed on the correct keys of the keyboard‍ allow ing data to be entered accurately,
analogous to using am plification technology that enables a child to detect w ord-sound
distinctions‍ w hat happens to all of the previously entered inaccurate and incom plete
inform ation? Is there a m agic button that autom atically converts inaccurate data to com plete



and correct inform ation? Unfortunately, all of the corrected data need to be reentered. Thus, the
longer a child‒s hearing problem  rem ains unrecognized and unm anaged, the m ore destructive
and far-reaching are the snow balling effects of hearing loss. Early intervention is critical‍
the earlier the better!

H earing is only the first step in the intervention chain. O nce hearing has been accessed as
m uch as possible through appropriate am plification or biom edical technology, the child w ill
have an opportunity to discrim inate w ord-sound distinctions as a basis for learning language,
w hich in turn provides the child w ith an opportunity to com m unicate and acquire know ledge of
the w orld. A ll levels of the acoustic filter effect of hearing loss discussed previously need to
be understood and m anaged. In other w ords, just m edically m anaging/correcting a conductive
hearing loss, or sim ply w earing hearing aids or a cochlear im plant, does not ensure
developm ent of an effective language base.

The longer a child‒s peripheral auditory system  rem ains unm anaged, the longer data entry
to the central auditory system  (the brain) w ill be incom plete and inaccurate, causing the
snow balling effects of the acoustic filter to negatively im pact the child‒s overall life
developm ent. C onversely, the m ore intelligible and com plete the data entered are, the better
opportunity the infant or toddler w ill have to learn language that serves as a foundation for
later reading and academ ic skills. It can‒t be said enough‍ the peripheral auditory system
m ust be m anaged early to provide the best acoustic access to the central auditory netw ork.

The point is, from  the inception of early intervention program m ing, com prehensive
audiologic and hearing m anagem ent is an absolutely necessary first step for a child of any age
and w ith any type of hearing or listening difficulty to have an opportunity to learn.

O uter and M iddle E ar

Except for the pinna portion of the outer ear, the structure of the hum an ear is located entirely
inside the head and is w ell protected by the tem poral bone w hich is the hardest bone in the
body (Bess &  H um es, 2003) (refer to Figure 2‌4).

The conductive m echanism  is com prised of the outer ear (pinna and ear canal) and the
m iddle ear, w hich includes the eardrum  and a tiny air-filled cavity containing the three sm allest
bones in the body‍ the m alleus, incus, and stapes. The portion of each ear that is the m ost
external and can be easily seen is a flap of skin and cartilage called the pinna. The pinnae are
located on each side of the head, and they function to collect sound w aves and focus them  into
the ear canal. In turn, the ear canal resonates critical highfrequency com ponents of speech
sounds. The resonant frequency of the typical ear canal is 2700 H z; it is a crucial frequency for
consonant intelligibility. Sm all hairs and ear w ax w ithin the ear canal function to protect the
delicate tym panic m em brane (eardrum ) from  debris. Located at the end of the inside portion of
the ear canal (refer to Figure 2‌4), the eardrum  has a near-horizontal position w ithin the ear
canal at birth, m aking the eardrum  difficult to view  during infancy. The eardrum  doesn‒t reach
its m ore vertical position of 50‌60 degrees from  horizontal until the 3rd year of life (W right,
1997). The eardrum  m arks the boundary betw een the outer and m iddle portions of the ear.

The m iddle ear is a very sm all cavity filled w ith air. Efficiently transm itting the airborne



sound that hits the eardrum  to the fluidfilled inner ear is the m iddle ear‒s prim ary function.
Sound w aves enter the ear canal and strike the eardrum  causing it to vibrate. N ext, vibrations
travel from  the m iddle to the inner ear through the three sm allest bones in the body, know n as
the ossicles. The m alleus, incus, and stapes are interconnected and attached to the tym panic
m em brane laterally, and oval w indow  m edially. The ossicular chain pum ps this vibrational
inform ation to the oval w indow  and then to the inner ear.

The eustachian tube passes air to the m iddle ear and runs from  the back of the throat to the
anterior (front) w all of the m iddle ear cavity. W hen the eustachian tube functions appropriately,
the air that is used by the m iddle ear structures for m etabolism  is constantly replenished. If and
w hen the eustachian tube does not open often enough to allow  air into the m iddle ear, disease
can develop from  lack of sufficient oxygen. These diseases are discussed in the next chapter.

Inner E ar to the B rain

The organs of both hearing (cochlea) and balance and equilibrium  (vestibular system ‍
sem icircular canals) are housed together deep w ithin the tem poral bone of the skull. Refer to
Figure 2‌4. It is not uncom m on for an infant or toddler to evidence both a hearing and balance
disorder, because the organs for vestibular and auditory detection are located together w ithin
the inner ear and have sim ilar em bryologic origins.

The sensorineural m echanism  is com prised of the cochlea (sensory portion) and the eighth
cranial nerve (neural portion). The highly specialized sense organ of the ear is called the organ
of C orti, w hich acts as an acoustic intensity and frequency analyzer, all in the volum e of a
sm all grape.

The prim ary function of the inner ear structure is equilibrium  as m anaged by the
vestibular system . O ne can live w ithout hearing, but actual survival is possible only if
the organism  can resist the pull of gravity.

The organ of Corti is contained w ithin the cochlea, w hich is a sm all, snail-shell shaped,
coiled tube that has approxim ately 23‰4 turns and is about 3.5 cm  long. The cochlea is a fluid-
filled structure. H air cells found in the organ of C orti contain stereocilia that project into a
gelatinous structure that covers the specialized hair cells. The hair cells are the sensory
receptors for sound. Vibrational m ovem ents generated from  the m iddle ear ossicles instigate a
w ave com plex in the cochlear fluids that displaces the inner ear fluid and hair cells. The hair
cells function to transform  the hydraulic m ovem ent of the inner ear fluids into electrical
im pulses. The electrical im pulses generated from  these hair cells stim ulate nerve im pulses in
the auditory nerve. In turn, the auditory nerve transm its these neural im pulses to the m any
auditory centers of the brainstem  and brain.

The central nervous system  is organized hierarchically. N eural structures becom e m ore
com plex as signals are transm itted from  the brainstem  to the cortex. Som e scientists section the



auditory cortex into prim ary and association areas. O thers refer to the auditory cortex as those
areas of the brain that are exceedingly receptive to various acoustic stim uli and have sim ilar
cell types (M usiek, 2009).

Sound enters the auditory neural system  through approxim ately 16,000 hair cells in the
cochlea; about 3,500 are the inner hair cells that are key for transm itting sound to the brain.
From  the hair cells, im pulses are sent to the eighth cranial nerve that has both auditory and
vestibular branches as it reaches the brainstem . There are approxim ately 25,000 afferent nerve
fibers. Ultim ately, auditory signals are processed by m ore than 200 m illion neurons in the
brain.

This chapter has offered a brief overview  of acoustics and the structure and function of the
ear. The next chapter w ill discuss how  these structures can break dow n.



3

H earing and H earing L oss in Infants and
C hildren

K ey Points Presented in the C hapter

H earing losses are classified as congenital or acquired depending on w hen they first
occur in a child‒s life.
Endogenous (genetic) or exogenous (environm ental) factors m ay cause either
congenital (early-onset) or acquired (later-onset) hearing losses.
G enes m ay predispose a baby to develop a hearing loss w hen triggered by an
environm ental event; this is called a m ultifactorial situation.
In addition to cause and tim e of onset, classification of hearing loss includes severity
‍ from  m inim al to profound, depending on how  m uch sound reception is blocked from
reaching the brain.
Every childhood hearing loss, no m atter how  slight, w arrants auditory m anagem ent.
Today, the degree of hearing loss does not determ ine functional outcom es if w e
provide early use of technology and auditory habilitative services; there is no degree
of hearing loss that precludes the prim ary use of audition if w e do w hat it takes.
H earing losses also can be classified as conductive, sensorineural, or m ixed,
depending on w here they occur in the auditory system .
Every hearing loss, w hether or not it has a treatable m edical cause, requires audiologic
m anagem ent to provide auditory access to the child‒s brain.
Progressive sensorineural hearing losses m ay result from  large vestibular aqueduct
syndrom e (LVA S), perilym phatic fistula (PLF), cytom egalovirus (CM V), m eningitis,
congenital syphilis, ototoxicity, endolym phatic hydrops, autoim m une disorders,
delayed hereditary hearing losses, and unknow n causes.
A uditory neuropathy is a disorder of the auditory neural system , including the eighth
cranial nerve (auditory nerve), in w hich cochlear am plification (outer hair cell
function) is norm al but conduction of sound to the brain is disordered.
A m ong children w ith hearing difficulties, tinnitus affects as m any as 24 to 29%  to som e
degree.
Studies show  that at least 50%  (and som e say up to 90% ) of children w ith



sensorineural hearing loss also exhibit vestibular/balance dysfunction.

Introduction

Infants and children require access to detailed sound for auditory learning. A  prim ary problem
w ith hearing loss is that it interferes w ith sound access to the brain, precluding or diluting
auditory capabilities (M usiek, 2009). N eural developm ent and organization of the auditory
brain centers require sensory input and extensive auditory experience (Estabrooks, 2006;
K ilgard et al., 2007; Sharm a et al., 2004; Sharm a, D orm an, &  K ral, 2005).

Three general types of peripheral hearing loss interfere w ith acoustic access to the brain.
Location of the dam age in the auditory system , also called site of lesion, determ ines the
classification of hearing loss as conductive, sensorineural, or m ixed (B ess &  H um es, 2003;
N orthern &  D ow ns, 2002) (Figure 3‌1).

Figure 3‌1. Location of the dam age in the auditory system , also called site of lesion, determ ines the classification of hearing
loss as conductive, sensorineural, or m ixed.

The purpose of this chapter is to provide an overview  of the general classifications of
hearing im pairm ent, and then to detail som e of the specific pathologies that can cause hearing
loss.

C lassifications



D egree (severity), tim ing of the onset, and overall cause com prise three general classification
schem es for hearing loss.

D egree (Severity)‍ M inim al to Profound

A n im portant classification of hearing loss is severity; how  m uch sound reception is blocked
from  reaching the brain (N orthern &  D ow ns, 2002). N orm al hearing sensitivity in children is
15 dB  H L at all frequencies and in both ears w ith norm al m iddle ear function. A nything less
places the child at risk for spoken language learning problem s and academ ic failure if w e don‒t
do w hat it takes to access and develop the auditory brain centers w ith enriched spoken
language.

Please refer to C hapter 1 for a discussion of the distinctions betw een audiom etric
definitions of hearing loss and functional outcom es of hearing loss. A udiom etric degree of
hearing loss used to be a prim ary variable in functional outcom es‍ w hether a child w ould
likely be auditory or visual in orientation. N ow , degree of hearing loss is not a variable if w e
do w hat it takes, technologically and habilitatively, to access and develop auditory brain
centers. That is, a child w ith any degree of hearing loss, no m atter how  profound, can function
like a child w ith a m ild to m oderate hearing loss w ho is w ell-m anaged if w e access the brain
w ith appropriate technology early on (hearing aids or cochlear im plants) and provide enriched
auditory language stim ulation as discussed in the second part of this book.

N orm al H earing Sensitivity: 0 to +15 dB  H L for C hildren

A n adult w ith norm al hearing sensitivity has a hearing threshold equal to or better than 25 dB
H L. A  child, in the unique situation of developing crucial w ord-sound distinctions of language,
requires better hearing sensitivity. To receive the com plete speech signal for even soft
conversation, a child‒s hearing sensitivity m ust be 15 dB H L or better at all frequencies in both
ears (Bess &  H um es, 2003; D obie &  B erlin, 1979; N orthern &  D ow ns, 2002; Tharpe, 2006).

A  baby or child m ay hear w ell in the perfect quiet of the audiologic test room  or the quiet
of a close, one-to-one conversation, but she w ill understand significantly less in the
background noise of m ore public settings. G ood hearing sensitivity does not alw ays indicate
effective auditory access in different auditory environm ents.

M inim al or Slight H earing Loss: 15 to 25 dB  H L for C hildren

A m inim al, borderline, or slight hearing loss m ay cause difficulty for children in the follow ing
areas (N orthern &  D ow ns, 2002; Tharpe, 2006): distinguishing distant or soft speech (the child
m ay m iss at least 10%  of classroom  learning), responding appropriately to subtle
conversational cues, keeping up to speed in rapid-paced interchanges, overhearing social
exchanges, and detecting the subtle phonetic m arkers in gram m ar, such as those indicating
plurality, possessives, or regular past tense.



The greater effort required for the child to hear m ay cause fatigue and create the
appearance of im m aturity (A nderson, 2004). C om plete access to clear speech is essential, so a
m inim al hearing loss can have m ajor negative consequences. D ue to inadequate hearing
screening environm ents and lack of inform ation about the cornerstone role of hearing in the
developm ent of literacy and academ ics, m any of these slight hearing losses fall under the radar.

Every childhood hearing loss, no m atter how  slight, w arrants auditory m anagem ent. A  m ild
hearing loss (greater than 15 dB  H L but less than 40 dB H L) or a unilateral hearing loss m ay
not be problem atic for a linguistically m ature person w ho has sophisticated and disciplined
attending skills; but even a ―m inim al‖ hearing im pairm ent can seriously affect the overall
developm ent of an infant or child w ho is in the process of learning language and developing
spoken com m unication skills as the basis for literacy and acquiring know ledge.

U nilateral H earing Loss

A  person w ith norm al hearing in one ear and at least a m ild perm anent hearing loss in the other
has a unilateral hearing loss. A  unilateral hearing loss can cause significant trouble hearing,
contrary to popular opinion. In fact, children w ith unilateral hearing losses are at 10 tim es
greater risk for academ ic failure than are children w ith norm al hearing in both ears (B ess,
D odd-M urphy, &  Parker, 1998; Tharpe, 2006). Identifying speech in noise, localizing sound
sources, and other im portant skills for classroom  learning are difficult for the unilateral
listener. A  child w ith unilateral hearing loss has m ore difficulty discerning speech, even w hen
directed into the good ear, than a child w ith tw o fully functional ears.

There are differences in behavior betw een children w ith norm al hearing and children w ith
unilateral hearing losses (B ess et al., 1998; English &  C hurch, 1999; Tharpe, 2006). W hen
com pared to peers w ith norm al hearing, children w ith unilateral hearing losses are described
as m ore distractible, m ore frustrated, m ore dependent, less attentive, and appearing less
confident in the classroom . O ften, behavioral difficulties are m ore obvious than hearing
difficulties in a child w ith unilateral hearing loss. The connection is rarely m ade betw een
behavior and hearing because the child has one perfectly good ear and is thought to be able to
hear w hen he or she w ants to. D ue to new born hearing screening program s, unilateral hearing
losses are being identified in neonates for the first tim e, and professionals are w restling w ith
appropriate m anagem ent strategies for this new  population (Scholl, 2006). B elow  are som e
sum m ary points (M cK ay, 2008).

U nilateral H earing L oss in Infants‍ A  Sum m ary

D efinition of unilateral hearing loss in babies: good ear has pure tone average (PTA ) of 15
dB  H L or better; poor ear has PTA of 20 dB  or w orse or air conduction thresholds poorer
than 25 dB  H L at tw o frequencies above 2000 H z.
N ew born hearing screenings do not identify m ild hearing losses‍ screenings usually are
conducted at 35 dB .
The biggest problem s posed by unilateral hearing losses are difficulty localizing the sound
source, poor understanding of speech in noise, and a reduction of distance hearing that
interferes w ith incidental learning.



There is not yet research to identify if hearing aid fitting before 12 m onths of age is better
than w aiting until that tim e, because it is possible to create a good signal-to-noise ratio
(S/N  ratio) by physical positioning of the baby close to the talker before 12 m onths of age.
A fter 12 m onths of age, am plify a m ild to m oderately severe unilateral hearing loss having
obtained the ear and frequencyspecific air and bone thresholds that are required for
accurate am plification. Use a hearing aid loaner bank initially to determ ine if a hearing aid
is helpful before requiring parents to purchase a hearing aid.
The goal of am plification for a unilateral hearing loss is to create m ore equal binaural
hearing, w ith confidence in the results and evidence to justify the fitting.
Extra and enriched auditory, language, and preliteracy stim ulation m ust be provided to the
infant from  the beginning. A lso, the parent ought to receive counseling about unilateral
issues.
D ata show  that the m ore severe the unilateral hearing loss, the greater the likelihood of
academ ic failure if the child does not receive m anagem ent.
R ight ear unilateral hearing losses seem  to be m ore problem atic than left ear losses.
W hen retesting the hearing of the infant w ith unilateral hearing loss, test and m onitor both
ears often‍ unilateral hearing losses can progress to bilateral hearing losses.
Possible causes of unilateral to bilateral hearing loss progression are: C M V, enlarged
vestibular aqueduct, and genetics.
See the W eb site http://w w w .cdc.gov/ncbddd/ehdi for m ore inform ation‍ this is the
proceedings of a conference on m ild and unilateral hearing loss.

M ild H earing Loss: 25 to 40 dB  H L

D epending on environm ental noise level, distance from  talker, and the configuration (pattern)
of the hearing loss, a child w ho experiences a 30 dB hearing loss can m iss 25 to 40%  of the
speech signal if she does not receive audiologic m anagem ent (K illion &  M ueller, 2010;
M artin, 2008; N orthern &  D ow ns, 2002). The child likely also m isses passive learning
opportunities by being unable to overhear conversations.

A  child w ith a 35 to 40 dB hearing loss w ithout hearing technology can m iss up to 50%  of
class discussions, especially w ith faroff or soft voices. A ccusations of ―daydream ing,‖
―hearing w hen he or she w ants to,‖ or ―not trying‖ m ay foster a negative self-im age in a child
(Estabrooks, 2006; Tharpe, 2006). The extra effort exerted to hear often leaves the child m ore
fatigued or irritable than peers w ith norm al hearing (A nderson, 2004).

Though this degree of hearing loss is labeled ―m ild,‖ the repercussions are great in the life
of the baby/child, especially the im pact of not hearing clear speech. W ith a m ild, unm anaged
hearing loss, a child m ay be at least one grade level behind his or her peers (N orthern &
D ow ns, 2002; Tharpe, 2006). H ow ever, appropriate hearing aids/FM  system s and auditory-
based intervention can overcom e the secondary negative effects of hearing loss.

M oderate H earing Loss: 40 to 55 dB  H L



If the content and vocabulary of the m essage are know n, a child w ith a m oderate, unm anaged
hearing loss m ay understand face-toface conversational speech from  three to five feet aw ay in
a quiet room , causing the parent or teacher to vastly overestim ate this child‒s auditory access.
H ow ever, in typical classroom  situations, w ith a 40 to 50 dB hearing loss, 50 to 75%  of the
speech m ay be m issed, and w ith a 50 dB hearing loss, 80 to 100%  m ight be m issed (K illion &
M ueller, 2010). The child often has im paired speech production, delayed or defective syntax,
and lim ited vocabulary. A dditional negative effects m ay include deficits in m aturity,
com m unication, and social interaction (M eyer, 2003). By fourth grade, children w ithout
appropriate early (and often continuing) intervention for their m oderate hearing losses often
fall at least tw o grade levels behind (N orthern &  D ow ns, 2002; R oss, B rackett, &  M axon,
1991). Therefore, it is critical to use appropriate hearing aids/FM  system s and auditory-based
intervention to overcom e the secondary negative effects of hearing loss.

M oderately Severe H earing Loss: 55 to 70 dB  H L

O ne hundred percent of classroom  content can be m issed w ith an unam plified 55 dB hearing
loss (K illion &  M ueller, 2010), and spoken com m unication m ust be very close and loud to be
m inim ally understood if am plification technologies are not w orn. W ithout appropriate early
and continual assistance, m ost children w ith this degree of hearing loss have significant
difficulty in school and evidence delayed language, syntax, reduced speech intelligibility, and
perhaps an atonal voice quality. Social interactions are, of course, likely difficult. A ppropriate
use of hearing aids/FM  system s and in som e cases cochlear im plants along w ith auditory-
based intervention can overcom e the secondary negative effects of hearing loss.

Severe H earing Loss: 70 to 90 dB  H L

W ith appropriate am plification (hearing aids or, m ore likely, cochlear im plants), a child w ith a
severe hearing loss should be able to detect all speech sounds as w ell as environm ental
sounds, even though she cannot hear conversational speech at all w ithout using technology
(Ling, 2002). Spoken language w ill not develop w ell or at all w ithout appropriate early use of
technology (auditory brain access) follow ed by auditory language intervention. A child w ith
appropriate auditory technology and auditory-based intervention can be functionally hard of
hearing (see Chapter 1) and thus learn and live in a m ainstream ed environm ent, perhaps w ith
the assistance of som e support services (Ling, 2002).

Profound H earing Loss: 90 dB  H L or G reater

A baby or child w ith a profound hearing loss cannot hear speech or environm ental sounds
w ithout am plification. H ow ever, in this day and age, the degree of hearing loss does not
determ ine functional outcom es w hen there is early use of technology and auditory habilitative
services. A udiom etric deafness does not preclude auditory brain access and auditory neural
developm ent w hen w e use cochlear im plants. That is, if the fam ily has spoken language as a



desired outcom e for their baby w ho is born w ith profound deafness, that outcom e is likely if
w e do w hat it takes, as detailed in this book.

Tim ing‍ C ongenital or A cquired

The first occurrence of hearing loss in the child‒s life determ ines classification into congenital
or acquired hearing loss. Congenital hearing losses typically occur before, at, or shortly after
birth but prior to the learning of speech and language, usually before age 3 (B ess &  H um es,
2003). In contrast, acquired hearing losses happen after speech and language develop.
Because program m ing already took place in the auditory brain centers for language and spoken
com m unication, the negative effects of an acquired hearing loss tend to be less severe.

The earlier the hearing im pairm ent occurs, the m ore the hearing loss interferes w ith
language, learning, and developm ent of auditory brain function, unless the child receives
effective intervention. Though an acquired hearing loss rem ains subject to the acoustic filter
phenom enon discussed in C hapter 1, the consequences of an acquired hearing loss are not as
pervasive if the child had already established a com plex linguistic system  and m ature neural
connections in the auditory cortex. Still, w ith a severe later-onset hearing loss the child‒s
speech can degenerate if speech conservation therapy is not provided.

G eneral C auses‍ E ndogenous, E xogenous, or M ultifactorial

Endogenous or exogenous factors m ay cause either congenital (early-onset) or acquired (later-
onset) hearing losses.

Endogenous hearing losses have hereditary or genetic sources and different likelihoods of
occurrence (Van Cam p, 2006). In the case of a hearing loss being genetically dom inant, even if
one parent carries the gene, each child has a 50%  chance of receiving the gene and the hearing
loss. W hen the hearing loss is recessive, both parents m ust carry the gene and there is a 25%
probability of each child receiving both genes and the resulting hearing loss. For an X -linked
recessive hearing loss, each son has a 50%  chance of inheriting the gene from  his m other; the
daughters w ill be unaffected. In a m itochondrial m utation, all children w ill receive the gene
from  the m other, but the father‒s sperm  does not contribute m itochondria to the developing
child (Rehm , W illiam son, K enna, Corey, &  K orf, 2003).

In a m ultifactorial inheritance, the additive effects of several m inor gene-pair
abnorm alities com bine w ith nongenetic environm ental factors or ―triggers‖ (Rehm  et al.,
2003). W hen this happens, hearing loss m ay m anifest in a child w ith a genetic predisposition
for hearing im pairm ent w ho experiences an environm ental event such as a virus or lack of
oxygen. Because of the com plexity of genetic transm ission, fam ilies requiring inform ation
about endogenous hearing losses should consult a genetic counselor. O f the 50%  of congenital
hearing losses that have no identifiable cause, it is speculated that 90%  are of genetic origin
(N orthern &  D ow ns, 2002; Van Cam p, 2006).



There is increasing interest in a condition called delayed hereditary sensorineural
hearing loss. Though the child has norm al hearing at birth and passes a new born hearing
screening, a hearing loss develops in the first 12 m onths of life and m ay continue until about 6
years of age. The parents m ay experience their baby responding to their voice and saying som e
w ords, only to have the child later stop hearing and talking altogether. Even if the hearing loss
ultim ately progresses to profound in degree, because of the early listening experience, the child
typically responds w ell to auditory-based intervention because the brain w as initially
organized around auditory input. D elayed hereditary sensorineural hearing loss m ay affect
m ore than one child per fam ily, though the genetic transm ission seem s to be recessive in nature
(Pappas, 1998; Van Cam p, 2006).

In contrast, w hen external events cause hearing loss the classification is exogenous.
Because exogenous hearing loss com es from  environm ental events, such as lack of oxygen,
bacterial or viral infection (such as m eningitis, m easles, chickenpox, influenza, encephalitis,
m um ps), noise exposure, head injury, and m edications that dam age the inner ear, this kind of
hearing loss is not transm itted from  parents to offspring.

G enetics, Syndrom es, and D ysplasias

C onnexin 26

In the past few  years, m any genes have been identified as causing hearing loss. The m ost
com m on one is connexin 26. M utations in the connexin 26 gene, on chrom osom e 13, are
believed to be responsible for up to half of recessive nonsyndrom ic hearing losses. Connexin
26 is a protein that is a critical part of the potassium  exchange that occurs in the organ of Corti
(inner ear). H earing loss is caused w hen a connexin 26 protein cannot be produced during
em bryological developm ent.

C onnexin 26 hearing loss is m ost often seen in a baby or child w ith a m ild, m oderate,
severe, or profound congenital hearing loss w ithout any other m edical problem s and w ith no
identified cause for the hearing loss; m ore than 50%  w ill experience som e hearing loss
progression, usually gradually but som etim es precipitously (K enna et al., 2010). Because the
hearing loss is recessive (both parents m ust carry the gene), no other fam ily m em ber m ay have
a hearing loss. Certain connexin 26 m utations are m ore com m on in specific populations such as
Caucasians and A shkenazi Jew ish populations (Rehm  et al., 2003).

G enetic testing has been successful in identifying connexin 26 as the cause of a baby‒s
hearing loss. G enetic testing is the process of com paring the sequence of a child‒s gene w ith
that of the regularly occurring gene sequence; the com parison m ight detect m utations that could
m ake the gene stop functioning. The test is perform ed by taking a blood sam ple. N ote that
genetic testing can be perform ed only if the gene that is altered is know n. There are m any form s
of hearing loss w here the responsible gene rem ains unknow n.

The value of genetic testing is that know ing the cause of a baby‒s hearing loss can lead to
better treatm ent and m anagem ent decisions. For exam ple, children w ith profound hearing



losses caused by connexin 26 tend to do very w ell w ith cochlear im plants because the
underlying auditory neural tissue is intact.

Syndrom es

A  set of sym ptom s that together characterize a disease or disorder com prise a syndrom e.
Phenotype is the w ord used to identify the outw ard, physical m anifestation of the organism ‍
anything that is part of the observable structure, function, or behavior of a person (Van C am p,
2006). O n the other hand, genotype is the internally coded, inheritable inform ation found in
alm ost all cells that store the blueprint for building and m aintaining a living organism . A ll
syndrom es can be described in term s of their phenotype (how  they look) and genotype (how
they are coded inside cells).

A n associated hearing loss accom panies over 200 syndrom es; m any of them  are rare or
affecting only single fam ilies. For a detailed listing and discussion of syndrom es that often
include hearing loss, please refer to N orthern and D ow ns (2002), R ehm  and M adore (2008),
and Shprintzen (2001), and to num erous W eb sites, including: N ational Institutes of H ealth,
M edline Plus, H arvard M edical School C enter for H ereditary D eafness, and B oystow n
N ational H ospital in O m aha.

A single structural abnorm ality raises the probability of additional abnorm alities.
Therefore, the presence of any structural abnorm ality in a child w arrants investigation of the
child‒s hearing. C onversely, a child diagnosed w ith a hearing loss should be m onitored for
additional abnorm alities (Schein &  M iller, 2010). In about 30%  of babies w ith hearing loss,
the hearing loss is part of a syndrom e; the baby has other problem s. Pigm entation
abnorm alities, such as a w hite forelock or eyes of different colors, for exam ple, often
accom pany sensorineural hearing losses (W aardenburg syndrom e). M iddle ear m alform ation
caused by skeletal abnorm alities can cause a congenital, conductive hearing loss.
Sensorineural hearing loss m ay accom pany significant visual deficits.

In one fam ily, the grandm other had a unilateral, profound hearing loss and no other
anom alies. The father had a white forelock and one blue eye and one brown eye, but
norm al hearing. The baby had a bilateral, profound sensorineural hearing loss and no
other stigm ata. Their phenotypes differed, but genetic testing revealed that all had
variable expressions of W aardenburg syndrom e.

The m ost com m on disorders that coincide w ith hearing loss include asthm a, vision
disturbance, neuropsychiatric problem s, arthritis, heart trouble, m ental retardation, cerebral
palsy, and cleft palate (R aphael, 2006). O ften the num ber and severity of sym ptom s vary from
person to person and from  fam ily m em ber to fam ily m em ber; this is called variable
expression.

Below  are four of the m ost com m on dom inantly transm itted syndrom es; only one parent has



to carry the gene for the traits to be expressed, often in a variable fashion (Van Cam p, 2006).

Alport‒s syndrom e. H earing and vision problem s are associated w ith this renal (kidney)
disorder. Fem ales tend to be less severely affected than m ales, and the accom panying
sensorineural hearing loss is usually bilateral, high frequency, ranges from  m ild to severe,
and appears in 40 to 60%  of the cases. The hearing loss usually begins in adolescence and
is progressive.
Crouzon‒s syndrom e. Prim ary diagnostic features include an abnorm ally shaped head
characterized by a central prom inence in the frontal region and a nose resem bling a beak.
The prem ature closing of the cranial sutures causes the abnorm al shape of the skull. Pinna
m ay be low -set, and in a third of the cases structural abnorm alities occur in the m iddle ear,
causing conductive hearing im pairm ent.
Treacher C ollins syndrom e. Prom inent diagnostic features include facial bone
abnorm alities like deform ed pinna, receding chin, depressed cheek bones, and large
fishlike m outh w ith dental abnorm alities. A tresia (absence or closure) of the ear canal,
m alform ation of the m iddle ear ossicles, and cleft palate com m only appear. The
m anifestation of these features in persons w ith Treacher C ollins syndrom e varies in
severity and appearance. A  sensorineural com ponent m ay be present, but the hearing loss is
prim arily conductive.
W aardenburg syndrom e. Prim ary diagnostic characteristics include a w hite forelock,
lateral displacem ent of m edial canthi, prom inence of the root of the nose, and occasionally
cleft palate. Fifty percent of the children have congenital sensorineural hearing im pairm ent
ranging from  m ild to profound, and the hearing loss m ay be unilateral, bilateral, and/or
progressive.

Below  are three of the m ost com m on recessively transm itted syndrom es; both parents need
to carry the gene for the traits to be expressed in offspring:

Jervell and Lange-N ielsen syndrom e. A lso know n as Long Q -T syndrom e (LQ TS), this
cardiovascular disorder correlates w ith severe to profound, sym m etrical, congenital
hearing loss. The child m ay experience fainting attacks or seizures in w hich no blood
leaves the heart. The health of the child appears norm al except for tw o abnorm alities in
electrocardiogram  readings. Thinking it to be a seizure disorder, LQ TS often gets treated
im properly. D eath can result w ithout treatm ent. Therefore, an electrocardiogram  is an
im portant test to perform  for a child w ith profound, congenital sensorineural hearing loss
w ho experiences any fainting spells or seizures. Cardiac events m ay be precipitated by
exercise or em otion, and vestibular dysfunction often is a part of this syndrom e (Siem  et
al., 2008).
Pendred‒s syndrom e. This endocrine-m etabolic disorder includes goiter (an enlarged
thyroid gland). M oderate to profound hearing loss usually appears in the first 2 years of
life. Large vestibular aqueduct often is part of this syndrom e.
U sher syndrom e. This m ajor syndrom e involves both hearing and vision disorders. Vision
deteriorates beginning in the early teens or tw enties, narrow ing the visual field until



blindness occurs. This sensorineural hearing loss varies in age of onset, severity, and
speed of progression. It is bilateral and m oderate to severe in degree. There are three
clinical types of Usher syndrom e: Type I, Type II, and Type III distinguished prim arily by
severity of hearing loss, presence or absence of vestibular function, and tim e of onset of
vision loss (W allber, 2009).

A nother syndrom e that refers to children w ith a specific set of birth defects is C H A R G E
syndrom e. B abies w ith C H A R G E syndrom e are often born w ith life-threatening birth defects,
including com plex heart defects and breathing problem s. They usually spend m any m onths in
the hospital and undergo m any surgeries and other treatm ents. The nam e originally cam e from
the first letter of som e of the m ost com m on features seen in these children, although a gene has
since been identified:

C  = colobom a of the eye =
H  = heart defects
A  = atresia of the choanae, passages that go from  the back of the nose to the throat
R  = retardation of grow th and developm ent
G  = genital and urinary abnorm alities
E = ear abnorm alities and/or hearing loss

The diagnosis of C H A R G E is based on finding several of these and possibly other features
in a child. The diagnosis should be m ade by a m edical geneticist w ho has ruled out other
disorders that m ay have sim ilar phenotypes.

Inner E ar D ysplasias

M alform ations or incom plete developm ent of the inner ear/cochlea is called a dysplasia. The
inner ear has m any anatom ic abnorm alities that are associated w ith hearing loss. The three
m ost com m on include (Stach &  Ram achandran, 2008):

Scheibe. Scheibe is incom plete developm ent, m alform ation, or degeneration of the
m em branous cochlea, and is the m ost com m on dysplasia. A CT scan w ill not identify this
dysplasia since the osseous cochlea is norm al.
M ondini. A  child w ith M ondini dysplasia has incom plete developm ent or m alform ation of
the inner ear, including the osseous cochlea, and has increased susceptibility to a
perilym phatic fistula (PLF), large vestibular aqueduct (LVA S), and endolym phatic hydrops
(H olden &  Linthicum , 2005). The hearing loss m ay be fluctuating or progressive, and the
m alform ed cochlea m ay cause som e difficulty inserting a cochlear im plant. A CT scan can
identify this dysplasia.
M ichel‒s aplasia. M ichel‒s is actually an aplasia w hich m eans an absence of an organ or
tissue. This relatively rare aplasia is the total absence of differentiated inner ear structures,
leaving absolutely no residual hearing. M ichel‒s also m ay be described as a com m on



cavity inner ear deform ity. A  C T scan can identify M ichel‒s aplasia.

M edical A spects of H earing L oss

C onductive Pathologies and H earing L oss

The outer and/or m iddle ear is the location of dam age (also called site of lesion) that causes
conductive hearing loss. The conductive m echanism  transm its sound to the inner ear and thus
does not contain irreplaceable nerve endings, enabling this part of the auditory structure to
respond to treatm ent by m edical or surgical interventions.

B oth m edical and educational issues and treatm ents need to be considered for a baby/child
w ith a conductive hearing loss; one treatm ent does not substitute for the other. The pathology
that causes the hearing loss m ay affect the child‒s general health, and m edical treatm ent often
restores the hearing that is caused by disease in the outer and/or m iddle ear. A ny potential
im pact on language acquisition and educational perform ance is also crucial to address w hen
treating conductive hearing loss. That is, physicians are trained to deal w ith m edical and
surgical m anagem ent of disease, and audiologists are skilled to deal w ith diagnosis and
treatm ent of the resultant hearing loss. Both professionals m ust be involved in m anaging
conductive hearing losses.

The m ost com m on conductive hearing losses in infants and toddlers are: otitis m edia
(m iddle ear infection), collapsed ear canals, abnorm alities of the m iddle ear ossicles, atresia,
stenosis, cerum en im paction, otitis externa, perforated tym panic m em brane, objects in the ear
canal, cholesteatom a, and m astoiditis.

Baby Alice w as identified at birth w ith a m oderate, bilateral sensorineural hearing
loss. Subsequently, she w as fitted w ith hearing aids that allow ed detailed access to her
brain of the com plete speech spectrum . At 6 m onths of age, she began experiencing
upper respiratory infections followed by ongoing bouts of otitis m edia. The added
conductive hearing loss caused by otitis m edia caused her hearing to interm ittently
progress from  a m oderate sensorineural hearing loss to a severe m ixed hearing loss.
The initial fit of her hearing aids was no longer adequate to provide acoustic access to
her brain; the aids needed to be readjusted (m ade stronger) if her early intervention
program  w as to be effective. At the very least, her hearing aids m ust have an external
volum e control to allow  m ore or less gain (am plification) depending on the status of
her m iddle ears. In addition, m ore aggressive m edical m anagem ent w as needed.

O titis M edia (C om m only C alled M iddle E ar Infection)



For children, ear infections are the m ost com m on cause of conductive hearing loss and hearing
problem s. O titis m edia needs to be considered from  tw o perspectives. The first is w hen otitis
m edia occurs in the absence of other disabling conditions. The second is w hen otitis m edia is
added to a preexisting sensorineural hearing loss, adding to the degree of hearing loss and the
difficulty of appropriately m anaging the hearing loss. For children w ith coexisting
sensorineural hearing losses, therefore, m ore aggressive m edical m anagem ent for ear disease
is w arranted to preclude adding to the child‒s hearing problem  and perhaps sabotaging
intervention.

O titis m edia is an inflam m ation of the m iddle ear. O titis m edia w ith effusion (O M E) is an
inflam m ation of the m iddle ear that includes fluid in the norm ally air-filled m iddle ear space
(N orthern &  D ow ns, 2002; Stach &  R am achandran, 2008). A lthough this fluid can occur w ith
or w ithout the presence of an active infection, it can alm ost alw ays cause hearing m aladies.
A cute otitis m edia (A O M ) indicates a m iddle ear infection of recent onset, characterized by
sym ptom s and signs of infection w hich include fever, pain, and irritability that can last as long
as 2 to 3 w eeks. Subacute otitis m edia indicates a chronic ear infection that fails to clear and
can last anyw here from  3 w eeks to 3 m onths, usually w ith effusion (fluid). C hronic otitis m edia
indicates otitis m edia of m ore than 3 m onths‒ duration w ith or w ithout perforation of the
tym panic m em brane (hole in the eardrum ) and drainage.

A pproxim ately one half of the episodes of O M E are classified as ―silent‖ and are
undetected by parents because the child often does not appear to be sick. N oninfectious fluid,
one cause for hearing difficulty, gathers in the m iddle ear. Therefore, w hen a baby visits the
pediatrician for a general check-up, it is a shock to find that O M E is discovered nearly 50%  of
the tim e (N orthern &  D ow ns, 2002). These unrecognizable bouts of O M E often indicate that
parents are not necessarily accurate reporters of a child‒s history of a dysfunctional m iddle ear.

U nfortunately, if the first bout of O M E occurs in a baby, the likelihood of recurrent and
severe episodes increases (C ook &  W alsh, 2005), because the disease process of O M E alters
the structure of the m iddle ear lining. R ecovery occurs m ore slow ly w ith younger age and each
additional ear infection.

E ar Infections: C auses and E ffects

M alfunctioning eustachian tubes are the cause of O M E‍ viral upper respiratory infections are
the typical precursors of that m alfunction. A fter the onset of a cold or other upper respiratory
infection, the usual pattern is for an ear infection to occur a few  days later because the
eustachian tube‒s function becom es obstructed by infectious m ucus. The prevalence of O M E
increases during the w inter m onths (K ouw en &  D eJonckere, 2007).

C om prised of cartilage and m uscle along w ith a flutter valve opening, the eustachian tube
is a tiny structure (1 cm  long) that connects the back of the throat to the m iddle ear. The three
m ain functions of the eustachian tube are: equalizing air pressure differences betw een the
m iddle ear and the environm ent, protection of the delicate m iddle ear from  nose and throat
secretions, and draining norm al secretions from  the m iddle ear cavity into the throat (Stach,
1998). The m ost im portant function is pressure regulation. W hen the eustachian tube fails,
norm al atm ospheric pressure cannot be m aintained w ithin the m iddle ear, resulting in negative



pressure that can often lead to fluid buildup from  the near vacuum  ―sucking‖ fluid out of the
m ucous lining of the m iddle ear cavity. Fluid can exist ―silently,‖ resulting in decreased
hearing, or it can also contain infection from  bacteria and/or viruses.

To reiterate, conductive hearing loss w ill typically accom pany an ear infection. It is
possible for hearing loss to occur even w hen fluid is not present but negative pressure occurs.
O n average, hearing loss is 25 dB , but it can increase up to 50 dB  (N orthern &  D ow ns, 2002).
H earing loss m ay be m ore severe at som e frequencies than others. Fluid and/or negative
pressure in the m iddle ear, coupled w ith coexisting hearing loss, m ay persist from  2 w eeks to 3
m onths follow ing a single bout of O M E (W aseem  &  A slam , 2006). If and w hen a child is
otitis-prone (has recurring ear infections), the child m ay experience the effects of constant
m iddle ear fluid.
Therefore, som e children w ith O M E m ay suffer tem porary, fluctuating hearing im pairm ent,
w hereas others w ill endure long-term  hearing losses (Stach &  R am achandran, 2008).

H igh Incidence Populations

The peak prevalence of otitis m edia is betw een 6 and 18 m onths of age, and there is a second,
low er peak betw een 4 and 5 years of age corresponding to entering school. O ne in four
children w ith learning disabilities, tw ice the num ber as in the non‌learning-disabled
population, has recurrent O M E. The follow ing conditions and situations predispose a baby or
child to otitis m edia (W aseem  &  A slam , 2006):

C ongenital abnorm alities such as cleft palate (even after repair), congenital
cytom egalovirus (CM V ), perinatally acquired H IV  infection, and other im m une
deficiencies.
D ow n syndrom e and other genetic factors.
Specific infections, especially those of the upper respiratory tract‍ incom pletely treated
sinusitis and purulent conjunctivitis. B oth bacteria and viruses are seem ingly involved.
Environm ental factors: attendance at day care centers and exposure to passive sm oking.
A llergies are a factor in 30 to 40%  of recurring O M E cases.
Im m une deficiency that does not perm it the body to fight the resultant bacterial or viral
infection.
C hildren in neonatal intensive care units (N IC Us) as infants have an incidence of around
80% .

Even tem porary hearing loss during the first year of life m ay have associated attention and
language learning problem s (N orthern &  D ow ns, 2002). A ccording to N ozza (2006), children
w ho experience O M E during their first year m ay experience difficulty learning to discern
individual phonem es because the presence of even a slight hearing loss necessitates a m ore
favorable speech-tonoise ratio than exists in typical com m unication environm ents.

M edical D iagnosis and Treatm ent of O M E

The use of pneum atic otoscopy, an otoscope w ith a bulb and tube attached that blow s sm all



puffs of air through the ear canal to cause eardrum s to m ove, is the m ost reliable m ethod to
diagnose ear infections (W aseem  &  A slam , 2006). The m obility of the eardrum  and its color
and shape are keys to accurate m edical diagnosis. The eardrum  w ill not m ove w ell w ith the
m iddle ear filled w ith fluid. C om pared to adult eardrum s, those of infants are m ore horizontal
and thus m ore difficult to see (W right, 1997).

B ehavioral sym ptom s and other case history inform ation also aid in diagnosis (N orthern &
D ow ns, 2002). Irritability (the m ost com m on sym ptom ), listlessness, and distractibility are
som e general sym ptom s as w ell as pulling the ears, head banging, and rolling the head from
side to side.

The m ost com m on bacterial pathogen in A O M  is Streptococcus pneum oniae, follow ed by
nontypeable H aem ophilus influenzae and M oraxella catarrhalis. These three organism s are
responsible for m ore than 95%  of all O M E cases w ith a bacterial etiology.

The recom m ended m edical treatm ent for O M E is no treatm ent‍  w atchful w aiting to avoid
antibiotic resistance because in otherw ise healthy children, O M E w ill resolve itself
(Finkelstein, Stille, R ifas-Shim an, &  G oldm ann, 2005). If a decision is m ade to treat w ith an
antibacterial agent, am oxicillin is prescribed for m ost children. W hen am oxicillin is used, the
dose should be 80 to 90 m g/kg/d. Studies of other adjunctive therapy for A O M  and O M E have
show n that decongestants and antihistam ines provide no obvious benefits.

The surgical intervention, called tym panostom y, entails m aking an incision through the
eardrum , suctioning the fluid out of the m iddle ear, then inserting tym panostom y tubes (also
called ventilation tubes or PE tubes) through the tym panic m em brane (O om en et al., 2005).
These tubes provide air to the m iddle ear space by functioning as a substitute for the
m alfunctioning eustachian tubes. The procedure is regarded as very safe, takes about 10
m inutes, and requires a general anesthetic. The possibility of scarring exists w ith repeated tube
insertions. The tubes require careful m anagem ent to prevent infection, and one should keep the
ear canal clean and dry. A fter 6 to 18 m onths, the tym panostom y tubes usually fall out naturally.
If infections continue, the tubes m ay need replacem ent.

Follow ing are indications for tym panostom y tube insertion in children (W aseem  &  A slam ,
2006):

C hronic O M E: Tube insertion is recom m ended in children w hen O M E is unresponsive to a
trial of antibiotic therapy and has persisted for at least 3 m onths w hen bilateral, or at least
6 m onths w hen unilateral.
R ecurrent A O M : Tube insertion is recom m ended in children w ith recurrent acute otitis
m edia, especially w hen antibiotics fail. A  m inim um  frequency of A O M  of three or m ore
episodes during the previous 6 m onths, or four or m ore episodes (one of w hich is recent)
during the previous year, indicates tube insertion.
R ecurrent O M E: Tube insertion is recom m ended in children w ith recurrent O M E in w hich
the duration of each episode does not m eet criteria for chronic disease; how ever, the
cum ulative duration is considered excessive, for exam ple, 6 of the previous 12 m onths.
Eustachian tube dysfunction: Tube insertion is recom m ended in children w ith eustachian
tube dysfunction even in the absence of m iddle ear fluid w hen the child has persistent or
recurrent signs, and sym ptom s are not relieved by m edical treatm ent. Signs and sym ptom s



include hearing loss (usually fluctuating), dizziness or balance problem s, tinnitus,
autophony, and severe retraction pocket in the tym panic m em brane.

In recent years, there has been research into vaccinations for children w ith O M E. The R ed
B ook Report (2006) of the C om m ittee on Infectious D iseases states the follow ing about
im m unization of children w ith severe or recurrent otitis m edia: ―Pneum ococcal polysaccharide
vaccines that are not conjugated to carrier proteins have not decreased the incidence of A O M
in children of any age; therefore, PPV 23 is not recom m ended for prevention of A O M . For
children younger than 2 years of age, PCV 7 provides a m odest decrease in A O M  and recurrent
A O M  (as defined by 3 or m ore episodes in 6 m onths, 4 or m ore episodes in 1 year, or in
placem ent of tym panostom y tubes)‖ (p. 535).

Visit the follow ing W eb sites for additional and updated m edical inform ation about O M E:
K idsH ealth, N ID CD , eM edicine, the A m erican A cadem y of Pediatrics, and M edlinePlus.

A udiologic D iagnosis and Treatm ent of O titis M edia

Pediatric audiologic evaluation has three m ain goals: (a) to evaluate hearing sensitivity, (b) to
evaluate auditory behaviors (D oes the child‒s response to sound correspond to her particular
developm ental age?), and (c) to m ake sure that necessary treatm ent is provided to allow  sound
to reach the child‒s brain.

Since the prerogative to diagnose m iddle ear disease is m edical and not audiologic, the
audiologic diagnosis of hearing loss caused by otitis m edia does not differ from  the diagnosis
of hearing loss from  any other pathology. The audiologist deals w ith audiologic treatm ent of
the hearing loss, not m edical treatm ent of the ear disease. The audiologist does, how ever, m ake
sure that appropriate m edical referrals are m ade and that m edical m anagem ent is received.

Though the outcom es of continuing, persistent, and current hearing losses are m ore definite,
the negative repercussions of early and fluctuating hearing loss stem  from  m any factors. Som e
factors are: irregular m edical m anagem ent, low  socioeconom ic level, large fam ily size,
m ultiple languages spoken to the child, general m alaise caused by diseases, effectiveness of
the child‒s cognitive style, and reduced parental linguistic interaction due to nonresponsiveness
of the child (N orthern &  D ow ns, 2002). A ccurate prediction of how  devastating a fluctuating
hearing loss w ill be on the child‒s later verbal and academ ic perform ance becom es difficult
because of these factors. G olz et al. (2005) found that children w ith recurrent A O M  during the
critical early years are at greater risk for delayed reading than aged-m atched peers w ith no
history of m iddle ear problem s. Therefore, rather than w ait to see w hether difficulties develop
and then attem pt to rem ediate, it seem s prudent to alw ays initiate early intervention for any
hearing loss in order to prevent later speech, language, literacy, and academ ic deficits.

Follow ing are som e additional causes of conductive hearing losses in infants and children
(Stach &  R am achandran, 2008).

K ouwen and D eJonckere (2007) found that the probability of children having O M E is
reduced by 40%  if they chew  gum  daily or several tim es a w eek. It appears that
chewing and sw allow ing activities activate jaw m ovem ents, increase salivary flow, and



increase the chance of the eustachian tube opening to allow  ventilation of the m iddle
ear space.

C ollapsed E ar C anals

If external earphones are used during hearing tests, the pressure caused by their placem ent can
close or collapse the ear canal if the infant‒s or child‒s ear canal is very soft and sm all. A n
erroneous conductive hearing loss results from  a collapsed ear canal. Therefore, insert
earphones are recom m ended for all audiologic testing of infants and children (see Figure 4‌3
in C hapter 4).

O ssicular A bnorm alities

O ssicular abnorm alities m ean that the tiny m iddle ear bones did not develop appropriately
em bryologically. The resultant conductive hearing loss is usually treated very successfully
w ith hearing aids rather than w ith surgery. The nature of conductive hearing loss is that the
sound needs only to be m ade louder w ithout having to deal w ith the distortion caused by a
sensorineural hearing loss.

A tresia and M icrotia

A tresia is a type of birth defect that causes a com plete closure of the ear canal. O bviously,
sound cannot travel through an absent or blocked ear canal. A tresia is often accom panied by
m icrotia‍ an abnorm ally sm all external ear/pinna. Through CT scans, M ayer, Brueckm ann,
Sigert, W itt, and W eerda (1997) identified a variety of external, m iddle, and, less frequently,
inner ear changes in connection w ith m icrotia.

Because cases of atresia feature an unknow n position of the facial nerve, fear of facial
paralysis typically precludes surgical opening of the ear canal until the child becom es an adult
and an inform ed decision of risk can be m ade. B one conduction am plification, including the
bone anchored hearing aid (B aha), is typically used. Chapter 5 w ill discuss am plification
possibilities.

Stenotic E ar C anal

The stenotic ear canal is abnorm ally sm all and narrow . H earing loss can result from  sm all
am ounts of cerum en or earw ax plugging the sm all canal, acting like an earplug. C om fortable
fitting of earm olds for hearing aids and physical exam ination of the eardrum  are very difficult.
This seem ingly m inor problem  can thus becom e a source of constant discom fort for the child
and a cause of fluctuating or even continual hearing loss.



C erum en, or E arw ax, Im paction

Earw ax is a norm al secretion of the body that functions to protect and cleanse the delicate ear
canal (O liveira et al., 2006). Its color and consistency m ay vary and look like blood clots,
black tar, yellow  crayon, w hite rocks, or am ber liquid. The appearance m ay be dark due to the
oxidation that com es w ith age, or gold if the cerum en is relatively new .

N orm ally, the cells lining the ear canal m ove the earw ax dow n the ear canal to the opening
in the pinna w here it dries and flakes aw ay. U sing Q -tips and other foreign objects to rem ove
w ax is potentially dangerous because the objects interfere w ith the ear canal‒s natural
cleansing process by forcing w ax back into the ear canal.

W ax production varies from  person to person, and a large producer m ay m ake enough to
block the ear canal. This w ax needs to be rem oved, often by a physician, although the
audiology scope of practice does include routine cerum en rem oval. G enetic m akeup, em otional
states, and m edications can influence the am ount of secretion due to cerum en glands‒ sim ilarity
to sw eat glands.

H igh frequency hearing loss m ay result from  a partial cerum en im paction, w here the m ass
of the earw ax narrow s the ear canal diam eter, but does not totally block the opening. Com plete
cerum en im paction or blockage m ay result in a 30 to 50 dB  H L hearing loss across all
frequencies (N orthern &  D ow ns, 2002). A pproxim ately 10%  of children and about 30%  of
persons w ith developm ental disabilities have cerum en problem s that cause hearing loss until
the cerum en is rem oved. Im pacted cerum en m ay also result in tinnitus (ringing in the ears),
dizziness, itching, earache, otitis externa (infection in the ear canal), cardiac depression, and
chronic cough.

H earing aids can interfere w ith the natural cleansing process of the ear canal, and m ay even
push the w ax back into the ear. B ecause the excess cerum en can block the ear canal or the
earm old, infants and toddlers w ho w ear hearing aids should be m onitored carefully for excess
cerum en. B ecause the excess cerum en can block the ear canal or the earm old, infants and
toddlers w ho w ear hearing aids should be m onitored carefully for excess cerum en.

Because the pinna and ear canal have very thin skin w ith little subcutaneous tissue,
skin lesions can be quite painful; m ost are easily treated by a physician (G arvey,
G arvey, &  H endi, 2008).

O titis E xterna

A n infection of the ear canal is called otitis externa; one exam ple is sw im m er‒s ear. B acterial
or fungal infections m any prosper due to collected m oisture in the ear canal, and result in pain,
sw elling, and drainage. Excessive m oisture is a problem  because it rem oves cerum en and
increases the pH  of the ear canal, providing a good setting for bacterial grow th. The infection
requires m edical treatm ent, typically w ith topical m edication applied directly to the ear canal.

Earm olds cause discom fort and im pede healing of otitis externa, m aking the infection a big



problem  for w earers of hearing aids. The child loses valuable educational tim e w hen
am plification is discontinued to allow  air into the ear canal until the infection is cleared.
Prevention is the key. K eep the ear canals clean and dry and w ash the earm olds regularly in
m ild soapy detergent.

Perforated Tym panic M em brane

A  hole in the eardrum , often caused by ear infection or traum a, is called a tym panic
perforation. The eardrum  m ay rupture from  a sharp blow  to the ear, and the ossicles behind it
m ay receive dam age, also. N atural healing m ay occur or surgical repair m ay be necessary. The
perforation causes varying degrees of hearing loss depending on its size and location (Stach &
R am achandran, 2008).

O bject in the E ar C anal

Sm all children have been know n to push objects into their ear canals, such as hairpins, cereal,
m arbles, rocks, earrings, sm all hearing aid batteries, bugs, beads, and other food and toys. The
objects can cause discom fort, infection, and/or hearing loss. U sually, a physician rem oves
them .

C holesteatom a

A  nonm alignant tum or that grow s from  a perforated eardrum  is called a cholesteatom a. The
tum or usually results from  chronic ear infections, though a child m ay also be born w ith it.
C holesteatom as often take the form  of a cyst or pouch that sheds layers of old skin that builds
up inside the ear. O ver tim e, it can increase in size and destroy the tiny ossicles of the m iddle
ear. A  cholesteatom a poses a threat to health and can cause hearing loss, dizziness, and facial
m uscle paralysis; it m ust be surgically rem oved. D esire to prevent such a tum or should
strengthen diligent m edical m anagem ent of ear infections. C hildren w ith cholesteatom as
typically require tem porary am plification w hile they undergo a series of m iddle ear surgeries.

M astoiditis

A n infection of the m astoid process, the bony projection behind the pinna, is called m astoiditis.
Ear infection spreading from  the m iddle ear space to the m astoid w as com m on before the
discovery of antibiotics. M astoidectom y, a surgery that literally cleared out the entire m iddle
ear space and caused significant hearing loss, w as often a necessary treatm ent. In this day and
age, m astoiditis is easily avoided w ith good m edical m anagem ent of otitis m edia.

Sensorineural Pathologies and H earing L oss



The inner ear/cochlea is that part of the ear that houses thousands of tiny sensory receptors
called hair cells that currently cannot be repaired once they are dam aged or destroyed. Thus,
injury or pathology in this area causes a sensorineural hearing loss that is perm anent. To
m itigate the effects of sensorineural hearing loss, hearing aids, cochlear im plants, or assistive
listening devises are em ployed. A m plification does not correct dam age to the inner ear; rather,
sound is am plified and shaped to m ake sounds audible to an ear that could not otherw ise detect
them .

The follow ing are com m on causes of sensorineural hearing losses in children: noise, viral
and bacterial infections such as cytom egalovirus and m eningitis, anoxia, ototoxicity, large
vestibular aqueduct, perilym phatic fistula, and R h incom patibility (R aphael, 2006).
G enetic/endogenous/syndrom ic hearing losses w ere discussed earlier in this chapter.

All children w ith sensorineural hearing loss should be screened for vestibular
dysfunction because m any experience undiagnosed problem s. U nlike adults, vestibular
dysfunction does not show  as dizziness or vertigo in children‍ it m anifests itself as
balance problem s. If a child has no vestibular function in either ear, intervention needs
to focus on com pensatory strategies such as physical therapy to strengthen core
m uscles and low er extrem ities (for balance), occupational therapy to enhance eye
coordination, and, above all, safety issues because a child w ithout vestibular function
cannot function in the dark.

Tinnitus

Tinnitus, often associated w ith sensorineural hearing loss, involves hearing ringing, buzzing,
roaring, or chirping sounds, and can occur in children. The sounds range from  being hardly
perceptible to very distracting, and from  being infrequent to constant. The onset of tinnitus or
the increase in severity of tinnitus has been associated w ith progressive hearing loss. In
addition, tinnitus m ay co-occur w ith hyperacusis, a condition characterized by an abnorm ally
strong reaction or reduced tolerance to typical environm ental sounds (Sun, 2009). B aguley and
M cFerran (2002) have sum m arized the follow ing points about childhood tinnitus:

Betw een 6 and 13%  of children w ith norm al hearing experience tinnitus from  tim e to tim e.
Tinnitus m ay be caused by ear infections, noise exposure, and head injuries in children, just
like in adults.
A m ong children w ith hearing difficulties, tinnitus affects as m any as 24 to 29%  to som e
degree.
There appears to be greater prevalence and severity of tinnitus in children w ith m oderate
to severe sensorineural hearing losses than in children w ith profound sensorineural hearing
losses.
A n acquired (later onset) sensorineural hearing loss is m ore likely to be associated w ith
tinnitus than a congenital hearing loss.



A child w ith sensorineural hearing loss rarely com plains of tinnitus if not asked about it.

N oise exposure at young ages can negatively affect the auditory cortex. M oreover, diet,
stress, and genetics all influence the child‒s susceptibility to drug- or noise-induced
hearing loss (C am pbell, 2009).

N oise-Induced H earing Losses

Perm anent inner ear dam age caused by prolonged exposure to loud noises constitutes noise-
induced hearing loss, and it can occur in infants and children. In addition to loud m usic, parents
need to be aw are that m any toys are louder than a chainsaw  w hen held close to a baby‒s ear,
and can potentially cause or w orsen hearing loss (Sylvester, 2006). Parents should listen to the
toy before they buy it, or put m asking or packing tape over the speaker of the toy to reduce its
volum e.

Som e studies have found that antioxidants have been effective in reducing hearing loss
caused by noise, but other studies have found no benefit (K ram er et al., 2006). M ore research
exploring antioxidant use in different noise conditions needs to be conducted.

For m ore inform ation about noise induced hearing loss in children and school hearing
conservation program s, refer to the ―W ise Ears!‖ W eb site of the N ational Institute on D eafness
and O ther C om m unication D isorders.

Viral and B acterial Infections

Som e infections are transferred through the placenta to the fetus from  the m other. W hether or
not the m other feels ill herself, the effects of the infection on the fetus vary. Infections m ay
cause m ild to profound hearing losses and m inim al to serious additional abnorm alities. B lood
tests can usually identify exposure to infections such as cytom egalovirus, rubella, herpes,
toxoplasm osis, and syphilis. Infections that occur in the child after birth also m ight cause
hearing loss, w ith bacterial m eningitis being the w orst.

Refer to the C enters for D isease C ontrol and Prevention (C D C ) W eb site for m ore
inform ation about bacterial and viral infections.

M eningitis

M eningitis is prim arily a disease of the central nervous system , causing inflam m ation of the
coverings (m eninges) of the brain and its fluids. H istorically, m eningitis has been the m ost
com m on cause of hearing loss in infants and children (Stach &  R am achandran, 2008).
Sym ptom s include high fever, headache, and stiff neck in anyone over the age of 2 years. These
sym ptom s can develop over several hours, or they m ay take 1 to 2 days. O ther sym ptom s m ay
include nausea, vom iting, discom fort looking into bright lights, confusion, and sleepiness. In
new borns and sm all infants, the classic sym ptom s of fever, headache, and neck stiffness m ay be



absent or difficult to detect (R aphael, 2006). The infant m ay only appear slow  or inactive or be
irritable, have vom iting, or be feeding poorly. A s the disease progresses, patients of any age
m ay have seizures.

M aking a definite diagnosis should occur quickly and requires a lum bar puncture (spinal
tap). The hearing loss that results from  m eningitis is caused by inflam m ation of the
m em branous structures of the cochlea from  the spreading of the infection from  the m eninges
(Stach &  R am achandran, 2008). Com plete hearing loss m ay occur if the cochlea ossifies over
tim e, as revealed by a C T scan. Therefore, if listening and talking are desired outcom es for the
baby or child, a cochlear im plant m ust be inserted quickly before cochlear ossification occurs.
C hapter 5 discusses cochlear im plants.

Postm eningitic children have varying am ounts, sym m etries, and configurations of hearing
loss. C om m only, patients possess fluctuating but progressive hearing loss (N orthern &  D ow ns,
2002). A ll children w ho experience bacterial m eningitis, especially H . influenzae, require
careful and ongoing audiologic m onitoring and m anagem ent.

There are several vaccines against m eningitis that are safe and highly effective. They are
recom m ended for all children, and especially for children w ho are going to receive a cochlear
im plant (C ohen, R oland, &  M arrinan, 2004). Postim plant m eningitis has been found to be
related to patient, surgical, and (im plant) device factors, but by adhering to sound surgical
principles, vaccinating patients and elim inating potentially traum atic electrode arrays, the
incidence of m eningitis has been significantly dim inished in this population (C ohen et al.,
2004).

C ytom egalovirus (C M V )

C ongenital C M V  is the prim ary cause of viral-type sensorineural hearing losses in the U nited
States (W ills &  G oodrich, 2006). H earing losses range from  stable to fluctuating and
progressive and bilateral to unilateral, and vary in severity from  m ild to profound (Fow ler,
2008). C onsistent audiologic evaluations and flexible am plification fittings are a m ust for a
child suspected of having C M V. W hen severe to profound hearing loss exists, cochlear
im plants can provide useful auditory input even though the child w ith C M V  m ay have
additional m edical and cognitive deficits (R am irez &  N ikolopoulos, 2004).

A long w ith herpes sim plex virus (cold sores), varicella-zoster virus (chickenpox and
shingles), and Epstein-B arr virus (m ononucleosis), C M V is a m em ber of the herpes fam ily and
thus can cause latent infections by persisting in the body indefinitely (W ills &  G oodrich,
2006). C M V infects alm ost everybody at som e point w ithout negative consequences. H ow ever,
1 in 10 cases of acute C M V  during pregnancy are estim ated to result in congenital C M V
disease.

O nly 10%  of infants w ith CM V  show  sym ptom s at birth, such as central nervous system
disabilities, hearing loss, visual disorders, developm ental delay, psychom otor retardation,
enlarged liver and spleen, decreased platelet count in the blood, inflam m ation of the retina,
cerebral palsy, and language or learning disorders. C M V  appears in the saliva, urine, blood,
tears, stool, cervical secretions, and sem en of an infected person for m any m onths or years
w ith or w ithout obvious sym ptom s. Though an infant appears healthy, she can still secrete
C M V. W hen w orking in clinical/educational settings, infection control procedures, like regular



handw ashing, are very im portant.

A noxia

Lack of oxygen before, during, or shortly after birth, causes anoxia. Respiratory problem s are
often associated w ith low  birth w eight (less than 1,500 gram s). A noxia has a unique
audiom etric configuration, w ith essentially norm al low  frequency hearing, but m ore severe
hearing loss in the high frequencies. The infant or toddler can thus hear sounds (m ostly
vow els), but individual speech sounds like consonants rem ain difficult or im possible to
distinguish. B ecause the child responds to low  frequency sounds, hearing loss m ay be
overlooked. This severe to profound high frequency sensorineural hearing loss m ay be difficult
to fit w ith hearing aids. That is, if the high frequency hearing loss is beyond the reach of
conventional am plification, cochlear im plantation ought to be considered to allow  the
baby/child access to the critical consonant sounds.

Any child w ith a history of anoxia, prem aturity, or low  birth w eight needs repeated
hearing tests focusing on high frequency hearing. Be sure to start testing and
conditioning in the low  frequencies where hearing is likely to be better.

O totoxicity

H igh doses of certain drugs can cause ototoxicity, a poisoning of the delicate inner ear. These
drugs can also cause vestibulotoxicity, poisoning of the vestibular/balance system  w ith
sym ptom s of im balance, unsteadiness, and severe fatigue. Problem  drugs include m ycin drugs
(kanam ycin, gentam icin, tobram ycin, am ikacin, and neom ycin), som e diuretics, quinine,
cisplatin (a chem otherapeutic agent effective in the treatm ent of cancer), and aspirin. M ycin
drugs in conjunction w ith loop diuretics appear especially problem atic. The term  high dose is
relative; a norm al dose for a 130-pound w om an is very high for a 1-pound fetus. A  baby or
child can receive ototoxic drugs directly (usually as a life-saving m easure), or the fetus can
receive them  in utero through m edications that the m other takes. Interestingly, m utations in a
m itochondrial gene can cause hearing loss that begins after antibiotic therapy in an infant
(C am pbell, 2009; Rehm  et al., 2003).

O totoxic hearing losses are usually high frequency and perm anent, but som e fluctuate, such
as those caused by aspirin. M ost im portant, delayed onset hearing loss frequently occurs w ith
ototoxicity, so even after discontinuing m edications, m onitoring hearing sensitivity m ust
continue. Specifically, children treated for m alignancies w ith cisplatin require long-term
surveillance to avoid m issing hearing deficits (B ertolini et al., 2004).

Large Vestibular A queduct Syndrom e (LVA S)



A  vestibular aqueduct diam eter larger the 1.5 m m  to 2.0 m m  (identified in C T scan) usually
constitutes this congenital m alform ation of the tem poral bone, predisposing the affected person
to early onset, high frequency, fluctuating, or progressive sensorineural hearing loss as w ell as
vestibular dysfunction (W u, C hen, C hen, &  H su, 2005). A rjm and and W ebber (2004) found that
alm ost 50%  of the children that they studied w ho had unilateral LVA S had bilateral,
asym m etrical sensorineural hearing loss. LVA S also is called ―enlarged vestibular aqueduct‖
(EVA ) syndrom e (D abrow ski, M yers, &  D anilova, 2009).

C lark and R oeser (2005) noticed that a conductive com ponent m ay co-occur in som e
people, perhaps due to decreased m obility of the stapes or incom plete bone form ation around
the inner ear. N ote that a m edical m isdiagnosis of otitis m edia w ith effusion can easily delay
the eventual finding of LVA S.

There are several different theories proposed to explain the progressive hearing loss
associated w ith LVA S; m ost are related to the architectural changes in the cochlea (C lark &
R oeser, 2005). R eportedly, events like m inor head traum a can trigger decreases in hearing.
Positive m edical diagnosis requires a C T scan, and because C T scans are not routine, LVA S
m ay be m ore com m on than initially expected.

A udiologists should be aw are that children or adolescents w ho have a sensorineural
hearing loss of unknow n cause, w ith or w ithout accom panying dizziness, m ay have LVA S,
especially if their hearing loss is progressive. A  decrease in sensitivity at 500 H z is a
prognostic factor for progression of the hearing loss (Lai &  Shiao, 2004). H earing loss
requires close m onitoring. If hearing loss progresses to the severe to profound range, a
cochlear im plant should be considered sooner rather than later in order to advance listening,
talking, and literacy skills (C lark &  R oeser, 2005).

Perilym phatic Fistula (PLF)

A  perilym phatic fistula is an abnorm al com m unication betw een the fluid-filled perilym phatic
space of the inner ear and the air-filled m iddle ear cavity, usually through the round or oval
w indow s, resulting in sensorineural hearing loss and/or vestibular sym ptom s.

The existence of PLF w as proposed m ore than a century ago, yet it rem ains a topic of
controversy, especially regarding the existence of ―spontaneous‖ etiologies. The diagnosis is
m ade by clinical history and otoneurological tests w ith a definitive diagnosis being m ade at
surgery, although the use of surgical findings as a criterion standard for PLF has been
questioned.

In the absence of prior surgery or definite traum atic event, it m ay be difficult to distinguish
a perilym phatic fistula from  M çniære‒s disease. Fitzgerald (2001) w rote that the issue is not
w hether the patient has PLF or M çniære‒s disease, but w hether the M çniære‒s disease is
prim ary, or the PLF is prim ary w ith a secondary M çniære‒s disease. B oth conditions have
various presenting sym ptom s of fluctuating hearing loss, often spinning vertigo, feelings of
fullness, and tinnitus.

PLF can have m any causes, such as a congenital w eakness or defect in the bony partition
betw een the perilym phatic com partm ent of the inner ear and the m iddle ear, or a traum atic
event like a head injury or sudden barom etric change. Sudden and dram atic hearing loss or



increase in severity of an existing hearing loss can result from  a fistula (A lexiades &  H offm an,
2008).

To preserve hearing, diagnosis and surgical repair of a PLF m ust be virtually im m ediate.
W eber, B luestone, and Perez (2003) found that surgical repair, including packing the oval and
round w indow s even if a leak is not visualized, m ay prevent further deterioration of hearing
loss, m ay alleviate sym ptom s, and does not result in significant risk for postoperative hearing
loss or additional com plaints of vertigo.

A coustic N eurom a

W hen the m ain nerve trunk that carries auditory sensations from  the inner ear to the brain
grow s a nonm alignant tum or, it is called acoustic neurom a, or eighth nerve tum or. If not
diagnosed and surgically rem oved, a neurom a can grow  into a brainstem  tum or that causes
hearing loss and ultim ately could be fatal. The hearing loss is usually unilateral, high
frequency, progressive, and m ay have accom panying facial nerve involvem ent and dizziness.
The tum or is usually slow -grow ing, diagnosed best w ith an M R I, and surgically rem oved if it
becom es large. Som etim es, surgery is not recom m ended for a sm all, slow  grow ing tum or.
M onitoring is done using periodic M RIs.

R h Incom patibility

R h incom patibility occurs w hen m aternal antibodies from  her R h negative blood destroy the R h
positive blood cells of the fetus. H earing loss, jaundice, and possible brain dam age can result.
Thanks to m edical advances, R h incom patibility, like rubella, is no longer a prim ary cause of
sensorineural hearing loss in children.

M ixed, Progressive, Functional, and C entral H earing L osses

M ixed H earing Loss

Tw o or m ore ear pathologies occurring at the sam e tim e can cause both conductive and
sensorineural hearing losses; it is identified as a m ixed hearing loss. For exam ple, a child
w ith a congenital, genetic sensorineural hearing loss could also have ear infections. A nother
child m ight have stenotic ear canals blocked by w ax, a cholesteatom a (tum or in the m iddle
ear), and a sensorineural hearing loss from  anoxia (lack of oxygen at birth). The hearing loss
becom es the sum  of each individual com ponent, and all pathologies and sites of lesion need to
be identified and m anaged.

U nfortunately, conductive hearing losses often obscure coexisting sensorineural losses
(C lark &  Roeser, 2005). For exam ple, once otitis m edia is diagnosed, the ear infection is often
considered the cause of the child‒s entire hearing problem . A  careful audiologic assessm ent
should identify all locations in the auditory system  w here pathologies occur, and appropriate



m edical (for the conductive com ponent) and audiologic m anagem ent (for the hearing loss) m ust
occur (N orthern &  D ow ns, 2002).

Progressive H earing Losses

A  hearing loss that gets w orse over tim e is said to be progressive. The w ay to identify if a
hearing loss is stable or progressive is to com pare all previous audiogram s (graphs of hearing
sensitivity), not just the m ost recent tw o audiogram s.

Progressive sensorineural hearing losses m ay result from  large vestibular aqueduct,
perilym phatic fistula, cytom egalovirus, m eningitis, congenital syphilis, ototoxicity,
endolym phatic hydrops, autoim m une disorders, delayed hereditary hearing losses, and
unknow n causes (N orthern &  D ow ns, 2002; Stach &  R am achandran, 2008). The child needs an
im m ediate m edical referral to an otologist w henever the hearing loss appears to be
progressive. A  C T scan often aids m edical diagnosis. In som e cases, m edical treatm ent m ay
halt or slow  progressive hearing losses if the cause is identified. C hildren w ith progressive
hearing losses m ay be candidates for cochlear im plants sooner rather than later; each case
needs to be individually evaluated (Sw eetow , R osbie, Philliposian, &  M iller, 2005).

Functional H earing Loss

If a child claim s to have a nonexistent hearing loss or exaggerates an existing one, the child is
said to be experiencing a functional auditory disorder. The child m ay be using the fabricated
hearing loss as a call for help, a bid for attention, or an excuse for poor perform ance at hom e
or at school. The true extent of the hearing problem  needs to be carefully identified and
m anaged by an audiologist along w ith an appropriate supportive team  of professionals and
fam ily m em bers.

(C entral) A uditory Processing D isorder (C )A PD

C entral auditory processing disorder im pairs the understanding of m eaning for incom ing
sounds, as opposed to a peripheral hearing loss of auditory sensation. A s early as 1954,
M yklebust identified a child experiencing a central auditory problem  as one w ho could ―hear,‖
but lacked the ability to structure the auditory w orld and select im m ediately relevant sounds.
Som e causes are congenital brain dam age, head traum a, and stroke, w hich often show  as
problem s understanding speech.

W hen a child fails to respond to sounds, an audiologist m ust determ ine w hether the cause is
(a) a function of not detecting the sound (peripheral hearing loss), (b) not being able to
interpret the m eaning of the sound that is ―heard‖ (central auditory processing problem ), or (c)
a com bination of these problem s.

Please refer to C herm ak and M usiek (2007a, 2007b) for detailed inform ation about
(central) auditory processing disorder.



W hat A re the B ehaviors of C hildren w ith (C )A PD ?

C hildren w ho have auditory processing disorders m ay behave as if they have a hearing loss.
Follow ing are som e exam ples of behaviors displayed by children w ith (C )A PD . N ote that not
all children present w ith the sam e behaviors.

N orm al audiogram  but difficulty on tests of speech perception
Frequent requests for repetition
Parent, clinician, or teacher reporting that the child does not seem  to hear consistently
M aking m istakes in sound vocalization
A ppearing to becom e confused w hen several people are talking or in the presence of noise
A ppearing to have m ore problem s understanding speech directed to one ear than the other
W eak short-term  auditory m em ory
D ifficulty localizing the sound source
Poor expressive and receptive language abilities
Poor reading, w riting, and spelling skills
Poor phonics and speech sound discrim ination
D ifficulty taking notes
D ifficulty learning foreign languages

N ote that all of these behaviors and characteristics can also be displayed by a child w ith a
peripheral hearing loss, especially if that child had not had early and effective am plification
and auditory intervention to strengthen and program  the auditory neural centers. A  child w ho
does not receive clear and com plete sounds w ill certainly have lim ited inform ation to process
‍ m uddled inform ation into the brain, m uddled inform ation out (D oidge, 2007). Therefore, it
is extrem ely difficult to separate peripheral hearing loss from  a (central/neurological) auditory
processing disorder.

Synergistic and M ultifactorial E ffects

Tw o or m ore conditions occurring together m ay increase or m agnify the effect of each
condition. For exam ple, a low -birth-w eight baby w ith som e difficulty breathing m ay be placed
in an incubator w ith safe noise levels, but w ith som e noise and im pulse sounds. The baby also
m ay receive m edication, like a m ycin drug for possible infection, but in sm all, safe doses not
associated w ith ototoxicity. Though each condition by itself has m inim al to no risk for hearing
loss, together they can w ork synergistically to cause hearing im pairm ent. A dded to the
previous scenario is the current know ledge that genes m ay predispose a baby to develop a
hearing loss w hen triggered by an environm ental event; this is called a m ultifactorial situation
(R ehm  et al., 2003; R ehm  &  M adore, 2008).

Predicting or proving synergistic effects is difficult. It is im portant to recognize w hen
taking a case history that risk factors can act together and cause a result that seem s unlikely
w hen each factor is considered individually.



A uditory N europathy/D yssynchrony (A N /A D )

A  neuropathy is a disease of the nervous system , so auditory neuropathy is a disease or
disorder of the auditory neural system , including the eighth cranial nerve (auditory nerve), in
w hich cochlear am plification (outer hair cell) function is norm al but afferent neural conduction
in the auditory pathw ay is disordered (R ance, M cK ay, &  G rayden, 2004). B erlin et al. (2005)
state that the condition is better nam ed auditory dyssynchrony because it is a disorder of the
tim ing of the auditory nerve. M ore recently, the term  auditory neuropathy spectrum  disorder
(A N SD ) has been proposed due to the broad and variable nature of presenting sym ptom s;
how ever, m ost professionals continue to use the shorter, sim pler term  of auditory neuropathy
(H ood, 2009). There are m any possible causes but in new borns the m ost com m on is a m ild
hyperbilirubinem ia (12‌16 cc/dl). A N /A D  is indicated w hen the auditory brainstem  response
(A B R ) looks absent or abnorm al but the otoacoustic em issions (sounds that com e from  the ear)
are norm al if not robust.

A uditory neuropathy w as first identified in the 1980s w hen advanced testing procedures
becam e available to m easure the action of the cells in the cochlea. Som e auditory neuropathies
are caused by a genetic disorder, but m any are idiopathic (of unknow n cause); usually they are
not tum ors. M ost children‒s hearing loss appears on the audiogram , and the audiom etric
configuration could be flat or rising w ith absent acoustic reflexes. The hearing loss m ay
progress, im prove, or fluctuate. B ased on the child‒s pure-tone thresholds, the ability to
recognize w ords generally is poorer than expected. The child typically has norm al otoacoustic
em issions (O A Es), but auditory brainstem  responses (A BR s) and acoustic reflexes are
elevated or absent (B erlin et al., 2005).

D efining, describing, and m anaging auditory neuropathies is controversial (Price,
H itchcock, Brenem an, Peterson, &  Shallop, 2005). To protect hair cells in the cochlea, som e
professionals recom m end that patients not be am plified, w hereas others suggest FM  system s or
com pression hearing aids. Som etim es cochlear im plants are recom m ended to restore
synchrony in the auditory system . O ne should expend every effort to provide input to the
critical auditory brain centers.

Sum m ary of A uditory N europathy

The follow ing are the facts as w e know  them  so far; inform ation is changing w ith ongoing
research (Berlin et al., 2009). Possible m echanism s that produce A N /A D  are:

Inner hair cell loss
Pre- or postsynapse disorder
A uditory nerve disorder
M yelin or axonal disorder

C haracteristics of A N /A D  are variable across patients and over tim e:



C haracterized by absence or gross abnorm ality of shortlatency evoked potentials (C A P and
A B R )
Elevation or absence of acoustic reflexes
Presence of otoacoustic em issions (O A Es)‍ show ing norm al outer hair cell function
Poor speech discrim ination, inconsistent w ith degree of hearing loss
D ifficulty understanding speech in noise
M oderate or greater pure-tone hearing loss
H earing loss m ay appear to fluctuate from  day to day or from  hour to hour
A dditional peripheral neuropathies (in som e children) that m ay affect coordination for
activities like w alking, talking, and w riting
Incidence: about 11%  of children w ith m oderate or greater hearing losses also have
A N /A D ; 50%  of children w ith A N  have at least a m oderate hearing loss
Screening w ith O A Es alone w ill m iss A N /A D ; A B R  is needed
R ecom m end to screen N IC U  babies w ith A B R  since they are at greater risk for A N /A D
due to higher incidence of (m ild) hyperbilirubinem ia (12‌16 cc/dl); O A Es w ill not identify
potential A N /A D

A s m any as 50%  of infants w ith A N /A D  m ay experience im provem ent in their hearing
thresholds over tim e (12‌18 m onths), especially if their A N  is associated w ith
hyperbilirubinem ia/jaundice.

W hat can be done about A N /A D ?

Early identification
Fam ily-focused intervention
W atchful w aiting
Provision of hearing aids or cochlear im plants‍ 50 to 60%  have im proved speech
perception abilities w ith hearing aids, so try hearing aids first. B ase the gain
(am plification) of the hearing aid on the behavioral audiogram , as opposed to fitting only a
m ild gain hearing aid, as w as the trial am plification recom m ended in the past for children
w ith A N /A D . A  trial w ith hearing aids is recom m ended prior to determ ining if a cochlear
im plant w ould be appropriate.
C areful m onitoring of functional hearing and em erging language and speech perception
abilities
Treatm ent is controversial regarding com m unication m ode and cochlear im plantation‍
evaluate the child‒s progress over tim e and be flexible!
C ochlear im plantation (C I) of children w ith A N /A D  has resulted in synchronous neural
firing and sim ilar benefits as those received by age-m atched children w ith sensorineural
hearing loss w ho have received a C I.
B e sure to evaluate the needs of child and fam ily before treatm ent is determ ined; treatm ent
and technological recom m endations m ay change over tim e.

Please refer to the W eb site of the N ational Institute on D eafness and O ther C om m unication
D isorders (N ID C D ) for further, up-to-date inform ation.



Sum m ary

The purpose of this chapter has been to describe and discuss the types and degrees of hearing
loss along w ith various auditory pathologies. If listening is to be a vital part of intervention,
w e need to first understand and m anage all hearing problem s that prevent full acoustic access
to the brain.

H earing loss happens for a reason; there is disease or dam age som ew here in the auditory
pathw ay that causes the problem . A ll aspects of the hearing loss need to be diagnosed and
understood before effective treatm ents can be initiated.



4

D iagnosing H earing L oss

K ey Points Presented in the C hapter

Infants of any age can have their hearing screened, assessed, and m anaged.
N ew born hearing screening has changed everything that w e used to know  and believe
to be true about hearing loss.
EH D I program s have m ade possible new  paradigm s in service delivery and
expectations.
Today, degree of hearing loss is no longer a factor in determ ining the functional
outcom e for infants and children w ho are young enough to have brain neural plasticity;
these children‒s auditory brain centers can be accessed, stim ulated, and developed
through the early use of am plification or cochlear im plant technologies.
The prim ary job of a pediatric audiologist is to diagnose a baby‒s or child‒s peripheral
hearing loss and to evaluate the m aturity of his auditory behaviors; these tasks typically
require several test sessions.
M aking a differential diagnosis, w hich is the separation of hearing loss from  other
problem s that display sym ptom s sim ilar to hearing loss, requires collaboration
betw een the audiologist and other professionals such as physicians and psychologists.
A n accurate audiologic diagnosis requires a test battery approach (using several tests)
that consists of both behavioral and objective (also called electrophysiologic) tests
appropriately selected on the basis of a child‒s developm ental age.
Parents should be included in all hearing test sessions (especially behavioral tests) and
participate in the diagnosis. Inclusion prom otes parents‒ acceptance of hearing loss and
helps m ake them  partners in intervention procedures from  the very beginning.
Even though objective tests such at O A Es, A BR, and im m ittance provide im portant
data about physiological function, these tests do not provide inform ation about how  the
child w ill actually process speech; behavioral speech perception tests are necessary
for this inform ation.

Introduction



A  hearing loss m ust be identified before intervention can take place. H earing screening
program s indicate that a hearing loss likely is present, and an audiologic diagnostic assessm ent
specifies the nature, type, and degree of the hearing loss. The purpose of this chapter is to
discuss issues and procedures for audiologic screening and diagnosis.

N ew born H earing Screening and E H D I Program s

U niversal new born hearing screening has reinforced everything that w e used to know  about
and believe to be true about hearing loss. W e believed that the earlier w e diagnosed hearing
loss the better, and w e believed that early intervention w as im portant, but w e had no real data
to substantiate those assum ptions. N ow  w e do, as detailed in C hapter 1 of this book (H alpin,
Sm ith, W iden, &  C hertoff, 2010; N icholas &  G eers, 2006; R obbins et al., 2004; Sharm a et al.,
2004; Sharm a, D orm an, &  K ral, 2005; Sininger et al., 2009;Yoshinaga-Itano, 2004). The key
issue concerns neuroplasticity. The earlier the brain is stim ulated w ith sound, the m ore
com plete w ill be the auditory brain developm ent.

The N ational Institute on D eafness and O ther Com m unication D isorders estim ates that as
m any as 12,000 new  babies w ith hearing loss are identified every year. In addition, estim ates
are that in the sam e length of tim e, another 4,000 to 6,000 infants and young children betw een
birth and 3 years of age w ho passed the new born screening test acquired late onset hearing
loss. The total population of new  babies and toddlers identified each year w ith hearing loss,
therefore, is about 16,000 to 18,000.

Statew ide program s to screen every new born w ere prom pted by the research of M arion
D ow ns in the 1960s (N orthern &  D ow ns, 2002). Finally, in M arch of 1993, the N IH  Consensus
D evelopm ent Conference recom m ended that all babies be screened for hearing loss before
being discharged from  the hospital. M ore recently, the Joint C om m ittee on Infant H earing‒s
Year 2007 position statem ent continued to em phasize that all infants should be screened for
hearing loss prior to leaving the hospital. Further, the degree, type, and configuration of the
hearing loss should be identified by 3 m onths of age, and intervention begun by 6 m onths of
age.

A ll states require establishm ent of state-based system s, w ith various levels of funding, for
early identification of new borns w ith hearing loss. W e are now  screening betw een 90 and 98%
of all infants. Unfortunately, even though states are becom ing m ore efficient w ith their
screening paradigm s, follow -up diagnostic evaluations and early intervention services lag far
behind in m any locations (K rishnan, 2009; Tharpe, 2009;W indm ill &  W indm ill, 2006).

A n effective and com plete Early H earing D etection and Intervention (EH D I) program
should have three basic com ponents: new born hearing screening, audiologic diagnosis, and
early intervention. These three com ponents also should contain w ithin each item  culturally
com petent fam ily support, a m edical hom e, data m anagem ent, legislative m andates, and
program  evaluation tools. See W eb sites for the Centers for D isease C ontrol and Prevention
(CD C ) and http://w w w .infanthearing.org for m ore and updated inform ation about EH D I
program s.

Current hearing screening tools include otoacoustic em issions and auditory brainstem



response testing (Figure 4‌1). Both assessm ent tools are objective, safe, and noninvasive and
have a relatively high degree of accuracy. A description of these tests is provided later in this
chapter.

Figure 4‌1. A  neonate is being screened using autom ated A B R  equipm ent as part of an EH D I program . (The A LG O 3i
N ew born H earing Screener; im age is courtesy of N atus M edical Incorporated.)

B elow  are som e facts about infant hearing:

H earing loss is the highest incidence birth defect/difference.
The incidence is 1‌3/1,000 births; each w ell baby has a 1 in 600 chance of having a
hearing loss.
There is a 1 in 20 chance of having a hearing loss if a baby fails even one new born hearing
screening test.
N inety-five percent of babies w ith hearing loss are born to hearing and speaking fam ilies.
A B R  (auditory brainstem  response, testing is used for N ICU (neonatal intensive care
nursery) screening to identify auditory neuropathy.
O A Es (otoacoustic em issions testing can be used for w ell babies w ho have a m uch low er
risk of auditory neuropathy.
R efer an infant for diagnostic evaluation after failing tw o screenings; do not keep
rescreening. M ultiple rescreening sessions increase the possibility of false negative results
(identifying hearing as norm al w hen there really is a hearing loss present).
O nly 10%  of babies w ith hearing loss have profound hearing losses, and only 10%  of these
babies are born to parents w ho are profoundly deaf.

Follow ing are som e interesting discoveries about infant hearing:

U nilateral hearing loss isn‒t benign; a unilateral hearing loss can cause later language,



learning, psychosocial, and attention problem s. See Chapter 3 for m ore inform ation about
unilateral hearing losses.
A  m ild hearing loss is not m ild relative to im pact. See Chapter 3 for a discussion of the
potential im plications of an untreated m ild hearing loss in infants and children.
Screening at 35 dB  m isses a 30 dB  hearing loss; norm al hearing for children is 15 dB  H L
but w e do not screen infant hearing at this level. C onsequently, m ild hearing losses are not
identified at birth.
A ll babies, at-risk or not at-risk, can have later onset hearing losses.
Early rescreening is better than later rescreening; it is easier to screen a younger
baby/child. So, don‒t w ait to confirm  a possible hearing loss.

K ey risk factors for later onset hearing loss include: a fam ily history of childhood hearing
loss, C M V  (cytom egalovirus) infection, unilateral hearing loss, and ECM O ‍ extracorporeal
m em brane oxygenation. Extracorporeal life support (EC LS) is used w hen a baby or child has a
condition that prevents the lungs from  w orking properly, that is, transferring oxygen into the
blood and rem oving carbon dioxide. M any illnesses m ay result in lung failure.

EH D I program s have m ade possible the follow ing new  paradigm s in service delivery and
expectations (Fitzpatrick et al., 2008; Sininger et al., 2009):

W e can now  im plem ent a developm ental rather than a rem edial m odel of intervention.
A s a result of new born hearing screening and early intervention, 90%  of children w ith
hearing loss should be going into general education rather than into special education
classroom s by kindergarten.
The em phasis is fam ily-child w ith interventionist as coach, rather than a teacher-child
dyad; early intervention focuses on adult education.
D egree of hearing loss is no longer a factor in outcom e; there is no degree of hearing loss
that precludes auditory access because w e are not lim ited to acoustic input if cochlear
im plants are used.
The audiologist is a key player‍ the professional w ho m akes auditory brain access
possible.
A n accessible auditory w orld (rather than a visual w orld) is now  possible for children
w ith all degrees of hearing loss‍  if w e do w hat it takes.

To conclude, current research confirm s several facts for fam ilies w ho desire a spoken
language outcom e for their infant or toddler w ho experiences profound deafness. Fam ilies need
to know  that very early use of hearing aids or insertion of a cochlear im plant for severe to
profound degrees of hearing loss (to access, stim ulate, and grow  auditory centers of the brain
during tim es of critical neuroplasticity), follow ed by thoughtful, intense, and ongoing auditory
skill developm ent activities (to take advantage of developm ental synchrony and cum ulative
practice), offers a high probability of reaching their desired outcom e. Thanks to EH D I
program s, w e live in a tim e of exciting new  possibilities for infants and children w ith hearing
loss.



Test E quipm ent and Test E nvironm ent

To ensure accurate results, hearing testing m ust be perform ed in a sound-isolated booth.
Therefore, an audiologic assessm ent cannot be conducted in a classroom , therapy room , or
physician‒s office, unless a sound-isolated booth is used because any noise can interfere w ith a
child‒s ability to detect very soft sounds.

A  specialized piece of test equipm ent know n as an audiom eter is used to present controlled
and calibrated sound stim uli to the child (Figure 4‌2). If the child w ill tolerate them ,
earphones also are used to test each ear separately. A lthough supra-aural earphones that fit
over the ear w ere used in the past, ear-insert earphones are the standard today (Figure 4‌3).
Insert earphones are desirable because they have elim inated the possibility of collapsed ear
canals caused by the w eight and placem ent of supra-aural earphones. A dditionally, insert
earphones are m ore com fortable; they have reduced the need for m asking and have im proved
the stability of sound relayed to the ear. C onditions preventing the use of insert earphones
include atresia (absent or closed ear canal), stenosis (an abnorm ally sm all ear canal), and
discharge from  the ear canal as a result of an infected outer or m iddle ear.

Figure 4‌2. A n audiom eter is used to present controlled and calibrated sound stim uli to the child.



Figure 4‌3. Supra-aural earphones that fit over the ear w ere used in the past; how ever, ear-insert earphones are the standard
today even w hen obtaining ear-specific responses from  babies.

Sound field results are obtained w hen earphones are not or cannot be used due to the young
age of the child or the child‒s resistance to having som ething in the ears. Test stim uli are
presented through the loudspeakers located in the sound room  (Figure 4‌4). Testing in a sound
field can m easure only the response of the better ear; a difference in sensitivity betw een the
ears cannot be identified unless earphones are used.

Figure 4‌4. Sound field testing is perform ed w hen test stim uli are presented through the loudspeakers located in the sound
room ; earphones are not used.

A udiologic D iagnostic A ssessm ent of Infants and C hildren



The A m erican Speech-Language-H earing A ssociation has developed G uidelines for the
Audiologic Assessm ent of Children from  Birth to 5 Years of Age (A SH A , 2004a). A SH A has
also identified the roles, know ledge, and skills that pediatric audiologists need to have
(A SH A , 2006). Refer to the A SH A  W eb site and to the A m erican A cadem y of A udiology W eb
site for continued updating of pediatric assessm ent issues and guidelines.

The A SH A  guidelines (2004a) discuss the personnel, facilities, and equipm ent necessary
for effectively evaluating infants and children. The docum ent also includes issues such as
universal precautions to prevent injury and transm ission of infectious disease, the m oderate
sedation necessary to test som e infants or children, equipm ent calibration, evidence-based
practice, cultural com petence, fam ily-centered service provision, docum entation, inform ed
consent, term inology, and audiologic assessm ent procedures. A thorough assessm ent of infants
and young children likely w ill require m ultiple test sessions in order to obtain ear-specific
results w ith frequency-specific stim uli.

A ll infants w ho have failed a new born hearing screening should be seen for a com plete
audiologic diagnostic evaluation before they are 3 m onths of age. It is recom m ended that
audiologic assessm ents of infants and young children include a thorough case history, otoscopy,
and both behavioral and physiologic m easures. A description of specific pediatric behavioral
and electrophysiologic tests w ill be presented in a follow ing section.

The recom m ended test protocol w ill vary according to the chronological and
developm ental age of the child.

Test Protocols

There are four m ain purposes for a pediatric audiologic assessm ent: (a) to obtain a m easure of
peripheral hearing sensitivity that rules out or confirm s hearing loss as a cause of the baby or
child‒s problem ; (b) to confirm  the status of the baby‒s m iddle ear, on the day of test; (c) to
obtain frequency-specific inform ation through testing the pure tones that com prise speech
sounds; and (d) to observe and interpret the baby‒s auditory behaviors.

To this end, the use of a test battery approach is standard. Several appropriate behavioral
and electrophysiologic tests are utilized to determ ine the extent of a child‒s auditory function
(Baldw in, G ajew ski, &  W iden, 2010). A test battery approach furnishes detailed inform ation,
avoids draw ing conclusions from  a single test, allow s for the identification of m ultiple
pathologies, and provides a com prehensive foundation for observing a child‒s auditory
behaviors. R efer to Tables 4‌1, 4‌2, and 4‌3 at the end of this chapter for a sum m ary of
audiologic diagnostic inform ation and pediatric audiology test procedures.

A SH A (2004a) recom m ends the follow ing test protocols according to the
chronological/developm ental age of the child:

  1.  Birth through 4 M onths of Age (age is adjusted for prem aturity). W hen very young or
w hen experiencing severe developm ental disabilities, the testing of infants or children
should rely prim arily on physiologic m easures of auditory function, such as A B R using
frequency-specific stim uli to estim ate the audiogram . In addition, O A Es and acoustic



im m ittance m easures should be used to supplem ent A BR  results. Case history,
parent/caregiver report, behavioral observation of the infant‒s responses to a variety of
sounds, developm ental screening, and functional auditory assessm ents (see Chapter 5)
should also be perform ed. R efer to M adell and Flexer (2008) for detailed inform ation
about how  to behaviorally assess an infant using a sucking paradigm .

O bserve and ask parents and teachers how  the child responds to sounds outside of the
audiologic test suite. O ur audiological results need to be reconciled with the baby‒s
real-world behaviors. For exam ple, if the child is audiom etrically hard of hearing,
som e unam plified behaviors to sound ought to have been observed at hom e.
C onversely, if the child is audiom etrically deaf, there w ould be no access to
unam plified sound. The baby‒s behaviors should reflect that fact.

  2.  Five through 24 M onths of Age. A t these ages, behavioral assessm ents should be
perform ed first, w ith V RA  (visual reinforcem ent audiom etry) being the behavioral test of
choice. O A Es and A B Rs should be assessed only w hen behavioral audiom etric tests are
unreliable, ear-specific thresholds cannot be obtained, behavioral results are inconclusive,
or auditory neuropathy is suspected. D evelopm ental screening and functional auditory
assessm ents also should be perform ed (see C hapter 5).

  3.  25 to 60 M onths of Age. Behavioral tests (VR A or conditioned play audiom etry [CPA ])
and acoustic im m ittance tests are usually sufficient. Speech perception tests also should be
perform ed in com bination w ith developm ental screening and functional auditory
assessm ents.

The expected outcom es of audiologic protocols include: identification of hearing loss,
auditory neuropathy, or a potential central auditory processing/language disorder;
quantification of hearing status based on electrophysiologic tests; developm ent of a
com prehensive report of history, physical and audiologic findings, and recom m endations for
treatm ent/m anagem ent; im plem entation of a plan for m onitoring, surveillance, and habilitation
of the hearing loss; and provision of fam ily-centered counseling and education.

Begin the audiological diagnostic assessm ent by using appropriate speech m aterial
rather than pure tones. If the child stops responding to stim uli during the test session,
return to a stim ulus type and intensity where you are certain that the child responded.
(a) If the child responds again, we can draw the inference that his or her later lack of
response occurred because the stim uli were not heard. (b) H ow ever, if the child does
not respond to a stim ulus that he or she previously gave a response to, w e can infer
that the child m ay have habituated (becom e bored with the procedure).



U se w arble tones instead of pure tones to obtain frequencyspecific data because they
are easier to hear and m ore interesting to babies and children. N arrow band noise, the
Ling 6-7 Sound Test, or both can be used to obtain som e frequency specificity if the
child does not respond w ell to warble tones. Begin testing at 250 H z (low  frequencies)
rather than at 1000 H z w hen testing w ith w arble tones or narrowband noise, especially
if the child has a history of anoxia.

The next section contains a brief sum m ary of pediatric test procedures, both behavioral and
objective. For detailed discussions of adm inistration, m ethodology, and interpretation of
pediatric assessm ents, refer to Baldw in, G ajew ski, and W iden (2010), M adell and Flexer
(2008), N orthern and D ow ns (2002), and Roeser and D ow ns (2004).

Pediatric B ehavioral Tests: B O A , V R A , C PA , Speech
Perception Testing

Test procedures in w hich a response to sound is elicited and m easured, and the function of the
auditory system  is subsequently inferred, are know n as behavioral audiom etric tests. The
auditory system  is not m easured directly. For exam ple, a child‒s localization behavior to a
sound source m ight be observed w ith the subsequent inference that the child ―heard‖ the sound.
The actual function of the organ of C orti w as not m easured.

The ability of an infant or toddler to perform  the tasks required determ ines the behavioral
tests that are selected. Pediatric behavioral tests include, in the order of task com plexity from
the least to the m ost com plicated: B ehavioral O bservation A udiom etry (B O A ), Visual
R einforcem ent A udiom etry (V R A ), and C onditioned Play A udiom etry (CPA ). O ther behavioral
tests such as Tangible Reinforcem ent O perant Conditioning A udiom etry (TR O C A ) and Puppet
in W indow  Illum inating (PIW I) are not com m only used (M adell &  Flexer, 2008; N orthern &
D ow ns, 2002).

It is advisable to use the highest developm ental pediatric test that a child is capable of
perform ing, due to the potential for obtaining m ore precise results through strong stim ulus-
response conditioning bonds. A dditionally, the tester m ust be m indful of appropriate
positioning of the baby or child during the test session to allow  the child to display a variety of
response behaviors. A ppropriate positioning is especially im portant for a child w ho
experiences m otoric disabilities. Parents should be included in all test sessions.

Before entering the sound room , begin the test session with noisem akers or the Ling 6-
7 Sound Test. O bserve the infant or child‒s auditory behaviors, first unaided, and then
with hearing aids. The baby‒s or child‒s responses w ill give an indication of the level of
behavioral test to be used (i.e., can the child localize a sound?) and the loudness level
of w here to begin testing (does the child respond to softer noisem akers, or m ust the



noisem akers be very loud and very close to the child?).

Pediatric behavioral tests also require the help of a test assistant. The test assistant is a
trained observer w ho is in the test room  w ith the baby or child and the parent. The test
assistant‒s job is to observe and interpret auditory behaviors; to keep the baby or young child
quiet, alert, and focused; and to reinforce responses w hen appropriate (M adell &  Flexer,
2008).

B ehavioral O bservation A udiom etry (B O A )

The sim plest procedure in term s of the child‒s task requirem ents is B O A , w here a selected test
stim ulus is presented through loudspeakers in a sound-isolated room  and a baby‒s
unconditioned response behaviors are observed. BO A  is used from  birth until a child can be
conditioned to a lighted toy reinforcer (V R A ) at about 5 m onths of age.

A baby‒s responses to B O A are not obtained at threshold‍ the point w here the individual
can just barely hear a sound 50%  of the tim e‍ but rather at w hat is called M inim um  Response
Level (M R L). M R L is the m inim al or softest level w here a baby displays identifiable
behavioral changes to sound. In general, these behavioral changes are observed at levels
considerably louder than the baby‒s actual threshold.

There are several concerns, as discussed below , in interpreting BO A results. These include
the infant‒s state, m ethodology of stim ulus presentation, stim ulus param eters, specific
responses displayed by the baby, and control of observer bias. W hen B O A  is used as the test
procedure, each of these areas should be addressed in an audiom etric report. Refer to M adell
and Flexer (2008) for inform ation about the use of a sucking paradigm  to obtain B O A results.

A n infant or toddler‒s behavioral state is a key variable that influences the responses they
w ill m ake to sound (Bench, H offm an, &  W ilson, 1974; N orthern &  D ow ns, 2002). Behavioral
state is the physical level of aw areness of the child. Exam ples of these varying states include
deeply sleeping, light sleeping, quiet aw ake, active aw ake, fussy, crying, and so forth. If a baby
is deeply asleep, he or she can respond only to very loud sounds follow ed by reflexive
behaviors such as startle or lim b m ovem ent. This of course does not m ean that he or she cannot
respond to softer signals. If a baby is quietly aw ake and alert, then there exists the likelihood
of obtaining m eaningful, attentive-type behavioral responses to softer sounds. The belief that
neonates are reflexive responders m aintains popularity. H ow ever, if one reads carefully,
reports typically note that very intense stim uli w ere used w hile the infant w as fast asleep. If the
sam e neonate had been aw ake and alert and had essentially norm al hearing, it is likely that one
w ould notice som e attentive type behaviors to softer sounds. Thus, B O A  responses becom e a
function of an infant or child‒s state, w hich should be described in the audiologic report.

The Law  of Initial Value (LIV) can provide valuable clues for the interpretation of an
infant‒s behavioral changes to sound (B ench et al., 1974). LIV  m eans that the auditory
behaviors displayed in response to a sound are in the opposite direction of the infant‒s pre-
stim ulus behavior. For exam ple, if the baby w as active before the presentation of the stim ulus,
his or her post-stim ulus behavior w ould be in the opposite direction‍ the baby w ould quiet if



the sound w as heard. If the baby did in fact hear the sound and w as very quiet before its
presentation, then afterw ards, his activity w ould increase.

A ttentive and R eflexive A uditory B ehaviors

Provided below  is a listing of behaviors that an infant or child could exhibit in response to
speech and/or environm ental sounds. Take note of the specific speech and environm ental
sounds that appear to elicit responses. A dditionally, observe the sounds that the child can
detect w ithout am plification, com pared to sounds that are detected only w hen the child w ears
am plification or a cochlear im plant.

C onsider the influence that background noise, distance from  the source, com peting sensory
stim uli, ability to m ove, behavioral state, and attention all can have on a child‒s auditory
behaviors. B ecause distance, environm ent, and infant positioning are controlled during
audiologic tests, the audiologist m ay elicit behaviors that are not apparent to parents or
teachers in other learning situations.

The follow ing attentive-type behaviors often suggest learning:

W hen sleeping, the child aw akens to sudden noises.
M other‒s voice soothes the child (quieting).
The child‒s eyes w iden, expressing a ―W hat is it?‖ type of response.
The infant‒s or child‒s eyes are observed to search for the sound but the head is held still.
The eyes appear to localize directly to the sound.
The child exhibits head searching, som etim es a rudim entary head turn tow ards the sound.
The child localizes directly w hen sound is presented to the side, below , and/or above.
The infant or child responds to the sound by sm iling.

The follow ing reflexive behaviors, typically elicited at the level of the low er brainstem ,
do not im ply learning: the infant or child startles w hen sound is presented in a quiet room ; the
child‒s arm s or legs m ove w hen sound is presented; the eyes blink w hen sound is presented in
a quiet environm ent; the baby starts or stops sucking w hen sound is presented; the child‒s
breathing rate changes w hen sound is presented; facial tw itches, frow ns, or grim aces are noted
w hen sound is presented; or the child starts or stops crying to loud sounds.

N otice that arousal and quieting behaviors m ay be interpreted as either reflexive or
attentive behaviors.

A lthough an infant or child initially m ay respond to sound w ith reflexive behaviors, he
deserves an opportunity to learn to respond m ore m eaningfully. Current auditory function does
not alw ays predict future auditory potential.

Even though conditioned audiom etric procedures are preferred, conditioning is not alw ays
a possibility. B O A  can provide a w ide range of inform ation about a baby‒s auditory ability,
inform ation that can be used in planning effective habilitative strategies. M R Ls can be obtained
to different types of stim uli, including the Ling 6-7 Sound Test and narrow band signals, to
provide som e frequency-specific inform ation. B ehavioral responses, therefore, can serve as a
gauge for estim ating auditory function.



Visual Reinforcem ent Audiom etry (V R A )

V R A (Liden &  K ankkunen, 1969) and C onditioned O rientation R eflex A udiom etry (CO R )
(Suzuki &  O giba, 1961) are the tw o visual reinforcem ent tasks m ost com m only used. A  child‒s
head turning response is rew arded w ith a visual display, usually a lighted, m oving m echanical
toy like a dancing bear or a running dog. The m ore com plex the reinforcer, the m ore appealing
it likely w ill be for the child. Typically, a baby is conditioned to localize to a toy every tim e a
sound is presented (Figure 4‌5). B ecause the baby is now  older in addition to being aw ake and
alert, auditory responses are elicited to softer sounds than those obtainable w ith B O A ‍
usually w ithin standard lim its for babies w ith norm al hearing. V R A procedures are used until
about 2»  to 3»  years of age w hen play audiom etry can be introduced. A  test assistant is
essential for the effective im plem entation of VR A .

Figure 4‌5. In V R A , a baby is conditioned to localize to a toy every tim e a sound is presented in the sound room .

There are substantial issues w ith state and insurance reim bursem ent for m ost
audiologic tests. For exam ple, the average M edicaid reim bursem ent for VRA, a task
that takes about $50,000 worth of equipm ent, a highly trained pediatric audiologist,
and a test assistant, and 1 to 2 hours test tim e per session, is only $14.20.

C onditioned Play A udiom etry

C onditioned play audiom etry, also know n as the ―listen and drop‖ task (Low ell, R ushford,



H oversten, &  Stoner, 1956), is described as the m ost sophisticated pediatric task. C PA
dem ands the active cooperation of the child in dropping a block in a bucket or putting a ring on
a peg (Figure 4‌6). H ave a variety of fun and interesting toys available (Scholl, 2007). Little
boys m ight enjoy dropping plastic spiders, and little girls like to arrange ―fairy w ings.‖ M ost
children are near 2 or 2»  years of age before they are able to participate in play audiom etry,
consistently. C onditioning m ay not be possible for som e children w ith disabilities until an even
older age. Threshold inform ation can be obtained w hen the child is m ature enough to em ploy
active listening strategies and to m aintain attention to task.

The hand raising or button pushing response used by older children and adults is a m ore
abstract task. Som e 3-year-olds and alm ost every child 5 years and older can raise his or her
hand. H ow ever, in a relatively long test session w here each ear is tested tw ice (by air and
bone conduction), operant and social reinforcem ent can help m aintain the child‒s attention
throughout the procedure. A  test assistant is also extrem ely helpful in varying operant
reinforcers, and in keeping the child conditioned and focused.

Speech Perception Testing

The goal of audiologic practice is to assist infants and children in hearing typical and soft
conversational speech in both quiet and noisy situations. Speech perception m easures m ust be
obtained regularly to: dem onstrate hearing aid and cochlear im plant benefit; dem onstrate
im provem ent and progress over tim e; identify equipm ent and child developm ent problem s;
identify the child‒s speech perception errors; and assist in selecting the m ost appropriate
educational environm ent (M adell &  Flexer, 2008).

Figure 4‌6. C PA , the ―listen and drop task,‖ dem ands the active cooperation of the child in dropping a block in a bucket or
putting a ring on a peg. This toddler is w earing ear-insert earphones for testing in a pediatric sound suite.

Speech perception testing should be perform ed w hen hearing loss is first identified, at



reevaluations, and w hen selecting or altering technology. Test m aterials should be
linguistically appropriate and should be presented at levels that can assess daily functioning.
Functional presentation levels include the average level for conversational speech (50 dB  H L)
and also soft conversational levels (35 dB  H L), in quiet and in noise (+5 S/N ).

Follow ing are som e factors that can affect a child‒s speech perception capabilities:

C hildren speak w hat they hear, and how they hear. Therefore, w hile perform ing speech
perception tests, one also should listen carefully to the child‒s speech or prespeech
utterances. Based on how the child sounds, an audiologist ought to be able to plot the
child‒s audiogram .

D egree of hearing loss
Length of tim e that the child has had the hearing loss
C ause of the hearing loss
The child‒s language level
The child‒s experience w ith his technology including length of use
The appropriateness of technology fit and settings
Experience of the audiology or im plant team
The nature and quality of the intervention and education that the child has been receiving

There are m any closed and open set speech perception tests that can be used. For very
young children, inform al speech perception m easures can be obtained by using body parts,
fam iliar toys or objects, and M r. Potato H ead. For detailed inform ation about speech
perception tests, please see Estabrooks (2006), M adell (2008), N orthern and D ow ns (2002),
and Roeser and D ow ns (2004).

A n additional reason for audiologists to perform  speech tests is to docum ent acoustic
accessibility issues in order to assist the child in qualifying for services under the new
regulations for Part B  of ID EA . That is, if w e perform  early intervention correctly, the child
m ay not enter school w ith deficits that can be quantified using existing m easures. K eep in m ind
that the special education system  operates using a failure m odel (A ckerhalt &  W right, 2003).
The child m ust dem onstrate deficits in order to qualify for services. If w e can‒t qualify the
child for services under Part B  due to academ ic deficits, then w e need to show  eligibility
under Section 504 of the Rehabilitation A ct by focusing on acoustic accessibility
(R ehabilitation A ct, 1973; R ehabilitation A ct A m endm ent, 1992). Unfortunately, 504 m ay be a
poor substitute for obtaining services because it is not funded by state educational agencies;
local districts m ust assum e the cost.

E lectrophysiologic Tests: O A E , A B R /A SSR , and Im m ittance

O uter hair cell function, neural responses in the low er brainstem , and eardrum  and m iddle ear



m obility are exam ined through objective/electrophysiologic tests that provide som e direct
m easurem ent of the auditory system . It is im portant to note that objective tests do not evaluate
hearing, cognitive function, or the central processing of sound. Therefore, even though they
provide im portant data about physiological function, these tests do not provide inform ation
about how  the child w ill actually process speech; behavioral speech perception tests are
necessary for this inform ation.

Three m ain objective/electrophysiologic tests used w ith infants and young children are
O toacoustic Em issions (O A E), A uditory Brainstem  R esponse (A B R) and A uditory Steady
State R esponse (A SSR ), and im m ittance‍ m iddle ear assessm ent. Please see H all and
Sw anepoel (2010) and M adell and Flexer (2008) for m ore inform ation about objective
assessm ents.

O toacoustic E m issions

O A Es evaluate outer hair cell integrity. The cochlea (inner ear) actively produces energy
during the hearing process (Lonsbury-M artin, &  Feeney, 2009). These em issions are a norm al
byproduct of m icro-m echanical actions of the cochlear am plifier that is thought to be located in
the outer hair cells. O A Es, therefore, assist in the differentiation betw een sensory and neural
com ponents of a sensorineural hearing loss. Because they are noninvasive, easy to set up, and
can be obtained quickly, O A Es have been used extensively in screening for the very beginning
stages of hearing loss, especially in new borns and in other difficult-to-test patients (Prieve,
H ancur-B ucci, &  Preston, 2009).

O toacoustic em issions are separated into tw o general categories: spontaneous and evoked.
Spontaneous em issions are detected in approxim ately half of the persons w ith norm al hearing
sensitivity and they occur in the absence of deliberate acoustic stim ulation of the ear.
C onversely, evoked otoacoustic em issions necessitate acoustic stim ulation of the ear. If a child
has norm al O A Es but lacks A BR s, auditory neuropathy m ay exist (Berlin et al., 2005; H ood,
2009).

A  sm all probe is inserted in the ear canal, sounds are presented, and response tracings are
recorded in order to m easure evoked otoacoustic em issions (Figure 4‌7). The child feels no
discom fort and is not required to cooperate beyond holding still. Evoked em issions are present
in the ears of persons possessing norm al hearing sensitivity and are system atically reduced or
absent in the ears of persons w ho have a sensorineural hearing loss (B ess &  H um es, 2003).



Figure 4‌7. A  sm all probe is inserted in the ear canal, sounds are presented, and response tracings are recorded in order to
m easure evoked otoacoustic em issions.

The procedure also has lim itations. For exam ple, the m iddle ear m ust be essentially norm al
for otoacoustic em issions to be m easured.

A uditory B rainstem  R esponse and A uditory Steady State R esponse

Proven a safe, noninvasive test, A B R  does not require a child‒s voluntary cooperation. Several
electrodes, attached to the top of the head as w ell as on or near each ear, m easure the very tiny
electrical signal caused by the nerves‒ respondent firing to click sound stim uli presented
through earphones or a bone oscillator (refer back to Figure 4‌1). A lthough not a hearing test
per se, an A B R‒s tracing represents the synchronous discharge of first-through sixth-order
neurons in the eighth cranial nerve (auditory nerve) and brainstem . If appropriately perform ed,
the procedure provides som e inform ation about the auditory sensitivity of each ear that can be
inferred from  the resultant tracing.

Patients undergoing A B R m ust be very still because the slightest m ovem ent can invalidate
the test. Therefore, in the case of young children, a m ild sedation can be adm inistered by a
physician just before the test.

D eterm ining A B R thresholds requires skill on the part of the observer because responses
are sm all and are em bedded in a background of ongoing brain activity and m uscle activity
(G orga et al., 2004). In addition, m iddle ear pathology com plicates results and dam age to the
brainstem  can affect or obscure A BR  responses. If a child has norm al bilateral A B R  tracings,
one can be confident that the child has norm al peripheral hearing. H ow ever, if the A B R
responses are abnorm al, the interpretation of hearing loss rem ains m ore am biguous.

B ecause of these problem s w ith A B R , an alternative, m ore robust technique often is used
for predicting behavioral hearing thresholds‍ the auditory steady-state response (A SSR )
(C one &  G arinis, 2009). The A SSR  response is elicited by a m odulated pure tone and it does
not rely so m uch on the experience and expertise of the observer. Even though A SSR  can better



differentiate betw een severe and profound hearing losses than can A B R , G orga et al. (2004)
caution that reliable A SSR m easurem ents cannot be m ade for stim ulus levels at and above 100
dB  H L.

Im m ittance (Im pedance) Testing

Im m ittance, also called aural im m ittance m easures, consists of an estim ation of external ear
canal volum e, docum entation of the integrity of the eardrum , and a description of m echanical
properties of a norm al or abnorm al m iddle ear. A ural im m ittance testing also typically
includes acoustic reflex testing. It is im portant to recognize that im m ittance is not a test of
hearing. A  child can have norm al im m ittance results and still have a significant sensorineural
hearing loss.

Im m ittance m easures are predicated on the principle that w hen acoustic energy (sound) is
presented to the ear, a certain quantity of the sound energy is reflected back from  the eardrum .
The am ount of energy that is reflected is based on the stiffness or flaccidity of the m iddle ear
system .

To take im m ittance m easures, a sm all rubber plug is inserted in the child‒s ear canal
(Figure 4‌8). Sm all air pressure changes that cause the eardrum  to m ove accom pany the
continuous tone relayed to the ear. Patterns of eardrum  m ovem ent as w ell as protective m uscle
reflexes in the ear are m easured. If the child rem ains still so that test results are not
com prom ised, im m ittance m easures m ay take only 1 to 2 m inutes to obtain.

Because it often provides prim ary evidence of m iddle ear pathology (m ostly fluid or ear
infection), im m ittance audiom etry functions as an im portant part of the audiologic test battery
(H all &  Sw anepoel, 2010). Tym panom etry show s the eardrum ‒s range of m obility from
norm al, to abnorm ally stiff, to abnorm ally com pliant. In regards to otitis m edia, m iddle ear
function m ay not alw ays be stable. A  child m ay experience negative pressure in the m iddle ear
one day and fluid the next. Therefore, interpretation of im m ittance results only applies to the
―day of test.‖



Figure 4‌8. To take aural im m ittance m easures, a sm all rubber plug is inserted in the baby‒s or child‒s ear canal to evaluate
m iddle ear function; fluid in the m iddle ear is the m ost com m on reason for abnorm al im m ittance results.

Because som e babies and young children resist having the probe inserted in their ear
canal, conduct im m ittance testing as the last procedure in the test session‍ unless the
child is older or you know  that the child w ill not be frightened or annoyed by the
procedure.

Interpretation of im m ittance results from  babies under approxim ately 7 m onths of age can
be difficult unless m ultifrequency tym panom etry is em ployed. Specifically, a probe-tone
frequency of 1000 H z is recom m ended for tym panom etry in neonates and young infants, and ear
canal volum e m easurem ents should be conducted w ith a low -frequency probe tone‍ 226 H z
(Joint C om m ittee on Infant H earing, 2007). Especially for the otitis-prone child, im m ittance is
m ost m eaningful w hen m ultiple m easures are perform ed over tim e, providing a long-range
picture of the child‒s m iddle ear function (M azlan, K ei, &  H ickson, 2009).

The A udiogram

A n audiogram  is a sim ple graph that charts the softest sounds that a person is actually able to
hear. The audiogram  is obtained by testing a person in a sound-isolated booth using pure tones
that are presented to each ear through earphones.

The audiogram  show s the type of hearing loss, w hether it is conductive, sensorineural, or
m ixed; the degree of hearing loss, w hether it ranges from  m inim al to profound; and the pattern
of the hearing loss, how  m uch hearing loss exists at different frequencies.

Frequencies (pitches) from  250 H z through 8000 H z are show n along the horizontal
dim ension. D isplayed along the vertical dim ension is intensity (loudness) in dB  H L, show ing
the am ount of the hearing loss (Figure 4‌9). The higher the num ber of decibels, the louder is
the sound and the greater the hearing loss.

Threshold is defined as the softest sound that a person can just barely hear. A ll sounds
greater than threshold are audible and located tow ards the bottom  of the graph. Sounds softer
than threshold are inaudible and are found tow ard the top of the audiogram .



Figure 4‌9. This audiogram  (graph of a person‒s hearing sensitivity) show s binaural aided thresholds (B ), w hich are the softest
tones that the child can hear w hile w earing both of her hearing aids, com pared to unaided sound field thresholds (S), w hich
show  the softest sounds that the child can hear w ith both ears w hen not w earing hearing aids.

M easuring a child‒s response to an array of distinct frequencies allow s us to study the
relationship betw een speech sounds and test frequencies. The typical tones presented in
hearing tests are spaced in octave intervals from  250 H z, w hich is about m iddle C  on the
piano, through 8000 H z. These particular frequencies are used because together they com prise
speech sounds m uch like individual threads w eave a cloth (Ling, 2002). O ne is not consciously
aw are of the individual pure tones contained in som eone‒s speech, any m ore than one is aw are
of each individual thread contained in a dress. H ow ever, each individual tone m akes a precise
and im portant contribution to speech detection and understanding, as discussed in C hapter 2 of
this book.

The threshold of sensitivity for each ear is displayed on an audiogram  using the follow ing
sym bols:

1. O  = the softest sound a person can hear w ith his or her right ear under headphones.
2. X  = the softest sound a person can hear w ith his or her left ear under headphones.



3.  ̂= the softest sound a person can hear w hile being tested by bone conduction; the test ear
is not specified. Figure 4‌10 show s a photograph of a bone conduction transducer.

A ll the above audiom etric sym bols specify that the non-test ear w as not m asked or
rem oved from  the test situation by having a static noise ―keep it busy.‖ D ifferent sym bols
designate w hen m asking has been used. For exam ple, a triangle is used w hen testing the right
ear by air conduction w hile m asking the left ear. W hen the left ear is being tested by air
conduction and the right ear is m asked, an open box is used. A left bracket ( [ ) m eans the right
ear w as tested by bone conduction w hile the left ear is m asked. A nd a right bracket ( ] ) m eans
the left ear w as tested by bone conduction w hile the right ear w as m asked. M asking is used
w hen there is a possibility that the ear not being tested responds instead of the test ear, thereby
contam inating the test results. M asking is then used to ensure that the ear being tested is indeed
the ear responding to the test signal.

A legend that defines all sym bols used should be included on the audiogram . A dditional
audiom etric sym bols include S w hich represents sound field thresholds‍ the tones are
presented through loudspeakers directly into the sound room . Sound field thresholds are often
obtained w hen a baby or young child w ill not w ear earphones or w hen a com parison is needed
betw een hearing aided and unaided stim uli. A or B (binaural hearing aids) represents hearing
aid sound field thresholds, w hich are the softest sounds that a person can hear w hile w earing
their hearing aids. C  represents cochlear im plant sound field thresholds, w hich are the softest
sounds that a person can hear w hile w earing a cochlear im plant. W henever a child w ears
hearing aids or a cochlear im plant, aided or cochlear im plant m easurem ents m ust be m ade to
determ ine how  the child functions w ith am plification. A child‒s ability to detect soft tones
w hile w earing technology cannot be determ ined w ithout obtaining data. Therefore, it is
im portant to include aided or im plant as w ell as unaided sound-field thresholds on a child‒s
audiogram  in order to com pare, according to acoustic phonetics, speech sounds that are
audible w ith and w ithout am plification.

Figure 4‌10. A  bone oscillator is a piece of audiom etric equipm ent that looks like a sm all black box attached to a headband, as
seen on this child. It is used to m easure bone conduction thresholds.



N ote the exam ple in Figure 4‌9 and the relationship show n betw een thresholds obtained
w ith and w ithout the hearing aid. The young child depicted on the audiogram  has a m oderately
severe to severe hearing loss as m easured in sound field. A verage conversational speech
w ould not be audible to this child, though som e environm ental sounds could be heard w ithout
am plification. W hen w earing her hearing aids, all of conversational speech and all speech
sounds w ould be acoustically available if the talker is close to the child, the environm ent is
relatively quiet, the child is attending, and m any m eaningful listening opportunities are
presented.

Plot all unaided, aided, FM , and cochlear im plant thresholds on a Fam iliar Sounds
audiogram  to assist in parent and teacher counseling.

The child‒s am plification (see Figure 4‌9) provides a w onderful ―keyboard‖ through
w hich data can be entered into her brain. W hat if this child w as brought to your early
intervention program  w ithout w earing her hearing aids? W hat if the battery died during
therapy? W hat if the parents put the hearing aids on her for only a few  hours each day? This
child possesses a great deal of very usable residual hearing; how ever, it is of no significant
value unless and until it can be accessed via appropriate am plification that m axim izes the
brain‒s opportunity to receive speech.

C onfiguration (Pattern) of Thresholds on the A udiogram

The pattern form ed w hen pure-tone thresholds are plotted and connected on an audiogram  can
give an indication of the etiology/cause of the hearing loss. The shape form ed by the pattern is
called the configuration or profile of the hearing loss (B aldw in, G ajew ski, &  W iden, 2010;
B ess &  H um es, 2003). C onfigurations can be described as follow s:

Bilateral‍ hearing loss is present in both ears.
Unilateral‍ one ear has norm al hearing and the other ear has at least a m ild hearing loss.
Sym m etrical‍ the degree (severity) and configuration of the hearing loss are about the
sam e for both ears.
A sym m etrical‍ the degree and/or the configuration is different for each ear.
N otched‍ there is a specific frequency or frequencies on the audiogram  w here hearing loss
exists; all other frequencies show  better hearing.
Stable‍ hearing loss is about the sam e over tim e; it does not seem  to be getting w orse.
Progressive‍ hearing loss becom es w orse over tim e.
Fluctuating‍ hearing loss varies over tim e.
Sloping hearing loss‍ hearing loss is w orse in the high frequencies; low  frequencies show
better hearing sensitivity.
Falling‍ hearing loss is substantially w orse in the high frequencies.



R ising‍ hearing loss is w orse in the low  frequencies, becom ing better as the frequencies
get higher.
C ookie-bite (also called saucer-shaped)‍ hearing sensitivity is poorest in the m id-
frequencies, w ith better hearing in the low  and high frequency region.

Som e configurations or audiom etric profiles of hearing loss are suggestive of particular
etiologies. Said another w ay, som e patterns are rarely associated w ith certain etiologies. For
exam ple, large vestibular aqueduct syndrom e‍ LVA S (see C hapter 3), alm ost alw ays presents
as an asym m etrical, fluctuating, and progressive sensorineural hearing loss. It rarely, if ever,
presents as a sym m etrical, stable hearing loss. A cookie-bite configuration is usually
sym m etrical, often progressive, and suggestive of a recessive genetic etiology. A  bilateral,
sym m etrical, rising, sensorineural hearing loss typically is genetic and m ay be progressive. A
hearing loss caused by anoxia typically show s as sym m etrical, sharply falling (w ith relatively
good low  frequency hearing), and stable. A  hearing loss caused by noise exposure often
presents w ith a ―noise notch‖ at 4000 H z. That is, the w orst hearing is show n at 4000 H z w ith
all other frequencies having better hearing sensitivity. The conductive hearing loss caused by
otitis m edia (ear infections) m ay by asym m etrical, and m ost often presents w ith a rising
pattern. Please see M adell and Flexer (in press) Pediatric Audiology: C ases in Childhood
H earing Loss for detailed inform ation about pediatric audiom etric profiles.

The audiogram  depicted in Figure 4‌9 presents as a m oderately severe to severe cookie-
bite-shaped hearing loss, suggestive of a genetic etiology. Past audiogram s need to be
evaluated carefully for evidence of progressive hearing loss, and future m onitoring of the
hearing loss m ust be responsibly m aintained because this configuration usually is not
associated w ith a stable hearing loss.

An exam ple of configuration interpretation occurred in the follow ing scenario. A young
m other brought her 22-m onthold to the clinic for hearing aids after the toddler had
been diagnosed w ith a hearing loss. The m other sobbed that the hearing loss w as her
fault because the baby had fallen out of his high chair w hile the m other w as talking on
the phone w ith her back to the child. The child had suffered a bum p to the head and a
slight concussion. The m other stated that she had been told by the physician that the
hearing loss was probably caused by the fall because it w as identified after the fall,
and the baby had passed his new born hearing screening. Follow ing testing using a
com bination of Visual Reinforcem ent Audiom etry and C onditioned Play Audiom etry
w ith insert earphones, a bilateral, sym m etrical, m ild hearing loss in the low
frequencies, sloping to m oderate hearing loss in the m id-frequencies, and rising again
to a m ild hearing loss in the highest frequencies w as noted. Tym panom etry revealed
norm al m iddle ear function on the day of test, ruling out a conductive com ponent to
the hearing loss. This sym m etrical, cookie-shaped, bilateral hearing loss had a very
low chance of being caused by a fall. If the hearing loss w as caused by a concussion, it
likely w ould not be sym m etrical and saucer shaped. It is far m ore likely that the
hearing loss was progressive and genetic; it probably w as not present at birth. The fall



did not cause the hearing loss. Rather, the fall caused the physician and fam ily to test
the child to m ake sure that he w as okay. W hen the hearing loss was revealed, a cause-
effect relationship w as inferred, w hen really the relationship likely w as coincidental.

Form ulating a D ifferential D iagnosis

The separation of a hearing loss from  other problem s that have effects sim ilar to those of
hearing loss is know n as a differential diagnosis. C ertainly, a peripheral hearing loss should
alw ays be ruled out first as a prim ary or contributing cause of a child‒s lack of or inconsistent
auditory responses and/or difficulty developing spoken com m unication skills. C onditions such
as general developm ental delay, autism , childhood psychosis, and central auditory processing
problem s m ay resem ble hearing loss by show ing a sim ilar lack of response to sound and/or
lack of speech and language developm ent.

A central auditory processing problem  m ay be present w hen sounds get into the auditory
system , but the brain is unable to interpret efficiently, or at all, the m eaning of the sounds due to
som e degree of brain dam age. In an extrem e case, m eaningful sounds cannot be differentiated
from  nonm eaningful sounds. See C hapter 3 for m ore inform ation about auditory processing
issues, including how  these issues relate to peripheral hearing loss. W ith general
developm ental delay, a child experiences delay or retardation in m any developm ental areas
including auditory behaviors. A  child w ith autistic spectrum  disorder (A SD ) m ay appear
unresponsive to m ost sensory stim uli. C hildhood psychosis m ay elicit reactions in the child
that did not appear to be present at birth, such as deviant responses to sounds.

A ll of these conditions can occur separately or in com bination. Therefore, it is not alw ays
easy to identify a hearing loss; careful case histories, observations, and m ultiple hearing tests
often are required. M aking a differential diagnosis requires collaboration betw een the
audiologist and other professionals such as teachers, speech-language pathologists, early
interventionists, physicians, and psychologists.

Sensory D eprivation

The phenom enon of sensory deprivation is another factor that m ay com plicate the diagnosis of
hearing loss in children. Sensory deprivation is characterized by a lack of sensory stim ulation
to the brain as a result of a hearing loss that can cause delayed and/or deviant behaviors. A s
m entioned in C hapter 2, hearing functions on three levels: the unconscious, signal w arning, and
spoken language levels. A  peripheral hearing loss can elim inate the environm ental auditory
background and deny a child access to his ow n biological sounds. The resultant delayed and/or
atypical behaviors displayed by the child m ay resem ble other developm ental problem s due to
this lack of sensory input to the auditory centers of the brain.



D ue to sensory deprivation, an infant‒s or young child‒s developm ent can look very
lim ited at the first visit to an audiologist, but that sam e child could end up functioning
at a m uch higher level than w e w ould initially predict. Therefore, bew are of allow ing
our initial im pression of the child to lim it our prognosis and expectations.

A n exam ple of sensory deprivation w as seen in a 16-m onth-old girl w ho w as referred for a
hearing test. She did not yet w alk or m ake any speech sounds, w ould not m ake eye contact, and
w anted only to nurse and rub her m other‒s clothing. C om pletely unresponsive to sound, the
baby also had a fam ily history of childhood hearing loss. Through m ultiple behavioral and
electrophysiologic tests, a severe to profound sensorineural hearing loss w as revealed.
Follow ing the fitting of her hearing aids and m eaningful auditory stim ulation, the child‒s
unusual behaviors declined. Professionals initially w ere uncertain as to the co-occurrence of
other developm ental problem s. Tw o m onths after pow erful hearing aids and auditory
enhancem ent had alleviated the child‒s sensory deprivation, the auditory centers of her brain
w ere stim ulated and she w as w alking, listening, interacting, and finally beginning to vocalize.
Subsequently, she received a cochlear im plant at 24 m onths of age w ith excellent results. This
particular case serves as one exam ple of how  hearing loss does not necessarily m anifest itself
in a straightforw ard m anner.

A m biguity of H earing L oss

The very am biguity of hearing loss poses yet another factor that com plicates a differential
diagnosis. The notion of ―all or none‖ cannot be applied to hearing loss because a child m ight
hear som e sounds but not others. The audibility and intelligibility of speech for a child w ith a
hearing loss are influenced by m any factors such as the distance from  a talker, background
noise, room  reverberation, and attention.

O ne uninform ed therapist, upon rem oving a toddler‒s hearing aids, found this am biguous
nature of hearing loss to be confusing. The therapist stated that for a period w hen the hearing
aids w ere rem oved, the child still turned his head w hen his nam e w as called. From  this
observation the therapist believed that if the toddler could hear his nam e, he m ust be able to
hear everything, so the hearing aids w ere probably a m istake. From  there, the conclusion w as
draw n that the toddler‒s speech and language delay m ust be linked to causes other than hearing
loss. A lthough this particular child m ight have m ultiple difficulties, his m oderate degree of
hearing loss allow ed audibility, even w ithout am plification, but not intelligibility of consonant
sounds. W ithout hearing aids the child certainly w as not ―deaf.‖ H ow ever, he could not hear
w ell enough to identify the w ord-sound distinctions necessary for the establishm ent of
com petent spoken com m unication. H e could not hear details.

Therefore, m aking an accurate differential diagnosis of hearing loss in children is not a
sim ple m atter. O ther problem s can arise w ith sym ptom s that are sim ilar to hearing loss, or that
can coexist w ith the hearing loss. In addition, sensory deprivation can cause the hearing loss to



appear to be m ore than a sim ple lack of response to sound. Finally, the am biguity of hearing
loss relative to type and degree, stability, noise, and distance can cause one to m isinterpret a
child‒s auditory responsiveness.

M easuring D istance H earing

Subjective m easures of distance hearing, using the Ling 6-7 Sound Test, are a vital part of
audiologic assessm ents and validation of technology function.

C hildren w ith hearing losses, even m inim al ones, cannot receive intelligible speech w ell
over distances. This reduction in ―earshot‖ has trem endous negative consequences for life and
classroom  perform ance because distance hearing is linked to passive/casual/incidental
listening and learning (Ling, 2002). Research in the field of developm ental psychology tells us
that about 90%  of w hat very young children know  about spoken language and the w orld they
learn incidentally. That is, young children learn a great deal of inform ation unintentionally
because they have access to overhearing conversations that occur at distances (A khtar, Jipson,
&  C allanan, 2001). Thus, any type and degree of hearing loss can present a significant barrier
to an infant‒s or child‒s ability to receive inform ation from  the environm ent.

Because of reduced bandw idth of acoustic stim uli caused by hearing loss, children
w ith hearing loss need about three tim es the exposure to new w ords and concepts in
order to learn them  (Pittm an, 2008). Extension of acoustic bandw idth and distance
hearing therefore is critical for m axim izing the child‒s exposure to linguistic and
social inform ation in the hom e, playground, and classroom .

B ecause of the reduction in acoustic signal intensity and integrity w ith distance, a child
w ith a hearing problem  has a lim ited range of distance hearing; that child m ay need to be taught
directly m any skills that other children learn incidentally. R efer to C hapter 2 for a discussion
of the acoustic basis of Ling 6-7 Sound Test, and to A ppendix 2 for instructions for the
adm inistration and application of the test.

Sum m ary

The purpose of this chapter has been to discuss issues, descriptions, and procedures involved
in the audiologic assessm ent of infants and young children w ith hearing loss. Test protocols
w ere presented, and behavioral and objective tests w ere described. The next chapter w ill
discuss the technological m anagem ent of identified hearing loss.

R efer to Table 4‌1 for a sum m ary of audiologic tests included in a basic audiologic test
battery.

R efer to Table 4‌2 for a sum m ary of specific pediatric audiology test procedures.



R efer to Table 4‌3 for a listing of com m on abbreviations used by audiologists on reports.

Table 4‌1. Sum m ary of A udiologic Tests in a B asic Test B attery

Test M easurem ent Purpose

Pure-Tone Thresholds
on an A udiogram

H earing sensitivity; sym bols are
plotted in dB H L from  250 H z
through 8000 H Z on the
audiogram

D egree of hearing loss
Type of loss: conductive,
sensorineural, or m ixed
Shape of loss; i.e., falling,
rising, saucer-shaped
Ear sym m etry

A ided or C I
Thresholds Ling 6-7
Sound Test

A ccess to sound w hile w earing
hearing aids or C I; obtained in
the sound field; recorded as dB
H L on the audiogram

A ccess to speech sounds w hen
am plified
A ccess to environm ental
sounds w hen am plified
Benefit of technology

Speech Aw areness
Threshold; also know n
as Speech D etection
Threshold (SAT or
SD T)

H earing sensitivity for speech;
noted in dB  H L

The softest level that speech
can be detected‍  not
necessarily understood
Provides m ostly low  frequency
cues

Speech Reception
Threshold (SRT)

H earing sensitivity for speech
recognition using spondee w ords
such as baseball, hotdog; noted
in dB  H L

The softest level that speech
can just barely be recognized;
focuses on vow els; closed-set
task
SRT should agree w ith low
and m id-frequency pure-tone
thresholds

Speech Reception
Threshold (SRT)

H earing sensitivity for speech
recognition using spondee w ords
such as baseball, hotdog; noted
in dB  H L

The softest level that speech
can just barely be recognized;
focuses on vow els; closed-set
task
SRT should agree w ith low
and m id-frequency puretone



thresholds

W ord D iscrim ination
Score

Identification of speech by
distinguishing singlesyllable
w ords; recorded as percent
correct as a function of
presentation level

Tests the child‒s ability to
identify both vow els and
consonants of test w ords;
open-set task
Identifies differences in w ord
recognition ability betw een
ears
W ords are presented at an
average conversational level
(50 dB  H L) and again at a
level loud enough to overcom e
the hearing loss

Im m ittance Testing O bjective m easure of m iddle ear
function

Identifies a need for m edical
intervention
A bnorm al im m ittance could
explain a tem porary shift in
hearing sensitivity
A bnorm al results could signify
that the hearing aid volum e
setting should be increased



Table 4-2. Pediatric A udiology: Test Procedures









Table 4‌3. C om m on A bbreviations U sed by A udiologists on R eports

B O A :
B ehavioral O bservation A udiom etry; m ethod of assessm ent used w ith babies w here
a sound is presented and the baby‒s unconditioned behavioral responses are
observed

C N T: C ould not test (tried, but the audiologist could not obtain inform ation; child w as
unable or unw illing to perform  the task)

C PA :

C onditioned Play A udiom etry; m ethod of assessm ent used w ith children w ith
cognitive ages of 2‌5 years w here a sound is presented and child is taught to
perform  som e play activity each tim e he or she hears the sound; also called the
listen and drop gam e

D N T: D id not test‍ did not even attem pt a test or a specific procedure
M CL: M ost com fortable loudness level

M RL: M inim al response level‍ the softest level that a baby responded to the test signal;
usually louder than actual threshold

N B N :
N arrow band noise; noise bands centered at frequencies of 250‌8000 H z used in
m asking and in obtaining som e frequency specificity for unaided and aided sound
field testing

N R : N o response; no m easurable hearing w hen the test signal w as presented at the
loudest lim its of the audiom eter

PTA :

Pure-tone average; average of the pure-tone thresholds at 500, 1000, and 2000 H z in
each ear; these are view ed as the key speech frequencies that give an indication of
hearing sensitivity in the m id range; a high frequency hearing loss is not identified by
the PTA :
PTA  = ℮10 to 15 dB : N orm al PTA  for children
PTA  = 15 to 25 dB : M inim al hearing loss
PTA  = 26 to 40 dB : M ild hearing loss
PTA  = 41 to 55 dB : M oderate hearing loss
PTA  = 56 to 70 dB : M oderately severe hearing loss
PTA  = 71 to 90 dB : Severe hearing loss
PTA  ↑ 91 dB: Profound hearing loss
PTA  ↑ 15 dB in one ear: U nilateral hearing loss

SAT:
Speech Aw areness Threshold, som etim es called Speech D etection Threshold; the
faintest level w here the child can just detect the presence of speech 50%  of the tim e
but did not indicate that the speech w as understood

S:
Sound field testing; refers to the w ay sound is presented to the child (e.g., through
loudspeakers rather than earphones in a sound treated suite) in unaided and aided
and cochlear im plant testing; results alw ays reflect hearing in the better ear
Speech R ecognition Threshold; the faintest level w here the child can repeat fam iliar



SRT: tw o-syllable w ords, like baseball, cow boy, etc. (or point to pictures of them ), 50%
of the tim e

V R A :
Visual R einforcem ent A udiom etry; m ethod of assessm ent w here the child is
conditioned to localize to a toy each tim e she hears the sound; used w ith children
w ith cognitive ages of 5‌8 m onths to 3 years

W D S:
W ord D iscrim ination Score; the percentage score obtained by repeating open-set,
one-syllable w ords (or pointing to pictures of them ) in a 25- or 50-item  list;
interpretations of the scores vary; e.g:
90‌100% : Excellent w ord discrim ination ability
75‌89% : Slight difficulty
60‌74% : M oderate difficulty
50‌60% : Poor w ord discrim ination ability



5

H earing A ids, C ochlear Im plants, and FM
System s

K ey Points Presented in the C hapter

The purpose of all environm ental and technological m anagem ent strategies is to
enhance the reception of clear and intact acoustic signals in order to access, develop,
and organize the auditory centers of the brain.
Speech intelligibility is based on the science of signal-tonoise ratio (S/N  ratio)‍ the
relationship of the desired signal to all background/com peting noise; children need the
desired signal to be 10 tim es, or approxim ately 15 to 20 dB, louder than background
noise in order to clearly discrim inate w ords.
O ne strategy for im proving the S/N  ratio is to m ove closer to the infant‒s or child‒s ear
so that the talker‒s voice w ill take precedence over all background sounds.
H earing aids (also called hearing instrum ents) are typically the initial technology used
to access sound for a baby or child w ho experiences a hearing loss, and the hearing aid
fit needs to be evaluated functionally (speech perception) as w ell as
electroacoustically (real-ear m easurem ents).
The bone anchored hearing aid (Baha), an alternative to a traditional bone conduction
hearing aid, is suitable for children w ith a conductive or m ixed hearing loss or
singlesided deafness.
Traditionally, personal-w orn FM  system s coupled to hearing aids have been used for
school-aged children in school settings, but grow ing evidence suggests that infants and
toddlers also can benefit from  personal FM  system s used at hom e to increase auditory
exposure to direct and overheard conversations.
Sound field am plification technology is an effective educational tool that allow s
control of the acoustic environm ent in a classroom , thereby facilitating acoustic
accessibility of teacher instruction for all children in the room .
The cochlear im plant is very different from  a hearing aid; hearing aids am plify sound,
but cochlear im plants com pensate for dam aged or nonw orking parts of the inner ear.
Efficacy of technology use m ay be m easured through educational perform ance,
behavioral speech perception tests, direct m easures of changes in brain developm ent,



or functional assessm ents.
If the infant/child is not perform ing or progressing as expected, suspect equipm ent
problem s first.

Introduction

Sound has to reach the brain before learning can occur. A ll hearing losses in infants and
children involve developm ental and educational issues requiring auditory intervention. Som e
hearing problem s also involve m edical issues. M edical treatm ent, including m edications and
surgeries, w as discussed in C hapter 3. N ote that som e children require both m edical and
audiologic/educational m anagem ent, and one form  of intervention cannot substitute for the
other.

The com ponents of technological m anagem ent for hearing and hearing problem s are
discussed in this chapter. The purpose of all environm ental and technological m anagem ent
strategies is to enhance the reception of clear and intact acoustic signals in order to access,
develop, and organize the auditory centers of the brain. W ithout clear detection of the entire
speech spectrum , higher levels of auditory processing are not possible. A s D oidge (2007, p.
68) w rites, ―W hen w e w ant to rem em ber som ething w e have heard, w e m ust hear it clearly
because m em ory can be only as clear as its original signal “  m uddy in, m uddy out.‖

For Intervention, First Things First: O ptim ize D etection of the
C om plete A coustic Spectrum

To facilitate the reception of clear and intact spoken language and environm ental sounds, the
follow ing m ust occur: control and m anagem ent of the listening environm ent; favorable
positioning of talkers, w hether parent, teacher, or clinician, so that they are alw ays w ithin
earshot of the baby or child; and consistent use of the appropriate am plification‍ hearing aids,
cochlear im plants, and/or FM  system s (B oothroyd, 2004).

Sounds reach the brain by traveling through the environm ent, the auditory system , and any
technology w orn by the child. A n unm anaged hearing loss of any degree prevents certain
sounds from  having access to the brain, thereby interfering w ith the acquisition of language,
literacy, and academ ic com petencies.

L istening and L earning E nvironm ents

The integrity of the learning environm ent is the first item  to be considered (Latham  &
B lum sack, 2008). In schools and in m any other learning dom ains including the hom e and clinic,
children often are placed in dem anding, degraded, and constantly changing listening situations



due to noise and distance from  the talker (C randell &  Sm aldino, 2002). The farther an infant or
child is from  the sound source, the greater the background noise, the poorer the speech-to-noise
(S/N ) ratio (A nderson, 2001).

D istance H earing/Incidental L earning and S/N  R atio

D istance H earing/Incidental Learning

Incidental learning through ―overhearing‖ refers to tim es w hen the child listens to speech that
is not directly addressed to him  or her and learns from  it. A khtar, Jipson, and C allanan (2001)
found that typical children as young as 2 years of age can acquire new  w ords from  overheard
speech, show ing the active role played by children in acquiring language. Furtherm ore,
K nightly, Jun, O h, and A u (2003) found that childhood overhearing helped im prove speech
perception and phonologic production of all languages heard. U nfortunately, children w ith
hearing losses, even m inim al ones, have reduced overhearing potential because they cannot
receive intelligible speech w ell over distances. This reduction in distance hearing, also called
earshot, can pose substantial problem s for life and classroom  perform ance because distance
hearing is necessary for the passive/casual/incidental acquisition and use of spoken language.
Therefore, a child‒s distance hearing needs to be extended as m uch as possible through the use
of technology (Ling, 2002). M oeller, D onaghy, B eauchaine, Lew is, and Stelm achow icz (1996)
found that m ore consistent auditory input can be obtained if FM  system s are used in hom e as
w ell as in school settings.

Signal-to-N oise R atio, A lso C alled Speech-to-N oise R atio (S/N  R atio)

S/N ratio is the relationship betw een a prim ary signal, such as the parent‒s speech, and
background noise. N oise is everything that conflicts w ith the auditory signal of choice and m ay
include other talkers, heating or cooling system s, classroom  or hall noise, playground sounds,
com puter noise, and/or w ind, am ong others. The quieter the room  and the m ore favorable the
S/N  ratio, the clearer the auditory signal w ill be for the brain (Flexer &  R ollow , 2009). The
further the listener is from  the desired sound source and the noisier the environm ent, the poorer
the S/N  ratio and the m ore garbled the signal w ill be for the brain. A s stated previously, all
children need a quieter environm ent and louder signals than adults do in order to learn
(A nderson, 2004; C randell, Sm aldino, &  Flexer, 2005).

Because overhearing conversations is such a critical w ay that children develop
social/cognitive skills such as Theory of M ind and acquire and use spoken language, a
child‒s distance hearing in various environm ental settings m ust be know n and
extended. The Ling 6-7 Sound Test as a m eans of estim ating distance hearing can
assist in this regard. See Appendix 2 for directions about how  to use the test. Further,



FM  system s should be fit at the sam e tim e that hearing aids are fit on babies/toddlers
to extend earshot. Fam ilies require coaching in the effective use of the FM  m icrophone
as a m eans of prom oting overhearing.

A dults w ith norm al hearing and intact listening skills require a consistent S/N  ratio of
approxim ately +6 dB . This m eans that the desired signal needs to be about tw ice as loud as
background noise for the reception of intelligible speech (Crandell, K reism an, Sm aldino, &
K reism an, 2004). C hildren, on the other hand, need a m uch m ore favorable S/N  ratio because
their neurological im m aturity and lack of life and language experience reduce their ability to
perform  auditory/cognitive closure. They need the desired signal, including their ow n voice, to
be about 10 tim es louder than com peting sounds, w hich w ould be a S/N  ratio of about +15 to
+20 dB  (rem em ber that the decibel scale is logarithm ic). D ue to noise, reverberation, and
variations in teacher position, the S/N  ratio in a typical classroom  is unstable and averages out
to only about +4 dB  and m ay be 0 dB ‍ often less than ideal even for adults w ith norm al
hearing (Sm aldino, 2004).

A coustic access of the speech signal in a typical classroom  environm ent is m ore
problem atic than initially thought. Leavitt and Flexer conducted a key study in 1991 to m easure
the effects of a classroom  environm ent on a speechlike signal. They used the Brúel and K jaer
R apid Speech Transm ission Index (R A STI) w hich em its an am plitude-m odulated broadband
noise centered at 500 and 2000 H z. This signal w as transm itted from  the R A STI transm itter to
the RA STI receiver that w as placed at 17 different locations around a typical occupied
classroom . The R A STI score is a m easure of the integrity of signals as they are propagated
across the physical space. A  perfect reproduction of the R A STI signal at the receiver has a
score of 1.0.

R esults show ed that sound degradation occurred as the R A STI receiver w as m oved aw ay
from  the RA STI transm itter, as reflected by a decrease in R A STI scores (Leavitt &  Flexer,
1991). In the front row  center seat, the m ost preferred seat, the R A STI score dropped to 0.83.
In the back row , the R A STI score w as only 0.55, reflecting a loss of 45%  of equivalent speech
intelligibility in a quiet, occupied classroom . O nly at the 6-inch reference position could a
perfect R A STI score of 1.0 be obtained. N ote that the R A STI score represents only the loss of
speech fidelity that m ight be expected at the student‒s ear or hearing aid m icrophone in a quiet
classroom . The R A STI score does not m easure the additional negative effects of a child‒s
hearing loss, w eak auditory or language base, or attention problem s.

Even in a front-row  center seat, the loss of critical speech inform ation is notew orthy for a
child w ho needs accurate data entry to learn. The m ost sophisticated of hearing aids or
cochlear im plants cannot recreate those com ponents of the speech signal that have been lost in
transm ission across the physical space of the classroom .

A N SI S12.6-2002 A coustical G uidelines

There is increasing aw areness about the im portance of m anaging classroom  acoustics. In 2002,



the A m erican N ational Standards Institute issued a landm ark docum ent titled, Acoustical
Perform ance Criteria, D esign Requirem ents, and G uidelines for Schools. This is a 36-page
booklet that defines the acoustic criteria for classroom s and provides a great deal of
inform ation about how  to attain a favorable background noise level of 35 dB A and a
reverberation tim e of 0.6 seconds. These m inim ally acceptable background noise levels are
specified w ith the intent of producing a classroom  S/N  ratio of +15 dB; the desired speech
signal ought to be 15 dB louder than background noise. This S/N  ratio is believed to be
necessary to provide children w ith access to intelligible classroom  instruction. N ote that
acoustical m easurem ents are taken in unoccupied facilities. Currently, com pliance w ith the
A N SI standard is voluntary and very few  classroom s m eet the criteria (N ixon, 2005).

Steps can be taken to influence the level of noise in a school classroom  (Sm aldino &
Crandell, 2004). To begin w ith, the greatest source of noise in a room  is the num ber of children
in the room  and the num ber of sim ultaneous auditory activities that are occurring in the room
(Flexer &  Rollow , 2009). Thus, classroom  noise levels are largely determ ined by classroom
activity; the m ore children and the m ore active learning centers, the noisier the room  (N elson,
Sm aldino, Erler, &  G arstecki, 2008). In addition, note the construction of the floor and ceiling
in the room . The floor and ceiling areas com prise 60%  of the total area of a school classroom
and have considerable im pact on the noise levels in the room . Room s w ith hard floors and high
ceilings w ill be m uch m ore reverberant (echo) and noisy than a carpeted room  w ith acoustical
tile and low er ceilings (A drian, 2009). H eating, ventilating, and cooling system s (H VA C) are
also substantial sources of noise that need to be m anaged (A SH A , 2005).

Talker and L istener Physical Positioning

Figure 5‌1. O ne strategy for im proving the S/N  ratio is to m ove closer to the infant‒s or child‒s ear so that the talker‒s voice
w ill take precedence over all background sounds. This child is w earing hearing aids as he listens to his m other. (Photo courtesy
of O ticon)



O ne strategy for im proving the S/N  ratio is to m ove closer to the infant‒s or child‒s ear so that
the talker‒s voice w ill take precedence over all background sounds (Figure 5‌1). Yelling from
across the room  prom otes only audibility (hearing the presence of speech), not intelligibility
(hearing differences am ong speech sounds), w hereas an average loudness of speech very close
to the ear facilitates intelligibility of the speech signal for the listener. Sitting across from  a
child does not produce as favorable a S/N  ratio as sitting right next to a child, or holding a
baby and speaking close to the ear or m icrophone.

A  noisy room  cannot possibly allow  an effective S/N  ratio. In fact, typical hom e and
building noises (heating and cooling system s, televisions, com puters, law nm ow ers, hallw ay
noise, X erox m achines, law n sprinklers) can interfere w ith the child‒s ability to hear a clear
speech signal.

If speech is being used as the prim ary com m unication vehicle, then educators and fam ily
m em bers m ust be m indful of the potential intelligibility of the speech signal. The environm ent
needs to be as quiet as possible. Turn off televisions, com puters, videos, food processors,
popcorn m akers, electric m ixers and blenders, law nm ow ers, and radios. Close a w indow  next
to a noisy area such as a busy street. Position yourself close to the child‒s ear. The acoustic
characteristics of the learning environm ent, w hether the environm ent is in the hom e, car,
school, store, or zoo, is a learning variable that m ust be m anaged to provide the child access to
clear ―data input.‖

A m plification

H earing A ids/H earing Instrum ents

H earing aids (also called hearing instrum ents) usually are the initial technologies used to
access sound for a baby or child w ho experiences a hearing loss. H earing aids do not actually
correct the hearing loss. Rather, they function to am plify and shape the incom ing sounds to
m ake them  audible to the child w ithout being uncom fortably loud. The hearing aid fit needs to
be evaluated functionally (speech perception) as w ell as electroacoustically (real-ear
m easurem ents).

There are m any excellent resources for detailed descriptions and discussions of both fitting
and m anagem ent strategies for hearing aids, cochlear im plants, and FM  technologies, The
reader is referred to D illon, Ching, and G olding (2008), M adell and Flexer (2008), Schaub
(2009), and W olfe and Schafer, (2010). O ther firstrate resources are The Pediatric
Am plification Protocol and the Pediatric Am plification G uideline (A m erican A cadem y of
A udiology, 2004), w hich address issues such as candidacy, preselection issues and
procedures, hearing aid circuitry and signal processing, electroacoustic verification and
functional validation of the hearing aid fitting, hearing instrum ent orientation and training, and
follow up and referral. R efer to the A m erican A cadem y of A udiology W eb site for continual
updating of Pediatric protocols.



N ew  C ontext for H earing Instrum ents

There is a new  context for hearing instrum ents in today‒s w orld. In the ―olden days,‖ hearing
aids m ay have had a negative connotation; a visible declaration that som ething w as w rong. The
sm all size feature of the hearing instrum ent w as em phasized w ith the subtext that the hearing
loss should be concealed. N ow , ―earw ear‖ or ―ear gear‖ is very com m on, popular and highly
visible everyw here.

H earing A id Styles and U se

In today‒s w orld, ―earwear‖ is a com m on and popular sight. Children and adults are
observed with cords, buttons, flashing blue devices, cell phones, IPO D S, etc. dangling
from  their ears. H earing aids and cochlear im plants attached to ears and heads are no
longer notew orthy‍ no longer a unique proclam ation that ―som ething is w rong.‖ This
is the electronic and technological age where gadgets and devices are the rule rather
than the exception. U sing electronic technology (such as hearing aids, FM  system s,
and cochlear im plants) for inform ation access m akes a positive statem ent in this era.

H earing aid styles include behind-the-ear (BTE) also called ear level (the m ost appropriate
for children, Figure 5‌2), in-the-ear (ITE), in-the-canal (ITC), and com pletely-in-the-canal
(CIC). The last three usually are not suitable for children due in part to the inability of these
styles to connect to personal FM  system s (they are not ―bootable‖), and also to continual ear
canal grow th. A  fourth style is body-w orn, once the rule for children, but now  rarely used due
to today‒s sm all and pow erful BTE hearing aids. H ow ever, for infants, som etim es a body-style
hearing aid can best accom m odate the usual infant behaviors of lying dow n and drooling, as
w ell as their sm all and soft ears and sm all ear canals.



Figure 5‌2. Ear-level hearing aids are the m ost appropriate style for infants and children.

O nce sounds are m ade audible by the hearing aid, the baby or child m ust then have rich,
m eaningful listening experiences to learn to m ake sense of the new  incom ing signals. Sounds
m ust be detected before higher level auditory skills and developm ent can occur. Therefore,
am plification is an initial step in the educational m anagem ent of hearing loss, but it is not the
only step, and it certainly is not the last step (Estabrooks, 2006; Ling, 2002; Sininger et al,
2009).

H earing aids can and m ust be fitted on infants of any age w ho have hearing loss. The
earlier that an infant‒s auditory brain centers are accessed the better, because of the need to
take advantage of the tim e of m axim al neural plasticity; therefore, every effort should be m ade
to obtain a good fitting on very young children. H ow ever, obtaining a successful hearing aid
fitting on infants less than 6 m onths of age is far from  easy. Follow ing are som e practical
challenges that need to be considered w hen fitting hearing aids on infants: (K uk &  M arcoux,
2002; Pow ers, 2010).

Parental acceptance of their infant‒s hearing loss (M oeller, H oover, Peterson &
Stelm achow icz, 2009; Sjoblad, H arrison, &  Roush, 2004), and their com m itm ent to
keeping the hearing aids on the baby all w aking hours,

Infant tem peram ent, developm ental stage, and life situations all influence the ease or
difficulty of keeping hearing aids on the infant.

Sm all ear canal and sm all overall ear size that can cause the earm old fit to be difficult‍
w e have yet to obtain ergonom ically appropriate earm olds and hearing aids for infants
(W olfe &  Scholl, 2009),

For infants who m ay need earm olds m ade every tw o w eeks due to ear canal growth,
w rapping a Com ply strip around standard size #13 tubing can create a functional
earm old for a tem porary fix.

Soft, pliable infant ears can m ake it difficult to keep the hearing aids from  ―flopping,‖
A coustic feedback; infants tend to be lying dow n or held close to the parent‒s body,
resulting all to com m only in feedback from  the hearing aid (K olpe, 2003), although
feedback cancellation in digital hearing aids does help in som e instances,
M oney issues and funding availability; hearing aid loaner banks m ust be established to
allow  rapid access to appropriate technology,
A dditional child health concerns, and
A  conductive com ponent to the hearing loss that can change and add to the degree of the
child‒s overall hearing loss on a daily basis.



Loaner hearing aids, FM  system s w ith a rem ote m icrophone, and specialized devices to
help w ith hearing aid retention such as kiddy earhooks, double-sided tape, headbands,
and bonnets can be used to address som e of these practical issues.

D igital H earing Instrum ents: D escription and Term inology

There is m uch discussion about digital equipm ent for children. The advantage of digital
instrum ents is their flexibility and m ore precise fit. D igital hearing instrum ents have a
com puter controlled sound processor inside the hearing aid. Traditional analog hearing
instrum ents, w hich are m ostly unavailable today, have a lim ited num ber of control options or
the options are preset and not available for m anipulation.

The follow ing term s often are used w hen discussing and describing digital hearing aids.

First is advanced signal processing. A dvanced signal processing autom atically adjusts the
am ount of am plification (gain) provided by the hearing aid according to the loudness of the
sound reaching its m icrophone. So, softer sounds are am plified m ore than louder sounds
and the com pression com ponent constantly adjusts the am ount of gain available so that
softer sounds can be heard m ore easily, w hile avoiding discom fort from  louder sounds.
D ifferent signal processing configurations can vary the am ount of com pression, as w ell as
the loudness level at w hich com pression is activated, providing som e benefit in noisy
situations. W ide dynam ic range com pression (W D R C ) m ay help children hear
conversations at different listening distances.
The am ount of gain (am plification) a hearing instrum ent provides at each frequency is
called its frequency response. D igital hearing instrum ents w ith m ultichannel capability
divide the frequency response into tw o or m ore channels of control. Each channel can be
adjusted independently so that different advanced signal processing schem es can be
applied to each frequency region.
M any digital hearing instrum ents have m em ory, allow ing them  to store m ore than one
frequency response or program , called m ultim em ory capability. M ultiple m em ories allow
the child/parent/teacher/therapist to choose from  different frequency responses and signal
processing options w ith a rem ote control, or by pressing a button on the hearing instrum ent
‍ or the hearing aid m ay have the ability to sw itch program s autom atically. M ultiple
m em ories can be useful for children w ho com m unicate in m any different listening situations
or have fluctuating hearing losses. For exam ple, for a child w ho often has otitis m edia
(fluid in the m iddle ear), one program  in the hearing aid m ight have added gain
(am plification) to allow  the child better access to sound w hen her hearing loss has been
m ade w orse by the addition of m iddle ear fluid.
Som e digital hearing instrum ents have separate m icrophone settings (m ultim icrophone
capability) that allow  the child to pick up sound either from  a broad area (om nidirectional)
or from  a narrow er listening range (directional m icrophone), analogous to a cam era having
a w ide angle and zoom  lens. In noisy listening situations, the directional m icrophone can



som ew hat suppress sounds that com e from  behind (usually com peting noise), w hich m ay
im prove the child‒s ability to hear speech that com es from  the front. The assum ption is that
the m ost desirable speech com es from  the front and the child likely w ill look at the
intended auditory source, but such is not alw ays the case. Som e instrum ents w ill
autom atically sw itch betw een m icrophone m odes depending on the listening environm ent

Infants and children need to be able to overhear social conversations that occur
around them . This overhearing/distance hearing is essential for learning the social
cognitive skill of Theory of M ind (see Chapter 7) The m ost im portant acoustic
inform ation m ay not be in front of the child‍ it m ight be to the side or behind.
Therefore, if a directional m icrophone setting is used, it is im portant that som e access
rem ains to sounds from  the side and back.

Som e digital instrum ents are designed to identify noise and autom atically reduce the
am plification in the frequency regions w here it is detected. This noise reduction capability
m ay provide the child w ith som e im proved ease of listening in background noise but the
rem ote m icrophone of an FM  system  is still necessary.
Real-ear m easurem ent is a term  used to describe electroacoustic verification of the
hearing aid fit; it is a m easurem ent of am plified sound in the ear canal through the use of a
probe m icrophone. R eal-ear m easurem ents m ust be obtained as part of a valid hearing aid
fitting for all infants and children (Figure 5‌3).
Cortical Auditory Evoked Potential (CAEP) can be used as a m easure of aided functional
perform ance by presenting speech stim uli through loudspeakers, and recording an
electrophysiological response from  the cortical region of the child‒s brain through
electrodes placed on the infant‒s head. The infant is aw ake, positioned on the parent‒s lap,
and distracted by quiet toys. R esearch suggests that the recording of CA EPs can assist in
verifying the hearing aid fitting in infants and young children w ho cannot respond
behaviorally (D illon, Ching, &  G olding, 2008). Fam ilies often are overjoyed to view  the
recorded C A EPs to speech stim uli in their aided infant because they now  have visible
evidence that the stim uli are detected at the cortex, show ing that conversational speech is
indeed audible to the infant through his or her am plification technology.



Figure 5‌3. R eal-ear m easurem ents are an essential part of every hearing aid fitting. (Photo courtesy of O ticon)

Articulation Index (AI) is an expression of the proportion of the average speech signal that
is audible to a person w ith hearing loss. Typically, the A I is com pared in the unaided and
then in the aided condition as one w ay of determ ining the extent of hearing aid benefit in
m aking the speech spectrum  audible (K illion &  M ueller, 2010). The A I is calculated by
dividing the average speech signal into several bands and obtaining an im portance
w eighting for each band; a process first described by French and Steinberg (1947). Tw o
w ays to com pute the articulation index include: (a) a ―count the dots‖ audiogram  (K illion
&  M ueller, 2010) that represents the w eighted speech spectrum  depicted as 100 dots,
representing 100%  of the speech spectrum , on an audiogram  (Figure 5‌4), and (b)
accessing a W eb site that w ill autom atically com pute the A I once the person‒s thresholds
are entered into the form ula (http://w w w .audiologyinfo.com /ai/). N ote that not all speech
sounds carry equal audibility im portance. H igh frequencies carry m ore im portance for
speech intelligibility. H ow ever, please note that children m ust also have low  frequency
access for the critical vow el sounds that underlie the phonological process of reading
(Robertson, 2009).

An audiologist can plot the child‒s unaided and aided (or cochlear im plant) thresholds
on a count-the-dots audiogram  and use that graph as a counseling tool to explain to
the fam ily the proportion of the speech signal that is audible with and without
technology. View ing and counting the dots provides evidence that their child w ith a
m ild to m oderate hearing loss, w ho seem s to hear so well unam plified, is really
m issing a great deal w hen not w earing his hearing aid as show n in Figure 5‌4. The AI
is a very im portant tool to use in determ ining the effectiveness of a hearing aid,
cochlear im plant and FM  system  in m aking the speech signal audible.



Figure 5‌4. Plotting the child‒s unaided (O ) and aided (R) right ear thresholds and counting the dots on this audiogram  clearly
displays the necessity of w earing the hearing aid during all w aking hours. W ithout the hearing aid, this child has access to only
55%  of the speech spectrum  (A I = 55% ). W hereas, w hen w earing his hearing aid, he has access to alm ost all of the speech
inform ation (A I = 97% ). O f course, distance from  the sound source and noise in the environm ent w ill still cause difficulty and
w ill necessitate the added use of the rem ote m icrophone of an FM  system . (C ount the D ots A udiogram  is printed w ith
perm ission of the H earing Journal).

Frequency Low ering is a general term  that describes current technologies that take high-
frequency input signals, usually consonant speech sounds, and shifts these sounds to a
low er frequency region w here the person has m ore residual hearing (Bentler, 2010). The
idea is that this processing schem e w ill allow  better speech understanding by m aking high
frequencies audible. The concept of frequency low ering has been around for a long tim e,
but better outcom es are now  obtainable due to the digitalprocessing chip that is part of
m ost current hearing aids; that chip allow s real-tim e m anipulation of the input signal. The
tw o m ethods currently available that control input frequencies are called frequency
transposition and frequency com pression (G lista et al., 2009). Som e children w ith
m oderate to profound high-frequency hearing losses benefit from  this fitting protocol. The
effective program m ing of frequency-low ering technologies can be very tricky, not all
children benefit, and real-ear m easurem ents m ust be m ade to verify the appropriateness of
the fitting. Positive outcom es are possible; how ever, m ore evidence is needed for
establishing best-practice guidelines.
Som e hearing aids offer a feature called data logging. D ata logging allow s the hearing aid
to retain relevant usage data that lets the audiologist know  exactly how  long the hearing aid
has been w orn, and som etim es, the types of signals received.

The degree of success that a child experiences from  a hearing aid results from  several
interactive factors such as the child‒s residual or rem aining hearing, the quality of the
hearing aid fitting, the am ount of tim e each day that the hearing aids are w orn, the



baby‒s age at am plification, the quality and quantity of auditory-based therapy, the
ability of fam ily, therapists, and teachers to create an ―auditory w orld‖ for the child,
and the use of necessary additional technologies such as an FM  system  w ith a rem ote
m icrophone to facilitate distance learning.

A n additional feature to consider for hearing aids is their com patibility w ith FM  devices.
A ll hearing instrum ents that are fitted on children ought to be ―bootable.‖ B ootable m eans
they have direct audio input capability for attachm ent of FM  receivers directly to the
hearing aid.

H earing A ids for Infants and C hildren: Points to Ponder

Follow ing are som e issues about hearing aids that parents, early interventionists, clinicians,
and teachers should consider.

The hearing aid fit needs to be evaluated functionally as w ell as electroacoustically (real
ear m easurem ents). That is, one needs to know  how  the hearing aid actually functions to access
the speech spectrum  for the baby or child (M adell, 2008). Com parisons should be m ade
betw een am plified and unam plified speech perception capabilities, and also betw een unaided
and aided audiogram s for detection data. A lthough initially it w as believed that aided
thresholds w ere useful only for linear hearing aids, aided thresholds can still be very effective
for estim ating potential hearing for soft sounds, even w ith w ide dynam ic range com pression
hearing aids (Cox, 2009). Please refer to the efficacy discussion at the end of this chapter for
m ore inform ation about how  to obtain functional speech perception inform ation.

C hildren require m ore gain (am plification) for their hearing loss than do adults, and
hearing aid prescriptions should reflect that fact. That is, different hearing aid prescriptions
need to be used for children and adults (D illon, 2006).

H earing aids fitted on infants require vigilant audiologic m onitoring. For infants birth
to 3 m onths of age, w eekly audiologic hearing aid checks are necessary. From  ages 3
to 6 m onths, audiologic hearing aid checks should occur every 2 to 4 weeks. H earing
losses can change (typically the change is a progression) as w ill ear canal size.

If a hearing loss exists in both ears, two hearing aids should be fitted, one for each ear.
B inaural fitting is the rule, not the exception. H earing aids should be worn during all waking
hours w ithin several days of fitting, augm ented by the necessary assistive listening devices. It
is im portant to access the brain during the early m onths and years of m axim um  brain
neuroplasticity.

H earing aids should have a strong telecoil and capability of coupling to an FM  receiver
boot. A  telecoil is an internal hearing aid com ponent that is activated by an external sw itch,
labeled ―T,‖ or by a rem ote control to access the telecoil program . The telecoil picks up



m agnetic leakage from  a telephone or an assistive listening device. A ll of a child‒s listening,
learning and com m unicative environm ents m ust be considered w hen fitting hearing instrum ents.

H earing aids should be program m able for flexibility regarding frequency response and
pow er requirem ents. Som etim es initial fittings need to be adjusted as the child becom es a m ore
reliable test-taker and listener. It also is possible that a child‒s hearing loss could change over
tim e. In addition, fluctuating hearing losses dem and adjustable hearing aids.

There are w ater-resistant hearing aids on the m arket that can be useful at the beach and
pool. They can be w orn during surface sw im m ing, but not for underw ater sw im m ing or diving.
In addition, there are hearing aid socks or sleeves m ade out of absorbent cotton or rubber that
can assist in absorbing or repelling m oisture. Som e children w ear these during hot, strenuous
activities w hen they perspire a great deal (Figure 5‌5).

A listening check m ust be perform ed on hearing instrum ents at least once a day by parents
and/or teachers w ho have norm al hearing (Estabrooks, 2006). A hearing aid stethoscope
should be readily available for this purpose. H earing aids break, and a m alfunctioning hearing
aid is of no value to anyone, especially to a baby w ith a hearing loss. O ver the years, about
50%  of am plification devices checked in school program s are found to be m alfunctioning at
any given tim e (Edw ards &  Feun, 2005; Sjoblad, H arrison, &  Roush, 2004). Fam ilies and
teachers need to be coached in perform ing this daily troubleshooting of hearing aids and other
technologies. Troubleshooting m eans perform ing various visual and listening inspections to
determ ine w hether an am plification unit is m alfunctioning and, if so, evaluating the nature and
severity of the m alfunction.

Figure 5‌5. H earing aid socks/sleeves m ade out of absorbent cotton, spandex, or rubber in m any colors can assist in absorbing
or repelling m oisture. The cord and clip provide a safety feature by attaching the hearing aids to the child‒s clothing. (Photo
provided courtesy of Ear G ear at http://w w w .gearforears.com )



H earing aids are electronic devices, so m oisture can cause a hearing aid to m alfunction.
Therefore, hearing aids need to be kept as dry as possible. D ehum idifiers are airtight
containers that contain chem ical com pounds to rem ove m oisture from  hearing instrum ents; they
m ust be used to store hearing aids w henever they are not on the child‒s ear.

Parents should order a hearing aid care kit w hen they order their child‒s first hearing aids.
This kit contains earm old and hearing aid cleaning tools, a hearing aid stethoscope to listen to
the hearing aid, a battery tester, O toFirm  (a cream  to put on the earm old that can help seal it in
the ear canal and prevent feedback), and a dehum idifier. The audiologist should provide
inform ation, literature, and dem onstration of all item s in the kit.

Battery problem s cause m any hearing aid m alfunctions. Unlike w atch batteries, the tiny
hearing aid batteries last only a few  days to a w eek in a high-pow er hearing aid. B attery life
depends on the pow er output of the hearing aid, the added battery drain of coupling the hearing
aid to an FM  receiver boot, and how  often the hearing aid actually is w orn.

Earm olds are custom -m ade earpieces that direct the sound from  the hearing aid into the
ear canal. They are a crucial aspect of an appropriate hearing aid fit (O liveira et al., 2006).
N ot only m ust they be com fortable (usually m ade of soft m aterial for children), but they can be
m odified to allow  better sound transm ission to the ear canal because the earm old shapes the
sound com ing from  the hearing aid (Pirzanski, 2006). For exam ple, a horn-shaped earm old
w ill enhance high-frequency transm ission. A n ―open‖ earm old or a vented ear m old allow s
som e of the low  frequencies to filter back out of the ear canal as w ell as letting air in, an
im portant consideration if the child has ear infections or ventilating tubes in her ears. If
earm olds do not fit w ell, feedback can occur. Feedback is that high-pitched annoying squeal
that com es from  hearing aids. Finally, children‒s earm olds m ay need to be rem ade often to
accom m odate grow ing ears and to obtain a com fortable fit.

A m plification typically should em phasize the high frequencies if the child has any high
frequency residual (rem aining) hearing. The higher frequencies carry the acoustic energy
necessary for discrim ination of consonant sounds, and consonants are necessary for
intelligibility of speech. Low  frequencies, how ever, are also im portant for suprasegm entals
and vow els, and should not be deleted. The relationship betw een low - and high-frequency
am plification needs to be evaluated carefully in the applied hearing aid fitting form ula (D illon,
C hing, &  G olding, 2008; K illion &  M ueller, 2010; Ling, 2002).

Visual deviancy and stigm a issues should be considered w hen fitting am plification
devices (Sjoblad, H arrison, &  R oush, 2004). Equipm ent can be fitted in an attractive, colorful,
and interesting m anner. Technology should facilitate, not intim idate, com m unicative
interactions.

If a baby or child resists wearing her hearing aids, it m ay be because the child has
som ehow  sensed that the parent is not yet com m itted to having the child wear the
hearing aids as they are a clear and constant rem inder of the child‒s hearing loss.
Professionals need to know  that the parents‒ ability to cope effectively w ith the
technology m ay be affected by the parents‒ raw  em otional state. Som etim es parent
groups or professional counseling are helpful‍ but som etim es just getting the hearing



aids on, and having the child begin to respond is the best therapy possible. H ow ever,
som etim es the problem  is an audiologically correctable one. The first step is to
investigate the follow ing issues and then w ork w ith the audiologist to rectify any
identified problem s:

Earm old fit. The earm old could be too sm all, too large, or it could rub and irritate
specific parts of the ear or ear canal.
H earing aid fit. The hearing aid could rub or irritate the child‒s ear or flop around
annoyingly w hen the child m oves.
H earing sensitivity change. The child‒s hearing loss m ay have progressed so that
current hearing aid settings no longer provide sufficient am plification;
Ear canal or m iddle ear infection. The child m ay have an infection that hurts w hen
the hearing aid is put on. M edical evaluation and treatm ent then w ould be
necessary.
H earing aid settings. The hearing aid could be shorting out, it m ay present sound
that is too loud, too soft, or too distorted, or it m ay provide inappropriate
am plification of the speech spectrum . For exam ple, a 3-year-old w ith a m ild to
m oderately severe hearing loss did not w ant to w ear his new ly fitted hearing aids.
H e cried and ripped them  off his ears about 10 m inutes after they w ere put on. The
parents were afraid that the hearing aids w ere too loud. H ow ever, a second opinion
revealed that the hearing-aid settings w ere too soft, so that, when inserted, the
earm olds and hearing aids functioned like ear plugs! The child heard better w ithout
the hearing aids than he did w ith them  because he w as underam plified. W hen the
hearing aids were adjusted to allow  m ore am plification, he not only kept his hearing
aids on, he was reluctant to take them  off.

B one A nchored H earing A id (B aha)

The bone anchored hearing aid (Baha), also called a bone-anchored hearing system  (B A H S),
an alternative to a traditional bone conduction hearing aid, is suitable for children w ith
conductive or m ixed hearing losses or single-sided deafness (com plete sensorineural hearing
loss in one ear; Figure 5‌6). The conductive hearing loss could have been caused by a
congenital m iddle or external ear m alform ation, or occur as part of a syndrom e such as
Treacher C ollins syndrom e.



Figure 5‌6. The B aha‒s sound processor is attached to a sm all titanium  fixture that is surgically inserted in the bone behind the
ear. (Schem atic provided courtesy of C ochlear A m ericas.)

The traditional bone conduction hearing aid is held on the head w ith a steel spring
headband, and m ay be uncom fortable due to the constant pressure of the headband. The B aha is
different. The Baha‒s sound processor is attached to a sm all titanium  fixture that is surgically
inserted in the bone behind the ear (Tjellstrom , 2005). A  titanium  sleeve connects the fixture
through the skin; therefore, thorough daily hygiene using a special cleaning brush and soap and
w ater is necessary. Through a process called osseointegration, taking 10 to 12 w eeks, the
fixture bonds w ith the surrounding tissue. O sseointegration is a direct structural and functional
connection betw een living bone and the titanium  surface of the im plant that provides secure
retention of the sound processor (Tjellstrom , 2005). Sounds therefore bypass the outer and
m iddle ear, and stim ulate the inner ear directly, a process know n as direct bone conduction. A t
this point in tim e, the m inim um  age for B aha im plantation is 5 years; how ever, som e children
receive the B aha at 2‌3 years of age. For infants, the B aha Softband can be used until the child
is old enough for the surgery. The Softband is an elastic headband w ith a B aha sound processor
connected to a plastic snap disk sew n into the headband (B eck, 2010).

The verification procedure for bone-conduction devices is the attainm ent of aided sound
field thresholds, and com paring unaided to aided results. C hristensen et al. (2010)
dem onstrated the benefits of both the B aha Softband and im planted system s over traditional
bone-conduction hearing aids and recom m ended the B aha system  as the first choice for
intervention of inoperable conductive hearing losses. In addition, the B aha can and should be
used w ith an FM  system  in both hom e and school learning situations (C hristensen, 2009).

A ssistive L istening D evices (A L D s): Personal-W orn FM  and
Sound Field FM  and IR  (C lassroom  A m plification) System s



Even though hearing instrum ents are the initial form  of am plification for infants and children,
hearing aids are not designed to deal w ith all listening needs. Their biggest lim itation is their
inability to m ake the details of spoken com m unication available under the follow ing
conditions: w hen there is com peting noise, w hen the listener cannot be physically close to the
speaker, or w hen both conditions exist together. B ecause a clear and com plete speech signal
greatly facilitates the developm ent of oral expressive language and reading skills, som e m eans
of im proving the speech-to-noise ratio (S/N  ratio) m ust be provided in all of a child‒s learning
dom ains (A nderson, 2004; Estabrooks, 2006; Ling, 2002).

A ssistive listening device (A LD ) is a term  used to describe a range of products designed to
solve the problem s of noise, distance from  the speaker, and room  reverberation or echo that
cannot be solved w ith a hearing aid alone (B oothroyd, 2002). A LD s enhance the S/N  ratio to
im prove the intelligibility of speech and expand the baby‒s or child‒s distance hearing and
incidental learning.

There are m any categories of A LD s ranging from  listening devices (w hich are discussed in
this section) to telephone devices and alert/alarm  devices. The types of A LD s m ost relevant to
the population addressed in this book include personal-w orn FM  system s and sound field IR
and FM  (classroom ) am plification system s. A ll A LD s enhance the S/N  ratio by im proving the
audibility and intelligibility of the speaker‒s voice. N ote that a pediatric audiologist m ust be
involved in the recom m endation and fitting of all hearing aids and assistive listening devices.

W ireless C onnectivity

W ireless connectivity to the environm ent and to electronic devices is an evolving horizon for
hearing aid w earers (Schum , 2010). Indeed, B luetooth technologies are having a significant
im pact on developm ents of w ireless assistive devices (Levitt, 2004). B luetooth technologies
use very high-frequency w ireless signals to link com puters and other digital devices together,
offering flexibility and increased access to m ultiple technologies. Even though B luetooth is the
prim ary w ireless technology used in cell phones and other electronics, B luetooth w ireless
transm ission poses a problem  for hearing aids because the size of the transm itters and
receivers is large com pared to the com ponents of hearing aids. In addition, Bluetooth
transm ission has high pow er requirem ents that exceed the capabilities of hearing aid size
batteries. The current solution is to use a body-w orn gatew ay device that accepts signals from
various form ats such as B luetooth, direct audio input, and FM ; converts the input signal to a
digital m agnetic signal; and then sends the signal to a digital m agnetic receiver that is
integrated in the electronics of the hearing aid (N yffeler &  D echant, 2010). W ireless reception
directly in the body of a hearing aid, although highly desirable, likely w ill not occur for years
because a new er w ireless technology w ould need to be developed to replace the current
generation of B luetooth. N evertheless, w ireless connectivity allow s access to technologies for
children w ith hearing loss in exciting and ever expanding w ays.

Personal-W orn FM  U nit



A  personal-w orn FM  unit is a w ireless personal listening device that includes a rem ote
m icrophone placed near the desired sound source (usually the speaker‒s m outh, but it could
also be a tape recorder or TV ) and a receiver for the listener w ho can be situated anyw here
w ithin approxim ately 50 feet of the talker. N o w ires are required to connect the talker and
listener because the unit is really a sm all FM  radio that transm its and receives on a single
frequency (Figure 5‌7). B ecause the talker w ears the rem ote m icrophone w ithin 6 inches of her
m outh, the personal FM  unit creates a listening situation that is com parable to a parent or
teacher being w ithin 6 inches of the child‒s ear at all tim es, thereby allow ing a positive and
constant S/N  ratio (Sexton, 2003). Personal FM  system s, therefore, offer a direct
com m unication connection betw een the talker and listener in any com m unication situation
(A SH A , 2000; Launer, 2003).

Personal FM  units are essential for a child w ith any type and degree of hearing loss, from
m inim al to profound, w ho is in any classroom  or group learning situation (A nderson,
G oldstein, Colodzin, &  Inglehart, 2005; A SH A , 2000; T. S. Flynn, M . C . Flynn, &  G regory,
2005). Several m odels of FM  equipm ent are available, costing approxim ately $2,500 per unit.
The m ost com m on styles currently used include one w here the FM  receiver is built into the
ear-level hearing aid case and another w here a sm all FM  receiver boot is attached directly to
the bottom  of the ear-level hearing aid, as seen in Figure 5‌7, or to a cochlear im plant speech
processor. This sm all, attachable FM  receiver has the advantages of a clear signal and sm all
size. O bviously, care needs to be exercised in avoiding loss, especially w hen used by a sm all
child. Fitting an FM  system  is not w ithout its challenges and substantial audiological expertise
is called for in selection, adjustm ent, im plem entation, m onitoring, and m aintenance of the
device. H earing assistance technology (H AT) fitting procedures are detailed in the A A A
C linical Practice G uidelines (2008). These procedures include a com bination of
electroacoustic, real-ear, and behavioral m easures to ensure com patability and transparency of
the H AT w ith the needs of the child‒s personal technology. See a sam ple of W eb sites‍ Phonak
(M icroLink), Lexis (O ticon and Phonic Ear), Sonovation, C om tek, W idex (SC O LA ), A udio
Enhancem ent, and Lightspeed‍ for product inform ation about their w ireless personal FM
system s.



Figure 5‌7. Personal FM  receiver and rem ote m icrophone in the classroom .

H om e U se

Traditionally, personal FM  system s coupled to hearing aids have been used for school-aged
children in the classroom  setting, but grow ing evidence suggests that infants and toddlers also
can benefit from  personal FM  system s used at hom e. M oeller, D onaghy, B eauchaine, Lew is,
and Stelm achow icz (1996) com pared tw o groups of children, w ith one group w ho w as
encouraged to use an FM  system  at hom e, and another group w ho used hearing aids alone. The
fam ilies w ho w ore the FM  system s at hom e w ere provided w ith training regarding how  to
operate the units. Subjective reports from  parents suggested that appropriate use of the FM  at
hom e facilitated effective com m unication in a variety of listening situations. A nother reported
advantage w as that tw o of the children felt an increased sense of security w hen they could hear
their parents from  a distance.

In another study about hom e FM  use, G abbard (2003) reported prelim inary inform ation that
w as gathered from  the C olorado Loaner FM  Project. The project utilized the FM  Listening
Evaluation for C hildren as a w ay to gain an understanding of the use and benefit of hearing aids
and FM  system s w ith children. Parents w ere asked to com plete the evaluation form  at least 3 to
6 m onths follow ing FM  fitting and then again at quarterly intervals. Som e of the parents‒
com m ents regarding perceived benefit of the FM  included ―being m obile w hile continuing to
hear,‖ ―consistent sound w hether noisy or not,‖ ―provides the best am plification to help
auditory skills,‖ and ―keeps him  focused on the speaker.‖ T. S. Flynn et al. (2005) concurred



that FM  use at hom e im proved speech understanding as m easured by functional auditory
assessm ent tools.

In light of the advantages of FM  technology use in hom e environm ents, and because
babies and children require distance hearing for incidental learning, personal FM
system s ought to be attached to hearing aids soon after the initial hearing aid fitting.
Fam ilies do require coaching about w hen and how  to use the personal FM  unit outside
of school environm ents. M ost fam ilies use the FM  system  about 60 to 70%  of the
baby‒s/toddler‒s day; the hearing aids are w orn every w aking m om ent. The wearer of
the FM  transm itter could be the m other, father, grandm other, sibling, playm ate,
caretaker, etc. Typical FM  use situations include the car, playground, store, dance
class, Sunday school, soccer field (baseball, etc.), kitchen, dining room , etc. Think of
the FM  m icrophone as the baby‒s ―third ear.‖

M ultiple W ireless M icrophone U se

There are m any fam ily and sm all-group situations w here the use of several w ireless
m icrophones at the sam e tim e w ould be very beneficial for the educational, linguistic, and
cognitive grow th of the child w ith hearing loss. The Com panion M ics N oise R eduction System
from  Etym otic offers one possible w ay to fill this need (see Figure 5‌8). Based on a variation
of B luetooth w ireless technology, the C om panion M ic System  offers three w ireless (talker)
m icrophone units and one w ireless (listener) receiver unit; all can be used at the sam e tim e.
The receiver unit can be coupled to a hearing aid or a cochlear im plant using a neck loop or
direct audio input cord, or the receiver can be w orn w ith headphones. The system  is
reasonably priced and can allow  the child w ith hearing loss in noisy and dynam ic situations
(such as at a fam ily dinner, in a sm all group learning situation, at the m useum , in the car w ith
both parents in the front seat and the child secured in the back seat) to converse w ith up to
three people at the sam e tim e w ith an enhanced signal-to-noise ratio.



Figure 5‌8. C om panion M ic System  can be used by a fam ily around a dinner table. Three w ireless (talker) m icrophones are
capable of being used at the sam e tim e, allow ing the child w earing the receiver unit (w ith a neck loop) easy access to the
com m ents of all fam ily m em bers. (Photo courtesy of Etym otic R esearch, Inc.)

A uditory Feedback L oop: A  C oncept Facilitated by U sing a R em ote M icrophone

The auditory feedback loop is the process of self-m onitoring (input) and correcting one‒s ow n
speech (output). A uditory feedback is crucial for the attainm ent of auditory goals and fluent
speech (Perkell, 2008). That is, a child m ust be able to hear his or her ow n speech clearly in
order to produce clear speech sounds (Laugesen et al., 2009). Im proving the signal-to-noise
ratio of the child‒s ow n speech can boost the salience of the speech signal.

To facilitate developm ent of the child‒s auditory feedback loop, place the m icrophone of
the FM  system  w ithin 6 inches of the child‒s m outh w hen she is speaking or reading aloud.
B ecause speaking and reading are interrelated, speaking into the FM  m icrophone w ill highlight
the child‒s speech, thus allow ing her to m onitor and control her speaking and reading fluency.
The lapel m icrophone of a cochlear im plant can be used in the sam e w ay.

Sound Field FM  and IR  System s (A lso C alled C lassroom  A m plification
System s)

Sound field technology is an exciting educational tool that allow s control of the acoustic
environm ent in a classroom , thereby facilitating acoustic accessibility of teacher instruction for
all children in the room  (C randell et al., 2005). A  sound field system  looks like a w ireless
public address system , but it is designed specifically to ensure that the entire speech signal,
including the w eak high frequency consonants, reaches every child in the room  (Figure 5‌9).
B y using this technology, an entire classroom  can be am plified through the use of one, tw o,
three, or four w all- or ceiling-m ounted loudspeakers.

The teacher w ears a w ireless m icrophone transm itter, and her voice is sent via radio
w aves (FM ) or light w aves (infrared‍ IR ) to an am plifier that is connected to the
loudspeakers. There are no w ires connecting the teacher w ith the equipm ent. The radio or light
w ave link allow s the teacher to m ove about freely, unrestricted by w ires.



Figure 5‌9. A . A  classroom  sound field system  has a w ireless teacher-w orn m icrophone, a pass-around m icrophone for
students, an am plifier, and evenly dispersed ceiling-m ounted loudspeakers. B . Infrared is the m ost com m only used m ode of
transm ission w here the infrared signal is sent (em itted) from  the teacher m icrophone to the diode in the center of the ceiling, to
the am plifier on the w all, and then to the four loudspeakers in the ceiling. (Photo and schem atic, courtesy of A udio
Enhancem ent.)

W hy Is Sound Field D istribution System  a M ore D escriptive Term ?
Sound field distribution system  is m ore accurately descriptive of sound field function. To
explain, som e teachers, parents, and acoustical engineers interpret the labels sound field
am plification or classroom  am plification to m ean that all sounds in the classroom  are m ade
louder. This m isunderstanding m ay give the im pression that sound is blasted into a room
causing rising noise levels, interfering w ith instruction in adjacent room s, and provoking
anxiety in pupils. In actuality, w hen the equipm ent is installed and used appropriately, the
reverse is true. The am plified teacher‒s voice can sound soothing as it is evenly distributed
throughout the room , easily reaching every child. The room  quiets as students attend to spoken
instruction. In fact, the listener is aw are of the sound distribution and ease of listening only
w hen the equipm ent is turned off. The overall purpose of the equipm ent is to im prove detection
by having the details of spoken instruction continually reach the brains of all pupils (Flexer,
2004a).



W ho M ight B enefit from  Sound Field D istribution System s?

It could be argued that virtually all children could benefit from  sound field distribution system s
because the im proved S/N  ratio creates a m ore favorable learning environm ent. If children
could hear better, clearer, and m ore consistently, they w ould have an opportunity to learn m ore
efficiently (Edw ards &  Feun, 2005; Flexer &  R ollow , 2009; R osenberg et al., 1999). Som e
school system s have as a goal the am plification of every classroom  in their districts (K nittel,
M yott, &  M cC lain, 2002).

N o one disputes the necessity of creating a favorable visual field in a classroom . A  school
building never w ould be constructed w ithout lights in every classroom . H ow ever, because
hearing is invisible and am biguous, the necessity of creating a favorable auditory field m ay be
questioned by school personnel. N evertheless, studies continue to show  that sound distribution
system s facilitate opportunities for im proved academ ic perform ance (C randell et al., 2005;
Flexer &  Long, 2003; M endel, R oberts, &  W alton, 2003).

The populations that seem  to be especially in need of S/N  ratio enhancing technology
include children w ith fluctuating conductive hearing losses (ear infections), unilateral hearing
losses, ―m inim al‖ perm anent hearing losses, auditory processing problem s, cochlear im plants,
cognitive disorders, learning disabilities, attention problem s, articulation (speech) disorders,
and behavior problem s.

Teachers w ho use sound field technology report that they also benefit. M any state that they
need to use less energy projecting their voices; they have less vocal abuse, and are less tired
by the end of the school day (B lair, 2006). Teachers also report that the unit increases their
efficiency as teachers, requiring few er repetitions, thus allow ing for m ore actual teaching tim e.

W ith m ore and m ore schools incorporating principles of inclusion w here children w ho
w ould have been in self-contained placem ents are in the m ainstream  classroom , sound field
distribution system s offer a w ay of enhancing the classroom  learning environm ent for the
benefit of all children. It is a w in-w in situation.

K eep in m ind that about 90%  of today‒s population of children w ho are identified at birth
w ith hearing loss likely w ill go directly into general education classroom s by 5 years of age.
Those classroom s m ust be acoustically ready for them .

To sum m arize, classroom  am plification facilitates the reception of consistently m ore intact
signals than those received in an unam plified classroom , but signals are not as com plete as
those provided by using a personal FM  unit (C randell et al., 2005). In addition, the equipm ent,
especially the loudspeakers, m ust be installed appropriately, and teachers m ust be in-serviced
about the rationale and effective use of the technology.

A prim ary value of sound field is that it can focus the pupils and facilitate attention to
relevant inform ation. To that end, the effective use of the sound system ‒s m icrophone
can be a pow erful teaching tool. Teachers need to be in-serviced about how  to use the
m icrophone to create a listening attitude in the room ; the purpose of the m icrophone is
to quiet and focus the room , not to excite or distract the children.



C hoosing a System

Should an audiologist recom m end a personal FM  system  or a sound field system  or both for a
given child? O nce it is determ ined that a child has a hearing problem  that interferes w ith
acoustic accessibility, the next step involves recom m ending, fitting, and using som e type of S/N
ratio enhancing technology. O ne thing is certain: w e cannot m anage hearing by not m anaging
hearing. Preferential seating does not control the background noise and reverberation in the
classroom , stabilize teacher or pupil position, or provide for an even and consistent S/N  ratio
everyw here in the room .

In m any instances the best listening and learning environm ent can be created by using both
a sound field IR  and a personal-w orn FM  system  at the sam e tim e. The sound field IR  unit,
appropriately installed and used in a m ainstream ed classroom , im proves acoustic access for
all pupils and creates a ―listening‖ in the room . The individual personal-w orn FM  system
allow s the particular child w ith hearing loss to have the m ost favorable S/N  ratio.

In several parts of the country, m any general education classroom s already have infrared
sound field distribution system s in them  w ith tw o m icrophones: a teacher-w orn m icrophone
and a pass-around m icrophone for pupils. Teachers have been in-serviced about how  to use the
classroom  system  as a teaching tool in order to m anage the class, create an auditory focus, and
deliver direct and incidental instructional inform ation.

O f course, children w ith hearing loss m ust use a personal FM  system  for a superior signal-
to-noise ratio. M ost of the tim e, the child‒s personal FM  transm itter can be carefully attached
to the audio-out port of the sound field system , using an appropriate patch cord. The child w ith
hearing loss greatly benefits from  having access to the tw o m icrophones of the sound field
system . She also benefits from  having a quiet environm ent in the classroom  and a specific
auditory focus. Teachers do require in-servicing about both technologies, including how  to
troubleshoot and use them  together.

Sm all, Portable D esktop Sound Field System s

O ne type of sound field FM  system  is called a personal sound field unit or desktop system
(Figure 5‌10). This is a sm all, lightw eight, battery pow ered, portable loudspeaker that can be
carried from  class to class and that delivers a clear, close-up sound right at the student‒s desk.
A nderson et al. (2005) found either the personal FM  system  or the sm all, portable desktop
sound field FM  to be particularly useful for children w ith cochlear im plants.



Figure 5‌10. This sm all desktop sound field system , placed on a desk, provides close-up sound and can be carried easily from
class to class. (Photo courtesy of LightSPEED  Technologies, LES 391 D esktop SoundPak.)

Follow ing recognition and resolution of the equipm ent-related issues m entioned above
com es the realization that, at best, technology is sim ply a tool, a m eans to an end. The
purpose of classroom  am plification, or any S/N  ratio enhancing technology, is to facilitate the
reception of the prim ary speech signal. O nce children can detect w ord-sound differences
clearly, they w ill have an opportunity to develop and im prove their language skills and to
acquire know ledge of the w orld. A  34-m inute videotape, C lassroom  Am plification and the
Brain, can be useful in conveying these concepts to parents, teachers, and therapists (Flexer,
2004b).

W hichever type of ALD  is selected, personal-w orn, sound field, or both, the follow ing
com m on-sense tips could facilitate use and function of the technologies:

Try the equipm ent. People m ust experience ALD s for them selves; they cannot
speculate about benefit.
B e m indful of appropriate w earing and placem ent of the rem ote m icrophone on the
teacher or parent. M icrophone placem ent dram atically affects the output speech
spectrum . Specifically, high frequencies are w eaker in off-axis positions. A head-
w orn boom  m icrophone provides the best, m ost com plete, and m ost consistent signal.
A collar m icrophone, w orn around the teacher‒s neck, also allows som e level of
control of m icrophone distance. If a lapel or lavaliere m icrophone is worn, it should
be situated m idline on the chest about 6 inches from  the m outh.
C heck the batteries first if any m alfunction occurs. W eak battery charge can cause
interference, static, and interm ittent signals in all FM  or IR technologies.
A udiologists should w rite clear recom m endations for FM  and/or IR equipm ent,
specifying the rationale, type or types of S/N ratio enhancing technology needed,
equipm ent characteristics, coupling arrangem ent chosen, parent and teacher in-



service needed, and follow -up visits.

C ochlear Im plants

A  cochlear im plant is a surgically inserted biom edical device designed to provide sound
inform ation to children and adults w ho experience severe to profound hearing loss (A SH A
2004b). The cochlear im plant is very different from  a hearing aid. H earing aids am plify sound,
but cochlear im plants com pensate for dam aged or nonw orking parts of the inner ear (N iparko,
2004). In fact, the cochlear im plant bypasses som e of the dam aged parts (typically the hair
cells) of the inner ear; coded electrical signals stim ulate different hearing nerve fibers w hich
then send inform ation to the brain. H earing through an im plant m ight sound different than
typical hearing, but a properly inserted and program m ed cochlear im plant can allow  m any
children to develop com plete spoken com m unication skills if they receive appropriate early
intervention (G eers et al., 2009).

Figure 5‌11. Schem atic of a cochlear im plant. (Provided courtesy of C ochlear A m ericas.)

The m ain com ponents of a cochlear im plant are the surgically im planted electrode array
and the external speech processor that either can be body-w orn or w orn behind the ear like a



hearing aid (C lark, 2003; Figure 5‌11). Speech and sounds in the w earer‒s environm ent are
processed by the com ponents as follow s. First, at the level of the speech processor, the
m icrophone picks up sounds from  the environm ent and transm its them  to the circuitry inside the
speech processor. The circuitry in the speech processor then changes the input from  the
m icrophone into an electrical signal that is sent to the transm itter. The signal from  the
processor‒s transm itter is then sent, via an FM  signal, through the skin behind the ear to the
internal electrode array that has been surgically inserted into the cochlea. The internal
electrode array stim ulates auditory nerve fibers and the signal is sent to the brain. Finally, w ith
auditory experience and learning, the signal is interpreted by the brain as sound and the person
is able to hear. See the follow ing com pany W eb sites for m ore specific and updated product
inform ation: http://w w w .cochlear.com ; http://w w w .cochlearim plant.com ;
http://w w w .m edel.com .

Figure 5‌12. O nce im planted, the child‒s speech processor is linked to a com puter, either at a cochlear im plant center, school,
or in the hom e, and custom  program m ed. M ultiple and repeated program m ing sessions need to be conducted to obtain and
m aintain an optim al program , also called a m ap, for the child.

O nce im planted, the speech processor is linked to a com puter and custom  program m ed for
the individual child over several m onths (Zeng, Popper, &  Fay, 2004; Figure 5‌12). A ll
current devices on the m arket have m ultiple program  capacities that facilitate the m apping
process and reduce the am ount of tim e spent for m apping at the im plant center. Please note that
if a child is not progressing as expected or behavior and perform ance alter in a negative
direction, contact your im plant center and check the integrity of the device‒s m ap/program
im m ediately (W olfe &  Schafer, 2010).

Im plant C andidacy

A s cochlear im plant technology im proves and as m ore outcom e data are available, candidacy
criteria are changing and becom ing m ore liberal (Tobey, 2010). G eneral trends are that
children are being im planted at increasingly younger ages and they have m ore residual hearing
(Fitzpatrick et al., 2009; W altzm an, 2005). W hy? B ecause data continue to show  that the
younger a child is w hen im planted, the better are the desired outcom es of m eaningful spoken



language and literacy developm ent due to stim ulation of critical auditory brain centers during
the early years of neural plasticity (G eers, 2002; G eers et al., 2009; N icholas &  G eers, 2006;
R obbins, K och, O sberger, Zim m erm an-Philips, &  K ishon-R abin, 2004).

Identifying a baby or child as a candidate for a cochlear im plant m eans that she should
obtain significantly better hearing ability from  a cochlear im plant than she w ould from  the m ost
optim ally fitted hearing aids. Follow ing are generally accepted candidate criteria. There m ight
be som e variability betw een im plant centers‍  and it is the im plant team  that ultim ately
determ ines w ho is or is not a candidate (A SH A , 2004b).

A ge 12 m onths and older; although m ore children are being im planted even younger than 12
m onths.
Severe to profound bilateral sensorineural hearing loss.
Intact auditory nerve.
Little benefit from  hearing aids‍ although the term  benefit is subject to interpretation.
Prior to approval for cochlear im plantation, a 3- to 6-m onth trial w ith w ell-fitted hearing
aids typically is recom m ended in conjunction w ith intensive auditory therapy. These
criteria m ay be w aived under certain circum stances, such as a history of m eningitis w ith
subsequent cochlear ossification.
N o m edical contraindications to undergoing surgery. The surgery is typically perform ed on
an outpatient basis, and takes 2 to 3 hours.
N o active m iddle ear disease.

View the cochlear im plant as a value-added technology rather than as a ―failed w ith
hearing aids‖ technology. Even if the child is doing okay w ith hearing aids, can the
im plant add to the child‒s auditory access and distance hearing? C an the im plant
facilitate the child‒s exposure to conversations and inform ation, both directly and
indirectly conveyed?‖ O btain audiological evidence to answ er these questions.

A n educational setting that em phasizes auditory therapy and com m unication.
The fam ily and, if old enough, the child should be highly m otivated and have realistic
expectations.

The follow ing criteria often are added to the above in determ ining w ho to refer to an
im plant center for evaluation:

A  desired outcom e for the baby or child of spoken language and reading skills consistent
w ith hearing peers.
M ainstream  classroom  placem ent.
W hen w earing w ell-fitted hearing aids, the child is unable to understand speech at norm al
conversational levels w ithout lipreading. The child can score up to 30%  on open-set single
syllable w ords and still be referred to an im plant center. A child w ith a severe to profound
hearing loss w ho dem onstrates som e benefit from  hearing aids typically m akes rapid and



substantial progress w ith a cochlear im plant. W hy? Som e benefit from  hearing aids m eans
that the auditory centers of the brain have been stim ulated so that w hen the superior
―keyboard‖ of the cochlear im plant is provided, the child already has a neurological
netw ork in place for sound utilization.
U naided thresholds of 70 to 90 dB  H L or w orse from  1000 H z through 8000 H z.
A n aided speech recognition threshold (the softest level that know n speech m aterial can
just barely be recognized using a closed-set task; this task focuses on vow els) of 35 dB  H L
or w orse. There is a distinction betw een hearing aid gain and sound-quality benefit.

In this era of constant refinem ent of m edical technologies and treatm ents, consum ers
expect the m ost current advice and interventions. O ne doesn‒t w ant the hip
replacem ent that the m other had 10 years ago, or the cardiac treatm ent that the uncle
had 5 years ago, or the knee surgery that a sister had just last year. U p-to-date
inform ation, recom m endations, and interventions are required.

A ided distance hearing less than 10 feet for /s/ and less than 20 feet for sh. D istance
hearing w ith a cochlear im plant often can exceed 40 feet in a quiet environm ent, even for
/s/. The greater the distance hearing, the better opportunity the baby or child w ill have for
incidental learning.

Therefore, if a fam ily previously w as told (even in the recent past) that their child w as not
a candidate at that tim e‍ because he or she had too m uch residual hearing, or w as getting too
m uch gain from  the hearing aid, or had som e open-set discrim ination, or w as too young or too
old‍ they should ask the im plant center for an updated opinion (A llegretti, 2002; Tobey,
2010). N either m edicine nor technology is static. A s w e learn m ore about this w onderful
device and about the possibilities it holds, different decisions w ill be m ade about candidacy.

B enefit of C ochlear Im plants

D ata are very exciting and show  that children w ith m ultichannel cochlear im plants dem onstrate
significant im provem ents in all areas of speech perception and production as com pared to their
preoperative perform ance w ith vibrotactile or conventional hearing aids (G eers et al., 2009;
M oog &  G eers, 2003; W altzm an, 2005; Zw olan et al., 2004). B enefits range from  im proved
detection of sounds to understanding speech w ithout lipreading and often include easy
telephone use. In general, children w ho benefit the m ost from  cochlear im plantation are
younger and/or have received the im plant after a shorter duration of deafness. They are in good
auditory-based training program s and have fam ilies w ho are firm ly com m itted to the training
process. A n additional key factor is the length of tim e the child has used the im plant. Even
children w ho have used their device all day every day for m ore than 3 years continue to show
substantial im provem ent in listening abilities.

Like the hearing aid and A LD  technologies discussed previously in this chapter, a cochlear



im plant is only a tool, analogous to a com puter keyboard that im proves ―data entry‖ to the
brain. The ultim ate effectiveness of the tool, how ever, is determ ined largely by the type and
degree of aural rehabilitation and education that follow  im plantation (G eers et al., 2009; M oog
&  G eers, 2003; Tobey, 2010; W altzm an, 2005; Zw olan et al., 2004). Is the child placed in an
environm ent that em phasizes spoken com m unication? A re listening skills system atically
developed? W hat are the expectations for the child‒s ultim ate use of the cochlear im plant?
N icholas and G eers (2006) found that a key variable is the age of the baby/child at
im plantation. Those children w ho w ere im planted at the youngest ages w hen the brain has the
m ost neuroplasticity developed the highest skills if they received appropriate auditory-based
intervention.

D ata entry and auditory-linguistic skill building take tim e, often years. The child w ho has
an im plant needs to be taught to interpret and derive m eaning from  the sounds that now  enter
his or her brain via the cochlear im plant. The child w ho has access to an appropriate, auditory-
based program  has the best opportunity to benefit from  a cochlear im plant. The rem ainder of
this book details the necessary intervention strategies to attain a listening and spoken language
outcom e.

There is now enough evidence that every m onth of access to sound m akes a difference.
Because of that, the decision to im plant should be m ade by the tim e the infant is 9
m onths of age so that im plantation can occur no later than 12 m onths of age.

B ilateral Im plants

Just as w ith bilateral hearing aids, bilateral cochlear im plantation m ay offer assistance in
difficult listening situations and subsequently can optim ize speech, language, educational, and
psychosocial developm ent. R esearch has show n that bilateral cochlear im plantation offers
substantial benefits to the child. H ow ever, it also presents challenges (Tyler et al., 2002;
Figure 5‌13).



Figure 5‌13. This baby is w earing bilateral cochlear im plants w ith ear-level speech processors.

The value of bilateral im plants is based on the value of bilateral hearing in general. To
date, research on bilateral im plants has show n advantages for m any children in the follow ing
areas (Litovsky, 2010; Litovsky et al., 2006; Litovsky et al., 2009): im proved speech
recognition in noise through the binaural squelch; im proved localization of speech and
environm ental sounds (also called spatial hearing); better access to sound originating from
second C I side; access to binaural sum m ation; and opportunities to capture the better ear. Team
collaboration is critical in determ ining candidacy for a second im plant and in arranging for the
appropriate follow -up to m axim ize functional outcom es for each child.

The w ear-tim e schedule for first and second cochlear im plants, therapy activities, and
therapy structure are dependent upon a num ber of individual variables, som e of w hich include:

A ge of the child
A uditory skill developm ent w ith first C I or w ith hearing aids
Tim e elapsed betw een the first and second im plant
Fam ily com m itm ent to structured w ear-tim e and activities for the second im plant

Follow ing are som e observations about binaural im plants that have been m ade so far. The
better the child‒s auditory abilities (w ith either hearing aid or first cochlear im plant) prior to
im plantation, the faster the child w ill learn to utilize the new  electroacoustic input. It m ust be
that the central cortex that is accustom ed to dealing w ith auditory inform ation m ore quickly
recognizes and m akes sense of the new  source of auditorily coded input. The older the child is
at the second im plantation, the longer the adjustm ent m ight be and the longer that therapy tasks
m ust be used focusing on the second im plant alone. It appears that the younger the child is at
the tim e of the first and second im plant, the shorter the tim e needed for the second device to
―catch up‖ (Litovsky, 2010). In addition, the shorter the tim e betw een im plants, the less



structured therapy is needed in the second im plant-only condition. The degree to w hich
children tolerate w earing the second im plant alone varies, and parents should encourage that
activity at hom e.

B im odal Fittings

B im odal hearing m eans that the child is w earing a cochlear im plant in one ear and a hearing
aid in the other. The hearing aid provides acoustic stim ulation, and the cochlear im plant
provides electrical stim ulation, hence the term  ―bim odal.‖ The cochlear im plant offers the
advantage of high frequency audibility, and the hearing aid provides low  frequency access
because residual hearing typically occurs in the low  frequencies.

W hen cochlear im plants w ere first approved for children age 2 years and older in 1998,
m ost candidates had very profound hearing losses and received virtually no benefit from
continuing to w ear a hearing aid in the unim planted ear (Tobey, 2010). Subsequently, children
w ith m ore residual hearing have been im planted and questions arose as to the value of w earing
a hearing aid in the unim planted ear. That is, for children w ho are not using bilateral im plants
and w ho have m ore residual hearing, is there benefit to w earing a hearing aid? R esearch has
dem onstrated that there can be substantial value to w earing a hearing aid in the ear
contralateral to an im plant if that ear has som e low  frequency residual hearing and such use
should be encouraged (C ullington &  Zeng, 2010). It seem s that the low -frequency acoustic
inform ation below  250 H z can provide speech perception benefit, assist w hen listening to
m ultiple talkers, and add value to m usic appreciation (C ullington &  Zeng, 2010; Zhang et al.,
2010)

There also is continuing interest in com bining electric and acoustic hearing in the sam e ear,
called hybrid stim ulation (Fabry, 2008). M ore research is needed about this fitting in children.

C ochlear Im plants and FM  System s

C ochlear im plants, like hearing aids, perform  better in quiet than in noise. In fact, real-w orld
listening environm ents (typically noisy) m ay slow  language processing in young children w ith
cochlear im plants (G rieco-C alub, Saffran, &  Litovsky, 2009). B ecause children m ust have
access to soft speech at a distance in less than ideal environm ents, som e sort of FM
arrangem ent w ith rem ote m icrophone m ust be used. Schafer and Thibodeau (2003) and
A nderson et al. (2005) evaluated the benefit of FM  use w ith cochlear im plants. They found that
either a personal-w orn FM  coupled (attached) to the im plant receiver, or a desktop sound field
system , resulted in significantly im proved perform ance in noise w hen com pared to the im plant-
alone condition (Figure 5‌14). The personal-w orn FM  m ust be program m ed to the C I speech
processor by the im plant audiologist to avoid electrical interference, and to verify the
relationship betw een the level of the FM  signal and the environm ental signal.

Accurately fitting a personal-w orn FM  to a cochlear im plant depends on the child‒s



ability to respond to the integrity of the sound. O nly the child know s w hat she is
actually hearing through the cochlear im plant. Even though today‒s generation of
FM /C I coupling is quite advanced, we recom m end using a sm all desktop loudspeaker
w ith a child w ho is too young or w hose listening skills are not yet developed enough to
provide good feedback regarding signal clarity.

Figure 5‌14. B oth boys have an FM  receiver boot coupled to their cochlear im plants, and their teacher is w earing an FM
transm itter to im prove the signal-to-noise ratio in a classroom  environm ent.

M easuring E fficacy of Fitting and U se of Technology



Efficacy can be defined as the extrinsic and intrinsic value of a treatm ent (Crandell et al.,
2005). Even though technological treatm ents for hearing loss clearly have value, som e
m easurem ent needs to be m ade to show  that the individual baby or child in question is
obtaining benefit. B enefit m ay be m easured through educational perform ance, behavioral
speech perception tests, direct m easures of changes in brain developm ent, or functional
assessm ents.

A ssessing cochlear im plant benefit (as w ell as hearing aid and FM /IR  benefit) in infants
and young children has been challenging because this population has lim ited com m unication
skills, lim ited attention span, and im m ature behaviors. Functional auditory assessm ents,
therefore, are the m ost com m on and easily adm inistered efficacy m easure (Tharpe, 2004).

See Table 5‌1 for an overview  of functional auditory assessm ent tools.

E quipm ent E fficacy for the School System

The key to securing technology from  the school system  is to obtain data docum enting need
(A ckerhalt &  W right, 2003). A  m ultifactored com prehensive evaluation, w hich is a thorough
evaluation by a m ultidisciplinary team , is necessary to docum ent the need for a child to receive
special services. The last category on m ost m ultifactored com prehensive evaluation form s is
A ssistive Technology N eeds. In order for assistive technology to be recom m ended w ithin any
legislative fram ew ork, som e type of evaluation m ust be conducted. That is, can w e docum ent
that the child in question cannot obtain an appropriate education unless a personal-w orn FM
system  or an FM  or IR  sound field distribution system  is utilized? C an the child‒s access to and
perform ance in the general education environm ent be linked to hearing difficulties in the
classroom ? W hat tests can be adm inistered to docum ent acoustic access and listening
difficulties in the classroom ?



Table 5-1. Functional A uditory A ssessm ent Tools for Infants and Young C hildren





O ne way that an audiologist can docum ent the need for technology and also m easure
efficacy of technology fitting is to perform  speech-in-noise testing in the clinical sound
room . Typically, audiologists test children‒s speech perception in quiet at
advantageous intensity levels. If phonetically balanced (PB) w ords are presented only
at 40 dB sensation level (SL) under earphones, functional inform ation is not provided
about accessibility to typical classroom  instruction. W ords presented at a loud level in
perfect quiet alw ays overestim ate a child‒s real life auditory discrim ination ability. By
adding tw o speech assessm ents to the basic audiologic test battery, an audiologist in a
school or clinical setting can docum ent efficacy by providing functional inform ation
about the child‒s acoustic accessibility to the speech spectrum . U sing appropriate
speech m aterial, such as the W IPI, w ord identification testing should be perform ed in
the sound field in the unaided condition. Then, w hile w earing hearing aids or cochlear
im plant(s), these sam e tests also should be perform ed in the aided condition, in quiet
and in noise. Appropriate speech stim uli for the language level of the child should be
presented at the average loudness level that a child in a favorable classroom
environm ent ‍ 50 dB H L‍  receives speech. Because the child also m ust hear soft
speech, another list of w ords should be presented at 35 dB H L.

C onclusion

The purpose of technology is to efficiently, effectively, and consistently channel sounds to the
brain. The purpose of intervention is to use the technology to provide the child w ith redundant
and m eaningful auditory-linguistic com m unicative experiences to allow  the brain to develop a
substantial auditory neurolinguistic infrastructure. The developm ent and program m ing of the
baby‒s/child‒s auditory neural centers serve as the basis for spoken language, literacy, and
academ ic and social-em otional grow th. Therefore, the fitting and use of hearing aids, cochlear
im plants, and FM /IR  technologies is a critical first step in attaining the desired outcom e of
listening and talking.
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Intervention Issues

K ey Points Presented in the C hapter

The fram ew ork for intervention presented in this book is based on the prem ise that the
m ost effective ingredients of intervention for young children w ho have hearing loss
include beginning intervention (both technological and instructional) w hen the child is
very young, follow ing a norm al developm ental sequence, and having parents be the
prim ary teachers of their children.
Educational program s for children w ho have hearing loss differ on several im portant
dim ensions. Parents and professionals need to know  w hat those dim ensions are so that
they can ask questions to find out w here each program  stands on each of the
dim ensions.
For a child w ith a hearing loss, challenges to the process of learning spoken language
can arise from  late w earing of hearing aids or cochlear im plants, from  disabilities in
addition to the hearing loss, or from  the child living in a m ultilingual environm ent.
Preschoolers w ith hearing loss have w idely varying abilities and needs, and their
educational program s need to be carefully and individually planned. A full continuum
of options needs to be available in order to determ ine the program  that m ost
appropriately fits the child‒s needs.

B asic Prem ises

The goal of this text is to provide a fram ew ork for professionals and fam ilies w ho w ant to help
prom ote spoken language developm ent in their young children w ho have hearing loss. Ideas
about intervention in this book are grounded on the follow ing four prem ises:

The first prem ise is that it m akes sense to begin intervention w ith children w ho have
hearing loss w hen they are very young because of the research on particular sensitivity of
the brain‒s neural pathw ays to auditory input prior to the age of 3 (Sharm a, D orm an, &
Spahr, 2002; Sharm a et al., 2004; Sharm a, D orm an, &  K ral, 2005; Sharm a, M artin, et al.,



2005) as w ell as because of the verbal and academ ic deficits often seen in children w hose
audiological and educational m anagem ent begin later (G eers &  M oog, 1989; N icholas &
G eers, 2006; see Chapters 1 and 2).
The second prem ise is that it m akes sense to help these children learn to listen and talk in
order to keep as m uch of the w orld open and available to them  as possible (see Chapter 7).
The third prem ise is that it m akes the m ost sense to help the parent help the young child
learn spoken language through listening. The idea is to m axim ize the child‒s developm ent
through optim izing the fam ily‒s capacity to address the child‒s needs. W orking in
partnership should result in the m ost effective intervention w ith very young children
(Brom w ich, 1981; G irolom etto &  W eitzm an, 2006; Law , G arrett, &  N ye, 2004; Rini &
H indenlang, 2006; Tannock &  G irolom etto, 1992; Yoder &  W arren, 1998, 2002; see
Chapters 9 and 10).
The fourth prem ise is that in acquiring spoken language through listening, a child w ith a
hearing loss w ill generally follow  a norm al developm ental path. The pace m ay be
som ew hat slow er (or not!), and there m ay be som e asynchronies in learning related to
difficulty in hearing particular aspects of language (Ertm er, Strong, &  Sadogopan, 2003;
Estabrooks, 2006; L. K retschm er &  R. K retschm er, 2001; Uchanski &  G eers, 2003;
Schauw ers, G illis, &  G ovaerts, 2005; Tye-M urray, 2003). M uch of the intervention
described in this book is based upon the child follow ing the norm al developm ental
sequence of spoken language learning. H ow ever, carefully preplanned and structured
teacher- or parent-directed strategies w ill need to be used to address asynchronies as they
are uncovered. The longer the child is w ithout hearing, the m ore the need for structured,
adult-directed instruction (see Chapters 7 and 10).

The prim ary focus of m uch of this book is on w ork by parents w ho are helping their
children learn spoken language through listening. Certainly, by the age of 3 years, w hen
parents and school districts m ay be thinking of preschool, each child presents unique
educational needs to be m et. N o one single m ethod or educational setting can m eet the needs of
all children w ho have hearing loss. The section in this chapter entitled ―Educational O ptions
for Children w ith H earing Loss, A ges 3 to 6‖ discusses som e of the possible educational
choices that could be considered by parents and school districts as they are trying to m ake
decisions. M uch of the inform ation in this book could be applied to w ork in sm all group
preschool settings, w here the teacher of the hearing-im paired has know ledge and experience in
helping children w ith hearing loss learn spoken language through listening. A ppendix 5 lists
needs that are com m on to all children w ith hearing loss w ho are learning in group settings.
W hat w ill be different for each child w ill be the am ount of intensive individual therapy
required. That am ount should be based on w hat is needed in order to get (or keep) the child‒s
auditory and spoken language learning at an appropriate level for realizing the child‒s potential
for cognitive, social, and academ ic developm ent.

N ot every child w ith severe or profound hearing loss does learn to talk, som etim es in spite
of the best efforts of parents and professionals. Reasons for a lack of satisfactory progress in
spoken language can include late diagnosis, poorly fitting and/or poorly m aintained hearing
aids, an im poverished educational program , lack of appropriate sensory aids for those w ith no



m easurable hearing, insufficient or ineffective parental involvem ent, additional disabilities, or
additional problem s in learning (either general or specific in nature). N one of these factors by
itself precludes the possibility of the child learning to talk, but a com bination of several of
them  can m itigate against it. The section in this chapter entitled ―C hallenges to the Process of
Learning Spoken Language‖ provides m ore detail on this issue.

D ifferentiating D im ensions A m ong Intervention Program s

There are hundreds of program s, both publicly and privately supported, that provide services
based on spoken language developm ent for children w ho have hearing loss in the birth to 6-
year-old age range. These program s m ay describe them selves as ―oral,‖ ―auditory-oral,‖ or
―auditory-verbal.‖ Professionals in these program s m ay have certification by the A . G . B ell
A cadem y as Listening and Spoken Language Specialists (either LSLS Educators or LSLS
Therapists).

A lthough the prim ary aim  of all these early intervention program s and individuals is to help
children w ho have hearing loss learn to talk, close inspection reveals that such program s can
vary on several theoretical and m ethodological dim ensions. Parents need to be aw are of these
distinctions in order to understand the nature of the program  in w hich their child is enrolled.
A dditional inform ation for parents w ho need to m ake decisions about group placem ent for their
children at age 3 or older can be found in A ppendix 5.

1. T he nature and m anner of parent involvem ent in the child‒s learning can be different
in different program s. This can be reflected in details such as the num ber of sessions per
w eek; w hether or not the parent is in the therapy room  or observing from  outside; w hether
it is prim arily the parent or the therapist w ho interacts w ith the child during the sessions;
the locale of the sessions (center-based, hom e-based, or a flexible com bination of the
tw o); the existence of parent group m eetings and activities outside of the sessions; and the
nature and am ount of inform ation supplied to the parent about how  to help the child
outside of the intervention sessions. If the program  truly is providing intervention aim ed at
having the parent becom e the child‒s prim ary language teacher, then there are likely to be
one or tw o parent guidance sessions per w eek. The parent is expected to be integrating
auditory strategies into all that they do w ith the child, during all the rest of the w eek, all of
the child‒s w aking hours. It is not the hour spent w ith the teacher or therapist that causes
the child to learn to listen and talk! It is all of the w ork that the parents and fam ily do in
the rem aining 83 or so hours of the w eek that the child is aw ake and alert.

2. Program s vary in the em phasis placed on norm al everyday interactive events as the
context w ithin w hich the child w ill learn language, versus an em phasis on the child
learning language from  participating in adultdirected teaching activities. The contrast
is betw een a norm al developm ental approach and a rem edial approach. H elping very
young children w ho have hearing loss learn to listen and talk can be accom plished
prim arily through a norm al developm ental process, w ith ―em bellishm ents‖ that include
hearing aids and cochlear im plants, and parents em ploying strategies to help children



integrate listening and talking into their w ay of interacting w ith the w orld. H ow ever, if the
child‒s hearing loss is detected late and/or if there are other interfering problem s that
have resulted in the child being very far behind, then the approach w ill need to include
m ore adult-directed and preplanned activities. Program s differ on the extent to w hich they
em ploy either approach, both in general and w ith regard to their w ork w ith individual
children at different points in their developm ent.

3. Program s and interventionists also vary in their use of sense m odalities in providing
spoken language input, both in norm al everyday conversations and in m ore adult-
directed activities. There are three likely avenues of sensory input for spoken language:
auditory, visual, and tactile:
a. A  program  that em phasizes audition w ill treat the child‒s need for stim ulation of the

auditory centers of the brain as a neurological em ergency. They w ill have the parent
and child com e in to fit hearing aids w ithin 2 w eeks of an initial contact, they w ill
teach the parent how  to m anage the equipm ent, and they w ill provide guidance on how
to keep the equipm ent on the child all w aking hours from  the very beginning.
Professionals in an auditory program  w ill also be talking w ith the parents about w ays
in w hich they can help the child learn to listen in the course of everyday interactions,
right from  the beginning. For exam ple, audition can be m axim ized in norm al
interactions by speaking at a relatively close distance to the child, by sitting behind or
beside him , or by having the child‒s visual focus on the toys or activity at hand, rather
than on the speaker‒s face.

b. The visual sense m odality in this context refers to w hether or not the child is
frequently encouraged to w atch the speaker‒s face for cues provided by speech-
reading‍ that is, for exam ple, to w atch the speaker‒s lips and facial expressions w hen
the speaker is talking. In addition, although it is now  only rarely done w ith young
children, it is also possible to consciously teach differentiations am ong or betw een
particular lip positions and their associated sounds (e.g., the difference in lip position
and m ovem ent of a /fa/ versus a /ba/).

c. The tactile sense m odality can be em ployed in a global w ay through the use of
vibrotactile devices that are intended to be w orn by the child to aid in perception of
speech in norm al conversational situations. Vibrotactile devices are also som etim es
used in a m ore lim ited w ay for speech and auditory training exercises. W ith or w ithout
a vibrotactile device, touch can be em ployed in dem onstrating features of particular
speech sounds w here tactile sensation is salient such as the breathstream  of fricatives
and plosives.

Som e of the possible perm utations of the use of sense m odalities include program s that
advocate the use of audition only; program s that include the use of vision and touch as
supplem ents to audition, w hen needed; program s that alw ays encourage the child to w atch the
face w hen som eone is speaking (and are thus purposely presenting the input through audition
and vision at the sam e tim e), w ith the use of touch also, as needed; and program s w hich m ight
do any of the above, depending upon the needs and abilities of a particular child.

To the uninitiated, these differences m ay seem  to be insignificant, but w ithin the field of



education of children w ho are deaf or hard of hearing, they have, w ith som e justification, been
hotly contested issues. There are strong research- and logic-based reasons to rely prim arily on
audition as the m ajor m eans of helping a young child w ith a hearing loss learn spoken
language. The key program  elem ents seem  to rest m ost squarely on the know ledge, persistence,
and enthusiasm  of the teacher and the parents.

C hallenges to the Process of L earning Spoken L anguage

Providing the conditions for a young child w ith hearing loss to acquire spoken language
through listening requires know ledgedriven effort on the part of all the adults in the child‒s life.
N ecessary conditions (w hether the child is at hom e, at daycare, or in a preschool setting)
include:

C onsistent, appropriately excellent auditory access to speech all w aking hours from  a
very young age. The child needs auditory access (by m eans of appropriately fit and
m aintained technology, e.g., hearing aids, cochlear im plants, and FM  system s) all w aking
hours. That access needs to be verified through constant adult vigilance about the
functioning of the child‒s equipm ent, and about the acoustic conditions of the child‒s
environm ent, as w ell as through appropriate use of personal FM  technology in any situation
w here noise or distance from  the speaker is likely to reduce the child‒s access to the
speaker‒s m essage.
M ultiple and varied repetitions of linguistic input and linguistic practice in m eaningful,
everyday interactions w ith fluent speakers of the target language. W e do not have
research that tells us exactly how  m uch talking and interacting is enough. H ow ever, there is
research on children w ith norm al hearing w ho experienced w idely varying am ounts of
verbal interacting w ith their caregivers, w hich clearly dem onstrates the advantages to the
child‒s ow n language and literacy grow th from  being exposed to a rich quantity and variety
of adult talk and interaction in at least the first 3 or 4 years of life (H art &  Risley, 2003).
For the child w ith hearing loss, access to the verbal m essages to and around him  is
necessarily at least som ew hat lim ited by the very presence of the hearing loss. H ow  m uch
m ore im portant m ust it be to have adults in his or her life w ho consistently go out of their
w ay to play and interact verbally, providing a rich and varied linguistic experience for the
child?

The follow ing circum stances can present additional challenges for the child w ith hearing loss
as he or she learns spoken language:

1. C hild is late to full-tim e w earing of appropriate am plification.
2. C hild has disabilities in addition to the hearing loss.
3. C hild‒s fam ily does not speak the language used by the aural habilitationist, by teachers

and students in the child‒s school, and by the ―m ainstream ‖ com m unity.



Each w ill be addressed in turn.

Late to Full-Tim e W earing of A ppropriate A m plification or C ochlear
Im plant(s)

Research has not yet told us a precise age after w hich the child is too old to acquire spoken
language. H ow ever, w e do know  that the earlier the child begins w earing appropriate
audiological technology, the better the child‒s progress w ill be (N icholas &  G eers, 2006,
2007; Sharm a, D orm an, &  K ral, 2005; Yoshinaga-Itano, 2004). Tim e before the child is
w earing hearing aids is lost listening tim e, and delays the child‒s im m ersion in listening, w hich
is a necessary first step for the child‒s brain to begin sorting out all of the auditory ―noise‖ into
m eaning. A child w ho is 18 m onths old before his hearing loss is identified, and hearing aids
are w orn full tim e, has lost 18 m onths of listening tim e, and has m issed the tim e period during
w hich all of his hearing peers w ere listening and learning spoken language. N ow , to begin at
18 m onths, the child is out of synchrony, out of sequence‍ his nonverbal cognitive abilities
m ay be those of an 18-m onth-old, but his ability to understand and express him self using w ords
is not.

In addition, in order to catch up to his hearing peers before kindergarten, the child has to
learn at a faster-than-norm al rate. The norm ally hearing 18-m onth-old child w ill proceed to do
3»  years of learning before age 5, w hereas the new ly aided 18-m onth-old w ill have to do 5
years of learning in those 3»  years in order to be on an equal footing w ith his norm al-hearing
peers. Children w ith hearing loss have caught up w ith their norm ally hearing peers, but it does
take consistent effort on the part of all involved. Unfortunately, the child w earing hearing aids
often is w orking at the further disadvantage of not being able hear w ell in even low -level
noise, or at a distance of m ore than about 12 feet from  the speaker, w hich m akes norm al
overhearing of others‒ language difficult or im possible. (N ote: (1) N oise and distance
problem s can be addressed by parent use of FM  and (2) children w ith cochlear im plants are
likely to have better distance hearing than this, on program s set for distance listening.)

C hildren w ith hearing loss are able to learn at am azing rates, once they w ear am plification
technology on a full-tim e basis, and once all of the adults in the child‒s life are providing
appropriate, m eaningful spoken language in interactions w ith the child. A chieving 18 m onths to
2 years progress in 1 year on standardized language m easures is not uncom m on for
preschoolers w ith hearing loss w ho have appropriate am plification and input.

Even children w ith m ild or unilateral hearing loss are know n to have speech and language-
learning problem s w ith greater incidence than children w ith norm al hearing (D elage &  Tuller,
2007; Lieu, 2004; Tharpe, 2008). Because today‒s technology can nearly alw ays bring the
speech signal to the child m ore intensely and w ith great fidelity, it is im perative that parents
explore the audiological technology that m ay be of help to their child. Parents (and all fam ily
m em bers) then need to insist that the child w ear the am plification all w aking hours as soon as
it is prescribed and fit. There can be challenges in keeping hearing aids on a child‒s head at
any age, but the greatest challenge has been surm ounted w hen the child‒s parents are convinced
that the child needs to w ear the equipm ent in order to learn to listen and talk.



Parental belief that the audiological equipm ent is helping the child has key im portance
to this process. If at all possible, the audiologist and aural habilitationist need to
dem onstrate the child‒s im proved hearing w hen the child is w earing the equipm ent at
the first appointm ent. But it is one thing to know intellectually that the technology
helps your child, and another to be able to be ―happy‖ about having your child w ear it
all of the tim e. That is, it is im portant to rem em ber that m ost new parents are likely to
be m uch less enthusiastic about the w onders of today‒s technology than the
professionals! H earing loss and hearing equipm ent are new to the parents, and in fact
w hen the child is w earing the equipm ent, it is proof that their child has a hearing
problem . The equipm ent is likely to bring on questions from  fam ily m em bers and from
strangers that the parent m ay only be beginning to be able to answer for herself or
him self.

The challenges to keeping hearing aids or cochlear im plants on young children vary,
depending on the age at w hich the child is just beginning to w ear the technology. Unlike som e
adults, children do not need gradual acclim ation to having access to sound‍ they need it as
soon as possible, all w aking hours. The parents‒ job is to m ake the technology the first thing
they do w ith the child in the m orning, w hich goes on as soon as the child w akes up, and only
com es off w hen the child is sleeping (although som e children like to w ear their technology
w hen they are sleeping, too). Just as they w ould not allow  the child to go around w ithout a
diaper, or to run in the street, they m ake sure that the child is not running around w ithout his or
her ―ears,‖ w ithout the technology that w ill provide the child w ith auditory access to develop
the auditory centers of the brain, during all of the experiences of childhood.

W ith tiny babies, the problem s usually are those of large fingers (adults‒) getting used to
putting earm olds into tiny ears, and know ing that the pinna (external ear) is pliable and can be
pulled a bit w ithout causing any harm  to the child. The audiologist and/ or aural habilitationist
w ill dem onstrate techniques for identifying w hich earm old is w hich (right versus left), holding
the earm old in a certain w ay, and then inserting it w hile gently and firm ly pulling the pinna
back and up and then m aking sure that the earm old is seated properly. It is aw kw ard at first, but
w ith practice, inserting an earm old becom es second nature. A nother challenge can arise from
the fact that the child frequently is held close to the body (e.g., during feeding), and one ear and
earm old can be covered or can em it feedback, sim ply from  the positioning. Som etim es shifting
position slightly can take care of the problem . In addition, m ost current digital hearing aids
have feedback suppression circuits that help reduce feedback. (See Chapter 5 for additional
inform ation about putting hearing aids on very young babies.)

W ith children w ho have the dexterity to able to take off hearing aids or cochlear im plants,
parents m ay need to cheerfully keep putting them  back on tim e after tim e for the first w eek or
so. D istracting the child w ith toys or w ith another child or adult interacting w ith them , as w ell
as putting som ething else into the child‒s hands are additional strategies that often help.
H ow ever, if the child learns that taking off the equipm ent brings an upset m om m y or daddy
running and upset, it m ay increase the frequency w ith w hich the child takes off the equipm ent.



For that reason, sim ply saying, ―U h-oh. W e need to put this back on! H ere you go,‖ and sm iling
calm ly is likely to be a better strategy. That m ay be easier said than done, the 900th tim e, so be
easy on yourself. It is better to leave the hearing aids off for an hour, and give yourself a break
until you can be that cheery m om  or dad and have som eone else distract the child w hile the
equipm ent is being put back on.

W ith children w ho are 18 m onths or older, the ease w ith w hich the child adjusts to the
equipm ent is likely to be sim ilar to the ease w ith w hich he or she adjusts to any change in daily
routines. Parental strategies for m anaging the child‒s behavior also w ill com e into play. A gain,
m aintaining a cheerful, m atter-of-fact dem eanor is likely to be helpful, as is distracting the
child‒s attention w ith favorite toys or videos. The stipulation m ay need to be that the toys or
videos only get played w ith (or only w ork) w hen the equipm ent is on the child‒s head.

N early all parents w ill w ant their children to have ―alligator clips‖ w ith one end looped
around the child‒s earhook and the other clipped to the back of the child‒s shirt. If and w hen the
child rem oves the equipm ent, it w ill dangle, rather than fall and be lost. D ental floss and safety
pins can provide the sam e function. In addition, there are other m eans of keeping hearing aids
in sm all ears, w hich m ay be helpful, including ―huggies‖ (sm all plastic tubing that goes around
the child‒s ear to provide m ore stability), head bands, and hats. The follow ing W eb sites m ay
be helpful: http://w w w .gear_forears.com  and http://w w w .silkaw ear.com .

D isabilities in A ddition to the C hild‒s H earing Loss

A child w ith a hearing loss m ay have the hearing loss alone, or m ay have disabilities in
addition to the hearing loss. A ccording to data reported from  G allaudet‒s 2005‌2006 A nnual
Survey of D eaf and H ard of H earing Children and Youth, the approxim ate incidence of
deafness w ith no other additional condition 51% . In contrast, approxim ately 47%  of the
children w ith deafness in their survey w ere reported to have at least one additional condition.
The other conditions include problem s such as cerebral palsy, visual problem s (including
blindness), learning disabilities, developm ental delays, cognitive problem s, orthopedic
disabilities, A D D /A D H D , traum atic brain injury, behavioral problem s, problem s w ith the
heart, kidney, or liver or other conditions.

The data from  G allaudet do not indicate the severity of the additional conditions, w hich
can vary w idely from  m ild to very severe. H aving clear auditory access to speech, and having
all of the adults in the child‒s life providing appropriately enriched linguistic input, is a
positive situation for any child. For a child w ith m ultiple, very severe disabilities, having
access to sound m ay play a pivotal role in connecting the child to the environm ent. The child
m ay begin to alert to som e of the sounds that surround him , and m ay begin to sm ile or be m ore
anim ated w hen adults talk w ith him ‍  w hich further connects the adults w ith the child, and
creates a cycle of positive interactions for both the child and others in the child‒s life.
Som etim es the child‒s hearing and talking abilities becom e strengths relative to the other
disabilities.

The aural habilitationist and audiologist w ill need to w ork closely w ith the other
professionals involved in the child‒s life and intervention. Each of the professionals needs to
bring his or her inform ation and expertise to the table, and to collaborate in providing a



cohesive program  for the child and fam ily. A ural habilitationists have m uch to offer w ith
regard to w ays of prom oting an optim al auditory environm ent for the child, auditory strategies
to integrate into any other intervention that is being carried out, and appropriate spoken
language to use in particular situations. This m eans, for exam ple, that the occupational therapist
and physical therapist need to w ear the FM , and need to be com fortable in reinserting the
child‒s hearing aids, and they need to know  that it is incredibly im portant to talk to the child
about w hat they are doing, and about w hat the m aterials or toys are that they are using, and to
pause for the child‒s responses. Sim ilarly, the aural habilitationist needs to be aw are of
positioning the child appropriately for play and interacting, understand the im portance of a
sensory diet for som e children, and needs to have snipping scissors and pencil grips for
activities w here they are needed by other children. Protecting perceived professional turf is
unlikely to be productive, w hereas respectful collaboration is likely to result in a m ore
cohesive picture for the fam ily of w hat needs to be done and how .

The presence of other disabilities m ay create additional challenges to practicalities such as
keeping the hearing aids on in the presence of other equipm ent, the existence of ever present
noise from  other life-saving equipm ent, the difficulty of continuing to persist w ith encouraging
listening and spoken language w hen progress is very slow . A ural habilitationists need to be
especially sensitive to these issues, and to be ready to address them  creatively and w ith
com passion, along w ith other m em bers of the child‒s team . R egular co-treating w ith other
professionals is an excellent w ay for cross-fertilization of ideas and techniques w hich enrich
the practice of all of the adults w orking w ith the child and fam ily, and keep everyone using
sim ilar language and sim ilar strategies, w hich is m uch less confusing for everyone involved.

M ultilingual E nvironm ent

B eing m ultilingual in today‒s w orld can be an im portant asset, and in som e fam ilies is essential
for com m unication w ith all of the m em bers of the fam ily. Individuals w ith hearing loss
certainly are capable of becom ing fluent in m ore than one spoken language. (Robbins, G reen,
&  W altzm an, 2004; Thom as, El-K ashlan,&  Zw olan, 2008). N ot surprisingly, consistent
auditory access to both languages from  a young age seem s to be a key factor. W ith today‒s
technology, early consistent auditory access is a reachable goal for all children w ith hearing
loss, so bilingualism  also is a possibility.

H ow ever, learning tw o languages sim ultaneously m ay be less advisable if the child‒s
hearing loss is identified late, or if there are m ultiple disabilities or other challenges. W hen the
goal is for the child to learn a first language, it is logical that first language-learning is going to
be faster and m ore efficient if all energies are devoted tow ard helping the child learn one
language to a com plex level, before introducing a second one. There are only about 12 to 14
w aking hours in m ost young children‒s lives, and m ost hearing children are using all of those
hours to learn only one spoken language. W hen the quality and quantity of listening are reduced
because of the child‒s hearing loss, it w ould seem  to becom e even m ore im portant for that
reduced input to the child to be consistently in one language. The situation m ay be analogous to
a situation w here a child is being taught to play both the flute and the guitar at the sam e tim e. It
is possible to do, of course, but the am ount of practice tim e for each w ill be reduced by the



sim ple fact that there are only 12 to 14 w aking hours in the child‒s daily life, w ith m any other
activities also occurring during that tim e.

The choice of w hich language w ill be the child‒s first language should be entirely up to the
child‒s parents. Factors that can w eigh into the decision include:

Fluency of the adults in the child‒s hom e in the languages being considered;
Com fort of the adults in using each of the languages being considered (this is im portant for
adult-child bonding, as language is such an integral part of the bonding process);
Language of instruction in the child‒s school environm ent.

N one of the challenges m entioned here is insurm ountable, but the process of learning spoken
language is likely to require additional tim e and sustained effort on the part of the child and all
the adults in the child‒s life.

E ducational O ptions for C hildren w ith H earing L oss, A ges 3
to 6

In the U nited States,1 each state now  has early intervention program s under Part C  of ID EA that
provide services to children w ith hearing loss and their fam ilies from  birth until the age of 3.
Starting at age 3, children w ith special education needs becom e the financial responsibility of
the school district for the tow n in w hich the child resides. This change in funding agency,
causes the necessity of a transition process from  one agency (Birth to Three or early
intervention) to another (the school system ). Early intervention program s are set up to educate
and support fam ilies in their efforts to address their children‒s developm ental needs. For
children w ith hearing loss, early intervention program s address the child‒s hearing needs and
the child‒s language-learning needs, in addition to other needs as they are identified. M any of
the sessions occur in the child‒s hom e.

In contrast, school system s are set up to educate children in classroom s in schools, and
w ith very few  exceptions, are set up to do that w ithout m uch involvem ent from  parents in the
actual daytim e educational process. In school, teachers teach the children rather than instruct
the parents in how  to address their child‒s developm ental needs, as is done in B irth to Three
early intervention program s. School system s generally are not equipped, nor are they funded, to
provide educational services in w ays other than through classroom  instruction. N ot
surprisingly, the expectation often is that m ost children w ith special education needs w ill be
educated in the district‒s existing special education preschool classes, w hich m ay have som e
typical peers, but are prim arily classes for all preschool children w ith special needs,
regardless of disability.

H ow ever, according to the U.S. D epartm ent of Education, children w ith hearing loss have
unique com m unication needs (U nited States D epartm ent of Education, 1992, 2004). Those
unique com m unication needs are to be central to decision m aking regarding each child‒s
educational placem ent, and central to the determ ination of w hat constitutes the least restrictive



educational environm ent for a child w ho has hearing loss. For a child w ith hearing loss w ho is
learning spoken language, the fundam ental needs at school age (age 3 years and older) are
related to the child‒s need for auditory access to spoken language, as w ell as to the child‒s
need for individualized spoken language stim ulation. The preschooler w ith hearing loss needs
a professional w ith the appropriate know ledge to and experience to provide appropriate
auditory/linguistic stim ulation as w ell as to guide the parents in providing appropriate
auditory/linguistic stim ulation all w aking hours outside school. Even by the age of 3, children
w ith hearing loss vary w idely in factors such as the age of identification of the hearing loss, the
degree of hearing loss, the age at w hich they began full-tim e w earing of appropriate hearing
technology, and in the quantity and quality of spoken language exposure. C onsequently, at the
age of 3 years, children w ith hearing loss have w idely varying profiles w ith regard to hearing
loss and com m unication needs. The decision to provide intensive specialized support for a
child w hose language lags far behind age peers m ay be easier to m ake than determ ining the
level of support for a child w hose language scores on standardized tests appear to be w ithin
the norm al range (w hich is occurring w ith increasing frequency, due to infant hearing screening
and the availability of excellent audiological technology and im proved pedagogy). H ow ever,
for children w ho appear to be doing very w ell, it m ust be considered that the reason that the
child's language scores are w ithin the norm al range m ay w ell be because of all of the
professional and parent w ork that has taken place during the birth-to-three period. For the child
to continue to m ake the sam e gains in the tw o rem aining years before kindergarten, it is
crucially im portant that appropriate supports continue to be provided, because language
learning is exponential betw een age 3 and 6 for children w ith norm al access to sound 24 hours
of the day. R elative to their norm ally hearing peers, 3-year-old children w ith any degree of
hearing loss continue to be at a m arked disadvantage for spoken language learning because
their access to auditory/linguistic input in the environm ent is significantly reduced in both
quantity and quality. R em oving all supports until the language of the child w ith hearing loss
show s statistically significant deficits follow s a failurebased m odel. It cannot be justified in
term s of the ongoing effects of the perm anent sensory deficit on the child's learning. Each
child's ongoing educational needs m ust be individually considered in determ ining services, as
dictated by federal law . Clearly, there needs to be an array of options available, not just the
existing special education preschool.

Som e of the educational options that m ay be appropriate for individual children w ith
hearing loss at age three include the follow ing:

C hild and fam ily receive A uditory-Verbal T herapy (w hich includes audiological
support services), w ith the parent deciding w hether or not to send the child to a
regular nursery or preschool for socialization purposes. If the child goes to regular
nursery or preschool, classroom  educational audiology support services are needed.
C hild w ith appropriately aided hearing, excellent listening abilities, and language
abilities apparently on age level attends regular nursery or preschool setting, w ith FM
equipm ent provided and regularly m onitored by an educational audiologist, and w ith the
regular preschool staff receiving regular consultation from  know ledgeable professionals
regarding the equipm ent, and the child‒s listening and language-learning needs. That sam e



professional w ill m onitor the child's language learning throughout the year to be certain that
the child's language learning is progressing norm ally.
C hild attends a specialized inclusive listening and spoken language preschool for
children w ith hearing loss, w hich has sm all groups of both other children w ith hearing
loss and at least an equal num ber of typically developing peers, w ith a Teacher of the
H earing-Im paired all day long, as w ell as an Early Childhood Instructor, w eekly parent
guidance sessions, and audiological support services. W hen parents cannot or do not
choose to engage in A uditory-Verbal Therapy, this m ay be the m ost appropriate option for
children w ith hearing loss w hose spoken language abilities at age 3 are m ore than a year
behind those of their typically developing peers. This inclusive preschool preschool offers
intensive instruction specialized for children w ith hearing loss, that focuses on helping the
child learn to listen, and on helping the child increase his or her rate of spoken language
learning. It constitutes the Least Restrictive Environm ent for these children, because the
specialized instruction m akes the curriculum  available to the child, and because play and
other regular preschool activities are carried out w ith typically developing peers and
facilitated by the teacher of the hearing im paired and other staff.
C hild w ith appropriately aided hearing, excellent listening abilities, and language
abilities apparently on age level attends a preschool class for children w ho are
learning English as a Second L anguage, w ith full educational audiological support
services. The advantage to this class is that it is entirely devoted to language stim ulation;
the disadvantage is that there m ay not be peers w ho are fluent speakers of English. The
child w ill need full educational audiological support services in this setting, as w ell as
ongoing direct service and consultation from  a teacher of the hearing-im paired or speech-
language pathologist w ho is know ledgeable and experienced in prom oting listening and
spoken language developm ent in children w ho have hearing loss.
C hild w ith severe m ultiple disabilities including hearing loss attends special education
preschool class w here there are typical peers, class size is sm all, and the disabilities of
the other children do not com prom ise the child‒s auditory access. Full educational
audiological support services need to be provided in this setting, as w ell as frequent
consultation and/or direct service from  a teacher of the hearing-im paired or speech-
language pathologist w ho is know ledgeable and experienced in prom oting listening and
spoken language developm ent in young children w ho have hearing loss. The advantage to
this setting is that the child‒s needs in addition to hearing loss w ill be addressed by
professionals w ith expertise in those areas. The disadvantages of these settings can
include:
N oise levels that are excessive, due to the num ber of professionals and
paraprofessionals required to attend to all of the varying needs of the children in the
classroom  and/or due to other children w ho vocalize nonstop;
Special educators, paraprofessionals, and adm inistrators w hose expectations for
children w ith hearing loss m ay be sim ilar to expectations for children w ith intellectual
disabilities;
Special educators, paraprofessionals, and adm inistrators w ho are resistant or unable to
achieve the levels of vigilance about noise that are needed to provide appropriate



auditory access for the child w ith hearing loss.
Lack of at least a 1:1 ratio of children w ith disabilities and typically developing
children to provide sufficient m odels of norm al sociolinguistic behavior.

A ppendix 5 contains a C hecklist for Evaluating Preschool G roup Settings for C hildren w ith
H earing Loss, w ith item s listed according to the child‒s needs. These item s could apply to any
preschool group setting that parents and educators m ay be considering for the child. W hat
w ould vary according to the child‒s language abilities, w ould be the level of support needed
from  a teacher of the hearing-im paired, A uditory-Verbal Therapist/Educator, or other
professional w ith appropriate expertise in order for the child‒s language to continue to grow
exponentially at ages 3, 4, and 5.

It is difficult to im agine a m ore effective language teacher for a 3-year-old than a parent
w ho is hom e w ith the child all day, w ho loves everyday play and interacting w ith a baby or
young child, and w ho thoroughly understands the im portance of integrating auditory strategies
throughout the child‒s day. M uch of this book is intended to provide inform ation for
professionals in supporting parents w ho are doing exactly that, throughout the preschool (birth
to six) years. H ow ever, by the tim e the child is 3 years old, not every parent can or w ants to
continue to take on that role. In addition, m any parents believe that young children need to be
exposed to group activities w ith their age peers for social-em otional developm ent and/or for
―getting ready for school.‖

As a result of incredible advances in technology for children with hearing loss, in
addition to early identification of hearing loss through newborn hearing screening
program s, the needs of 3-year-old children w ith hearing loss are very different now
from  w hat they w ere even 8 or 10 years ago. Expectations of the general public and of
m any school system s have not necessarily kept up w ith those advances. Today, because
of technological and pedagogical advances, there is no lim it to w hat a child with early
identified hearing loss can achieve ‍ other than the lim its w e create by denying them
auditory access or by denying them  (and their parents) the specialized support that
w ill help the children learn to listen, talk, and achieve. G iven appropriate auditory
access and appropriate specialized early educational experiences, there is every
reason to expect that the children w ill learn spoken language w ell enough to achieve
on grade level, go to college or other postsecondary education if they so choose, and
eventually lead independent productive, tax-paying lives.

This expectation is w hat drives the field today, beginning w ith view ing the infant‒s
hearing loss as a neurological em ergency, which requires speedy provision of
appropriate hearing technology to provide auditory access from  as young an age as
possible, so that the child‒s brain loses as little tim e as possible w ithout auditory and
linguistic stim ulation. U nfortunately, this expectation is also w hat can drive parents
into conflict w ith school personnel who are unaw are of the new  w orld of opportunities
for children w ith hearing loss, and of w hat it takes from  the school system  to perm it the
child to access those opportunities.



Second only to being toilet-trained, probably the m ost im portant aspect of ―getting ready
for school‖ for any child is acquiring as m uch spoken language ability as possible (H art &
R isley, 2003). The child w ho is staying hom e w ith the parent described above m ay be in an
optim al situation for language-learning. A child w ith very low  language abilities due to hearing
loss is likely to learn the m ost language from  adults in his environm ent w ho keep the
environm ent relatively quiet, and w ho take the tim e to try to help him  understand and to help
him  m ake him self understood. Even though he m ay learn other im portant things from  a
preschool group experience, the child w ith low  language abilities and hearing loss is unlikely
to learn m uch language from  his preschool peers as the language level and the pace of teacher
talk and instruction is likely to be w ell above his or her zone of proxim al developm ent
(Vygotsky, 1978). O f course, he m ay learn language from  the adults in the preschool,
particularly if those adults are vigilant in providing auditory access and in interacting in
language-prom oting w ays. H ow ever, it should be noted that, even w ith an excellent teacher-to-
child ratio, that ratio cannot com pete w ith a ratio of one parent to a child or tw o.

So w hy should preschoolers w ith hearing loss go to preschool? W hat children learn from
preschool is, above all, how  to feel com fortable aw ay from  fam ily, how  to play and learn in a
group, and how  to conform  to school expectations for group social behavior. C hildren also
m ay be exposed to readiness skills (colors, shapes, letters, num bers), but they could easily
also be exposed to that inform ation at hom e. H ow ever, because children are likely to be taught
in groups in kindergarten, there m ay be a rationale for exposing them  to group learning
situations before that tim e.

W hen should a child w ith hearing loss go to preschool, and for how  m uch of the child‒s
day? Ultim ately, that should be a parental decision. C onsiderations that could be part of that
decision include the parents‒ ability and desire to be at hom e w ith the child for language
stim ulation, and other practical factors. W hat is appropriate can range from  no preschool
experience to full-tim e 5-days-a-w eek preschool experience. W hatever decision the parents
m ake, they should rem em ber that even a full-tim e preschool experience is only for about 25%
of the child‒s w aking hours, and they (the parents) rem ain their child‒s prim ary sources of
language stim ulation and his or her prim ary advocates for m aintaining their child‒s auditory
access to spoken language for the other 75%  of the child‒s w aking hours outside of school.

Preschool special educators are often w onderful, dedicated teachers and hum an beings.
They love young children, and they w ant to help. H ow ever, preschool special education
classes are alm ost never appropriate settings for children w ith hearing loss. A s noted above,
the reasons are related to the preschool special educators‒ lack of experience and know ledge
of hearing loss, the noise level in a classroom  that has children w ith all kinds of disabilities
w ith attending paraprofessionals, and the ratios of children w ith disabilities to children
w ithout disabilities. M any children in special education classes are children w ith
developm ental and/or cognitive delays. The child w ith hearing loss (w ho has a cochlear
problem , not an intellectual deficit) is likely to ―look great‖‍ and the teacher is unlikely to
have appropriately high expectations for the child‒s auditory and linguistic learning. This
creates a less than optim al situation for the child w ith hearing loss, for w hom  the potential‍
given an appropriate setting‍ is unlim ited.



A 3-year-old child with hearing loss, even w hen his or her language scores suggest
norm al receptive and expressive language, is at a very vulnerable stage. For typically
developing children, the period betw een 2 to 5 years of age corresponds to Brow n‒s
Stages II through V, w hen the M ean Length of U tterance goes from  2 w ords per
utterance to 5 w ords per utterance. This is ―the m ost explosive stage of language
developm ent,‖ the period in w hich children m ove from  telegraphic utterances to the
m astery of basic sentence structures. (Paul, 2007, p. 318). N orm ally hearing children
m ake this progress as a result of a com bination of their own innate abilities w ith
20,000 hours of ―relentless auditory attention‖ (English, 2010), to copious spoken
language input from  the people in their environm ent ‍ input w hich is alm ost entirely
auditorily based! Children w ith hearing loss, even with the m ost current, appropriate
audiological technology, still m iss chunks of spoken language input, particularly if
they cannot (or have not yet learned to) overhear (listen to language that is not
directly addressed to them ), and particularly if they are in noisy environm ents where
the noise blocks out (m asks) the spoken language around them .

D ue to the decreased quantity and quality of access and exposure im posed by the
hearing loss, even the m ost ―successful‖ 3-year-old with hearing loss, still needs m ore
guided experience in two areas:

Learning to over-hear, to auditorily scan the environm ent for spoken language that
is not addressed to them , and to learn from  it.
C ontinuing to learn all of the pragm atic, sem antic, syntactic, and phonological
elem ents and item s that typically developing children are learning during this early
tim e of exponential learning.

Providing the supports and resources in these early years offers the best chance of
reducing the levels of support needed for all of the child‒s academ ic learning to com e.

Securing an appropriate educational setting for a preschooler w ith hearing loss is
som etim es com plicated. Even w ith the best intentions, som e school system s have a tendency to
think in term s of placing children in the classes that they have, rather than considering the
individual child‒s needs first, and creating a program  that is appropriate for that individual
child (as w as the intent of the U .S. federal legislation entitled ID EA ). A nother com plication is
school districts often do not have a teacher of the deaf and hard of hearing on their staff‍ or if
they do, it is quite likely to be a teacher of the deaf and hard of hearing w ho does not have
background or expertise in helping children w ith hearing loss learn to listen and talk.

W herever they live, it is essential for parents to becom e inform ed about the rights and
responsibilities guaranteed under special education law , as w ell as to becom e inform ed about
w hat services are available in their tow n and region long before their child w ill need them .
For fam ilies in the U nited States, parent advocacy groups and W eb sites exist to assist w ith that
endeavor (e.g., http://w w w .w rightslaw .com ). In 1992, the U . S. D epartm ent of Education
published a specific guidance on how  ID EA  is to be interpreted w ith regard to children w ith



hearing loss (U nited States D epartm ent of Education, 1992). This docum ent can be used to
assist decision-m akers in educational placem ent team  m eetings in focusing attention on the
unique needs of the child w ho has hearing loss.



1R eaders in other countries m ay not have to deal w ith this transition from  one agency to the other w hen the child turns 3 years
old, but they are very likely to have sim ilar issues to consider w hen trying to develop an appropriate educational program  for a
preschool-aged child w ith hearing loss.



7

A uditory ―W ork‖

K ey Points Presented in the C hapter

H earing is the only sense that can perceive acoustic subtleties. Since spoken language
is acoustically based, the ear is the m ost useful and efficient sensory receptor for
speech.
Speech characteristics can be described in term s of the three prim ary acoustic
dim ensions: intensity, pitch, and duration.
A dvances in technology such as m iniaturization of pow erful hearing aids,
im provem ents in fidelity of signal transm ission, digital hearing aids, sm all personal
FM  receiver boots, classroom  sound field am plification, and of course cochlear
im plants have all contributed to m aking learning spoken language through listening a
strong and viable option for the vast m ajority of children w ith hearing loss.
Early auditory stim ulation causes m easurable differences in brain organization and
neural activity.
A uditory skills are the com ponents of theoretical m odels that researchers have
developed to explain how  language is processed auditorily. The auditory skills overlap
and interrelate, and are not necessarily hierarchical.
In essence, auditory/linguistic learning consists of the child becom ing aw are of sound,
then connecting sound w ith m eaning, and then understanding m ore and m ore com plex
language‍ first in quiet circum stances, and then in a variety of m ore difficult listening
conditions.
C hildren w ith hearing loss can learn to listen in ordinary, everyday w ays w ith the
adults being vigilant about the viability of the child‒s am plification, the listening
conditions, the distance betw een speaker and the child‒s m icrophone, and the use of
auditory strategies.

Introduction

This chapter begins w ith a rationale for teaching spoken com m unication auditorily, including



specific exam ples of the acoustic dim ensions of speech, and how  these acoustic dim ensions
relate to m ajor aspects of language. The concept of Listening A ge is introduced, follow ed by
discussion of auditory developm ent, auditory ―skills,‖ and auditory processing m odels as w ell
as discussion of the im portance of the child being able to overhear for his or her developm ent
of Theory of M ind and Executive Functions. These sections are then follow ed by tw o
explicated scenarios. The scenarios illustrate how  norm al everyday interactions betw een
caregivers and children w ith hearing loss can be slightly altered or ―em bellished‖ to
em phasize and m ake m ore salient particular acoustic aspects. Consistent use of auditory
―em bellishm ents‖ and auditory strategies by caregivers in varied contexts throughout the
child‒s w aking hours is one of the central keys to helping the young child w ho has hearing loss
learn to listen and talk through natural play interactions.

Let us begin w ith a discussion of the reasons behind using audition as the prim ary sense
m odality for helping a baby and child learn spoken language.

The Prim acy of A udition

The easiest w ay to understand the prim acy of audition for speech reception is to consider w hat
happens every tim e you turn on the radio or use the telephone. If you have norm al hearing, you
are able to understand the speaker based on listening alone, w ithout using any other sense
m odality. This is because talking, or spoken language, is prim arily an acoustic event (Cherm ak,
B ellis, &  M usiek, 2007; Erber, 1982; Fry, 1978; Ling, 2002). The other senses (sm ell, taste,
touch, vision) are of very lim ited use in understanding others‒ spoken m essages. C onsider each
of the other sense m odalities in turn.

W ho is doing the ―w ork‖? For babies and young children, the auditory ―work‖ is
prim arily done by the parent, who consciously em ploys strategies to help the child
learn to have confidence in his or her ability to understand based on listening alone.
This is in contrast to the situation that starts at about age 3, for children w hose
auditory abilities m ay need to be im proved through the sam e all day-everyday adult
auditory strategies, but who also benefit from  short periods of m ore adult-directed and
planned practice to fill in gaps in the child‒s knowledge. H aving a hearing loss m eans
that the individual m isses or hears only partially som e auditory events. The parts of
spoken language that are m issed w ill need to be brought directly to the child‒s
attention through preplanned activities that will becom e part of the child‒s auditory
w ork. In any case, since the responsibility for hearing, listening, and learning w ill
ultim ately be the responsibility of the individual with the hearing loss, whatever
responsibility for the auditory ―w ork‖ that the child is able to assum e, he or she
should.

Sm ell. The sense of sm ell has no use for speech reception.



Taste. The sense of taste has no use for speech reception.
Touch. The sense of touch has som e lim ited use for the reception of individual speech
sounds. For exam ple, one can feel the vibration or breathiness of sounds. Specifically, you
can feel breathy sounds on your hand, or feel the difference in the tem perature of the air for
the /s/ vs. /sh/ sounds w hen produced next to a w et hand, or feel vibrations in the bones of
your face w hen producing nasal sounds. H ow ever, those tactile cues cannot be used by
them selves to identify the sounds. The tactile sense is useful only for speech reception (or
teaching) w hen the sounds are produced in isolation, not in running speech.
     There also are tactile devices that can be w orn on the body that can supply gross
inform ation about the duration and loudness of spoken language that reaches the
m icrophone. (See Chapter 5 for m ore inform ation about tactile devices.) B ut again, the
prosodic features in norm al conversational speech occur too rapidly and in such
com plexity that tactile devices cannot adequately capture them  in such a w ay that they can
be used by them selves w ith a child learning a first language. A n additional problem  w ith
tactile devices is that they respond to nonspeech noise as w ell as speech, further m uddying
the signal that the child receives.
V ision. Vision has lim ited use for speech reception in that the listener can w atch the
speaker‒s lips (lip-rounding, spreading, closure), frontal tongue m ovem ents, teeth
positioning, larynx m ovem ents regarding sounds. If you turn off the sound w hen you are
w atching the new s, you w ill see how  little inform ation is available from  sim ply w atching a
person talk. Vision has very little use for speech reception in running speech, but can be
useful in discrim inating betw een speech sounds produced in isolation. H ow ever, about
70%  of sounds in English are sounds that look like other sounds on the lips (i.e., they are
hom ophonous, such as ba, pa, and m a), so vision is only potentially useful for about 30%
of speech. H ow ever, w hen you are already listening, being able to see the speaker‒s face
often does m ake it easier to understand because the visual cues provide redundancy w ith
the auditory cues, as a kind of underlining.
H earing. N one of the other senses can provide clear inform ation about the speaker‒s
prosodic features (intensity, pitch/intonation, rhythm /duration) or about specific speech
sounds in the w ay that the ear can. M uch of speech perception is based on perception and
discrim ination of tim ingrelated events in the speech signal. O nly the ear has the ability to
respond to the speed of the tem poral events that occur in speech, and the ability to
discrim inate fine differences am ong them .

In that hearing is the sense that can m ost effectively perceive the subtleties of acoustic
events, it seem s that the ear w as ―built‖ for being able to receive and deal w ith speech!
Clearly, som e parts of a spoken m essage have redundant representation in the visual and tactile
m odalities that m ay need to be used by som e children w ith hearing loss as a supplem ent to
audition. But since spoken language is acoustically based, the ear provides the m ost useful and
efficient sense receptors for speech.

The A coustics-Speech C onnection



This section provides explicated exam ples describing how  each of the three prim ary acoustic
dim ensions (intensity/loudness, pitch/ frequency, and duration) is realized in speech. The
section is based on inform ation from  C ole (1994), K ent and R ead (2001), Ling (1989, 2002),
and Pickett (1998).

Intensity/L oudness

The average intensity of norm al conversational speech is used as a general guideline in
fitting hearing aids and in m apping cochlear im plants, w hich is not surprising as the goal of
w earing prim ary am plification devices such as hearing aids and cochlear im plants is to be
able to hear speech. The term  speech banana w as coined by D r. D aniel Ling as a m eans of
describing the area on the audiogram  that includes the essential intensity and frequency
characteristics of speech (Figure 7‌1). G enerally speaking, audiologists try to program
hearing aids and cochlear im plants so that the child‒s thresholds fall near the top or just
above the speech banana on the audiogram .
D ifferences in typical loudness can assist the listener in identifying w ho the speaker is.
Loudness differences are used by speakers to express particular em otional states. A very
loud voice can often be an angry one, w hereas a soft and quiet voice is often used to
express affection or soothing.
D ifferences in the loudness of particular w ords in sentences are used to em phasize the
im portant inform ation in the sentence (It‒s m ine!), or to m ark phrase boundaries or
accom pany intonational changes to enhance the listener‒s understanding.



Figure 7‌1. The banana shape draw n on this audiogram  illustrates the approxim ate area (intensity range and frequency range)
w ithin w hich speech w ould fall if it w ere draw n on an audiogram .

D ifferences in the loudness of particular syllables occur w ithin w ords, and using typical
syllable stress w ill assist the listener‒s com prehension. Syllable stress can also signal
differences in m eaning such as the m eanings intended by object versus object, or by present
versus present.

Frequency/Pitch

The pitch of a speaker‒s voice varies w ith the speaker‒s age and sex, and is a very
im portant characteristic of an individual‒s speech. M en‒s voices tend to be the low est in
pitch, children‒s the highest, and w om en‒s in the m iddle. M ost children w ith hearing loss
can easily learn to discrim inate pitch differences am ong m ale, fem ale, and child voices.
Every language has its ow n intonational m elody that goes up and dow n in pitch.
Intonational changes can signal w hether the utterance is a question or a statem ent, the
speaker‒s em otional state, or the end of a thought group. These intonational cues are w ithin
acoustic reach of nearly all children w ith hearing loss, although they m ay need to be
brought to their attention. Em phasizing intonational cues w ith very young children is a
norm al part of the w ay that m ost adults talk w ith young children, and is probably one of the
cues that babies use to know  that they are being spoken to.
Each speech sound has particular frequencies associated w ith its production that listeners



autom atically use to know  im m ediately that sound has been produced. For exam ple, the
w ords father and feather are heard as different w ords because of the acoustic differences
betw een the tw o initial vow els. The vow el /a/ as in father has strong energy produced at
about 800 and 1200 H ertz (H z) (a term  used to describe frequencies); and the vow el /β/ as
in feather has strong energy produced at about 600 and 2200 H z. Using know ledge of the
typical characteristics of speech sounds, it should be possible to predict w hich speech
sounds a child w ith a particular aided audiogram  is likely to be able to learn to detect and
produce using hearing alone. A child w ith no usable hearing at about 2000 H z could not be
expected to im itate the /β/ sound based on listening alone, but he w ould certainly be able to
im itate the /a/ based on listening alone.
     K now ledge of the form ants of speech sounds can also be used by audiologists in setting
hearing aids or m apping cochlear im plants, based on the fact that a child talks the w ay that
he or she hears. If a child is not producing an /s/ sound, for exam ple, the audiologist m ay
w ell believe that the child is not hearing its band of energy that spreads from  about 4000
H z upw ard, and m ake adjustm ents in the child‒s equipm ent to provide access to the /s/.

D uration

D urational differences are usually one of the first cues that children w ith hearing loss learn
to listen for and produce. For exam ple, if the parent says a long ―M m m m m m m m .‖ sound in
connection w ith eating or taking bites, it w ill not be long before the child w ill be repeating
or im itating a sim ilarly prolonged sound. If the parent says, ―H op! H op! H op!‖ in short
staccato syllables in m aking a bunny hop, then the child is likely to m ake a sim ilarly short
sound in play w ith the bunny. A pproxim ating the length of the speech segm ent in im itation
is highly desirable listening and producing behavior! Precision in the young child‒s speech
can com e later, but im itating the correct num ber of syllables is clear evidence that the child
is listening carefully, and is an enorm ously im portant early listening m ilestone. This is one
of the reasons that adults need to speak to children w ho have hearing loss using com plete
phrases and sentences of a length and content consistent w ith w hat they w ould use for any
young child. M odeling for the child w ith a non-norm al durational pattern such as ―I “
w ant “  juice‖ is highly inappropriate from  an acoustic point of view , not to m ention a
linguistic one!
The overall rate of speaking is another duration-related item . O bviously, very fast speech
is difficult for anyone to understand, but w hat is to be avoided in speech to children w ith
hearing loss is speech that is abnorm ally slow  and consequently overarticulated. This kind
of extraordinary slow ing dow n (as in ―I “  w ant “  juice.‖ or in saying the w ord bell very
slow ly) distorts both the auditory and visual cues to the m essage. A bnorm ally slow  speech
m akes the m essage harder to understand, rather than easier. Because m ost people do not
talk that w ay, the child runs the risk of being able to understand only w hen spoken to in that
sam e slow  and overarticulated m anner. In the old days, it w as often possible to spot
teachers of the deaf because of their overarticulated speech, m istakenly used to ―help‖ the
children.



Individual speech sounds have characteristic durational features (as w ell as the intensity
and frequency characteristics m entioned above). Sounds can be short or long in their usual
duration, such as a /k/ versus a /⅜/ at the end of ―w alk‖ versus ―w ash.‖ They can have
gradual or sudden onset, such as an /r/ versus a /g/ as in ―run‖ versus ―gun,‖ and they can
stay relatively stable throughout their production, such as an /s/, or can change throughout
their production, such as a /w /. These differences in speech sound durations are only
m illiseconds of difference, so short that they can only be perceived by hearing, not by any
of the other senses.
Individual speech sounds can have variations in tim ing as one of their prim ary features. For
exam ple, the unvoiced and voiced sound pairs such as /p/ and /b/ are differentiated by the
presence or absence (respectively) of a 20 m illisecond ―airy space‖ (silence) betw een the
production of the consonant and the follow ing vow el. A  grossly sim plified draw ing of the
sounds is in Figure 7‌2. It is this tim ing difference betw een the consonant and vow el that
m akes these tw o sounds different. Interestingly, even though this is only a 20 m illisecond
difference, it is usually fairly easy for children w ith hearing loss to learn to hear as w ell as
to produce.

In sum m ary, the hum an ear is the m ost efficient sense organ for perceiving and analyzing the
central aspects of speech, w hich are acoustic. Inform ation provided by the tactile or visual
senses offers only secondary correlates of the speech sounds.

Figure 7‌2. This is a theoretical draw ing of the difference betw een the syllables /ba/ and /pa/, w hich are identical except for
the initial voiced or unvoiced bilabial. The unvoiced /p/ is follow ed by 20 m illiseconds of aspiration (the ―airy space‖) before the
vow el, w hereas that aspiration is absent in the /ba/ syllable.

The E ffect of H earing L oss on the R eception of Speech

The effect of hearing loss is to reduce the am ount and quality of acoustic inform ation or speech
that is available to the listener. D epending upon its severity, hearing loss w ill distort, reduce,
or elim inate a num ber of acoustic cues. H ow ever, hearing loss is rarely total. A t least since the
1960s and 1970s, it has been technologically possible to provide am plification w ith the
potential of perm itting the m ajority of children w ith hearing loss to learn to use their residual
hearing.

W ith recent advances in cochlear im plants, in the pow er and clarity of digital hearing aids,
and in the precision of instrum ent fitting, the use of audition in the reception of spoken language
is w ithin reach of the vast m ajority of children, even those w ith profound hearing loss.



N aturally, the m ore hearing the child has, the m ore acoustic cues are available w hen am plified.
Even w ith m inim al residual hearing (e.g., aided hearing w ithin the speech range at only 250
and 500 H z), the child can learn to perceive and m onitor durational, rhythm ic, and intonation
cues. The result can be im proved understanding by the child, as w ell as im proved
intelligibility and predictability in the child‒s ow n speech, even w hen cochlear im plants are
not used. H ow ever, current best practice w ould dictate that the parents of a child w ith such
m inim al residual hearing be encouraged to consider a cochlear im plant, w hich could provide
the child w ith access to all of the acoustic aspects of speech at close to norm al intensity levels.

A H istorical L ook at the U se of R esidual H earing

M arkides (1986) has eloquently described the history of the use of residual hearing for
educating individuals w ith hearing loss. The first recorded (and as M arkides says, rather
drastic) attem pts w ere those of A rchigene (98‌117 A .D .) w ho tried to stim ulate residual
hearing by blow ing a trum pet in the deaf person‒s ear. H ow ever, publications concerned w ith
utilization of residual hearing in very young children w ith hearing loss are a rather m ore recent
phenom enon, beginning w ith authors such as Fry, 1966; G riffiths, 1964; H orton, 1974; Pollack,
1970; Tervoort, 1964; and W hetnall, 1958. There has long been supportive evidence for the
im portance of early auditory stim ulation in studies of sensory deprivation using anim als
(Riesen, 1974; Tees, 1967). O ne of the first attem pts to explore system atically the effects of
early auditory stim ulation for children w ith hearing loss w as that of G riffiths (1955). This
study com pared the speech of a group of children aided at a m ean age of 3 years, 8 m onths w ith
a group aided at a m ean age of 5 years, 3 m onths. The speech of the earlier-aided children w as
rated as m ore norm al and m ore intelligible by four separate panels of judges. O f course even
the earlier-aided children in this study w ould be considered very late-aided by today‒s
standards.

Since G riffiths‒ study in 1955, a great deal of other research has been done w hich strongly
supports the contention that early auditory stim ulation has long-term  beneficial effects on
speech reception, speech intelligibility, language developm ent, and academ ic achievem ent.
Recent w ork includes that by K irk et al., 2002; M oog, 2002; M oog and G eers, 2003; N icholas
and G eers, 2006; N iparko, 2004; Robbins, K och, O sberger, Zim m erm an-Philips, and K ishon-
Rabin, 2004; Sharm a, D orm an, et al., 2005.

B ut studies of the efficacy of particular educational approaches (such an auditory one) w ith
very young hum an subjects w ith hearing loss are m ethodologically difficult to design and
im plem ent. O ne relatively m inor problem  is that of trying to assem ble large enough groups of
very young subjects w ith hearing loss w ho are sim ilar w ith regard to relevant variables (e.g.,
age, degree of hearing loss, age at detection, age w hen full-tim e w earing of am plification w as
begun, degree and nature of parental involvem ent). Then there is the problem  of gaining
consensus in an experim ental sense regarding exactly w hat an auditory em phasis or auditory
stim ulation is. Related to that is the problem  of attem pting to standardize how  the w ork is
im plem ented and m easured in a rigorous, as w ell as educationally m eaningful, m anner. A ll of
these problem s contribute to the ultim ate difficulty of separating the effects of early auditorily-



based intervention from  the effects of early intervention of any kind.
Recent very exciting research by Sharm a and colleagues (Sharm a et al., 2004; Sharm a,

D orm an, et al., 2005; Sharm a, M artin, et al., 2005) and N icholas and G eers (2006) all
resoundingly supports the contention that early auditory stim ulation is essential for norm al
developm ent of the auditory system  at the cortical level. Children w ho are deprived of sound,
due to unidentified hearing loss or to very profound hearing loss that does not respond to
traditional am plification, dem onstrate clear differences in brain w aves. Refer to C hapter 1 for
m ore inform ation.

A num ber of these studies suggest that if the children begin w earing hearing aids or
cochlear im plants by 3»  years of age, then their brain w aves (specifically, the P1 cortical
auditory evoked potential) begin to reflect a norm al response to sound w ithin 3 to 6 m onths of
the child having access to sound. In one study (Sharm a et al., 2004) of tw o children w ho
received cochlear im plants at 13 m onths and 14 m onths of age, the latency of their P1 w aves
w as w ithin norm al lim its by 3 m onths post-im plant. The tw o children also dem onstrated
significant increases in the proportion of m ore m ature vocalizing (reduplicated babbling) by 3
m onths post-im plant.

A lthough the Sharm a et al. (2004) study exam ined the developm ent of only tw o children,
the results parallel other studies reporting significantly higher speech perception and language
skills in children w ho had access to sound through cochlear im plants from  a young age (by age
3 or 4 years), com pared w ith those w ho w ere deprived of appropriate and consistent access to
sound until 6 to 7 years of age (K irk et al., 2002; N icholas &  G eers, 2006). The evidence
clearly supports the concept that auditory stim ulation from  as young an age as possible
provides the easiest route to spoken language developm ent.

The C oncept of Listening A ge

A  child w ith norm al hearing generally listens to spoken language for at least 10 to 12 m onths
before he or she starts to produce a few  single w ords, and it is not until another 10 to 12
m onths later that the child begins com bining those w ords into tw o-w ord phrases. A  child w ith
hearing loss is likely to need a sim ilar length of tim e to listen to spoken language before he or
she can be expected to use w ords singly, or in com binations. W hether or not the child can do
that, and do it intelligibly (so that others can understand him  or her), w ill depend on w hether or
not the child‒s technology provides access to all of the frequencies of speech (particularly the
high frequencies), and allow s the child to hear soft or quiet speech. It also depends on w hether
or not the child is w earing the technology all w aking hours.

The day that the child begins w earing appropriately selected and fit technology all w aking
hours is D ay Zero for the child‒s listening age. The child w ho begins full-tim e w earing of
appropriate technology at 3 m onths of age has lost only 3 m onths of listening tim e, and w ill
have a listening age of 9 m onths at her first birthday. C hances are excellent that this child w ill
m ake up for those lost 3 m onths, and have language developm ent that closely parallels her
hearing peers at least by the tim e she is 2 years old, if not before. H ow ever, a child w ith
hearing loss w ho only begins full-tim e w earing of technology at 2 years of age has lost 2 years



of listening tim e, and w ill have a listening age of 2 years, w hen the child‒s chronological age is
4 years. Closing that tw o-year gap in listening tim e and spoken language learning is not
im possible, but is m uch m ore difficult than closing the three-m onth gap for the previous child.

This is not a new  concept. Pollack (1970) and N orthcott (1972) both discussed the
concept, calling it the child‒s hearing age, and used it to help parents have an idea of w hat to
expect regarding the child‒s progress after the child began w earing hearing aids. C alculating
the child‒s listening age can be com plicated by periods of tim e w hen the child‒s access to
spoken language is com prom ised by events such as chronic otitis m edia, behavioral issues,
poorly fitting earm olds, equipm ent m alfunction, or progression of the child‒s hearing loss. A ny
tim e the child does not have appropriate access to quiet speech, he or she is not able to listen
to spoken language in the m anner that is needed for language developm ent. C onsequently, that
tim e cannot be counted as part of the child‒s listening age. Patton, H ackett, and R odriguez of
Sunshine C ottage School for the D eaf (2004) developed a form ula for taking a num ber of those
issues into account in an attem pt to determ ine a m ore accurate listening age.

W hether or not an actual form ula is used for calculating the child‒s listening age, the
concept of listening age is a good one to use in understanding the crucial im pact of a child‒s
auditory access to speech through his technology, and about reasonable expectations to have
for the child‒s spoken language developm ent. Flexer and M adell (2009) identified the
follow ing factors that m ay advance or delay children‒s auditory function and, consequently, the
interpretation of their listening age.

A ge at w hich hearing technology w as acquired
The audibility of the speech signal m ade available by the technology (including high
frequencies and soft speech)
The am ount of tim e each day that the child actually w ears the technology (e.g., 2 hrs/day; 4
hrs/day; 12 hrs/day; all w aking hours). (R em inder: typically hearing persons have
auditory access to their brain, 24 hours per day.)
The im pact and skill of the fam ily and therapist in providing auditory language enrichm ent.

The Listening Age concept is based on the fact that highintegrity auditory brain access of
the speech spectrum  is absolutely essential for the child‒s listening and spoken language
developm ent.

A uditory ―Skills‖ and A uditory Processing M odels

A ll of the inform ed auditory training w ork done w ith children w ith hearing loss to develop
auditory skills is based on theoretical m odels and constructs. W e are still far from
com prehensive know ledge of the com plicated process of hum an com m unication, including the
exact role of audition in com m unication.

For exam ple, w e really do not have certain know ledge of exactly how  hum ans form ulate
ideas, encode them  in language, perceive and analyze acoustic signals, and process linguistic
m essages produced by others. H ow ever, based on research, em pirical data, and reasoning,



hypothetical m odels have been developed that integrate existing pieces of know ledge and
thinking. The researcher‒s intention is that the m odels‒ integrity and usefulness w ill then be
experim entally tested and accordingly revised‍ not that the com ponent units are necessarily
ready to be treated as realities upon w hich to base intervention practice. H ow ever, the teacher
or therapist cannot w ait for scientific know ledge to be com plete, and som etim es the
practitioner‒s zeal for certainty em bues the theoretical constructs w ith m ore reality than they
deserve. Perhaps the essential thought to bear in m ind is that the auditory processing ―w hole‖
is greater than the sum  of current know ledge of its hypothesized parts.

A uditory processing m odels are presented and explained in Bellis (2003), K uhl (1987),
and M usiek and C herm ak (2006). Som e of the presum ed com ponents of com m only agreed-upon
stages w ill be m entioned, and then im plications illustrated for children w ith hearing loss. W hat
follow s is, of necessity, overly sim plistic in an attem pt to describe the exquisitely com plex
process of listening and understanding.

For an overview  of the sequence, let us assum e that the child‒s peripheral ear has received
a bit of speech/acoustic inform ation and that the child w as m otivated to attend to it (or to
detect it). A ccording to the auditory processing m odels cited above, there is first som e sort of
frequency, intensity, and tim e analysis done by the peripheral ear, w ith transform ation of the
input into representative neural patterns. B rief sensory m em ory storage m ust be occurring at
this stage in order for the analysis and transform ation to take place.

N ext, it is know n that som e prelim inary auditory processing occurs in the brainstem  related
to localization, and separation of com peting m essages (i.e., selective listening or selective
attention). A nd finally, w hen the auditory cortex receives the input, higher levels of analysis
occur about w hich w e have the least certain know ledge and, consequently, the m ost theorizing.
This processing presum ably includes phonetic, phonological, syntactic, sem antic, and
pragm atic/contextual processing. It m ay very w ell require hypothesized cortical activities such
as the follow ing: discrim inating from  close cognates, identifying (categorizing or
associating) w ith other sim ilar item s, and com prehending (integrating or interpreting) as
m eaning is derived. A nd clearly, both short-term  and long-term  m em ory and retrieval are
essential to this higher level processing of auditory/linguistic m essages.

The preceding discussion has highlighted a num ber of item s that are featured in m ost texts
and curricula as the content or goals of auditory w ork w ith children w ho have hearing loss
(e.g., C ole, C arroll, C oyne, G ill, &  Paterson, 2005; Erber, 1982; Estabrooks, 2006; H irsch,
1970; N orthcott, 1978; Pollack, 1985; Pollack, G oldberg, &  C aleffe-Schenk, 1997; Rossi,
2003; Sindrey, 2002) as w ell as in online resources such as ―The Listening R oom ‖ sponsored
by A dvanced B ionics (http://w w w .hearingjourney.com ) and C ochlear‒s H O PE m aterials and
courses (http://w w w .cochlearam ericas.com /Support).

Particularly in view  of the additional concurrence of scholarly opinion in including these
item s in their m odels, it seem s reasonable to assum e that each of these com ponents is involved
in som e m anner or at som e level in processing spoken language. A nd it is certainly beneficial
(w ith a particular child, or at given points in tim e, or as part of a specific gam e or activity) to
focus on one auditory dim ension alone. But these auditory com ponents overlap and
interrelate in both natural and structured activities to such a degree that they cannot
seriously be considered to be discrete or necessarily hierarchical (Bellis, 2003; Ling, 1986).



C urricula that attem pt to train these as isolated auditory skills m ay play a useful role for the
teacher of older children because the curricula system atize instructional objectives and
activities related to im proving the child‒s use of residual hearing. B ut isolated rote training on
hypothetical auditory subskills is generally inappropriate‍ and unnecessary for children w ith
hearing loss under 3 years of age. W ith young children, the auditory subskill w ill be in the
adult‒s m ind, but in m ost cases, the child w ill be interacting, playing, or solving a problem  (in
a w ay that just happens to require that auditory subskill).

For the young child, the ability to dem onstrate capability concerning any of the highlighted
auditory com ponents is inextricably linked to the child‒s cognitive and spoken language
grow th. That is, for the toddler to be m otivated to attend selectively; to localize; to
discrim inate; to identify, categorize, associate; to integrate, interpret, com prehend‍ for all of
these, there m ust be m eaning attached to the event. A nd, to paraphrase W innie-the-Pooh
(M ilne, 1926), the m ain place that m eaning in acoustic input com es from  is from  G radual
A cquisition of Spoken Language. A nd the m ain place spoken language com es from  is from
N orm al, Everyday Interacting and Play w ith Caregivers U sing Spoken Language.

Inform ality does not m ean that there is a lack of planning and structure in the intervention
and interacting processes. For exam ple, sim ply being aw are of the im portance of consistently
noticing relevant sounds or rem arking on the child‒s noticing them  could be view ed as
introducing a ―structured‖ or contrived elem ent into a conversational interaction betw een
caregiver and child. C ertainly, parents of norm ally hearing children also notice sounds and
notice their children‒s reactions to them . B ut parents of children w ho have hearing loss becom e
especially conscious of the im portance of these particular events for encouraging the child‒s
use of his or her residual hearing, and consequently they attem pt to do both kinds of noticing
consistently, and perhaps w ith a bit m ore deliberate interest and enthusiasm .

Theory of M ind and E xecutive Functions

Special note needs to be m ade of the im portance of being able to overhear the conversation of
others. This ability requires appropriate settings on audiologic equipm ent so that the child has
access to listening to quiet speech at a distance, and m ay not be technologically possible for
every child. O verhearing also requires m otivation and practice in having one‒s attention
prim arily focused in one direction or on an activity, but still being aw are of quiet conversation
going on in the vicinity, w ithout being directly addressed. O verhearing is essential for natural
learning of particular gram m atical item s, such as first and second person pronouns (e.g., I, m e,
you) and deictic term s (e.g., here, there). A s w e know , a child‒s language developm ent
depends on exposure to both direct and overheard spoken conversations and on developm ent
of the auditory centers of the brain. H ow ever, overhearing has crucial im portance for
stim ulating developm ent of the higher level social and cognitive abilities and know ledge that
com prise Executive Functions and Theory of M ind, both of w hich are essential for becom ing a
com petent and socially appropriate m em ber of society.

A  ―Theory of M ind‖ (often abbreviated in ToM ) is a specific cognitive ability that
enables the understanding of others as independent, intentional agents; essentially, it m eans



understanding that other people have m inds that can be perceiving and thinking in w ays that are
totally different from  one‒s ow n m ind. It m eans that one is able to m aintain, sim ultaneously,
different representations of the w orld, and know  that there are m any w ays of looking at things.
A n exam ple of a child w ho has acquired Theory of M ind w ould be a child w ho, looking at the
12 inches of snow  that fell during the night w ould know  that he and his teenage sister w ould be
happy about it (because of m aking a snow m an and going skiing), but that his parents m ight be
unhappy about it because they w ould have to shovel the drivew ay and drive in slow  traffic
because of it. This child w ould know  that others could have different feelings, perceptions, or
beliefs about the sam e event. N ot surprisingly, the developm ent of ToM  is dependent on one‒s
language abilities, and one‒s ability to overhear conversations that are not necessarily directly
experienced.

ToM  seem s to be an innate cognitive potential in hum ans, one that requires social/linguistic
experiences over m any years for full developm ent. W ith social experience and conversations,
both direct and overheard, a child learns to gauge others‒ beliefs, desires, perspectives, and
intentions, and then to predict their behavior (M oeller, 2007).

H aving a ToM  is critical for understanding m any aspects of hum an social life such as
surprises, secrets, tricks, m istakes, and lies. A s children age and achieve m ore social and
language skills, ToM  form s the basis for inference, perspective taking, social reasoning, and
em pathy. H aving a ToM  is critical for academ ic developm ent, especially in collaborative
educational and w ork environm ents w here listening to and understanding other points of view
and engaging in joint m ental activity is not only essential to the process of w orking together,
but actually is the basis of the creative problem -solving process. ―Language provides us w ith a
m eans for thinking together, for jointly creating know ledge and understanding‖ (M ercer, 2000,
p. 15).

A  w orking ToM  does not develop before the age of 4 years. B y that age, a child should be
able to distinguish betw een w hat is so and w hat people believe is so. O ne of the m ost
im portant m ilestones in ToM  developm ent is gaining the ability to attribute false belief; that is,
to recognize that others can have beliefs about the w orld that are w rong (Sabbagh &  M oses,
2006).

The language skills in children w ith hearing loss are directly related to their ToM  skills.
The child needs to be at a fairly com plex syntactic level. For exam ple, the child could
dem onstrate ToM  know ledge through being able to com bine tw o clauses (ideas) in one
sentence using coordinating or subordinating conjunctions (e.g., I am  happy about the snow ,
and/but M om m y is sad about the snow ); or through using ―that‖ to com bine clauses (e.g., She
believes that snow  is a big bother.); or both (e.g., I know  that the cake is in the cupboard, but
he thinks that the cake is still in the refrigerator). Theory of M ind also requires rather specific
vocabulary skills, such as know ing w ords for describing internal processes like thinking,
feeling, im agining, know ing, and believing. That is, if a child can understand and also produce
sentences such as, ―H e thought his cake w as in the refrigerator,‖ he is m ore likely to
understand and predict behavior that stem s from  a false belief.

Siblings in the hom e facilitate the developm ent of ToM  because there tend to be



discussions of m ental and em otional states that lead to differences in behaviors. Those
discussions m ust be m ade available acoustically (through technology) to be overheard
by the child w ith hearing loss, and the child needs to com m unicate in the sam e
language as others in his or her environm ent. Therefore, wearing hearing aids and/or
cochlear im plants at hom e, and also using rem ote m icrophones (FM  and Bluetooth
technologies) in hom e environm ents are critical for the developm ent and m aturation of
social/em otional skills.

The child learns these linguistic structures and the vocabulary to describe m ental activities
(thoughts and feelings) after m ultiple exposures in varied contexts, just as he or she learns any
language. O verhearing ―self-talk‖ (of parents, or others in the environm ent) such as, ―w here
are those car keys,‖ or ―I forgot the doctor‒s nam e,‖ also contribute to the child understanding
that others have a state of m ind that is different from  their ow n.

O ne im portant w ay that children gain an understanding of others‒ thoughts is by attending to
the back and forth view point exchange of fam ily m em bers. Therefore, the child m ust be able to
track m ultitalker conversations, a skill that dem ands the m axim um  possible auditory access to
speech at a distance, and in the sam e language as other talkers in the environm ent.

E xecutive F unctions are a collection of processes that are responsible for guiding,
directing, and m anaging cognitive, em otional, and behavioral functions, especially for novel
problem  solving (Sabbagh &  M oses, 2006). The prim ary behaviors that com prise this
collection of regulatory and m anagem ent functions include the ability to initiate behavior w hile
inhibiting com peting actions, choosing relevant tasks and goals, planning and organizing
problem solving strategies, shifting attention, behaving flexibly, and m onitoring and evaluating
behavior (M eltzer, 2007). A  very im portant feature for preschoolers is the inhibition of
ineffective behaviors. M any executive functions continue to m ature w ell into the third decade
of life, a process that parallels the prolonged neurodevelopm ental grow th of the prefrontal
regions of the brain.

Even for norm ally hearing children, noise in the environm ent disrupts the child‒s
ability to access Executive Functions because their auditory focus is fragm ented. The
detrim ental effects of noise on the speech perception of a child with hearing loss are
know n to be even greater than for a child with norm al hearing. Thus, the consequences
of noise for the child‒s cognitive developm ent (including Theory of M ind and Executive
Functions) can be even m ore detrim ental. Acoustic m anagem ent of the classroom  and
use of personal FM  technologies are a crucial necessity.

A ccording to Schneider et al. (2005, p. 2), ―A n interesting question is w hether executive
functions represent a precursor of ToM , or w hether ToM  understanding predicts the
developm ent of executive functions. It is reasonable to assum e that individual differences in
vocabulary and verbal understanding are particularly im portant for predicting perform ance on
executive functioning and ToM  tasks in sam ples of young children (e.g., 3‌4 years old). For



older children, individual differences in w orking m em ory and executive functioning, rather
than verbal abilities, m ay be better predictors of ToM  perform ance.‖ In any case, though, it
seem s clear that in the early years, developing a Theory of M ind and developing rudim entary
executive functions both depend on the child‒s language developm ent, w hich in turn depends on
the child‒s auditory access.

H ow  to H elp a C hild L earn to L isten in O rdinary, E veryday
W ays

In essence, auditory/linguistic learning consists of the child becom ing aw are of sound, then
connecting sound w ith m eaning, and then understanding m ore and m ore com plex language‍
first in quiet circum stances, and then in a variety of m ore difficult listening conditions. Each of
the parts of this process w ill be fully discussed in Chapter 10. H ow ever, there are several
steps that need to be taken in order to provide a facilitative auditory environm ent for the child
to learn to listen and talk (Figure 7‌3).

Step 1. The m ost im portant step that parents can do to help the process along is to be sure
that the child is w earing appropriate, w ell-m aintained am plification [hearing aids and/or
cochlear im plant(s)] all w aking hours. The im portance of keeping the hearing aids or cochlear
im plant on the child all w aking hours cannot be overem phasized. The child‒s access to
appropriate, consistent sound is, quite sim ply, fundam ental to learning to listen and talk.

A ccessing sound m eans that the child m ust be w earing the equipm ent, and it m ust be
functioning w ell. W ith young children, it is the parents‒ responsibility to learn w hat they need
to know  to be sure that the child‒s technology is functioning in topnotch condition every day
through daily listening checks, troubleshooting, having back-up accessories on hand, and
keeping the audiologist‒s phone num ber on speed dial!

Figure 7‌3. This m om  is speaking close to the m icrophone on the child‒s hearing aid w hile his visual attention is focused on the



toys in front of them . Through her actions in this ordinary play situation, the m other is providing an environm ent w hich is highly
facilitative of auditory and linguistic grow th.

Step 2. The next step that parents can take is to be very conscious of the listening
conditions around the child in all com m unication situations. These conditions include the
am ount of background noise in the environm ent, and how  far aw ay the child is from  the person
speaking.

B ackground noise includes any noise that could interfere w ith the child‒s being able to hear
a person speaking to him  or her, or being able to hear him - or herself vocalizing or talking.
B ackground noise includes TV, radio, cars or trucks going by outside, fan noise, or other
people talking‍ any of those absolutely norm al noises can m ask over a m essage that the child
w as supposed to hear. U nfortunately, noise is am plified and processed by the hearing aid or
cochlear im plant right along w ith the speech signal. C urrent digital hearing aids and speech
processors do attem pt to pull the speech signal out of the surrounding nonspeech noise, but are
far from  perfect. It is im portant to note that the auditory centers of the brain are being
stim ulated 24 hours of the day for children w ith norm al hearing. For children w ith hearing loss,
it is essential that w e optim ize the daily 14 hours or so that the child is aw ake and alert
because it is valuable listening and learning tim e. B ackground noise needs to be absent or
m inim al to provide the child w ith the best chance to hear, and/or an FM  system  should be used
to im prove the signal-tonoise ratio (see C hapter 5).

Step 3. The other part of the listening environm ent that needs to be m anaged is the distance
betw een the speaker and the child‒s m icrophone. A m plification is usually set so that the child
can easily hear about tw o yards from  a speaker. H ow ever, the best distance betw een the
speaker and the m icrophone for a child w earing hearing aids is still w ithin about six to eight
inches, and for a child w ith a cochlear im plant, about three feet.

Luckily, w hen they are intentionally interacting, adults are usually talking w ith babies and
young children from  very close by. O nce the child is m obile, parents need to m ake sure that
they m ove close to the child and get dow n on the child‒s level so that the child has optim al
access to the sound of w hat the parent is saying. Speaking louder w ill not solve the problem ,
because although the speech m ay be louder, it w ill not be clearer.

FM  technology (discussed in C hapter 5) can help overcom e the negative effects of noise
and distance by m aking the speaker‒s voice louder than the surrounding noise. FM  can be used
in the hom e, outside on the playground, or in the classroom . Personal-w orn FM  system s w ork
like a sm all radio station w here the speaker w ears a m icrophone and transm itter that sends the
signal directly into the receiver attached to the child‒s hearing aids or cochlear im plant.

All of this discussion has centered on creating optim al conditions for intentional
interacting and com m unication. As just discussed in the Theory of M ind and Executive
Function section, it also is im portant that the child is provided w ith the opportunity to
learn from  overhearing the conversations of others. That is, the child needs to be able
to learn from  conversations betw een other people, w hich are not intentionally directed
tow ard him  or her. This m ay require adjustm ents on the child‒s hearing aids or



cochlear im plants to provide the ability to hear quiet speech at a distance.

Step 4. A nd lastly, here are som e strategies that parents can adopt to prom ote the child‒s
listening abilities in the course of any com m unicative interaction:

H old the child on your lap facing aw ay from  you, or sit beside him  or her, w ith the child‒s
attention directed tow ard toys or activities that you are both engaged in playing w ith. Talk
close to the child‒s m icrophone, w ithout the child constantly looking at you.
Expect the child to understand w ithout w atching your face. If the hearing aids or cochlear
im plants are properly set, the child w ill definitely be able to hear you. W hat the child
needs is experience listening in the course of repeated, routine events and play w ith toys or
activities that are of interest.
If the child doesn‒t seem  to understand an auditory-only m essage, try saying it again, closer
to the child‒s m icrophone. If the child still doesn‒t understand, then help him  or her to
understand by w atching or dem onstrating, and then say it again, auditory-only. The idea is
to help the child build up confidence in his or her ability to understand auditoryonly
m essages.

Tw o E xam ples of A uditory Teaching and L earning

W hat follow s are tw o scenes that illustrate how  to create a good listening environm ent by
utilizing auditory strategies. The scenes are each follow ed by explanations.

Scene I: Tony

The C ontext

A  father and his 14-m onth-old son are building w ith blocks on the floor in the living room  after
supper. The child has a severe to profound sensorineural hearing loss, and has been w earing
hearing aids consistently for 2 m onths. The m other has been in another room , but at the
beginning of this scene appears in the doorw ay w hich is about 10 feet aw ay from  the child. The
child is playing beside his father, w ith his back to the doorw ay w here the m other is now
standing.

The A ction (w hich takes about 15 seconds)

M other w aits for a break in the conversation betw een father and son, and then calls,
―Tony!‖

The father ceases block-building, leans tow ard Tony, puts his head to one side as his face



takes on an interested, curious sort of ―listening‖ expression. H e says, ―Listen! D id you
hear that? I heard som ething‖ (Figure 7‌4). Tony has been looking at the father‒s face from
the tim e the father stopped playing w ith the blocks and leaned forw ard. W hen his father
continues to m aintain the ―listening‖ expression w ithout saying or doing m ore, Tony looks
back at the blocks and picks up one to start playing again.

The m other pauses a second or tw o, and then calls again, ―Tony!‒

Tony looks up, alertly, at the father.

The father says nothing, but still looks as if he is listening to som ething.

Figure 7‌4.

H is m other takes a step forw ard, and calls once m ore, ―Tony! Tim e for your bath!‖

This tim e Tony turns around and sees his m other She sm iles and says, ―Terrific! You heard
m e. It‒s tim e for your bath.‖

Tony sm iles im pishly, and toddles off, full speed, in the opposite direction.

The E xplanation

M other w aits for a break in the conversation betw een father and son, and then calls,
―Tony!‖

The m other‒s voice is loud enough to be w ell w ithin this particular child‒s range of
hearing, so that it is reasonable for the child to detect it. Since the m other is 10 feet aw ay,
w hich is m uch further than a norm al conversational distance, this could be view ed as an
instance of a distance listening event. She has w aited for a break in their conversation, partly
because it is conversationally appropriate to do so, and partly because Tony stands a better



chance of hearing her if her calling voice occurs in quiet. This is an effort to enhance the figure
(signal) relative to the ground (noise). Som e children, perhaps at a m ore advanced stage, m ay
be expected to hear a calling voice in this sort of situation even w hen there is other talking
going on. In fact, in any norm al, everyday situation in the hom e, there is quite likely to be other
noise in the room  (e.g., from  the toys at hand, from  the street outside, from  the dishw asher, from
an older sibling turning pages in a book) w hich w ill be reaching the m icrophone of the child‒s
hearing aid and being am plified. The signal, for exam ple, the calling voice, m ust be louder than
the surrounding noise in order for the child to detect it. The degree to w hich it is louder w ill be
the degree to w hich it is easier for the child to hear. This sim ple fact is often easily forgotten in
the course of norm al activities w here, for exam ple, the radio or TV  m ay be left on for long
periods of tim e. In a sense, nearly all norm al everyday listening involves selective attention or
selective listening abilities.

The father ceases block-building, leans tow ard Tony, puts his head to one side as his face
takes on an interested, curious sort of ―listening‖ expression. H e says, ―Listen! D id you
hear that? I heard som ething. ‖Tony has been looking at the father‒s face from  the tim e the
father stopped playing w ith the blocks and leaned forw ard. W hen his father continues to
m aintain the ―listening‖ expression w ithout saying or doing m ore, Tony looks back at the
blocks and picks up one to start playing again.

The father‒s behaviors are an attem pt to alert Tony and m otivate him  to attend. D epending
upon the degree of the child‒s hearing loss, his absorption in a task, and his or her backlog of
positive experiences listening, he or she m ay respond im m ediately to a calling voice from  10
feet aw ay. O thers w ill need to be alerted to listen. A s for the ―listening‖ expression, it is
im possible to actually present an appearance of listening that is unm istakable as listening. That
is, one person cannot see another person hearing or listening. B ut it is possible to see the
listener‒s reaction to sound, interest, or curiosity about it, w hich is w hat the father is
dem onstrating here.

The m other pauses a second, and then calls again, ―Tony!‖

In this particular instance, a certain num ber of repetitions of the m other‒s calling seem s
reasonable. H ow ever, the real goal is clearly for the child to respond after only one instance of
the m other calling. If parents and professionals alw ays quickly give the child m ultiple
repetitions of m essages or task dem ands, the child m ay com e to expect that a second or third
repetition is com ing, and m ay not bother to respond initially. O ne sim plem inded but vitally
im portant strategy w hich m ay lead tow ard the child‒s responding after being called once (or
after being asked to perform  any kind of task, for that m atter) is the one of being certain to
provide am ple tim e for the child to respond before calling again. (O f course, this is also
im portant from  a conversational, turn-taking perspective.) It is equally im portant to recognize
that there are tim es w hen the child is not going to respond, and to stop repeating oneself long
before it becom es a pointlessly frustrating exercise. Before that, how ever, there are several
steps described below  that one can take w hen it is necessary to enhance the audibility of the
acoustic signal.

Tony looks up, alertly, at the father.



The father says nothing, but still looks as if he is listening to som ething.

This suggests that Tony detected a voice from  the surrounding background noise (selective
attention), but has incorrectly (but not surprisingly) assum ed it w as his father speaking to him .
H e has thus localized the sound incorrectly in that he thought it cam e from  in front rather than in
back of him . H e is also not attending sufficiently to the higher fundam ental frequency and
harm onic cues w hich, one day, w ill tell him  that it w as his m other speaking and not his father.
This could be view ed as a discrim ination task, w ith the child being required to discrim inate
betw een his m other‒s and his father‒s voices. In situations w here a large num ber of people
could ostensibly be calling the child, the task m ay be m ore one of identification.

H is m other takes a step forward, and calls once m ore, ―Tony! Tim e for your bath.‖

This tim e, Tony turns around and sees his m other. She sm iles and says, ―Terrific! You heard
m e. It‒s tim e for your bath.‖

Tony sm iles im pishly, and toddles off, full speed, in the opposite direction.

The m other‒s behaviors are intended to m ake her acoustic input m ore salient (m ore easily
detected) to the child. B y stepping forw ard, she has som ew hat decreased the distance from  the
sound source (her m outh) to the m icrophone on the child‒s hearing aid. This w ill m ake the
sound a bit louder. By also adding the sentence, ―Tim e for your bath!‖ she has provided a
longer piece of acoustic input.

The child m ay not be able to understand this bit of inform ation auditorally, but the
m other‒s prim ary purpose here is sim ply to provide a lengthier clue to the child to help in his
localizing (the source of the calling voice) and associating (that voice = m other) tasks.
N aturally, it is im portant that she has used a contextually and prosodically appropriate,
sem antically m eaningful, and syntactically correct sentence. These aspects of her input w ill
eventually lead to Tony‒s understanding. A nd by doing all of these things in all of the hundreds
of sm all events that occur in a day, the m other is building up Tony‒s belief that he is expected
to understand spoken m essages, w ith or (often) w ithout looking at the speaker‒s face. In
addition, Tony‒s m other has rew arded his turning by sm iling and by using w ords w hich
describe exactly w hat it w as that he did that w as pleasing. These parent responses are intended
to be part of m otivating Tony to w ant to listen the next tim e(s).

O ne interpretation of Tony‒s behavior in this scene could be that Tony soon detected the
sound, localized it to a source behind him , identified the m other as the speaker, and
com prehended the verbal m essage. A nother interpretation could be that Tony detected the
voice, saw  that it w as not his father speaking, began searching visually for the sound source,
and happened to find his m other in the process. Then he saw  the pajam as in her hand, and
know ing w hat that m eant, toddled off. In a research study, it m ight be im portant to try to
determ ine w hich of these interpretations is correct. B ut in a real life situation, it doesn‒t m uch
m atter. The parents are not testing his ability to perform  listening tasks. In this norm al,
everyday event, they are providing all the conditions w hich are likely to encourage and
prom ote Tony‒s use of residual hearing. These include the provision of appropriate ―input‖ in
term s of the prosody, intensity, syntax, sem antics, and conversational context. The conditions



also include provision of m otivation and social or circum stantial ―rew ards.‖ If, this tim e, Tony
saw  his m other in the course of visual searching for ―a voice‍ not father‒s,‖ then this
experience w ill sim ply be part of the learning process. If he did actually localize the source
and identify the speaker auditorily, then this experience is an exam ple of his having learned.
Either w ay, at every future opportunity, the parents w ill continue to m ake the sam e effort to ―set
up‖ events in such a w ay as to allow , encourage, and expect Tony to listen.

Scene II: Tam ara

This next scene is an exam ple of a norm al, everyday interactive event betw een a m other and
her slightly older child. The m other sm oothly and autom atically em ploys a num ber of strategies
to encourage the child to listen.

The C ontext

This child is 23 m onths of age, has a severe to profound sensorineural hearing loss, and has
w orn hearing aids consistently since 11 m onths of age. C onsequently, she has a ―listening age‖
of 12 m onths. The m other and child are playing on the kitchen floor w ith blocks, cars, and little
people dolls. They have just built a very tall tow er w ith the blocks. (The event took about 30
seconds in all.)

The A ction

Tam ara says, ―W here block?‖ as she looks around for another block on the floor. She is
standing as the tow er they are building is so tall.

G uessing w hat Tam ara m eant, the m other says, ―W here‒s another block?‖ Tam ara is not
w atching the m other‒s face since she is still searching for blocks.

Tam ara says, ―‐N other block?‖

M other says, ―H m m m -w ell, let‒s see.‖ M other looks for m ore blocks; Tam ara turns aw ay.
―O h‍ here‒s one.‖ Tam ara turns back, and the m other hands her a block.

The m other then says, ―Thank you.‖

Tam ara says, ―W hat?‖ and looks at her m other.

The m other rubs her nose, partially obscuring her m outh, and says, ―You can say ‐Thank
you.‒‖

Tam ara again says, ―W hat?‖

This tim e the m other lets Tam ara look at her face as she says, ―You‒re supposed to say
‐Thank you.‒‖



Tam ara repeats, ―Thank you.‖

Tam ara puts the block on the top of the teetering tow er, w hich then topples. She steps back
(right on the m other‒s finger), and says, ―U h oh!‖ looking at the blocks that fell.

The m other says, ―O uch! M y finger!‖ (Figure 7‌5) Tam ara looks at her m other w ho is
shaking her finger.

The m other says, ―You stepped on m y finger! You gave M om m y a boo-boo.‖

Tam ara looks stricken, and softly says, ―B oo-boo‖ looking at the finger.

The m other says, ―W hat are w e going to do about it?‖ Tam ara says, ―K iss boo-boo,‖ and
she does.

The m other hugs Tam ara, and says ―O h thank you. It‒s all better now .‖

Tam ara repeats, ―A ll better now .‖

The E xplanation

Tam ara says, ―W here block?‖ as she looks around for another block on the floor. She is
standing since the tow er they are building is so tall.

G uessing w hat Tam ara m eant, the m other says, ―W here‒s another block?‖ Tam ara is not
w atching the m other‒s face since she is still searching for blocks. Tam ara says, ―‒Nother
block?‖

The m other is expanding Tam ara‒s utterance in her question as she attem pts to clarify her
m eaning and confirm  her guess at w hat Tam ara m eant. This type of adult response/question is
an especially im portant one to use in connection w ith expecting that the child w ill understand
w ithout having to look at the speaker‒s face. The child is likely to be m otivated to attend to the
m other‒s utterance since the m other is not introducing new  concepts or topics. Instead she is
using the child‒s topic, show ing her interest in clarifying her m eaning, and adding only a sm all
am ount of relevant inform ation to her original utterance. C larification questions and expansions
are strategies parents use that are likely to prom ote the child‒s language grow th. They are also
likely to prom ote the child‒s listening. In this instance, Tam ara w as not looking at the m other‒s
face w hen the m other spoke. The fact that she then im itated the m other‒s question, em ploying
the m other‒s w ord ―another,‖ suggests that Tam ara did get the m other‒s m essage through
listening alone.



Figure 7‌5. ―O uch! M y finger!‖ says the m om  as Tam ara steps back onto it, oblivious in her glee about the tow er toppling.

M other says, ―H m m m ‍ w ell, let‒s see.‖ M other looks for m ore blocks; Tam ara turns
aw ay.―O h‍ here‒s one.‖Tam ara turns back, and the m other hands her a block.

The m other actually contrived this listening opportunity. That is, she w aited until Tam ara
had turned aw ay to say, ―O h‍ here‒s one.‖

The m other then says, ―Thank you.‖

Tam ara says, ―W hat?‖ and looks at her m other.

H ere, Tam ara detected the voice, but did not understand w hat w as said.

The m other rubs her nose, partially obscuring her m outh, and says, ―You can say ‐Thank
you.‒‖

Tam ara again says, ―W hat?‖

This tim e the m other lets Tam ara look at her face as she says, ―You‒re supposed to say
‐Thank you.‒‖ Tam ara repeats, ―Thank you.‖

Tam ara puts the block on the top of the teetering tow er, w hich then topples. She steps back
(right on the m other‒s finger), and says, ―U h oh!‖ looking at the blocks that fell.

In instances w here it is desirable to insist on auditory-only input, and the child is looking
directly at the adult, there are a num ber of strategies one can em ploy. The m ost obvious is for
the speaker to cover his or her ow n m outh or to otherw ise obscure the child‒s visual access to
the m outh. Less obvious is directing the child‒s visual attention aw ay from  the face. H ere the
m other could have gestured to the block and said, ―Look, M om m y gave you a block.‖ W hen the



child‒s gaze w ent to the block, she w ould then say,―You‒re supposed to say ‐Thank you.‒‖ In
m any instances, it is possible to sim ply sit behind or beside the child in such a w ay as to
discourage the child from  constantly w atching the face. A fter tw o attem pts to give the m essage
auditorally only, the m other let Tam ara look at her face as she spoke. There is controversy
regarding how  long one should ―stay auditory,‖ but in everyday situations, the m ost reasonable
course m ay be to stay auditory as long as it is possible w ithout destroying the conversational
flow  or unduly frustrating either adult or child.

The m other says, ―O uch! M y finger!‖

Tam ara looks stricken, and softly says, ―Boo-boo,‖ looking at the finger. The m other says,
―W hat are w e going to do about it?‖

Tam ara looks at her m other w ho is shaking her finger.

The m other says, ―You stepped on m y finger! You gave M om m y a boo-boo.‖

Tam ara says, ―K iss boo-boo,‖ and she does.

The m other hugs Tam ara, and says, ―O h thank you. It‒s all better now.‖

Tam ara repeats, ―All better now.‖

Tam ara turned to the m other‒s loud ―O uch!‖ The m other shook her finger because it hurt,
but that also m eant Tam ara looked at the finger w hile the m other said, ―You gave M om m y a
boo-boo.‖ Thus Tam ara‒s repeating of ―boo-boo‖ is likely to be based on her having actually
heard w hat her m other said. In hugging Tam ara, the m other deprived her of visual access to her
face. Tam ara‒s im itation of ―A ll better now ‖ confirm s that she heard and listened to her
m other‒s utterance.

In a norm al, everyday event such as the second one illustrated here, a general m otivation to
listen is assum ed to have been established already, although every instance of listening and
understanding is likely to build upon that m otivation. Selective attention is operating because
the child is listening in a norm ally noisy environm ent (block play); localizing is not m uch of an
issue at the m om ent since the m other is the only other speaker. Each instance of the child‒s
having understood w hen she w as given access only to the auditory part of the m essage (through
the techniques described above) is an instance of the child using her abilities to discrim inate,
identify (categorize, associate), as w ell as integrate (interpret, com prehend). This exam ple
w ill have been successful if it also illustrates w hy and how  these higher level processes are all
―of a piece‖ in real-life instances, as w ell as w hy and how  they are inseparable from  the
child‒s overall cognitive and linguistic developm ent and abilities.

Targets for A uditory/L inguistic L earning

Targets for A uditory/Linguistic Learning can be found in A ppendix 3. The Targets are divided
into four phases of auditory developm ent:



Phase I:    B eing Aw are of Sound
Phase II:   Connecting Sound w ith M eaning
Phase III:  U nderstanding Sim ple Language through Listening
Phase IV:  U nderstanding C om plex Language through Listening

A cross the phases, the individual targets indicate abilities that the child dem onstrates as he or
she becom es aw are of sound, then connects various sounds w ith m eaning, and then gradually
acquires the ability to understand m ore and m ore com plex language. The chart can be used to
understand the general progression of auditory/ linguistic learning dem onstrated by the child
w ho is learning spoken language through listening. It also can be used as a recordkeeping
device, w ith dates noted for the child‒s increasing abilities as described in A ppendix 3, and
could be used as the basis for developing instructional objectives related to specific abilities.

The four phases represent sequential m ilestones in the spoken language developm ent of the
child w ho has hearing loss and is being taught spoken language through listening. H ow ever,
individual item s w ithin each phase are not necessarily sequential, although som e are logically
so. This is not intended to be used as a rigid curriculum ! Som etim es activities and abilities at
higher levels are appropriate to try, even though the child m ay not have com pleted all of the
targets at a low er level. In addition, an appropriate gam e or activity could easily tap m ultiple
auditory/linguistic targets sim ultaneously.

Exam ples or indicators have been included as to clarify w hat is intended by particular
targets, but the intention is that parents and interventionists w ill take advantage of all kinds of
norm al everyday events and routines w here these targets w ill be easy to ―fall over‖ in ordinary
w ays. W hen there is a need for m ore adult direction and focused structuring of preplanned
activities, then the parent‒s or aural habilitationist‒s creativity w ill need to be used to develop
activities that provide sufficient practice, w hile rem aining playful.

A L ast W ord

The structure and know ledge of the im portance of the child‒s ability to dem onstrate the
auditory abilities need to be m ore in the m ind of the teacher or parent and generally not
particularly obvious in the activities occurring w ith the child (C ole et al., 2005; Estabrooks,
2006). Pollack (1985) said that the child‒s auditory abilities develop ―because em phasis is
placed on listening throughout [all the child‒s] w aking hours so that hearing becom es an
integral part of [his or her] personality‖ (p. 159). Sim ilarly, Ling (1986) said that ―learning to
listen occurs only w hen children seek to extract m eaning from  the acoustic events surrounding
them  all day and every day‖ (p. 24). A t the sam e tim e, as m entioned above, for certain children
w ith hearing loss, som e structured practice on com ponent parts m ay be useful as a supplem ent
to the em phasis on audition in norm al, everyday activities. W ith very young children this
structured w ork w ill norm ally be done through gam es w hich, from  the child‒s point of view ,
are m eaningful and enjoyable. Excellent activities of this sort are detailed in a num ber of
sources that the reader is strongly encouraged to consult, including both print m aterials
(Estabrooks, 2006; R ossi, 2003; Sindrey, 2002) and online resources such as The Listening



R oom  (http://w w w .hearingjourney.com ) and the H O PE m aterials and courses
(http://w w w .cochlearam ericas.com /support). W ith regard to these m ore structured activities,
how ever, it is im portant to close the chapter by reiterating tw o them es:

1. The skills and abilities being w orked upon are theoretical constructs; consequently, the
specific exercises m ay be som ew hat arbitrarily derived; and,

2. W henever the child learns to perform  any task in a structured activity or gam e, the task
m ust then be integrated into real-life situations in order to be functional for him  or her.
That is, provision m ust be m ade for allow ing, encouraging, and expecting the child to
dem onstrate the sam e ability in the course of norm al everyday events and activities.
Clearly, the m ore sim ilar to everyday life that an adult-planned activity is, the greater the
likelihood that the child w ill autom atically carry over w hat has been taught to everyday
life events.
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Spoken L anguage L earning

K ey Points Presented in the C hapter

C om m unicative com petence includes know ledge of pragm atics, sem antics, syntax,
m orphology, and phonology.
B y the age of 3, m ost typically developing children have basic com m unicative
com petencies in all areas; by the age of 6, sophisticated com m unicative com petencies
are w ell established.
There are a num ber of theories regarding how  language develops, although w e still
don‒t know  precisely w hat causes a child to m ove from  one developm ental stage to the
next.
If appropriate auditory and linguistic experience is provided to m ost children w ho are
deaf or hard of hearing from  an early age, then cognitive and linguistic functioning can
be expected to follow  the norm al course of developm ent.

Introduction

Since this book is so centrally concerned w ith spoken language learning by infants and young
children, it is appropriate to engage in a discussion of all that is involved in com m unicating
verbally, and of how  m uch of that learning is accom plished at a very young age. Theories about
how  children learn to talk are also addressed in this chapter, and are follow ed by
consideration of the relevance of the nature/nurture controversy for intervention. The final
section in this chapter concerns an overall perspective of spoken language intervention for
children w ith hearing loss based on current inform ed view s of the effects of hearing loss on
psychological and cognitive processing.

W hat‒s Involved in ―Talking‖?



A bove all else, language is a social tool. It is a shared code that lets people send and receive
m essages. That is its purpose. H ym es (1972) w as the first to use the term  ―com m unicative
com petence‖ in talking about people effectively and appropriately exchanging m essages. H e
describes com m unicative com petence as the speaker‒s know ing not only w hat to say, but also
how  to say it, w hen to say it, w here to say it, and to w hom  to say it. K now ledge of the
interpersonal, cultural, and linguistic conventions that govern appropriate use of language is
w hat is know n as the area of pragm atics. In order to use language appropriately, the child
eventually acquires three interw oven dom ains of com m unicative know ledge.

O ne of these levels of pragm atic know ledge is presuppositional know ledge.
Presuppositional know ledge involves the speaker‒s autom atic guesses about the general form at
or register that is appropriate, as w ell as the level of detail and explicitness that is needed for
expressing oneself in a particular social context. For exam ple, the decision that a bilingual
individual m akes about w hich language to use w ith a person w ho is new  to him  or her w ould
be governed by presuppositional know ledge. In addition, the child m ust learn that it is
im portant to attend to and interpret particular features of the listener (e.g., age, sex, social and
educational status) and the setting, in order to determ ine the degrees of inform ativeness and
politeness that are appropriate to a particular situation. This inform ation contributes to the
types of sentence structures used, the directness or indirectness of reference, and a host of
other gram m atical choices such as how  m uch to use pronouns, subordinate clauses, and
adjective em beddings.

Presuppositional know ledge influences decisions regarding the level of explicitness taken
in a second pragm atic dom ain: the functions or intentions expressed by each utterance. A s w as
said at the beginning of this section, the purpose of language is to send m essages back and forth
betw een tw o (or m ore) people. The speaker sends the m essage w ith the intention of expressing
som ething. A new born baby attends to and responds to stim uli, but probably does not
com m unicate w ith intentionality for som e tim e. By about 8 to 12 m onths of age, the baby does
intentionally gesture and vocalize to dem and, ask, label things, notice, and protest. B y age 3,
that num ber of functions has expanded at least 10-fold to include expression of even such
subtle intentions as suggestions and hints (D ore, 1986).

The third of these interrelated dom ains of com m unicative know ledge concerns the
conventions regarding the social organization of discourse‍ or the m ostly unspoken rules for
m aintaining a dialogue w ith another person. These include conventional turntaking, topic
initiation and m aintenance, and repair procedures to follow  w hen there is a breakdow n in the
com m unication. A ll of these conventions need to be acquired by the child learning language.

In addition to pragm atics, other rule system s involved in learning to talk are the sem antic,
syntactic, m orphologic, and phonologic system s. Sem antics refers to know ledge of netw orks or
hierarchies of m eaning for individual vocabulary w ords (i.e., lexicon), as w ell as know ledge
of m eaning relationships of w ords in sentences (i.e., case gram m ar). The syntactic rule system
is concerned w ith the perm issible w ays of ordering w ords w ithin sentences in order to express
particular m eanings, and w ith w ays of transform ing basic sentences into m ore com plex
structures. M orphologic rules are concerned w ith the perm issible com binations of free
m orphem es w ith affixes (such as un in unhappy or ness in happiness), and w ith inflectional
m orphem es w hich indicate gram m atical features such as tense (The dog w alked.), person (The



dog w alks.), or num ber (The dogs w alk.). The phonological system  includes all of the sounds
in the language, the perm issible w ays of com bining those sounds into w ords, and the
conventional w ays in w hich the language uses prosodic features such as intonation, stress, and
rhythm  to express m eaning. R ules for sem antic, syntactic/m orphological, and phonologic usage
are all influenced by the pragm atic conditions of the com m unicative event, such as the
speaker‒s guess about how  explicit, detailed, or com plex it is appropriate to be for a particular
listener (Figure 8‌1).

Figure 8‌1. B y the age of 3 years, typically developing children have a solid foundation in all of the interrelated areas of
language.

C learly, the learning of all the conventions for the pragm atics, sem antics, syntax,
m orphology, and phonology of a language is no sm all task. The w onder is that by the age of 3,
m ost norm ally developing children have sophisticated know ledge in all of those areas It also is
a fact that, given early and appropriate auditory and linguistic experience, the language
developm ent of m any children w ith hearing loss can be rem arkably sim ilar to that of their age
peers (e.g., G eers &  M oog, 1989; G eers, M oog, B iedenstein, Brenner, &  H ayes, 2009; H ayes,
G eers, Treim an, &  M oog, 2009; N icholas &  G eers, 2006; N ittrouer &  B urton, 2001; N ott,
Cow an, Brow n, &  W iggelsw orth, 2009; Sininger, G rim es, &  C hristensen, 2010; Yoshinaga-
Itano, Sedey, C oulter, &  M ehl, 1998).

H ow  D oes a C hild L earn to Talk?

The fact is that despite m any theories and a great deal of research, w e still do not really know
just how  and/or w hy language develops. Even though ―developm ent‖ im plies change, present
developm ental research and theories seem  to be best at describing w hat goes on w ithin the



―plateaus of non-change,‖ as Snow  and G ilbreath noted in 1983. In fact, w e do not know  how
neurons in the brain represent hum an know ledge of any kind (Fodor, 1997). W hat is not know n
is how  or w hy the child m oves from  one kind of know ing or one developm ental stage to the
next. This is not unlike the situation in other areas of hum an developm ent, w here the m otivation
or the m echanism s for the transitions from  stage to stage are still basically unexplained through
research findings.

Theoretical explanations of language developm ent have traditionally fallen into either
―nature‖ or ―nurture‖ categories at opposite ends of a continuum . The nativist point of view  is
that language acquisition can be accounted for by innate, internally generated processes (a
view  usually attributed to nativists such as C hom sky [1993]). The extrem e opposite point of
view  is that of behaviorism  w here all learning is considered to occur through externally
controlled events [the perspective of behaviorists such as Skinner (1957)]. H ow ever, over the
years, em pirical evidence has not provided support for the extrem e behaviorist explanations as
a theory of language acquisition in typically developing children. A n enduring alternative to the
nature or nativist explanations are the interactionist (Braine, 1994) or constructivist
explanations.

In essence, the interactionist perspective is that both innate and environm ental factors
determ ine developm ent. Innate, internal, developm ental abilities or propensities (som e of
w hich m ay or m ay not be specifically linguistic) interact w ith environm ental factors and
experiences in ultim ately building up the child‒s know ledge of language. The environm ental
factors include all of the stable and changing features of the child‒s social, physical, linguistic,
experiential environm ent: that is, the people and objects around the child throughout his
everyday life. The child‒s social context interacts w ith his or her natural, genetic endow m ent in
determ ining and prom oting the acquisition of linguistic behaviors. Exam ples of the internal
factors could include processing biases such as a capacity for sym bolic representation,
selective auditory and visual attention and processing, skill at ―chunking‖ speech segm ents,
skill at analyzing sequential inform ation, categorical perception, a propensity for attem pting to
search for order and/or causality in events, and m em ory (B ates, B enigni, B retherton, Cam aioni,
&  Volterra, 1979; B raine, 1988). A s Bates and G oodm an (1999) put it, the question is no
longer one of nature versus nurture, but one of exploring the ―nature of nature‖ (p. 33). The
debate concerning nature is now  about w hether language acquisition is based on language-
specific abilities, or based on general-purpose cognitive abilities that apply to language
learning as w ell as to other kinds of learning.

C onsider for a m om ent the fascinating tim e w hen the child first begins to use w ords to
com m unicate. In order to support the appearance of those first w ords, a num ber of hitherto
apparently separate threads of developm ent m ust converge. The B loom  (1983), Bloom  and
Lahey (1978), and Lahey (1988) division of language developm ent into form , content, and use
com ponents is a useful construct for this brief discussion. Form  developm ent during the first
12 m onths of life includes m ultiple and dram atic changes occurring in the child‒s vocalizations
as they gradually becom e m ore and m ore speechlike (O ller, 1995, 2000). Content
developm ent includes the child‒s gradual acquisition of differentiated repertoires of behaviors
for using, pursuing, and/or dealing w ith objects and w ith people (Sugarm an, 1984). Early use
developm ent includes the child‒s integration into the basic back-and-forth rhythm  of hum an



interaction (turn-taking), of being responsive and having others respond to him . Bloom  (1983)
suggests that the transition to the use of w ords com es about w hen these separate threads of
developm ent begin to intersect. That is, by about 12 m onths of age, the child know s how  to
behave interactionally w ith others, his vocal productions are speechlike, and he know s (for
exam ple) that a person can be used to get a hard-to-reach toy. W ords w ill appear w hen all of
these types of know ing begin to converge. Clearly, this is a very brief presentation of an
extrem ely com plex and m ultifaceted set of developm ents. H ow ever, there is intuitive validity
to Bloom ‒s concept of developm ental transitions occurring w hen separately developing threads
of abilities begin to converge.

To return to the nature/nurture issue, the foregoing discussion is an excellent exam ple of the
fact that w e can describe w hat is acquired as the child develops, but w e cannot account for
w hy the changes in ability or behavior occur. Bloom ‒s (1983) view  is that the transitions to
new  levels of functioning require insight or intuitive understanding on the part of the child.
Insight and intuitive understanding are unarguably internal to the child, as w ould be the child‒s
propensity to even begin searching for understanding of the objects and people around him . B ut
these innate abilities w ould have little value w ithout the environm ent providing the objects
upon w hich to act or the people w ith w hom  to interact. Both nature and nurture seem  to be
inextricably im plicated as m ediators in the acquisition of language.

R elevance for Intervention D ecisions

A ctually, for the educator or therapist w ith children and fam ilies needing im m ediate attention,
the nature/nurture debate m ay be an interesting but im m aterial one. W ith regard to the nature of
the child, som e aspects of the child‒s presenting repertoire undoubtedly are genetically
endow ed and/or internally generated. This m ay include aspects such as inform ation processing
rate, learning style (e.g., analytic, holistic, or som e com bination thereof), tem peram ent, and the
child‒s facility w ith language learning strategies such as the elicitation, entry, and expansion
operations proposed by Shatz (1987). The child‒s genetic endow m ent clearly cannot be
ignored. But for the interventionist, ethical practice dem ands that all of the child‒s abilities and
inabilities m ust be considered am enable to influence or teaching until dem onstrated otherw ise.

W ith regard to the nurturing of the child, there is m erit in the notion that language
learning is a highly buffered or protected process, and that ―the environm ent needs
only to be sufficiently rich that the learner can at any point in tim e discover what [he]
needs “  ‖ (Shatz, 1987, p. 4). At least, this m ay be so for norm ally developing and
norm ally hearing children. But for children with language learning problem s, there is
evidence that differences in the environm ent can have considerable im pact on the
child‒s language developm ent. And even for norm ally developing children, the defining
characteristics of the ―sufficiently rich‖ environm ent for language learning have yet
to be unequivocally articulated. In any case, interventionists think m ore in term s of
attem pting to determ ine the com ponents of an optim ally rich environm ent, rather than



a sufficiently rich one. The environm ent, even with all of its individual and cultural
variability, rem ains an extrem ely likely candidate for profitable exam ination and
guidance toward becom ing as language-facilitating as present scientific knowledge
perm its.

H ow  Should Intervention B e O rganized?

The question that then arises for the interventionist is one of how  to organize all of the kinds of
learning and know ledge in order to assess the status of the child w ith hearing loss, and then
im plem ent a program  intended to guide and prom ote the child‒s progress. In order to answ er
that question, one needs to consider tw o contrasting view s regarding the effects of hearing loss
on psychological and cognitive processing. Studies that have set out to define the effects of
deafness on psychological and cognitive processing tend to be unavoidably fraught w ith
w eaknesses in experim ental design. Sources of experim ental w eakness include the relatively
low  incidence of congenital sensorineural deafness w hich results in a sm all subject pool,
com plicated by the m yriad of factors relating to individual differences that can affect the
individual‒s use of residual hearing and learning of language. Research planning is often
further lim ited by ethical questions regarding the w ithholding of habilitative treatm ent in order
to establish control groups. The result is that for nearly every observation or research finding
in this field, there is a counterfinding. Consequently, one is left w ith points of view , and m any
questions still open to research endeavor.

The traditional view  is that, due to hearing loss, the child‒s psychological and cognitive
abilities and strategies are som ehow  different, or at least reorganized. The result of this
reorganization is language usage and understanding that are different from  those of people w ith
norm al hearing (Furth, 1966; M yklebust, 1960). Proponents of this view  tend to base their
argum ents on observations of people w ho are deaf and w hose prim ary m ode of com m unication
is sign language. It seem s quite logical that one‒s language usage and understanding w ould
require a different sort of cognitive processing for a language w hose sem antic and gram m atical
subtleties are encoded visually, rather than acoustically. But these differences w ould seem  to
be m ore related to the m odality or base (visual versus acoustic) through w hich the language is
learned and used‍  rather than due to the sensorineural dam age in the child‒s cochlea. In any
case, espousing the view  of cognitive and psychological difference resulting from  deafness
m ight logically lead one to the (circular) belief that visually based language is the ―natural‖
language of the deaf.

A  diam etrically opposed view  to the traditional one is that if adequate auditory and
linguistic experience is provided to m ost children w ho are deaf or hard of hearing from  an
early age, then cognitive and linguistic functioning can be expected to follow  the norm al course
of developm ent (G eers, 2004; G eers et al., 2009; G eers, N icholas, &  Sedley, 2003; H ayes et
al., 2009; L. K retschm er &  R. K retschm er, 2001; Ling, 2002; N ittrouer &  Burton, 2010;
N ohara, M cK ay, &  Trehub, 1995; N ott et al., 2009; Schauw ers, G illis, &  G ovaerts, 2005;
Sininger, et al., 2010; Uchanski &  G eers, 2003). D ifferences in the child‒s language ability are



seen as due to lack of experience and exposure; as delay, rather than as deviance. The
sequence of language learning is expected to include norm al processes such as the intertw ining
of linguistic and cognitive activity. That is, assum ing early and appropriate auditory,
com m unicative, and linguistic stim ulation, the early talking of the child w ith hearing loss is
likely to m irror that of his or her hearing peers. For exam ple, early sem antic/syntactic
perform ance w ill focus on objects and people in the im m ediate environm ent; the presence,
recurrence, and/or disappearance of objects; actions related to the child; possession; basic
characteristics of objects; locations in space; and cause and effect (Bloom , 1973; N elson,
1973; Schauw ers et al., 2005). The child is also likely to exhibit norm al ―errors‖ such as
overgeneralizing or overrestricting syntactic and sem antic rules during the learning process (L.
K retschm er &  R. K retschm er, 2001).

A ssum ing that audiologic and technological m anagem ent is rigorous and appropriate, then
providing enriched verbal interaction becom es the m ost im portant priority in order to prom ote
the child‒s linguistic and cognitive developm ent. The m ost reasonable course to follow  in
carrying out intervention for children w ith hearing loss is thus one of replicating (or re-
establishing) the overall fram ew ork of a norm al language learning environm ent. The child is
expected to develop norm al psychological and cognitive function and to follow  the usual
developm ental sequences.

H ow ever, the provision of adequate auditory and linguistic stim ulation requires
em bellishm ents of the norm al situation w hich undeniably result in it being ―non-norm al‖ to
som e degree. O ne such em bellishm ent w ould be the presence of the child‒s hearing aids,
cochlear im plant, and/or FM  apparatus. O ther em bellishm ents w ould include the parent
consciously em ploying specific techniques for helping the child learn to use his residual
hearing, such as sitting close by (either behind or beside) the child w hen speaking to him , and
using an interesting and anim ated voice w hen speaking. A nother necessary em bellishm ent
m ight be to increase the frequency of caregiver-child interacting events throughout the day,
specifically as an attem pt to rem edy the child‒s decreased exposure to spoken language. That
is, the child w ho is deaf or hard of hearing m ay have a lessened ability to profit from  each
instance of interaction, as w ell as a lessened (or nonexistent) ability to overhear others‒
interactions w ith each other (Ling, 2002). Consequently, in order to achieve a desirable level
of support, it m ay be necessary to establish an environm ent w here interacting occurs m ore
consistently and frequently than it otherw ise m ight (Estabrooks, 2006; Snow , 1984).

The overall thrust of the parents and of the intervention program  is to acknowledge
and cope with the differences related to the hearing loss, while attem pting to put them
into perspective in a scene where m ost other aspects of interacting with their child w ill
be norm al.
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C onstructing M eaningful C om m unication

K ey Points Presented in the C hapter

The essence of fluent com m unication betw een parent and child consists of sending and
receiving linguistically encoded m essages.
Language typically is acquired in the course of norm al everyday routines and play.
The affective relationship betw een the caregiver and child has fundam ental im portance
for the child‒s optim al acquisition of language.
Early learning about com m unication that the young child acquires includes know ledge
about joint reference, turn-taking conventions, and the signaling of intentions.
Research on caregivers in m ainstream  m iddle class N orth A m erican, British,
A ustralian, and other cultures dem onstrates the use of a num ber of characteristic
behaviors in adult talk w ith young children. These characteristics include content,
prosodic features, reductions in sem antic and syntactic com plexity, increased repetition
of their ow n utterances and those of the child, em ploym ent of strategies to clarify
m eaning or to keep the child talking, and increased responsiveness to the child.
There are a num ber of theories about w hy caregivers engage in m otherese, as w ell as
about w hether or not m otherese actually is necessary or contributory to the child‒s
language developm ent. A child w ith no identified disabilities m ay develop language in
the m idst of a num ber of different language learning conditions. H ow ever, for a child
w ith a hearing loss, it m akes sense to strive for w hat research indicates is occurring in
optim ally supportive language learning environm ents. Professionals w orking w ith
children and fam ilies from  diverse cultures m ay find that som e aspects are applicable
to their ow n situations, and som e are not.

Introduction

This chapter focuses on the com m unication and spoken language developm ents that occur for
norm ally hearing children betw een birth and 6 years of age. This period begins w ith a tim e
w here the child is not actually using w ords‍ the tim e often referred to as prelinguistic. It



continues to a tim e w hen the child is interacting in a broad variety of conversational contexts
w ith different people, nearly alw ays using com plex, gram m atically correct, m ostly intelligible,
m ultiple w ord utterances. The present discussion concerns the norm al (presum ably language
facilitating) interactive environm ent w hose basic features rem ain im portant throughout early
childhood in m ainstream  English-speaking m iddle class fam ilies in N orth A m erica, England,
and A ustralia. This provides the theoretical background and rationale for the Fram ew ork for
M axim izing C aregiver Effectiveness in Prom oting A uditory/Linguistic D evelopm ent in
C hildren w ith H earing Loss in C hapter 10. The inform ation in this chapter is heavily based on
research studies that are the foundation of theory and practice in the fields of speech-language
pathology and deaf education today.

Let us begin by considering w hat happens w hen a parent and 3-year-old have a
conversational exchange.

Language develops in the course of interactions betw een parent and child during routine,
everyday play and caregiving activities. The essence of fluent com m unication betw een the
parent and child consists of sending and receiving linguistically encoded m essages. By the tim e
the child is even 3 years of age, the caregiver or child can seek out the other in order to enjoy,
share, request, assist, inform , and/or learn about the w orld (D ore et al., 1978). In order for any
com m unicative attem pt by either interactant to be successfully received, there are tw o
necessary conditions: first, a shared focus m ust be established; and second, the m essage m ust
be relevant to and interpretable by the listener (B runer, 1975; G rice, 1967). That is, the parent
and the child need to be jointly engaged in som e activity or looking at each other or an object.
Furtherm ore, the com m ent or question that is m ade needs to be of interest to the listener, as
w ell as understandable. W hen the initiating attem pt is successful, the receiver and sender
quickly exchange roles, and a linked com m unicative chain ensues; the tw o are thus engaged in
an intentional com m unicative interaction. The com m unicative aspect relates to the cycle of
shared understanding (m essages) sent and received, and then sent and received. The interactive
aspect refers partly to the back-and-forth nature of the event (taking turns in a conversation),
and partly to the fact that each partner actively derives m eaning about the m essage from  details
of the participation of the other in the event.

But how  do the parent and child arrive at this felicitous level of fluent conversation and
interacting? This discussion of the developm ent of com m unicative interacting w ill address
three related areas: the affective relationship betw een parent and child, the child‒s
developm ent of interactional abilities; and features of caregiver talk that m ay be facilitative of
the child‒s early developm ent of verbal com m unication.

The A ffective R elationship

The affective relationship betw een parent and child seem s to have fundam ental im portance for
the child‒s optim al acquisition of language from  the very beginning. The question then arises
regarding the nature of the affective relationship that w ould be m ost supportive of language
learning. It is interesting to note the adjectives scattered throughout one scholar‒s discussion of
―personhood‖ and the interpersonal m otivation for learning language. The environm ent



provided by the parent during at least the early interactions w as variously referred to as
loving, rational, caring, thoughtful, caressing, joyous (D ore, 1986). This nurturing environm ent
is not unlike the environm ent C larke-Stew art‒s (1973) sem inal research found to be m ost
facilitative throughout infancy for social-em otional, intellectual, and linguistic developm ent: an
environm ent that w as ― “  not only w arm , loving, and nonrejecting, [but also] stim ulating and
enriching visually, verbally, and w ith appropriate m aterials “  and “  as w ell, im m ediately
and contingently responsive‖ (p. 47). The socially com petent infant gives clear, readable clues
about w hat is w anted, is responsive w hen others approach him  or her, and captures the parent‒s
ongoing attention by m aking the parent feel as if she is com petent.

The results of B rom w ich‒s longitudinal study (1981) dem onstrated the im portance and
m utuality of influence of a positive relationship betw een parent and child for all aspects of the
child‒s developm ent, including language. Interactions are a m atter of ―reciprocal reading and
responding to each other‒s cues‖ w hich begins w ith bonding and attaching in the early m onths
of life (p. 9). From  a very young age, the norm ally developing infant‒s behaviors are seen as
signals or cues by the parent w ho ―reads‖ them  and responds to them . The parent‒s behaviors
eventually also becom e signals that the infant learns to read. It is through these early reciprocal
transactions that the em otional ties or bonds are established that are crucial to the child‒s
social-em otional, intellectual, and linguistic developm ent. B rom w ich says that the child is
developing a rudim entary level of trust in the predictability of the hum an and physical
environm ent, and in his ability to have som e influence on it. The parent, in turn, is being
―captured‖ by the infant as a storehouse of effective interactions is built up. For exam ple, after
the parent responds to the infant, the infant settles dow n, sm iles, or babbles. These positive
experiences can only serve to encourage both parent and infant to interact frequently, as both
gain feelings of efficacy from  it. A s the infant develops socially and cognitively, the
interactions becom e m ore com plex. Eventually, the child is m otivated to use verbal language
as a m ore effective m eans of dealing w ith the com plexity and sophistication of the interactions.

The success of the com m unicative process is entirely dependent upon the readability of
each interactant‒s cues, as w ell as sensitivity to each other‒s cues (Figure 9‌1). W hen the cues
of either are not easily read, or one seem s to be unresponsive to the other, it m ay begin a
dow nw ard spiral in the affective and interactive relationship betw een parent and child. The
parent becom es the focus of the intervention in this situation as it is the parent w ho has the
potential of conscious control of his or her actions tow ard the child. The intention is to help the
parent perceive the child‒s difficult-to-read cues and to m odify parental responses in such a
w ay that the child‒s cues becom e m ore predictable, and the likelihood is increased that the
child w ill respond to the adult‒s behavior. Thus the dow nw ard spiral in the relationship w ould
be reversed as the quality and m utuality of the interactions are enhanced‍ all of w hich favors
optim al social-em otional, intellectual, and linguistic developm ent of the child.



Figure 9‌1. Interactions are a m atter of reciprocal reading and responding to each other‒s cues. This child‒s cues m ay be
expressed by direction of gaze, pointing, touching, and/or vocalizing.

The C hild‒s D evelopm ent of Interactional A bilities

Som e of the issues regarding language developm ent are w hether or not there is a continuity
betw een preverbal and verbal behaviors; w hether or not preverbal behaviors are precursors,
prerequisites, or sim ply antecedents for verbal behaviors; and once again, the degree of
im portance that should be attributed to biological developm ent and caregiver/environm ental
influences. It seem s likely that child behaviors that occur prior to the child‒s use of spoken
language share at least som e features in com m on w ith spoken language behaviors (Bloom ,
1983). For exam ple, the shared affective environm ent and tim ing of the ―dance‖ of interactive
behaviors in the very early m onths has features in com m on w ith the notion of reciprocal
synchronization that occurs in verbal conversations. A nd the child‒s first w ords tend to be
w ords about characteristics, m ovem ent, and locations of objects‍ the very concepts about
w hich the prelinguistic child gradually acquires know ledge. But this relatedness or sim ilarity
should not be construed as im plying that the linguistic behaviors necessarily develop out of the
prelinguistic behaviors. For exam ple, the child does not use speech because he has learned to
babble; he does not talk about objects and their relationships because he has developed
know ledge of them ; and he does not com m unicate verbally because he can com m unicate
nonverbally. O n the other hand, as Sugarm an (1984) says:

Som e preverbal experiences and acquisitions m ay nonetheless be critical to som e aspects
of language developm ent. For exam ple, it m ay be that unless children have learned
som ething about com m unication prior to speaking they w ould have little m otivation to look
for a language to learn “  (p. 136)

To the careful observer, early infant behavior and learning (birth to 12 m onths) seem  to be
―all of a piece.‖ A ttem pts to describe it seem  to im pose artificial structure, uniform ity, and



order on w hat is actually a very com plex, dynam ic, and interw oven phenom enon. A dded to that
are the possible erroneous inferences resulting from  the w idespread application of linguistic
term inology to preverbal behaviors. The reader should be aw are that, lacking a better w ay, the
follow ing discussion is guilty on both counts: it divides early com m unication learning into
three (untidy) areas for consideration, and it uses the sam e w idely accepted term inology.

It appears that the preverbal learning having the clearest relationship to later verbal
learning has to do prim arily w ith the establishm ent of the social structure and com m unicative
groundw ork, rather than w ith sem antic or syntactic groundw ork (K aye &  Charney, 1980).
Three essential features of discourse structure that are learned preverbally include joint
reference to objects and events, turn-taking conventions, and the signaling of intention.

Joint R eference

O ne of the fundam ental rules of fluent com m unication requires that the interactants share a
focus or topic about w hich the m essage( s) is/are sent and received. For very young children,
gaze and gesture are tw o of the m eans through w hich m utual attention is established and
regulated. It generally is believed that it is through gaze and gesture that the child eventually
acquires an understanding that part of com m unicating involves the establishm ent of topics and
the m eans by w hich to establish them . Initially, a joint focus m ay be getting established, for
exam ple, as the m other and new born engage in patterns of m utual gazing and m other vocalizing
or talking to the baby. Then, as the child begins to notice objects, colors, and m ovem ent, the
m other frequently follow s the child‒s direction of regard and com m ents on w hat the child is
presum ably observing. By about 4 to 6 m onths of age, the child can follow  the m other‒s gaze
and w ill do so even m ore readily if the m other has just said som ething such as ―O h, look!‖ The
consistency of a m other‒s encouragem ent of the child attending to a topic during the first 6
m onths of life correlates w ith later language developm ent. O ver tim e, as the child begins to
understand m ore and m ore spoken language (albeit initially w ithin m uch practiced routines),
the m other can increasingly establish topics using verbal m eans alone.

Infant gestures are an im portant part of early com m unication developm ent. A t about 9
m onths of age, the child som etim es points at objects in the process of inspecting or exam ining
them . This is not considered to be com m unicative. H ow ever, the child also now  exhibits a
―show ing‖ gesture, w hereby the child holds out an object for som eone else to look at. This
show ing gesture is considered to be a step tow ard being com m unicative in that another
person‒s involvem ent is essential, w hich is often signified by the child‒s looking tow ard the
adult‒s face. This show ing m ay or m ay not be accom panied by vocalizing. Soon after, the child
not only show s the object to others, but actually allow s the other to take it (i.e., the ―giving‖
gesture). B y about 11 m onths, the child points to objects in com m unicative fashion‍ not
necessarily to obtain them , but just to point them  out and presum ably share the experience w ith
another person. Sim ilar to the previous gestures, the child‒s pointing is m ost likely to be
effective in obtaining and m aintaining the other person‒s attention if it is accom panied by
vocalizing. Pointing out objects to have others look at them  using vocalizing is an extrem ely
im portant com m unicative achievem ent (G oldin-M eadow , 2007; Tom asello, 2008).



Turn-Taking C onventions

Fluent com m unicators know  their culture‒s conventions regarding aspects of turn-taking such as
w hen, in the flow  of the other per-son‒s talk, it is and/or expected that one should take a turn.
They also know  how  to signal that they are finished, and that it is the other person‒s turn to talk.
This is acquired know ledge, presum ably learned in the course of the m ultitudinous interactive
exchanges that the child begins experiencing at birth. Even the ―jiggle-suck‖ sequence that
occurs as the infant is nursed m ay be an initial kind of turn-taking prototype. The adult
orchestrates the turns, w ith clear indications to the child w hen it is tim e to take a turn. W ith the
nursing infant, w hen the infant stops nursing, the m other jiggles the baby slightly, w hich seem s
to m ake the child begin nursing again for a tim e. W hen the infant stops nursing, the parent
jiggles again‍ and so on, back and forth (K aye &  W ells, 1980). The clear openings for the
child to take a turn continue in early childhood. In fact, Snow  (1977) observed that, in
conversations w ith a young child, the adult‒s prim ary purpose seem s to be to try to get the child
to take a turn, unlike the situation in adult-to-adult conversation w here the purpose often seem s
to be to get to take as m any turns as possible.

There are a num ber of characteristics in adult interactions w ith young children that could
be interpreted as part of an effort to get the child to take a turn. For exam ple, adults respond to
the child w ith great consistency. This could be seen as sim ple reinforcem ent of the child‒s
behavior in the hope that the adult response w ill cause the child‒s behavior to be repeated, or
even as a kind of m odeling of responsive behavior in the hope that it eventually w ill be
em ulated by the child. A n infant can return a ―vocal volley‖ by about 2 m onths of age, and can
initiate vocally by 3 to 4 m onths of age (Bates, O ‒Connell, &  Shore, 1987). R ecognizable
vocal im itation begins at about 5 m onths, but is not frequent or system atic until about 10 m onths
of age. D uring all of this tim e, the adult consistently initiates and responds to the child‒s
behaviors (including a num ber of nonvocal behaviors), and thus fram es the exchanges so that
they seem  to be conversational. A dults also m ake frequent attem pts to engage the child in
conversation, and adult speech to young children includes a large proportion of speech acts
(e.g., expansions, questions, and requests) that are intended to elicit responses from  the child
(B rinton &  Fujuki, 1982; K aye, 1982; Scherer &  O lsw ang, 1984). In fact, all of the m otherese
alterations adults m ake in speaking to young children can be view ed as at least partly related to
the adult‒s efforts to keep the child involved in the turn-taking process.

It is probably through such repeated interactive experiences that the child gradually
acquires know ledge of w hen to take a turn, as w ell as how  to signal that the other person can
take a turn. Children have m astered term inal gaze by 24 m onths of age. Term inal gaze is the
com m on practice (in speakers in m ainstream  N orth A m erican culture) of looking up at the
listener at the end of a m essage to signal that the floor is about to be offered. O nce this practice
has becom e part of the child‒s repertoire (apparently at 24 m onths of age), the turn-taking
proceeds sm oothly, w ith few  interruptions of the other partner. H ow ever, the adult continues to
take a leading (albeit gradually lessening) role in m aintaining conversations w ith young
children at least through 3 years of age.



Signaling of Intention

The third preverbal developm ent that seem s critical to the acquisition of language is the
intention to convey an idea or m essage to som eone else. W hat follow s is a description of the
hypothesized m ajor m ilestones in the child‒s developm ent of intentionality, w here the
involvem ent of both partners is required (B ates et al., 1987; H arding, 1983; Sugarm an, 1984).

In the first few  m onths of life, the child‒s actions are oriented in sim ple unitary fashion
tow ard either a person or an object. W hat the child does is grasp, drop, m outh, m anipulate, or
look at either a person or an object. It is w idely agreed that these very early infant behaviors
are not intentionally com m unicative. H ow ever, in that they quite consistently elicit reactions
from  the parent, they are view ed as having com m unicative effect. Soon, by about 4 m onths of
age, som e behaviors occur repetitiously or w ith persistence and the parent begins to infer that
the behaviors are com m unicative.

The sim ple unitary actions becom e m ore com plex as they are used in tandem  w ith one
another to achieve a goal (e.g., child looks at a toy, reaches for it, grasps it, and finally pulls it
into his m outh). A dult interpretation of this goal-directed behavior as com m unicative is
increasingly frequent betw een 4 and 8 m onths of age. D uring this tim e, also, the parent
consistently responds to the child‒s vocalizations as if they w ere m eaningful conversation.
G radually, the child begins to expect certain behaviors of the adult to follow  particular
behaviors of his. H e m ight be view ed as beginning to m ake inferences of his ow n about w hich
of his behaviors cause particular adult behaviors to follow .

Eventually, by about 8 to 10 m onths, the child com bines an action tow ard an object w ith an
action tow ard a person, such as looking at the m other w hile reaching for a toy. The child is
now  using people to get objects, as w ell as using objects to get attention from  people, rather
than acting on either objects or people separately. That is, rather than sim ply persisting in
reaching tow ard a hard-to-attain toy, the child now  reaches as well as looks at the m other, or
looks back and forth betw een the tw o. This is considered to be a m ajor m ilestone in the child‒s
com m unicative developm ent, the beginning of the child‒s encoding of intent for som eone else
and the first visible dem onstration of the child purposefully conveying a m essage to another.
The reaching and looking are soon com bined w ith sim ultaneous vocalizing and m ore
conventionalized gesturing such as pointing. In her research, Sugarm an (1984) has observed
that spontaneous use of w ords began just after coordinated object and person behaviors w ere
being used w ith som e frequency. From  then on, to oversim plify, the developm ental process
basically consists of an increasing proportion of verbal (rather than nonverbal)
com m unications, and increasing length and com plexity of com m unicative episodes.

This description of the developm ent of the discourse structures of joint reference, turn-
taking, and com m unicative intentionality provides a com plem entary fram ew ork for the notion
that separately developing threads of abilities converge at transition points. A dd to this the
w arm , responsive, nurturant affective environm ent, and the early language learning scene is
nearly com plete. The m issing piece is a description of the nature of parent talk in responding to
the child, and/or in initiating interaction w ith him  or her. Because caregiver interactive
behaviors m ay be one of the m ost im portant elem ents of the language learning environm ent for



a child w ith a hearing loss (as w ell as one of the m ost eligible for m odification), they w ill be
described in som e detail.

It should be noted that this discussion is based on research w here the subjects w ere
m ainstream  A m erican, British, or A ustralian m others and children. The degree to w hich any or
all of these features are present in the talk addressed to young children in other cultures is
outside the scope of this book. Clearly, children w ith norm al hearing in all cultures learn to
talk, and not all cultures use the specific m otherese characteristics that are described here.
H ow ever, the m otherese findings are robust for the populations that w ere represented in the
studies, w hich provides validity to their likely im portance w hen the goal is to create an
optim al environm ent for a child w ith hearing loss w ho is learning spoken language in one of
the cultures included.

C haracteristics of C aregiver Talk

M others, fathers, and other caregivers have a special m anner or register that they use w hen
talking to infants and young children, at least from  birth to age 3. Features of this ―baby talk,‖
m otherese, or ―parentese‖ register are described below , as they appear in the talk of
m ainstream  N orth A m erican m others to their children. To sim plify, the term  m otherese w ill be
used here. N ot surprisingly, the degree of the m other‒s incorporation of the various features in
her talk changes as the child m oves from  birth through childhood. Specific changes are
m entioned w ithin the discussion of particular features.

1. C ontent: W hat G ets Talked A bout?

The vast m ajority of topics in the m other‒s talk from  birth to 3 m onths tend to be about the
child‒s feelings and experiences (e.g., the infant‒s feeling happy, sad, sleepy, hungry, getting
fed, getting diapered, getting picked up) (Snow , 1977). M any of these utterances are in the form
of single w ord ―greetings‖ such as H i, O K , Yes, O h, Aw, Sure, W hat, W ell, H m  (K aye, 1980).
The topics in the m other‒s talk begin to shift after about 3 m onths of age, so that by 7 m onths of
age, topics tend to be m ore evenly divided betw een the child‒s internal experiences and
objects/events in the im m ediately surrounding environm ent. A fter 7 m onths, there is a steady
increase in the proportion of the m other‒s utterances about im m ediately present objects and
people, actions presently occurring or actions just recently com pleted (N ew port et al., 1977;
Snow , 1977). W ith infants betw een 11 m onths and 24 m onths, m ore than three quarters of the
m other‒s talk w as about toys and objects w hich w ere actually being m anipulated by either
m other or child. This m eans, for exam ple, that w hen the child is about 1 year of age, m easures
of m otherese lexicon tend to yield sets of w ords reflecting the 1-year-old‒s w orld. This is
likely to include nam es of fam ily m em bers and pets, term s of endearm ent, w ords for body parts
and functions, w ords for basic qualities and conditions (e.g., pretty, dirty, good), nam es of toys
and gam es (Collis, 1977; C ollis &  Schaefer, 1975).



The contingency betw een the topics in the m other‒s talk and the child‒s likely interests
decreases sharply w hen the child begins using m ultiple w ord utterances. It has been
hypothesized that at that tim e, the adult senses that the child‒s cognitive and linguistic abilities
are capable of supporting discussion of less im m ediate topics and events in the past and future
(B ellinger, 1980; C ross, 1977; Lasky &  K opp, 1982; N ew port et al., 1977).

The above discussion has been devoted to referential redundancy, or the parallel betw een
the m other‒s verbal utterance and the child‒s interests in a particular context (som etim es also
referred to as verbal contextual redundancy). A  related but som ew hat different notion is that of
the caregiver‒s sem antic contingency. This refers to the tendency for the m other‒s utterances to
be based on w hat the child is talking about. R esearch on parental sem antic contingency show s
that it correlates positively w ith children‒s progress in acquiring a num ber of language
features. In fact, this is one of the m ost consistent and robust findings regarding m otherese and
its effects (B arnes, G utfreund, Satterly, &  W ells, 1983; C ross, 1978; N elson, 1973; N ew port et
al., 1977; Rocissano &  Yatchm ink, 1983). The key to a child‒s very early language acquisition
(nonverbal or verbal) m ay lie in the m any situations w here the im m ediately present focus of
attention is encoded linguistically in the adult‒s utterance. The adult utterance thus provides
syntactic and sem antic inform ation w ithin a conversational fram e focused directly on w hatever
the child is interested in. This concept is closely related to Vygotsky‒s (1978) notion that higher
m ental functions, presum ably including language, em erge in the child as a result of social
m ediation.

The Takeaw ay M essage: Talk about w hat the child is focused upon or interested in. O r,
alternatively, attract the child‒s attention to som ething, and then talk about it.

2. Phonology: W hat D oes M otherese Sound L ike?

R elative to adult-adult speech, characteristic delivery in m otherese tends to have higher
overall pitch, m ore varied intonational contours, a slow er pace, m ore rhythm ic phrasing (it has
been described as ―singsongy‖), longer pauses betw een utterances, and clearer enunciation.
Typical m otherese also includes phonological sim plification processes such as reduplication
(e.g., the m other referring to the child‒s father as ―D ada‖ in speaking to the child); and
lengthened vow els (e.g., a prolonged ―H iiiiii!‖ or ―You w ant som e m ooooooore?‖) (N ew port,
1977; Phillips, 1973; Sachs, 1979; Snow , 1972, 1977; Stern, Spicker, Barnett, &  M acK ain,
1983). These phonological changes seem  to be m ore frequent in the m other‒s speech w hen the
baby is from  about 2 to 4 m onths of age. This is a tim e of rather intense face-to-face, playful
interactions, w here the m other is busy trying to keep the infant alert, interested, and happy. To
carry out this role, she uses speech features that are m ost likely to get and hold attention such
as a greater range of intonational contours, higher overall pitch, and greater term inal and
transitional pitch contrasts. Then, as the child begins to be increasingly interested and able to
explore objects and com m unicate about them , the m other‒s role shifts to facilitating those



interests and abilities. For this new  task, the pitch variation and sound repetition no longer
need to be quite as exaggerated as they w ere w hen the m other w as trying to get and keep the
child‒s attention for face-to-face interactions. H ow ever, the m other‒s prosodic features are still
(even at 2 years) significantly different from  adultadult speech. This m ay be related to a
continuing fairly frequent need to catch the child‒s attention, and/or to cue the child that he is
being addressed. It m ay also be part of an attem pt to cue the child to take a turn, sim ilar to
pausing, as discussed in the next paragraph.

M aternal pausing betw een sequential utterances is greatest at birth and declines som ew hat
by 2 years of age. The m other m ay be using elongated pauses to provide for the infant‒s slow er
processing tim e, as w ell as to arouse the infant, heighten affect, or to cue the child to take a turn
(A rco &  M cC luskey, 1981; Stern et al., 1983). The need for long ―invitational‖ pauses
decreases som ew hat after the basic turn-taking rules have been established, but the
postm aternal-utterance pauses at 2 years of age are still approxim ately tw ice as long as they
are in adult-adult conversation.

In contrast to that, how ever, m ost m aternal responses to infants occur w ith a one-second
interval, and infants also generally respond to their m others‒ utterances w ithin a one-second
interval (B eebe, Jaffe, M ays, &  A lston, 1985; B eebe &  Stern, 1977). It m ay be that w hen the
child is not responding for som e reason, the m other sim ply increases the pause tim e before
producing another utterance herself.

The Takeaw ay M essage: M otherese has a great range of intonational contours and
relatively long invitational pauses after the adult utterance, which probably catches
children‒s attention and cues them  that they are being addressed.

3. Sem antics and Syntax: W hat A bout C om plexity?

C om pared w ith adult-adult talk, m otherese is generally shorter in length. The m ean length of
the m other‒s utterances to infants betw een 2 days and 2 years of age varies from  about three to
four and a half m orphem es. This is in contrast to a m ean length of utterance in adult-to-adult
talk of about eight m orphem es (Phillips, 1973; Stern et al, 1983). In addition, m otherese
exhibits a restricted num ber of sentence types, as w ell as sim plifications in both sem antics
(few er sem antic relations expressed in each utterance) and in syntax (few er subordinate and
coordinate clauses; few er transform ations, em beddings, conjoinings, function w ords).

Changes do occur in the com plexity of the m other‒s sem antics and syntax throughout
childhood. H ow ever, there is m arked disagreem ent am ong researchers concerning exactly
w hich aspects change, w hen, in response to w hat, and in w hat m anner. Som e of the conflict
m ay be related to the m anner in w hich individual m others adjust the com plexity of their talk.
For exam ple, som e m others seem  to m atch the child‒s m ean length of utterance, and som e stay
four or five m orphem es in advance of the child. It m ay also be that sem antic/syntactic
adjustm ents are m ade at one or m ore stages in the child‒s developm ent, and not at others.



K eeping in m ind that this topic continues to need clarification, there does seem  to be som e
consistency in tw o findings. The first is that the m other‒s syntax dem onstrates the m ost change
(increasing m ean length of utterance) w hen the child is m oving from  18 to 24 m onths of age.
The second consistent finding is that the com plexity of the sem antic relations in the m other‒s
talk does not increase during that sam e tim e period.

The Takeaw ay M essage: Talk to very young children (birth to 2 years of age) in short,
sim ple phrases, about tw o or three w ords in length (not in single w ords). The adult‒s
utterance length should increase as the child‒s linguistic com plexity increases, staying
slightly ahead of the child‒s abilities.

4. R epetition: Say It or Play It A gain

Tw o types of repetition have been observed in m other‒s talk to young children. First, m others
im m ediately repeat their ow n utterances (in full) m uch m ore frequently in m otherese than they
do in talk to other adults. This is especially true in the first m onths of life w ith an apparent
peak in repetition at about 4 m onths of age. This repetitiveness gradually declines over the next
2 years to becom e m ore and m ore like that found in adult-to-adult conversation (K aye, 1980;
Snow , 1972; Stern et al., 1983).

The other type of repetition has to do w ith the repeated occurrence of w ell-practiced
sequences of exchanges or routines in interactions betw een m others and young children.
R esearch has show n the value of repeated patterned events that help the child discover how
language is used appropriately in different contexts (B runer, 1980; C onti-R am sden &  Friel-
Patti, 1987; Peters &  B oggs, 1986; Snow  et al., 1987). In essence, these are ordinary
interactions w here the adult and child do things w ith each other w ith a great deal of regularity.
This includes both the routines of everyday life (such as the routines for getting dressed, for
eating, for bedtim e) and the routines that occur w ithin play. The responses of each interactant
are contingent on the other‒s behaviors. In the N orth A m erican context, these routines can be
nursery rhym es, songs, tickling gam es, peek-a-boo gam es, book-reading, puzzle play, eating,
bath, bedtim e. The sam e (or nearly the sam e) w ords and phrases are used each tim e, w hich
m akes it easy for the child to predict the next m ove or utterance in the sequence. A fter several
repetitions, the adult begins to expect child participation at appropriate m om ents. Less
structured routines occur around a w ide variety of daily events, w here there can be subroutines
em bedded in longerterm  routines. H ere also, the patterned nature of the event helps the child
discover how  language is used appropriately w ithin each event.

The Takeaw ay M essages: (a) Adults frequently repeat them selves w ith young children
when they are trying to get a m essage across and they are not sure of the child‒s
attention, focus, or understanding. (b) The routines of everyday life and play provide a



m ultitude of opportunities for varied repetition that prom ote the child‒s language
developm ent.

5. N egotiation of M eaning: H uh?

M uch of adult talk w ith young children can be described as attem pts to negotiate m eaning. In
these instances, the adult is m ost often attem pting to resolve the child‒s unclear, im precise,
incorrect, or incom plete utterance(s). A t the sam e tim e, it is often the case that the adult‒s
attem pt to understand m aintains the child‒s participation in the conversation (Snow , 1984).

Tw o specific strategies that adults can use in negotiating m eaning w ith young children are
expansions (see next section) and seeking clarification. H ere are som e of the w ays adults can
seek clarification of m eaning in a conversation w ith a child (B rinton &  Fujiki, 1982;
G allagher, 1981; G arvey, 1977; O lsen-Fulero &  C onforti, 1983; Peterson, D onner, &  Flavelli,
1972):

1. Indicate lack of understanding through a puzzled facial expression and/or through
gestures(s) such as lifting the shoulders and hands in a questioning m anner. This can be
done by itself, or in com bination w ith any of the other clarification questions.

2. U se a neutral request for repetition such as, ―W hat?‖ ―Pardon?‖ ―H uh?‖ ―W hat did you
say?‖ or ―I didn‒t understand you.‖

3. U se a yes/no (or ―choice‖) question to solicit confirm ation that the adult‒s interpretation
is correct. Several varieties of these requests for confirm ation occur:
a. A dult sim ply repeats child‒s utterance w ith rising intonation.

Exam ple:
C hild says: ―Look! Teapot turn up!‖
A dult says: ―The teapot turned upside dow n?‖

b. A dult repeats part of the child‒s utterance w ith rising intonation.

Exam ple:
C hild says: ―Look! Teapot turn up!‖
A dult says: ―Up?‖

6. Participation-E licitors: L et‒s (K eep) Talk(ing)

Snow  (1977) said that one of the prim ary goals in adult-child conversation seem s to be to get
the child to take a turn. C learly, the effect of the requests for clarification (described above) is
to do just that. B ut, in fact, any questioning could be expected to include that sam e
participation-eliciting intent (M cD onald &  Pien, 1982). N aturally, other intents are also likely
to be there, such as truly soliciting inform ation. H ow ever, any adult utterance that is follow ed



by certain nonverbal cues such as an expectant pause and/or adult facial expression and/or
slight lean tow ard the child could be view ed as participation-eliciting in intention. This m ay,
in fact, describe nearly all of the prosodically highly m arked adult utterances in face-to-face
interaction w ith infants during at least the first 6 m onths of life. Tw o types of adult utterances
to children after they begin talking bear particular m ention in this regard, since they have
received m uch research and intervention attention. These are acknowledgm ents and
expansions.

A cknow ledgm ents are utterances that acknow ledge and/or accept the child‒s previous
utterance w ithout adding anything to it. This m ay take the form  of sim ple confirm atory
repetition of the child‒s utterance or it m ay be short phrases such as ―Right,‖ ―O h,‖ ―Um -hm m .‖

In certain instances, the effect of an acknow ledgm ent m ay be to give the speaker (child)
positive feedback regarding the utter-ance‒s truth value or clarity, and/or the child‒s success in
com m unicating his idea. In any case, acknow ledgem ents tend to serve as an encouragem ent to
the child‒s continued participation in the conversation (Cross, 1984; Ellis &  W ells, 1980;
Furrow , N elson, &  B enedict, 1979; Snow  et al., 1984).

Expansions (or recasts) and extensions are adult utterances that incorporate part or all of
the child‒s previous utterance in a syntactically and/or sem antically better form ed sentence.
Expansions provide an im proved or corrected alternative w ay of saying w hatever the child
said. Extensions also provide the im proved or corrected alternative, but in addition, am plify
the topic in som e w ay. Extensions can request or provide new  inform ation about the sam e
topic, or can apply the sam e inform ation to a new  topic.

Exam ples

C hild says: ―Zak‖ (tapping dog‒s bow l w ith his foot).

Expansion: ―Yes, that‒s Zak‒s.‖

N ote: Expansions tend prim arily to be syntactic corrections.

Extension: ―Yes, it‒s Zak‒s bow l, and it‒s em pty.‖ or

―Yes, it‒s Zak‒s bow l, and this is Zak‒s toy.‖

N ote: Extensions provide both syntactic and sem antic additions.

In any case, expansions of child utterances m ay be one of the m ost frequently suggested and
em ployed strategies in language intervention settings. They are likely to be m ore effective in
eliciting im proved responses from  children w ho are at least at the tw o-w ord utterance level of
syntactic-sem antic developm ent (Fey, K rulik, Loeb, &  Proctor-W illiam s, 1999; M cN eil &
Fow ler, 1999). Their use is based on observations that expansions occur frequently in norm al
caregiver talk, as w ell as on evidence that expansions and extensions have been associated
w ith increases in gram m atical developm ent and in sentence length. R esearch has also show n
that children are m ost likely to im itate expansions over any other type of adult utterance



(Scherer &  O lsw ang, 1984). It m ay be that an expansion has particular salience and m otivating
value for a child since it is based directly on the child‒s utterance, and sim ply introduces an
elem ent of relevant, m oderate novelty to it.

7. R esponsiveness

In face-to-face interactive play, m others tend to be very consistently responsive to their
children‒s behaviors (Snow , 1977; Stern, 1974; Trevarthen, 1977). W hatever the infant does
w ill be interpreted as if she has taken a turn in a conversation, including burps and sneezes.
The parent incorporates the child‒s behaviors in such a w ay that a sem blance of dialogue is
created even in these very early encounters. K aye and C harney (1980) describe it as follow s, ―
“  the rule seem s to be that if an infant gives his m other any behavior w hich can be interpreted
as if he has taken a turn in conversation, it w ill be; if he does not, she w ill pretend he has‖ (p.
227).

Exam ple:

C ontext:M other holding 2-m onth-old baby on shoulder after child has nursed; m other is
patting baby on back gently.

M other:―O K  “  Tim e for burpies. O k now  “  Yeah! Sooooo full “  Yes, you are. Yeah “
W hat a baby! U m -hm m m m  “  ‖

B aby: [burps]
M other:―O oooh! W ow ! W hat a big burp! G ood job! Yes “  N ow  you feel better.‖

Starting w hen the child is about 7 m onths of age, the m other begins to require a bit m ore
from  the child in term s of vocalizations and m otoric behaviors before she w ill accept them  as
conversational turns (N ew son, 1977; Snow , 1977; Snow , deB lauw , &  van R oosm alen, 1979).
She w ill still often respond to sm iles, laughs, burps, and crying as if they w ere turns, but the
vocalizations now  tend to be ignored unless they include som e consonantal or vocalic babble.
The m other is also now  m ore likely to ignore sim ple kicking or arm  flailing. She w ill respond
m ore selectively to m ore advanced m otoric behaviors such as taking a bite of food, looking
tow ard an object after it has m oved or been talked about, or reaching for an object. These
requirem ents for m ore sophisticated behaviors clearly reflect the m other‒s recognition of the
child‒s increasing abilities. Through the 7-m onth to 36-m onth period, the m other continues to
―up the ante‖ in term s of requiring com m unicative behaviors from  the child. The child‒s
developing abilities and the m aternal requirem ents run parallel to each other, so that the m other
continues to be quite consistently responsive to a large proportion of the child‒s behaviors
throughout the birth to 3-year-old age range. Interestingly, starting at about 3 m onths of age,
babies are tw ice as likely to repeat a vocalization if the parent has responded vocally to the
initial vocalization by the child.

The back-and-forth cycles of responsiveness in conversation are sim ilar to a gam e of catch



(K aye &  C harney, 1980, 1981). A  com petent participant in either event both catches and
throw s w ith ease. The type of interactional turn w hich both (a) responds to the previous turn by
the partner, and (b) attem pts to elicit a response from  the partner has been called a turnabout
or a verbal reflective. Turnabouts seem  to be m ore frequent in adult talk to children than to
other adults. Turnabouts are considered to be very pow erful language learning devices, since a
turnabout by the m other has the properties of relating directly to the child‒s previous topic, of
being responsive to it, and also of positing an expectation of further response from  the child. It
should be noted that turnabouts m ay take the form  of any of the utterance types described above
as being used for negotiation of m eaning and/or for eliciting the child‒s participation. M others
respond initially to very m inim al child behaviors as if they w ere conversationally m eaningful.
In catching such m inim al behaviors and tossing the conversational ball back, the m other is
creating a situation w here the child appears to be m uch m ore of an active participant than she
m ay actually be. Interestingly, of course, the child eventually does becom e an active
participant. This process certainly has all the m arkings of a self-fulfilling prophecy!

Issues A bout M otherese

H ow  L ong Is M otherese U sed?

M otherese alterations continue to be used throughout the preschool years, although changes
occur as the child‒s abilities em erge (G irolom etto, W eitzm an, W iigs, &  Pearce, 1999; M cN eil
&  Fow ler, 1999). C aregivers continue to provide a nurturing environm ent, to engage in topics
of m utual interest (and attention) w ithin their m utual experience, to encourage the child to take
turns and to talk m ore through generous use of acknow ledgem ents (―O h!‖ ―G ood.‖), praise,
repetition of ow n or child utterances w ith expansions, and use of turnabouts, often w ith yes/no
questions. Prosodic alterations are also often present.

M otherese: W hy?

The period from  birth to 3 years of age is m arked by consistent m aternal responsiveness and
the fram ing of interactive events tow ard the appearance of m ore and m ore sophisticated
conversations. This creates a situation of som e contrast betw een adult-adult and adult-child
conversation. This seem s to fit w ith Snow ‒s (1977) contention that the purpose of adult-adult
conversation appears to be to get to take a turn; in adult-child conversation, the purpose is to
get the child to take a turn. There is a special significance to this differentiation as it has
becom e one of the prim ary explanations for w hy adults ―do‖ m otherese. The adult‒s accepting
m inim ally m eaningful behaviors from  the child as com m unicative m ay be part of an effort to
provide a conversational fram e to the encounter, and to facilitate the child‒s participation in the
dialogue. The adult‒s frequent use of im itations of the child‒s productions, continuates,
invitations to vocalize, and turnabouts also seem  aim ed at guaranteeing the conversational flow



(B runer, 1977; K aye &  C harney, 1980, 1981; N ew port et al., 1977; Snow , 1977;W anska &
B edrosian, 1985).

A nother reason w hy adults use m otherese register is that the m odifications are fine-tuned to
m eet the child‒s developing linguistic and attention levels. The m other‒s talk is continually
adjusted in order to m aintain an optim al fit w ith w hat the child can understand. The m other is
using m otherese prim arily to ensure the effectiveness of her utterances in term s of the child‒s
understanding and learning. N aturally, this should also enhance the chances of the child‒s
participating in the conversation, w hich suggests that the feedback and conversation-prom oting
m otivations for m otherese are ultim ately not so dissim ilar (B ellinger, 1980; C ross, 1977,
1978; Snow , 1972).

O ther explanations for the m otherese register are that it is used to convey a w arm , loving,
nurturing affect (Sherrer, 1974); to m ake oneself and one‒s talk interesting to the child in order
to attract and m aintain the child‒s attention (K aye, 1980; Snow , 1972); and to help the child
learn specific linguistic item s and vocabulary (G leitm an, N ew port, &  G leitm an, 1984). A ll of
these explanations have theoretical explanatory m erit for at least som e features of m otherese at
som e steps in the developm ental process; the explanations seem  to be com plem entary, rather
than in conflict.

M otherese: Im m aterial or Facilitative?

R esearchers have dem onstrated that the child‒s receptive and expressive language benefits
from  having a parent w ho talks frequently to him  or her and w ho uses a variety of vocabulary
(Fey, K rulik, Loeb, &  Proctor-W illiam s, 1999; H art &  R isley, 1999; M cN eil &  Fow ler,
1999;W eizm an &  Snow , 2001). In addition, children‒s language is positively affected by
parents talking about w hat the children are attending to, rather than the parents redirecting the
child‒s attention elsew here and talking about that other topic (K aiser &  H ancock, 2003; Yoder,
M cC athen, W arren, &  W atson, 2001). A lthough no one disputes the fact that absent or greatly
im poverished adult input has a devastating effect on language learning, there is m uch
disagreem ent about the nature of the adult input that is necessary and/or facilitative of language
developm ent in norm ally developing children. R esearchers have not been especially
successful at establishing robust relationships betw een particular sem antic, syntactic, or
pragm atic features of m otherese and subsequent language grow th for norm al language learners.

O ne of the sources of confusion is the fact that there is a great deal of individual variability
in norm al m aternal interactional styles (C larke-Stew art, 1973; K aye, 1980; K aye &  Charney,
1980, 1981; N ew port et al., 1977; Snow  et al., 1987). O ther sources of variability are related
to the variety of contexts being observed in the various studies of interacting, and to changes
identified in characteristics of the m other‒s style at different developm ental stages of the child
(C onti-R am sden &  Friel-Patti, 1987; Snow  et al., 1987). D ifferences in the children‒s
cognitive, learning, and/or interactive style and tem peram ents could also easily influence the
m others‒ styles (Bates et al., 1987; Spiker, B oyce, &  B oyce, 2003).

A s if this w ere not enough confusion, cross-cultural studies dem onstrate that children can
becom e com petent language users w ithout experiencing the sam e adult adjustm ents typical of



m iddle class m otherese in English (C rago, 1988). H ow ever, it is difficult to entertain the
notion that all of those w ell-docum ented m otherese adjustm ents are irrelevant, at least for
children sim ilar to the research subjects w ho are learning language in m iddle-class English-
speaking culture.

It also seem s possible that the language learning process for the norm ally developing child
is w ell cushioned by the child‒s intact ―intake‖ and ―output‖ system s, and perhaps by the
strength of hypothesized drives tow ard being like her parents or tow ard com m unicating in the
m ost efficacious m anner possible. The norm al child w ill probably develop language in the
face of a num ber of adverse conditions. For the child w ith hearing loss (sim ilar to any child
w ith language learning problem s), how ever, the cushioning is not there. In order to assist the
child to reach a m axim al level of achievem ent, it m akes sense to try to create an optim al set of
interactive conditions for facilitating the grow th of the child‒s language.
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Interacting in W ays T hat Prom ote L istening
and Talking

K ey Points Presented in the C hapter

The term  aural habilitation refers to intervention aim ed at helping young children w ith
hearing loss learn to listen and talk, w here the parents are the prim ary agents of change
in helping the child learn.
The parents need to absorb a great deal of inform ation about hearing loss and its
im plications, as w ell as internalize w ays of interacting that w ill prom ote the child‒s
use of audition and the child‒s acquisition of intelligible spoken language.
For m any parents, discovery of the child‒s hearing loss is a shock, and is accom panied
by a w hole host of feelings that need to be discussed in order for the parents to be able
to cope w ith all of the dem ands on their tim e, energy, thinking, and patience.
The aural habilitationist m ay feel pressure to m ove quickly to m inim ize any additional
loss of hearing or listening tim e for the child. H ow ever, the intervention w ill be m ost
effective w hen the professional w orks w ith sensitivity and respect for the degree to
w hich the parents‒ em otional w ell-being and feelings of efficacy m ay have been
im pacted by the discovery of hearing loss in their child, as w ell as by the ongoing
requirem ents im posed by the reality of addressing the unanticipated needs of the child.
The m ost im portant intervention tool is properly selected and m aintained assistive
technology, since it provides the child‒s brain w ith access to sound.
Putting on hearing aids or cochlear im plant(s) is not enough. The child also needs the
parent to provide an abundance of developm entally appropriate, auditorily-based
verbal interacting.
R outine, norm al, everyday caregiving and play events provide natural contexts for
learning language through listening.
The Fram ew ork for M axim izing Caregiver Effectiveness in Prom oting
A uditory/Linguistic D evelopm ent in C hildren w ith H earing Loss provides guidelines
for desirable caregiver behaviors.
N orm al, everyday interacting needs to be ―em bellished‖ to help the child learn spoken
language the m ost effectively, as w ell as to teach the child specific auditory/linguistic



targets. W hat the parent does is perfectly norm al interact-ing‍  just m ore deliberately,
and m ore frequently.
Preplanned parent guidance or auditory-verbal sessions are typically structured to
provide confirm ation of the child‒s hearing status, diagnostic practice of
auditory/linguistic targets, discussion betw een parent and aural habilitationist,
hom ew ork for the com ing w eek, and a closing routine.
G eneral intervention principles for preplanned parent guidance sessions are sim ilar to
those for em bellished interacting.

Introduction

In this chapter, intervention aim ed at helping young children learn to listen and talk is referred
to as aural habilitation. The assum ption here is that this w ork w ill be carried out by a parent,
w ho is being guided and supported by a certified A uditory-Verbal Therapist, a teacher of the
hearing im paired, a pediatric audiologist, or a speech-language pathologist. The professional‒s
title m atters m uch less than the professional‒s expertise and experience.

In its m ost enlightened and efficacious form , aural habilitation is a collaborative process
betw een parents and professionals. Parents and aural habilitationists should be natural
collaborators as they both are striving for the sam e thing: a better-com m unicating child. The
efficacy of intervention w hich view s the parent as the prim ary client has long been supported
by research, as w ell as by logical argum ents regarding the am ount of parent contact w ith the
child, and consequent opportunities for continuity and generalization (C larke-Stew art, 1973;
D unst, Boyd, Trivette, &  H am by, 2002; D innebeil &  H ale, 2003; Peterson, C arta, &
G reenw ood, 2005). W hat follow s is centered around intervention for very young children w ith
hearing loss w hose parents or caregivers are considered to be the prim ary agents of change.

D iscovery of a child‒s hearing loss is likely to evoke a tangle of feelings in the parent that
can be long-lasting and recurring as the parent com es to term s w ith life experiences that are
different from  those he or she had expected. H ow ever, parents w ill be required to act, even
though they are in turm oil, in order to m inim ize or avoid any additional loss of listening and
learning tim e. The aural habilitationist has a great deal of inform ation and m any skills to im part
to the parents or caregivers. This m ust be accom plished w ith sensitivity and respect for the fact
that the learning and skills are not things the parents w ere alw ays just dying to acquire. They
are learning out of love and hope for their child‒s present and future life. The fortunate thing is
that often, the child‒s progress helps the parents‒ em otional state begin to lift.

The E m otional Im pact of a C hild‒s H earing L oss on the
Fam ily

A s parents are expected to take on m ajor roles in the child‒s learning to listen and talk, the



parents‒ ability to do that needs to be carefully considered. Teaching a child to listen and talk
m ay be easier for parents than teaching the child to sign from  one perspective, at least: the
hearing/speaking parent does not need to learn a new  language in order to teach the child, as
they m ight in order to teach the child to sign. H ow ever, the ability to function w ell in both the
parenting and listening-and-language-facilitating roles requires at least a m oderate sense of
w ell-being. For m any parents, discovery of the child‒s hearing loss is a shock, and is
accom panied by a w hole host of feelings that need to be addressed in order for the parent to be
able to cope w ith all of the new  dem ands on their tim e, energy, thinking, and patience.

In m any countries, infants have their hearing screened at birth, so that early identification
and early intervention both are a reality for m any of today‒s children w ho have hearing loss.
A lthough research suggests that parents feel positively about having discovered the hearing
loss w hen the baby w as very young, early identification brings w ith it psychological
com plexities for parents as they experience w aves of grief, reassurance, hope, and distress
(Young &  Tattersall, 2007).

A pproxim ately 90 to 95%  of babies w ith hearing loss are born to parents w ho have norm al
hearing (M itchell &  K archm er, 2004). N ot surprisingly, for the vast m ajority of those parents
the discovery of the child‒s hearing loss is a crisis, or creates one, for the parents and fam ily.
The child is just as he or she w as the day before, but m uch is changed for the parents. For a
m inority of parents, it is a relatively sm all crisis, w here the parents rapidly and relatively
sm oothly accept the child‒s hearing loss, and becom e im plicated in the habilitation process.
For the vast m ajority, how ever, the child‒s hearing loss is initially experienced as a
catastrophe. Later, the presence and im plications of the hearing loss becom e a sim m ering crisis
that can be coped w ith, but w hich periodically returns to an acutely painful stage. R e-eruptions
of the em otional crisis often coincide w ith events such as audiological testing tim es; or
educational transitions into preschool, kindergarten, grade school, or high school; or at
graduations; at puberty; at young adulthood; and/or at the parent‒s retirem ent. These events
som etim es precipitate a rew orking of the feelings surrounding the continuing im plications of
the child‒s hearing loss (Lukerm an, 2006).

The em otional turm oil surrounding the discovery and presence of hearing loss in a child
has been likened to grieving, not unlike the process described som e tim e ago by K ubler-Ross
(1969). M oses (1985) and M oses and Van H ecke-W ulatin (1981) w ere som e of the first
authors to apply grieving process theory to hearing loss. W hat is being grieved by the parents
is the loss of their dream s and fantasies about w hat the child w ould be like. B oth prior to and
after the child‒s birth, parents have dream s and expectations for the child‒s future, m ost of
w hich require an unim paired child. W hen those dream s are shattered by the diagnosis of
hearing loss, the parent needs to have a chance to grieve about the situation, to separate from
the dream s and to let them  go. In the process, grieving m ay stim ulate a reevaluation of a
num ber of aspects of one‒s existence including social, em otional, environm ental, and
philosophic attitudes and beliefs. This m ay include unconscious biases such as fear, pity, or
revulsion that the parent has tow ard people w ho experience disabilities. A lternatively, it m ay
involve a strong desire for things to rem ain as they w ere, a very norm al fear of change.

A ccording to Luterm an (1984), this process m ay be an existential ―boundary experience‖
that m ay force the parent into a m ore intense aw areness of reality and of the transitory nature of



existence. The consequence m ay ultim ately be a rearrangem ent of priorities, an abandonm ent of
trivialities and tim idity, and the selection of a different set of m eanings for one‒s existence.
A gain, though, this is not to im ply that one em barks on a linear journey through suffering to a
final nirvana of acceptance, coping, and purpose. B eing able to accept the situation enough to
cope w ith it and m ove on does not signal a m agical end to the recurrence of painful feelings or
to the need to w ork and rew ork the surrounding issues.

The follow ing em otional states are generally accepted as part of the parental grieving
process. These occur in no specific order, nor even necessarily by them selves‍ even though
w riting about them  requires that they appear to do so.

D enial‍ The denial m ay be denial of the accuracy of the diagnosis, of the perm anence of
the hearing loss, and/or of the im pact of the hearing loss on the child‒s life or on the lives
of those around him  or her.

G uilt‍ The parents m ay feel guilt because they believe they caused the hearing loss. O r,
they m ay believe they are being punished for being ―bad‖ or for som ething they did or did
not do in the past.

D epression‍ The parents m ay feel im potent at not being able to cure or take aw ay the
hearing loss. They m ay be enraged at them selves for not having been able to prevent the
loss to start w ith. They m ay also feel incom petent to deal w ith w hat is seen as the
im possible dem ands being im posed by the hearing loss, such as dealing w ith the
technology, and having to do different things w ith this child than they had expected to do.

A nger‍ A nger m ay be felt by the parents at the injustice of it all. They also m ay be angry
at the unasked-for dem ands on their tim e, energy, finances, and em otions. The dem ands all
em anate from  the child w ith hearing loss, but the parent‒s anger is often displaced to other
fam ily m em bers and to professionals.

A nxiety‍ Parents m ay feel overw helm ed at the added pressures and responsibilities of
having a child w ith a hearing loss. They m ay also feel anxious about the need to juggle the
added responsibilities w ith their ow n needs to have an independent life.

These feelings are natural, norm al, and perhaps even necessary in order for the parent to
deal w ith the situation and to m ove on. Each of the em otional states serves a function that
eventually allow s parents to separate from  their shattered dream s for their child to be
―perfect,‖ and for them selves to be the parents of that perfect child. Then new  dream s can be
generated, incorporating the child‒s hearing loss. The parent begins to feel that coping is, at
least occasionally, possible. The reader is strongly urged to seek out Flasher and Fogel‒s
excellent book (2004) for further explanation.

So w hat is the aural habilitation professional supposed to do w ith all of this em otional
turm oil? O n a practical level, the turm oil m ay occasionally get expressed in a ―pure‖ form
w ith a parent so upset that he or she cannot function at a given m om ent. O r it m ay get expressed
in a slightly m ore subtle form  such as com binations of alarm , sadness, and frustration about the
baby having to receive therapy to learn things other babies learn naturally, about having to
learn a lot about som ething the parent never w anted to learn about in the first place, about



having to participate actively in sessions, about having too m any or too few  sessions, and/or
about the difficulty of finding a parking space near the clinic or school. A ccording to Flasher
and Fogel (2004), Luterm an (1984), M oses (1985), M oses and Van H ecke-W ulatin (1981), and
Rogers (1951), the m ost facilitative thing the professional can do is to convey an attitude of
acceptance of w hatever the parents‒ em otional states happen to be.

This is one obvious tim e w hen the professional‒s interpersonal skills w ill be draw n upon.
The idea is not to becom e a psychotherapist. Indeed, one of the essential aspects of
intervention w ith fam ilies of children w ho are deaf or hard of hearing is to know  w hen the
parents‒ em otional needs exceed the aural habilitationist‒s skills, and to refer the parents
elsew here for professional counseling. H ow ever, it is not practical, possible, or desirable to
refer all upset parents for psychiatric care. The aural habilitationist m ust accept responding
em pathically as a part of his or her professional responsibilities (Flasher &  Fogel, 2004;
Figure 10‌1).

Figure 10‌1. The parent has a feeling! Q uick‍ call the psychiatrist! (Phil Y ouker draw ing)

In the vast m ajority of instances, w hat is required is direct, honest, and personal
confirm ation of the other person‒s ―norm al-ness‖ and ―hum anness.‖ This m eans being
genuinely em pathic and conveying that intent through active listening. Pickering (1987) calls it
―listening as a receiver rather than as a critic‖: accepting rather than evaluating and trying to
control (p. 217). Based on Pickering (1987), Tables 10‌1 and 10‌2 list and illustrate tw o
general types of responses that the aural habilitationist can m ake in encounters w ith parents.
Responses that reflect em pathy are those that acknow ledge and attem pt to understand the
feelings, perceptions, and interpretations of the parent. These responses increase the parent‒s
feelings of autonom y and self-efficacy. They ultim ately have a ―freeing‖ effect. The others, the
controlling responses, have the opposite effect of dim inishing the parent‒s feelings of autonom y
and selfw orth. The outcom e of a professional‒s (even unconscious) attem pts to control parents
in this w ay m ay be either parental resistance (Low y, 1983) or an overdependence upon the
aural habilitationist. The preferred m anner of interacting is obvious.

Table 10‌1. Em pathic Responses (in Encounters of the Interpersonal K ind).



Reflecting back w hat w as heard, restating, paraphrasing (e.g., If I heard you correctly, you
said “  ?)

Extending, clarifying w hat the other said (e.g., Then? A nd? Tell m e m ore about that. G ive
m e an exam ple. I didn‒t understand that. W hat did you m ean w hen you said “  ?)

Using supportive, open-ended, exploratory questions‍ as nonthreatening as possible!
(e.g., W hat happened to m ake you feel that w ay? W hat do you think of w hen you hear “
?)

Sum m arizing, synthesizing (e.g., It m ust be very overw helm ing/frustrating/frightening to
“  )

Perception checking (e.g., You seem  to be “  D oes this fit w ith the w ay you see things?)

A cknow ledging, w ithout taking the conversation in a different direction (e.g., U m -hm m m .
I see w hat you m ean. I can appreciate w hat you w ent through.)

Encouraging expression of an idea or feeling (e.g., H ow  did you feel about that?)

Being quiet

R eprinted w ith perm ission from  Listening and Talking: A G uide to Prom oting Language in Young H earing-Im paired
C hildren, by E. C ole, 1992. C opyright 1992 A lexander G raham  B ell A ssociation for the D eaf.

It is through the acceptance and personal confirm ation of significant others that the parent
m ay be able to constructively cope w ith the em otional im pact of the child‒s hearing loss. The
professionals involved m ay have a pow erful im pact on the parents in this regard, but this
support m ay also com e from  friends, religious groups, and com m unity and/or parent groups.
Parental coping w ill strengthen the parents‒ feeling of com petence and, in turn, positively affect
the child‒s developm ent.

Table 10‌2. R esponses That Control (in Encounters of the Interpersonal K ind).

Changing or diverting the subject w ithout explanation, particularly to avoid discussing
the other person‒s feelings.

Interpreting, explaining, or diagnosing the other person‒s behavior (e.g., You do that
because “  ).

G iving advice, insisting, or trying to persuade (e.g., W hat you should do is “  ).

A greeing vigorously. This binds the other person to his present position.

Expressing ow n expectations for the other person‒s behavior. This type of response can
bind the other to the past (e.g., You never did that before!) or to the future (e.g., I‒m  sure
you w ill “  ).

D enying the existence or im portance of the other‒s feelings (e.g., You don‒t really m ean
that! You have no reason to feel that w ay. You shouldn‒t feel that w ay.).



Praising the other for thinking, feeling, or acting in w ays you w ant him  or her to;
approving on your ow n personal grounds.

Judging, disapproving, adm onishing on your ow n personal grounds; blam ing, censuring
the other for thinking, feeling in w ays you do not approve of; im puting unw orthy m otives.

Com m anding, ordering. (This includes, ―Tell m e w hat you w ant m e to do!‖)

Labeling, generalizing (e.g., She‒s alw ays shy. H e‒s aggressive and hyperactive.).

Controlling through arousing feelings of sham e and inferiority (e.g., H ow  can you do this
to m e w hen I have done so m uch for you?).

G iving false hope or inappropriate reassurance (e.g., It‒s not as bad as it seem s.).

Focusing inappropriately on yourself (e.g., W hen m y dog died, I felt terrible, too.).

Probing aggressively, interrogating, asking threatening questions (Tell m e how  you think
a child learns language.).

R eprinted w ith perm ission from  Listening and Talking: A G uide to Prom oting Language in Young H earing-Im paired
C hildren, by E. C ole, 1992. C opyright 1992 A lexander G raham  B ell A ssociation for the D eaf.

O ften, early indications or clues of the child progressing are the m ost effective and
im m ediate catalysts for giant leaps in the parents‒ ability to cope w ith it all. In order
for that to happen, intervention tasks, such as hearing aid selection, fitting, and
w earing, clearly need to be carried out‍ and parents need to be guided in what to look
for as early indicators of the child listening. These indicators include alerting to
sound, turning to sound, quieting to sound, increased vocalizing, decreased vocalizing
(while listening), and/or an increased variety in vocalized sounds.

Intense feelings w ill unavoidably com e up in aural habilitation sessions w ith individual
parents and their children, so the aural habilitationist m ust be prepared to address them . Parent
netw orks or parent groups also can be extrem ely valuable and supportive. Parent groups can
provide m utual support in a w ay that the aural habilitationist cannot. The parents m ay gain
hope, relief, and a feeling of cohesiveness w ith the other parents. The reader is referred to
Luterm an (2001) and Luterm an &  M axon (2002) for an in-depth and eloquent treatm ent of this
topic.

H ow ever, intervention for the child cannot be delayed until the parent reaches som e
m ythical level of perfect coping. H earing aids m ust be im m ediately selected, fitted, w orn, and
m aintained. C hildren m ust be exposed to spoken language, expected to listen, and vocalize or
verbalize‍ as w ell as to conform  to behavioral expectations. The point is that as the content
agenda unfolds, the aural habilitationist m ust interact w ith the parent sensitively and
em pathically, w ithout rejecting, denying, or criticizing how  the parents are feeling or behaving.



W hat Parents N eed to L earn

Parents here is used in a generic sense and includes any and all persons associated w ith the
child‒s w ell-being or caregiving. This can m ean babysitters, grandparents, older siblings, and
other relatives and friends. The w ords parent and caregiver are used interchangeably here.

There is a lot for the parent to learn. Parents need to absorb inform ation about topics such
as the nature and im plications of hearing loss; the functioning, benefits, and m aintenance of
hearing aids and other am plification system s; educational choices and child advocacy; and the
developm ent of intelligible spoken language. They also need to internalize w ays of interacting
that w ill prom ote the child‒s use of audition, and the child‒s acquisition of intelligible spoken
language. The em phasis here is on w hat can be done to assist parents or other caregivers
accom plish w hat is needed for the child.

C om ponents of Intervention for B abies and Young C hildren
w ith H earing L oss

Intervention for a child w ith a hearing loss has tw o com ponents of param ount im portance.
These are:

1. Providing the child‒s brain w ith access to auditory inform ation through proper selection
and m aintenance of technology for the child; and

2. Providing the child w ith an abundance of developm entally appropriate, auditorily-based,
verbal interacting.

The first five chapters of this book have focused on w hat needs to be understood and done in
order to address the first com ponent. The child‒s hearing technology is the m ost im portant
intervention tool! A ssum ing that the child‒s hearing technology has been properly selected,
and is being carefully m onitored and m aintained, m ost of the professional and parent effort can
then be directed tow ard delivering the other com ponent: providing abundant, developm entally
appropriate, and auditorily-based com m unicative experience.

Providing abundant, auditorily-based com m unicative experience is not an especially easy
task. There are no universal cookbooks or surefire form ulas or even particular language,
auditory, or speech-training exercises or activities to be uniform ly applied in order to
guarantee an outcom e of a perfectly intelligible, independent, socialized, and happy child. In
fact, in intervention w ith very young children w ith hearing loss, there is no clear separation
am ong language, auditory, and speech w ork. A ny interactive event necessarily taps and
exercises both areas to som e degree‍ w hich is a w onderful thing! The adult‒s job is to be
aw are of the existence and im portance of the synergism  of language, auditory, and speech
elem ents to w hich the child is being exposed in any routine event, and to em phasize them ,
provide another exam ple, push it all just one m ore step, m ake certain the event occurs again,
and m ost of all reinforce and encourage the child by keeping it all m eaningful and fun.



The first part of this chapter begins w ith a discussion of the types of routine, norm al,
everyday events that provide natural contexts for language learning. The chapter then turns to
possible effects of the hearing loss on adult-child interactions, and sets out clear procedures
for exam ining those norm al, everyday interactive events in order to determ ine areas in the
parent‒s usual interactive behavior that m ay be facilitating or hindering the child‒s language
grow th. This is follow ed by discussion of w ays of em phasizing particular language, auditory,
or speech elem ents in the course of norm al, but slightly ―em bellished,‖ interacting and pre-
planned play.

W hen to Talk w ith Your C hild and W hat to Talk A bout

B abies and very young children w ith hearing loss typically can learn language in the course of
norm al, everyday events, as do norm ally hearing children. The essential difference is that for
children w ho have hearing loss, it is im portant to m aintain an optim ally rich environm ent or an
em bellished environm ent. That is, verbal interaction m ust occur frequently and consistently and
be fram ed w ithin the use of auditory strategies in order to establish a desirable level of
support. H ow ever, som etim es there m ay be om issions or gaps in the child‒s linguistic
know ledge that w ill need to be learned from  preplanned adult instruction. Preplanned
instruction w ith very young children is m ost effective w hen it is focused on som ething of
interest to the child, and w hen it is playful, brief, and highly rew arded.

In this regard, then, m uch of the job of the aural habilitationist is to heighten the parents‒
aw areness of how  m uch they are already naturally doing, and to encourage them  to do m ore of
it. Sim ple, everyday routines and play can form  the basis for the provision of abundant,
auditorily based com m unicative experience. Particularly in the birth to 2-year-old period, the
necessities of household functioning (including especially baby care) w ork to support the
establishm ent of regular routines. Since these are frequently repeated, the child is provided
w ith nearly the sam e m eaningful experiences w ith nearly the sam e language over and over.
Exam ples of som e of those ordinary, everyday routines and playful activities can be found in
Table 10‌3.

A s m entioned in C hapter 9, som e children w ithout identified disabilities of any kind w ill
learn language under all kinds of conditions. H ow ever, at least in m ainstream  m iddle class
N orth A m erican, British, and A ustralian culture, children develop spoken language in the
course of interactions w ith fluent-speaking adults. B ecause the child w ith hearing loss is
operating w ith reduced quality, quantity, and intensity of auditory/linguistic input, it m akes
sense to provide an environm ent that has enriched levels of facilitative stim uli.

Actually, any tim e the caregiver is w ith the child is a possible tim e for norm al,
everyday interacting and language ―input.‖ The basic idea is to respond to the child‒s
com m unicative attem pts, and to talk about w hatever interests the child about the
events or m aterials at hand. The idea is not to intrude into the child‒s self-absorbed
exploratory play in order to engage him  or her in talk every w aking m inute, but to



select (or create) opportune m om ents for verbal interaction. This m ay be through
observing the child carefully, and joining in w hen the child looks up and appears
interested in having the parent‒s involvem ent. O r, it m ay be at a m om ent w hen the
parent has som ething genuinely exciting, interesting, or im portant to tell the child. For
som e parents, these em bellishm ents are already natural behaviors. For others, the
notions are easily internalized and expanded upon. For still others, w ho m ay be less
experienced or less talkative w ith young children, m ore guidance and conscious
behavior change m ay be required.

Table 10‌3. Exam ples of O rdinary, Everyday R outines that Can B e the Scene for Providing
A bundant, A uditorily-B ased Com m unicative Experience for Children

Birth to 6 M onths:
Feeding, getting diapers changed, having baths, getting dressed; getting put to sleep;
m anipulating sim ple toys and objects; w atching parents, siblings, pets; being fastened into
strollers, car seats, infant seats; being engaged in visual/vocal gam es w ith adults and siblings
(including peek-a-boo gam es).
6 to 12 M onths:
Feeding, getting diapers changed, having baths, getting dressed; being put to sleep; being
engaged in sim ple nursery rhym es involving m anipulation of the child and, often, anticipation
of tickling, such as ―This Little Piggy,‖ ―R ound and R ound the G arden,‖ ―Pattycake‖; being
w atched and helped as gross m otor skills im prove and the child craw ls (both on the floor and
up the stairs), stands, takes a few  steps; being fastened into strollers, car seats, infant seats;
taking w alks and observing the w orld; increasingly active play w ith objects and toys (banging,
dropping, throw ing, turning, pulling, squeezing); verbal greeting routines, anim al sound
im itation.
12 to 18 M onths:
Feeding, getting diapers changed, having baths, getting dressed; being put to bed; playing w ith
balls, active m otoric play (clim bing, bouncing, w alking, running); container play (filling and
pouring, especially), block play, picture books and stories; draw ing w ith crayons.
18 to 36 M onths:
Feeding, getting diapers changed, using the potty (som e), having baths, getting dressed, going
to bed; active m otoric play; play w ith balls, w ater, sand, blocks, play dough, crayons; picture
books and stories; ―helping‖ w ith bed-m aking, dusting, setting the table, sw eeping, filling and
em ptying the dishw asher, cooking, shopping; going to the park; playing on playground toys;
nursery rhym es and songs.
3 to 5 Years:

Eating snacks and m eals; taking trips in the car; doing errands; putting dishes in the



dishw asher, folding laundry, setting the table, cooking, m aking beds, sw eeping; shopping;
going to the park; picking up brothers and sisters, w atching siblings‒ sports practices; cleaning
up; getting dressed, toileting, bathing; going to bed; active play outside; play w ith balls, w ater,
sand, blocks, play dough; draw ing, painting; reading picture books and stories, nursery rhym es
and songs; being polite, m aking friends w ith peers.

O nce the child has appropriate audiologic technology and noise in the environm ent has
been m anaged, w hat can caregivers do to provide an enriched auditory/linguistic environm ent?
The Fram ew ork for M axim izing C aregiver Effectiveness in Prom oting A uditory/Linguistic
D evelopm ent in C hildren w ith H earing Loss (in the next section) w as developed to provide
concrete inform ation about exactly that. The Fram ew ork clearly lays out interactive behaviors
that are language facilitating for caregivers (including teachers and therapists) to use from  birth
to age 6. The intention is that the Fram ew ork w ill be used to reinforce or affirm  language
prom oting behaviors that caregivers are already using, as w ell as to encourage the addition of
ones of w hich they m ay not been aw are. The Fram ew ork is not intended to be used to correct
―m istakes‖ that parents are m aking, but to help them  provide an interactive environm ent w ith
enriched levels of auditory/linguistic facilitation in an attem pt to com pensate for the im pact of
the disadvantages im posed by the hearing loss.

A Fram ew ork for M axim izing C aregiver E ffectiveness in
Prom oting A uditory/L inguistic D evelopm ent in C hildren w ith

H earing L oss

B ackground and R ationale

Som etim es a child‒s hearing loss seem s to have little or no effect on the interactive
relationship w ith his or her parents. B ut the intactness of those interactions can be threatened
in several w ays. First of all, w hen a child has an undetected hearing loss, he is not receiving
auditory/linguistic stim ulation in the sam e m anner as his norm ally hearing peers. A nd even
after a sensorineural loss is detected and appropriate hearing aids w orn consistently, the input
is reduced in quality, quantity, and intensity. That is, the hearing aid and the cochlear im plant
both provide access to speech, but are unlike corrective lenses for eyes: they do not restore
listening abilities to norm al threshold levels and m ake speech clear. Speech still lacks the
clarity and intensity of the speech received by a norm ally hearing infant. Further, the young
child w ith a severe to profound hearing loss needs to learn that he can benefit from
―overhearing‖ conversations directed tow ard others in his environm ent; the child w ith hearing
loss m ay not autom atically overhear the speech of others. These are the physiologic and
psychoacoustic reasons that the process of learning spoken language can be so long and
arduous for children w ho are deaf or hard of hearing. These are also reasons that the child w ith
a hearing loss m ay not respond in expected w ays to parent m essages or cues, and m ay not send



out expected cues. This m ism atch of expectations can disrupt interactional events from  the very
beginning. In addition, as m entioned earlier in this chapter, the caregiver‒s ability to interact
―norm ally‖ m ay also be influenced by em otional turm oil that can surround the discovery, as
w ell as the continuing presence, of the hearing loss. In the course of this process, a num ber of
pow erful em otions are experienced by the parent that m ay interfere w ith the parent‒s norm al
ability to be sensitive to the child‒s com m unicative cues, to respond to them , and to send
appropriate cues to the child.

There are frustrations and problem s inherent to trying to understand and be
understood by any young child w ho is only just beginning to learn that adult signals
(e.g., w ords) have consistency and significance. If the child is the physical size of a 2-
year-old w ith norm al learning abilities, but is understanding and producing language
at a m uch younger age level, a developm ental dysschrony is created which sets up the
interactive scene for frustration and problem s.

To sum m arize, the lack of expected audition-based responses from  the child, the slow ness
of the process due to the reductions in quality and quality of the auditory-linguistic input, and
the parent‒s em otional turm oil all m ay contribute tow ard lim iting the child‒s access to
precisely the kind of auditory, linguistic, and social interaction that he or she needs.
Furtherm ore, these factors m ay explain som e of the research findings regarding caregiver talk
to children w ho are deaf or hard of hearing w hich suggest that parent speech to children w ith
hearing loss varies considerably from  parent speech to norm ally hearing children as show n in
Table 10‌4.

Table 10‌4. Sum m ary of R esearch Findings R egarding A dult Talk to Young C hildren w ith
H earing Loss.

Reduced am ount of talk directed tow ard child
M ore exact self-repetitions
Few er expansions
Shorter sentences
Sim pler gram m atical constructions
M ore frequent rejecting, critical, or ignoring responses
M ore direct im peratives (attem pts to control child‒s behavior)
M ore adult topic changes aw ay from  child‒s focus of attention, activity, or previous
utterance
Speech w hich is faster, less fluent, less intelligible, less audible

(N ote: See review  in C ole, E. (1992). Listening and Talking: A G uide to Prom oting Spoken Language in Young H earing-
Im paired C hildren (pp. 42‌46). W ashington, D C : A lexander G raham  B ell A ssociation for the D eaf.)

A ll of those findings m ay be norm al responses to the child‒s not understanding or
responding in expected w ays, to the parent not being able to understand the child‒s utterances,



and to the parent‒s feelings of frustration, sadness, or hopelessness. B ut how ever norm al these
responses m ay be, they are of concern since m any of them  are not interactive behaviors that
prom ote listening and language at all stages of developm ent. A lthough physiologically intact
children m ay learn fluent language in less-than-optim al conditions, children w ith sensory
im pairm ents such as hearing loss require m ore supportive conditions to achieve in accordance
w ith their potential.

The child w ith hearing loss is likely to progress best w ith m ore frequent and direct access
to social and verbal interactions, m ore consistent adult responsiveness, m ore repetition in
varied w ays, and som etim es m ore consciously planned input. A s a consequence, it becom es
im perative that the parent and aural habilitationist understand the features of optim al, grow th-
prom oting interactions betw een caregivers and their young babies and children in order to
foster them . The Fram ew ork that follow s is offered as an attem pt to augm ent that understanding
(Table 10‌5).
Table 10‌5. A Fram ew ork for M axim izing C aregiver Effectiveness in Prom oting
A uditory/Linguistic D evelopm ent in C hildren W ho H ave H earing Loss

Behavior C om m ents
I. Sensitivity to C hild

1. H andles child in a positive m anner.
2. Paces play and talk in accordance w ith child‒s tem po.
3. Follow s child‒s interests m uch of the tim e.
4. Provides appropriate stim ulation, activities, and play for the child‒s age and stage.
5. Encourages and facilitates child‒s play w ith objects and m aterials.

II. C onversational B ehaviors
A . In responding to the child

6. R ecognizes the child‒s com m unicative
attem pts.

7. R esponds to child‒s com m unicative attem pts.
8. R esponds w ith a response w hich includes a

question or com m ent requiring a further
response from  the child.

9. Im itates child‒s productions.
10. Provides child w ith the w ords appropriate to

w hat he or she apparently w ants to express.
11. Expands child‒s productions sem antically

and/or gram m atically.
B . In establishing shared attention

12. A ttem pts to engage child.
13. Talks about w hat the child is experiencing,

looking at, doing.
14. U ses voice (first) to attract child‒s attention to



objects, events, self.
15. U ses body m ovem ent, gestures, touch

appropriately in attracting child‒s attention to
objects, events, self.

16. U ses phrases and sentences of appropriate
length and com plexity.

C. In general
17. Pauses expectantly after speaking to encourage

child to respond.
18. Speaks to child w ith appropriate rate,

intensity, and pitch.
19. U ses interesting, anim ated voice.
20. U ses norm al, unexaggerated m outh

m ovem ents.
21. U ses audition-m axim izing techniques.
22. U ses appropriate gesture.

Source: A dapted from  C ole, E. B . (1992). Listening and Talking: A G uide to Prom oting Spoken Language in Young
H earing-Im paired C hildren. W ashington, D C : A lexander G raham  B ell A ssociation for the D eaf. (R eprinted w ith
perm ission)

Structure of the Fram ew ork

Item s on the Fram ew ork are intended to provide a guide to the m ajor com ponents of optim al
caregiver com m unication-prom oting behaviors, w ith several additions specific to interacting
w ith a child w ho is deaf or hard of hearing. A ll of the item s in Section I are related to being
sensitive to the child in som e w ay. This section is intended to highlight specific adult
behaviors that can prom ote a positive affective environm ent. Section II of the Fram ew ork
outlines the interactive m echanics of the situation: the ―how ‖ of establishing a shared focus, of
responding, and of talking to the child. This section includes item s from  the language
intervention literature that are believed to be facilitative of language developm ent in children
w ith language learning problem s. D etailed explanations for all com ponents can be found in
A ppendix 4.

G etting a R epresentative Sam ple of Interacting

This Fram ew ork is intended to be used in the study of videotaped sam ples of the parent and
child interacting in a norm al, everyday fashion. Videotaping is the m ethod of choice for
collecting the sam ple as it provides a retrievable record of both the auditory and visual
com ponents of the events. B ecause m uch early com m unicating occurs through nonvocal,
nonauditory m eans such as changes in gaze direction, body orientation, and gesture, it is



especially im portant to have the visual record available. Videotaping also allow s for m ultiple
review ings of the interactional sam ple. This is necessary in order to account for social,
physical, and linguistic dim ensions of the context that contribute to the interactants‒ co-
construction of m eaning in a given instance.

The usefulness of the sam ple depends very heavily on the degree to w hich it is
representative of norm al interacting betw een this particular parent and child. O ften the
presence of the equipm ent and the observational aspects of the videotaping event m itigate
against ―naturalness.‖ It is not unusual for the parent to feel a bit shy and em barrassed at the
first taping session, or for either the parent or the child to ―perform ,‖ som etim es unconsciously.
Som e of the m easures listed in Table 10‌6 m ay be helpful in counteracting these possibilities
and attem pting to set everyone at ease so that the sam ple w ill be as representative as possible.

D iscussing the Fram ew ork w ith Parents

The interpersonal skills of the aural habilitationist are enorm ously im portant in the process of
discussing som ething as personal and sensitive as the w ay a parent interacts w ith his or her
child. The aural habilitationist w ill need to guard carefully against any possibility of conveying
unspoken censure of the parent, since collaboration w ill be im possible if the parent feels
judged or blam ed. Som e practical suggestions for addressing the item s w ith sensitivity include
the follow ing:

Table 10‌6. Steps to C onsider in Trying to G et a R epresentative Sam ple of Interactive
B ehaviors W hen Videotaping

Videotaping should take place in the child‒s hom e or in som e other setting w hich is very
fam iliar to the child.

The interventionist should discuss the purpose and planned use of the tape w ith the
caregiver. The purpose is to get a good sam ple of how  the caregiver and child play and
talk together, w hich w ill then be studied by both the interventionist and the parent to be
certain that the interactions are as language-prom oting as they can be. If taping is done on
a routine basis and copies m ade for the parents, then the parents w ill have a record of
their child‒s progress.

The caregiver‒s help should be enlisted in order to decide w hich toys or activities to have
available for the taping so that the caregiver and baby or toddler w ill be likely to interact
a great deal (e.g., feeding or lunchtim e; diaper-changing, bathing; playing in a sw ing;
playing w ith play dough, tea set, dolls and clothes, building blocks, doctor kit, etc.).

The interventionist should m ention to the parent that he or she w ill be trying not to interact
w ith either participant during the taping. The usefulness of the tape w ill be greatly



com prom ised if m uch of the parent‒s talk is directed to the interventionist rather than to the
child. It w ill also be com prom ised if the child is constantly looking off-cam era at the
interventionist, or w alking over to him  or her.

The interventionist can set up the equipm ent, and then w ait 5 or 10 m inutes before actually
beginning the taping in order to let som e of the novelty w ear off. It w ill depend upon the
particular child w hether or not it is m ost useful to allow  som e (lim ited) exploration of the
equipm ent, or sim ply not to allow  the child to touch it.

The videotaping should be at least 10 or 15 m inutes in duration. U sually adults‒ cam era
consciousness abates after about 5 m inutes; children often forget about the cam era
im m ediately if the activity holds enough interest for them . A fter that occurs, the sam ple of
norm al, natural, everyday interacting needs to be at least 5 to 10 m inutes in duration.

1. The caregiver can take hom e the tape and the Fram ew ork, and sim ply view  the tape w ith
the Fram ew ork item s in m ind. O r, the aural habilitationist could suggest that the caregiver
look for specific target item s, such as w hat the baby does every tim e the m other leans in
and sm iles.

2. In view ing the tape w ith the caregiver, the aural habilitationist can purposely point out
exam ples of instances on the videotape w here the parent dem onstrates desired behaviors.
Together, the aural habilitationist and the parent note the effect that the parent‒s behavior
has on the child.

3. The aural habilitationist can check his or her perceptions w ith those of the parent. ―I don‒t
see a great deal of X  in this little segm ent w e videotaped. Is that w hat happens other tim es
too?‖ or, ―It looks to m e as if you are w orking very hard to get Johnny‒s attention. D oes it
seem  that w ay to you, too?‖

4. A s part of discussing a particular event or item , the aural habilitationist can ask open-
ended, exploratory questions concerning that item . Exam ples m ight be, ―H ow  do you think
you (or the child) w ere feeling at that point?‖ or, ―W hat occurred to m ake that happen
right there?‖ or, ―H ow  w ell does Johnny seem  to im itate you w hen you sit beside him  and
speak close to his m icrophone?‖ These questions m ust be carefully phrased, so that they
are not perceived as threatening or critical.

The Fram ew ork provides a guideline for desirable caregiver behaviors. It can be used to
help parents becom e aw are of how  m uch they are already doing. It can also be used to identify
behaviors they w ish to change. In this regard, Luterm an‒s w ords are relevant w hen he says,
―People w ill learn just w hat they are ready to learn and absorb. The best indication of
readiness is a parent-asked question: gratuitous inform ation usually serves to increase
confusion and is rarely helpful‖ (1984, p. 65). B ehaviors the parents them selves identify as
problem atic are m ost likely to be the ones about w hich they w ill be ready to absorb
suggestions. This does not m ean that the aural habilitationist has to w ait until the parent
discovers every problem  before bringing it up, but it does m ean that the targets w ill not m eet
w ith m uch success if they are sum m arily selected and im posed by the aural habilitationist. A



w ay needs to be found to help the parent discover the problem atic areas in such a m anner that
they can ―hear‖ the suggestions for change.

W ays of A ddressing Parent-C hosen Targets

O nce interactive targets for change have been identified, the next step is to determ ine how  the
targets w ill be w orked on. C learly, this is another instance of som ething that is m ost likely to
be effective if it com es from  the parent, rather than being im posed by the aural habilitationist.
H ow ever, the aural habilitationist needs to be ready w ith suggestions to offer for the parent‒s
consideration, if there is a need. M ethods of achieving adult behavior change vary w idely
depending on the behaviors and the individuals involved. Sim ply becom ing aw are of the
im portance of a particular behavior (perhaps as a result of using the Fram ew ork) m ay be
enough to cause a change in som e behaviors. For exam ple, a parent m ay notice that her voice
w as very high w hen she spoke to the child. To change it, the parent m ay just decide to try to
keep her voice pitched low er, and be able to m ake that change sim ply from  having decided to
do it. O r, the parent m ay have a m eans for helping him - or herself to m ake the change. For
exam ple, the parent m ay decide to leave an audiotape recorder running as she is playing w ith
the child at hom e in order to rem ind herself to keep her pitch dow n, and to provide a check of
how  w ell she is doing in that regard. A nother idea is for the parent to ask som eone at hom e to
provide rem inders or feedback regarding the behavior‍ including particularly instances w here
the change has occurred.

O ther behaviors initially m ay be changed m ore easily if there is a period of focused
feedback from  the aural habilitationist. O ne w ay to do this is to exam ine in detail one or m ore
instances w here the behavior w as problem atic on the videotape. This exam ination m ight
include consideration of w hat w as happening just before the parent behavior occurred, exactly
w hat the parent did, w hat the parent intended to accom plish by the action, and w hat effect the
parent‒s behavior had on the child. Then a num ber of possible alternate behaviors for that
instance could be generated. This focused feedback can be extended into an on-the-spot
coaching event, also. This occurs w hen the parent and child play at som e norm al activity, and
the aural habilitationist quietly interjects a suggestion at the exact m om ent the behavior either
is or is not occurring. U sing an FM  system  for this activity to connect parent and aural
habilitationist m ay be a good idea w ith som e parents, assum ing there is a onew ay m irror
arrangem ent so that the aural habilitationist can be coaching from  outside of the room . This
kind of intense feedback m ay be useful for m any of the behaviors on the Fram ew ork, but to be
effective it m ust be done w ith the parent‒s full agreem ent.

The possible w ays of helping a parent change behaviors are lim ited only by the particular
behaviors involved and by the creativity of the parent and aural habilitationist. The key
elem ent in all of this, how ever, is that the effectiveness of any behavior change plan is directly
dependent upon the parent‒s com m itm ent to it. A dults respond m ost favorably w hen they are
actively involved in designing and im plem enting their ow n learning. This is the reason that it is
optim al for the parent to be the one w ho recognizes the problem atic nature of a particular
behavior, and w ho generates and enacts the plans for change. It is also the reason that the aural



habilitationist needs to interact w ith the parent in w ays that contribute to the parent‒s feeling of
autonom y, confidence, and com petence (D esJardin&  Eisenberg, 2007).

Probably one of the m ost com m on strategies used in intervention is that of ―expert‖
dem onstration. The parent is expected to learn how  to behave in a certain w ay from
observing the expert do it. In this case, the aural habilitationist w ould interact w ith
the child w hile being videotaped, and the parent and aural habilitationist w ould use
the Fram ew ork to analyze what just occurred on the taped segm ent. D em onstration can
be quite effective (and, in this context, it certainly m akes you put your m oney w here
your m outh is), but it does have several inherent dangers. For exam ple, the
dem onstration m ay leave the parent feeling overw helm ed and inadequate. It m ay also
have looked so sm ooth and easy, and occurred so quickly that the parent m ay have
m issed the essential point of the dem onstration. In order to counteract these
possibilities, it m ay be useful to have the parent take over in interacting w ith the child
im m ediately after the dem onstration, and attem pt to replicate it or to perform  the
desired behavior at the next opportunity, w ith the aural habilitationist right there to
adjust or confirm .

Teaching Through Incidental and E m bellished Interacting

This section of the chapter describes w ays that parents and teachers can use everyday
interactions to help babies, toddlers, and young children learn spoken language through
listening. Tw o w ays of teaching spoken language through norm al, everyday interacting are
incidental teaching and em bellished teaching through playful interacting. Both incidental
teaching and em bellished teaching have a very high ecological validity in that w hat is being
learned is totally related to norm al natural learning by the child in the situational context in
w hich the teaching is occurring (B arnett, VanD erH eyden, &  W itt, 2007). Both situations
involve individual teaching and learning (w hich generally is considered to be the m ost
intense), although the instructional intensity m ight be seen to be less for situations w here
incidental teaching is occurring. O n the other hand, that does not necessarily m ean that learning
is less. Each is explained in turn.

Teaching Through Incidental Interacting

B abies and young children are sponges for incidental learning, and adults w ho are interested in
children are teaching them  every tim e they interact w ith them , w hether or not they are aw are of
it. Take a look at the follow ing norm al, everyday event that occurred betw een a parent and a
2» -year-old child w ho has a hearing loss.



The parent and child take a w alk after an early sum m er rain show er, and they com e upon a live
w orm  on the sidew alk. The child points it out, ―Look! W orm !‖ The parent leans dow n to see
and replies, ―Yes‍ I see it. Look! The w orm  is w iggling!‖

The child is fascinated by a w iggly w orm  on the sidew alk.

The child is fascinated by a w iggly w orm  on the sidew alk. W ithout even trying, the parent is
incidentally teaching the child an enorm ous variety of things. For exam ple, she is teaching the
child that w hat he says is m eaningful and of com m unicative value to the parent; that people
respond to each other in conversations; that the responding is generally related to the sem antic
content of the previous speaker‒s utterance. She is teaching him  through repeated natural
exposure that the ―m over‖ (the w orm ) can perform  an (intransitive) ―action‖; that the
‖m over/subject‖ is m entioned first, and then the ―action/verb‖; that the presently occurring
action is coded by the use of a present progressive form  of be + verb-ing; and that the subject
is preceded by a definite article the that signals that the noun w orm  that follow s it is know n to
both conversational partners. The event is, furtherm ore, an auditory one, since the parent
leaned dow n to w ithin about 18 inches of the child‒s hearing aids, and since the child w as
looking at the w orm  as they w ere talking, not at the parent‒s face. W ith regard to incidental
speech-teaching in this event, the parent‒s intonation w as anim ated and naturally varied, and
thus provided auditory exposure to a norm al speech pattern. There w ere no phonem es being
particularly em phasized in the parent‒s utterance, unless one counts the /w / since it w as used in
tw o w ords. H ow ever, any tim e the parent uses spoken language w ith the child, the child is
being incidentally taught phonem es sim ply through exposure. A ll of these teaching aspects of
the event can be considered to be by-products of the unrelated w orm  finding event, and thus fit
the definition of incidental teaching and learning.

Teaching Through E m bellished Interacting

N ow , let‒s m ake this an em bellished interaction. A fter having spoken, the parent realizes that
the child probably does not know  the w ord ―w iggling.‖ O n the spot, the parent decides it is
probably a useful w ord for this particular child to learn because ―w iggling‖ is an action likely



to continue to catch the child‒s fancy in a num ber of everyday contexts (w orm s, strings,
spaghetti, the child‍ all w iggle). So, in the next breath, the parent says:

―W iggle, w iggle, w iggle. The w orm  is still w iggling!‖ (Pause for the child to respond.) ―O h
look! There‒s another w orm  that‒s w iggling.‖ (Pause‍ the child finds a third w orm .) ―O h‍ you
found another one! Is that w orm  w iggling?‖ (Pause.) ―Yes, it is! O h, that‒s funny. C an you
w iggle like a w orm ?‖ (A nd so on.)

In the parent‒s m ind, ―w iggle‖ has becom e a vocabulary goal. The parent is intentionally
providing varied, repetitive exposure to that goal, and attem pting to elicit it. The goal is
specific and deliberately sought after, and the adult‒s actions are intended to reduce the tim e
period required for the child to learn the w ord through depending entirely on the vagaries of
totally natural exposure. H ow ever, the teaching is incidental in that it is occurring w ith the
child and parent focused on a norm al, everyday activity, and the adult is em ploying ordinary
language appropriate to that event (taking a w alk and finding a w orm ). This kind of incidental
seizing-of-the-teachable-m om ent is em bellished interacting, or em bellished teaching by the
adult.

Teaching Spoken Language Through E m bellished Interacting

The Fram ew ork for M axim izing C aregiver Effectiveness in Prom oting A uditory/Linguistic
D evelopm ent in Children w ith H earing Loss (see Table 10‌5) lays out the com ponents of
em bellished incidental teaching of spoken language. The idea is for the caregiver to m ake
every effort to create a positive, accepting, and interesting com m unicative environm ent, and to
interact w ith the child in w ays that w ill prom ote the child‒s m otivation to com m unicate
verbally w ith increasing effectiveness. A ll of the item s of the Fram ew ork relate to those
objectives. W ays of better understanding the com ponents, as w ell as im proving them  w hen
needed, can be found in A ppendix 4. Som e additional im portant concepts for guiding the
choices of item s to em bellish w ill be discussed below .

Underlying inform al teaching em bellishm ents that can be used to facilitate the child‒s
learning of specific aspects of language is a tim e-honored language learning principle: the
Inform ativeness Principle of G reenfield and Sm ith (1976). The idea stem s from  an
observation that, at the one-w ord stage of linguistic developm ent, w hen the child is going to
talk, he or she is m ost likely to verbally encode the m ost inform ative (interesting, novel,
uncertain, dynam ic) elem ent of the situation. So, for exam ple, if the child‒s cookie falls off the
table, the m ost likely utterance w ill concern the ―fell dow n‖ business, not the ―cookie‖ part.
A nd if the child says nothing, the preferred adult utterance m ight be, ―It fell dow n,‖ rather than,
―O h! The cookie!‖ O f course, the aspect w hich is the m ost inform ative to the child m ay not
alw ays be obvious and predictable. For exam ple, if the cookie falls off the table and the dog
rapidly gobbles it up, one is faced w ith the quandary of w hether ―fell dow n,‖ ―all gone,‖ or
―doggie!‖ is the m ost interesting aspect of the situation to the child.

This m eans that, in providing the child w ith the w ords appropriate to w hat he or she w ants
to express, the parent needs to be observing keenly in order to encode (talk about) the m ost



inform ative aspect of the situation w hich is presum ably w hat the child w ould be trying to
express (Paul, 2007). (See Fram ew ork item s 2, 3, 6, 7, 10, 13.) The Inform ative Principle also
has im plications for the use of expansions. Extended expansions (w hich provide related and
new  ideas to the child‒s original utterance) fit w ell w ith the concept of inform ativeness.
M inim al syntactic expansions fit less w ell since the addition of a plural s or an -ing probably
has low  inform ativeness value to the child. (See Fram ew ork item  11.)

Responding w ith a response that includes a question or com m ent for the child (Fram ew ork
item  8) w ill also be m ost effective if the question or com m ent is purposefully centered on som e
salient, novel, or uncertain aspect. If one stretches the principle to include being inform ative,
dynam ic, and interesting, it could also include speaking in phrases and sentences of
appropriate length and com plexity, as w ell as speaking in an interesting and anim ated voice.
(See Fram ew ork item s 16 and 19.)

Several other language intervention techniques that are not on the Fram ew ork m erit
particular m ention. They are excellent exam ples of w ays of carrying out em bellished incidental
teaching, and they also adhere to the Inform ativeness Principle. They can be used to em phasize
any language feature(s) that fit w ith the expectations for that child‒s age and stage. O ne of the
techniques is the use of m ultiple exam ples. W hen an event occurs w here the child has produced
a target item  or an approxim ation to it, the parent recreates and repeats the event paralleling
w hat the child has done. For exam ple, if the child is pretending to m ake a stuffed elephant jum p
off a chair and says, ―Jum p!‖ the adult [im m ediately thinking either of extended expansions or
of m overaction, intransitive sentence fram es (!)] could then say:

―Yes, the elephant jum ped right off the chair!‖ (picking up a stuffed dog) ―A nd then the
doggie jum ped.‖ (m aking dog jum p) ―A nd the kitty cat jum ped.‖ (m aking cat toy jum p off)

Father and child are having a great tim e m aking all the anim als jum p off the chair.

―A nd then the bear said, ‐I w ant a turn!‒ (getting the bear ready to jum p, and then pausing) ―So
then “  ‖ (A nd, one hopes, the child w ould say at least som e part of, ―The bear jum ped.‖)

It should be noted that this is an auditory activity, in that the child is sitting on the parent‒s lap



and is focused on the anim als that are jum ping, not w atching the parent‒s face all of the tim e.
This ―jum ping‖ scenario could also be used w ith a child w ho is not yet using w ords. The adult
w ould sim ilarly observe the child‒s play, provide the w ords, and vary one aspect of the play in
an interesting and fun m anner. The scenario could be sim plified to be ―U h-oh‍ the (anim al)
fell dow n!‖ each tim e, w ith the expectation that the child m ight im itate the ―Uh-oh‖ or the ―fell
dow n.‖

A nother variation on this m ultiple exam ple them e w ould be to provide several instances of
exactly the sam e event, follow ed by one different one. H ere, the adult w ould participate in the
toy bear jum ping off of the chair several tim es (w hile talking about it), and then have the bear
clim b up the chair to create a related, but new  and rem ark-w orthy event.

O ther intervention techniques w hich conform  to the Inform ativeness Principle require an
already established routine or ―script‖ (W eism er, 2000) betw een the adult and the child.
C onsequently, this technique w ould not be appropriate w ith a very sm all infant until the child
has enough experience w ith the event to have built up an expectation regarding the w ay things
should go. These strategies are based on Fey, Long, and Finestack (2003), O w ens (2004), and
W arren and Yoder‒s (1998) idea of the adult being a ―saboteur‖ of routine events in order to
stim ulate com m unication or entice the child into com m unicating. O ne w ay to do this is to
violate the order of the steps of a task or to om it one. For exam ple, in m aking orange juice w ith
the child, the parent could have the child pour the frozen juice into a container, and add the
cans of w ater. Then the adult w ould act as if he or she w as going to pour it into glasses
(skipping the step of stirring). O r, object function can be violated through getting ready to pour
the juice into a shoe or a hat. A s m entioned above, the success of these techniques hinges on
the child‒s know ledge that there is a ―right‖ w ay for these events to occur. O therw ise, nothing
w ill be said as the child w ill innocently accept w hat the adult is doing as norm al behavior. But
w hen sabotage w orks, it can be great fun since any harm less violation of expectations of this
sort is likely to evoke laughter.

To reiterate, then, the parents‒ job is to provide an abundance of appropriate verbal
interacting in the course of norm al, everyday events. W ithin the course of this norm al-
but-em bellished interacting, there are som e strategies that the parent can use to
em phasize particular language elem ents w hich are appropriate for the child‒s age and
stage. These include providing the child w ith the w ords to describe w hat the child is
likely to think is the m ost interesting aspect of the situation; providing expansions and
extensions; using various kinds of m ultiple exam ple techniques; violating the order of
events or the function of objects; and purposefully setting up the environm ent so that a
target is likely to be used (e.g., hiding objects). The notion underlying all of these
strategies is that language is used for com m unicating ‍ and all of these strategies
create a m eaningful reason to com m unicate. The possibilities are lim ited only by one‒s
ingenuity.

O ther strategies are perhaps m ore obvious such as hiding objects in order to stim ulate



―W here?‖ questions, or to stim ulate guesses as to the object‒s location. (It is not necessary to
fake this situation in m ost households.) A nother strategy, long recom m ended by teachers of the
deaf, is to require that the child vocalize or speak in order to get som ething. This operant
strategy is probably acceptable for phrases and situations w ell know n to the child, sim ilar to
the com m on practice of saying, ―You have to say ‐please‒ before I‒ll give it to you.‖ B ut the
inherent danger is that it can turn into a pow er struggle, w hich the parent never w ins no m atter
w hat the outcom e.

Teaching Listening (A udition) Through E m bellished Interacting

The explicated exam ples in C hapter 7 clearly illustrate the w ays in w hich norm al, everyday
activities can be em bellished in order to provide the child w ith opportunities to auditorily
attend selectively; localize; discrim inate; identify, categorize, associate; integrate, interpret,
and com prehend. The suggestion w as m ade that parents need to be aw are that these ―listening
events‖ are occurring and are im portant. Then they w ill be able and m otivated to create sim ilar
listening opportunities w henever possible in order to enhance the child‒s autom atic and full use
of residual hearing. Caregiver and interventionist auditory strategies need to be internalized
and used in all interactions w ith the child. These strategies are listed in Table 10‌7.

The reader is referred to C ole, C arroll, C oyne, G ill, and Paterson (2005), Estabrooks
(2006), and R ossi (2003) for further additional exam ples of auditory strategies being used in
the course of everyday activities. O ne caveat: there w ill be occasions w hen it is appropriate to
sm ile and interact w hen your baby or young child is w atching your face, and it is im portant to
have fun and enjoy these m om ents w ithout feeling guilty! The idea is to becom e m ore and m ore
conscious of tim es w hen you can em ploy auditory strategies, and to do so as often as possible.
Each tim e the child relies on hearing alone to listen and understand, he builds confidence in his
auditory abilities.

Table 10‌7. A uditory Strategies for Everyday U se

R educe or elim inate all extraneous noise. (Turn off the TV !)
G et dow n on the child‒s level.
Place yourself behind or beside the child near the m icrophone of the child‒s equipm ent.
Talk, and expect the child to understand even w hen he or she is not w atching your face.
K eep the child‒s visual attention on the toys or objects in front of you both.
If you do allow  the child to w atch your face, look for an opportunity to say it again right
afterw ards w ithout allow ing the child to w atch.
Present your m essage auditory-only the first tim e, and every tim e that you possibly can.
R em em ber that by em ploying these strategies you are helping the child to gain confidence
in his or her ability to understand based on listening alone.
B e a parent w ho says ―Listen!‖ (‌ not ―Look at m e!‖)

Teaching Speech Through E m bellished Interacting



Phonating/Vocalizing

W ith som e exceptions, very young children w ho are deaf or hard of hearing are usually
vocalizing to som e extent at the tim e that the hearing loss is detected. The task of the parents is
to encourage an abundance of vocalizing by the child through consistently and positively
responding to it (B rady, M arquis, Flem ing, &  M cLean, 2004; G azdag &  W arren, 2000; Ling,
1989, 2002; Paul, 2007; Poehlm an &  Fiese, 2001;Yoder &  W arren, 1998, 2002). The
encouragem ent often takes the form  of the parent sm iling, looking interested, m oving closer to
the child, and im itating the child‒s vocalization. The child m ay also be encouraged to vocalize
as a result of hearing and experiencing others talking around him  or her. This w ould include the
interactive nonsense babbling that parents som etim es initiate w ith babies, as w ell as hum m ing
and singing near the child. In fact, sim ply hearing language spoken to and around him  or her
m ay be a m otivation for the child to vocalize.

N ot all children are natural im itators, but having a child w ho im itates speech sounds can be
very useful for a variety of reasons. O ne use is for planning w hich phonem es (speech sounds)
or prosodic features (the features that m ake up the m elody of speech: intonation, pitch,
loudness, rhythm ic patterns) should becom e the next targets for deliberate stim ulation. A nother
reason im itation by the child is useful is that the child is extrem ely likely to im itate only sounds
that he can hear. If the child cannot im itate a particular sound at all, or does it incorrectly, then
it m ay be tim e to m ake adjustm ents to the child‒s hearing aids, earm old system , or cochlear
im plant program m ing in order to im prove the child‒s access to that sound (usually it is a set of
sounds sim ilar to the m issed one).

O n the other hand, an incorrectly im itated speech sound could occur because the child has
not learned to listen for its essential features. For exam ple, the child m ight be confusing the b
and the m  sounds. These are tw o sounds that he can hear, but they sound the sam e to him  or her
because he has not learned to listen for their distinguishing features. The child‒s fam ily or aural
habilitationist can use auditory-based techniques to help him  perceive the salient differences
and to produce the sounds differently.

A nother reason that the child being able and w illing to im itate is useful is for checking
w hether or not the child‒s cochlear im plant or digital hearing aids have been appropriately
program m ed. If the child could hear and im itate a particular sound, and then suddenly is unable
to, then it is likely that the child no longer has adequate auditory access to the acoustic
inform ation necessary for perceiving it. In this case, im provem ents to the program  are likely to
result in im m ediate restoration of the child‒s ability to hear and im itate the target sound(s). If
the child has never been able to hear or produce the sound, w hen auditory access is provided
he is unlikely to suddenly produce it correctly (although that som etim es does happen).
H ow ever, w ith a few  days of focused attention on the sound in playful speech activities, he is
likely to show  m ajor im provem ent.

H ow  to E ncourage a C hild to Im itate

If the child is 2 to 5 m onths old and is w earing hearing instrum ents that provide him  or her w ith
appropriate access to speech, then engaging in playful speech is usually easy. Infants at this age



w ill often babble back and forth w ith an adult, if the adult has playfully im itated a sound that
the infant just produced. M ealtim es and diaper-changing tim es are great tim es to get a vocal
volley of this nature going.

If the child is no longer an infant, then playful speech activities can becom e one of the w ays
in w hich caregivers and toddlers interact w ith each other. The child vocalizes; the adult
sm iles, leans tow ard the child, im itates the vocalization, and w aits expectantly for the child to
vocalize again; the child vocalizes; and the adult im itates w hatever the child said; and so on. If
the child does not seem  to have the idea of this kind of back-and-forth babbling gam e, then try
nonverbal im itative gam es. These im itative gam es can be ―speechy,‖ such as im itating m outh
m ovem ents (raspberries, sticking out the tongue in different goofy directions, pursing the lips,
kissing), or im itating hand m otions and facial expressions for ―M m m m m ‖ or ―Yuck!‖ or
im itative singing gam es such as ―Eensy W eensy Spider.‖ Taking turns kissing sm all plastic
anim als one at a tim e and tossing them  in a fishbow l (no fish in it!) or a glass carafe filled w ith
w ater is another playful im itative gam e. A fter the plastic toys are in the w ater, it can be stirred
to m ake a w hirlpool bath. The idea is to catch the child‒s fancy, keep it playful, and have him
im itate w ithout thinking about it.

A nother w ay to elicit im itation is using a toy that can be operated w ith a sw itch or a
squeeze ball that is out of sight, such as a hopping frog or O scar com ing out of his garbage can.
The adult m odels the m otion or w ords (―H op hop hop‖ or knocking on O scar‒s garbage can,
and saying, ―O scar, com e out!‖). Then the toy is m oved tow ard the child, and the child is
encouraged to im itate the adult‒s m odel. N othing happens until the child does w hat‒s needed, or
unless the adult repeats the m odel. Then the toy needs to be put aw ay so that the child does not
discover w hat w as actually m aking the frog hop or O scar com e out.

O nce the child w ill play im itative turn-taking gam es, start to build specific speech sounds
into the play. It is im portant to vary the length of the speech sound strings, as w ell as to vary the
intonation and loudness. Listening for and im itating increasingly longer strings of reduplicated
and alternated syllables has the added bonuses of helping build the child‒s auditory m em ory
(listening and rem em bering) and practicing the autom aticity needed for articulation in running
speech.

Sound-Toy A ssociations

O ne frequently suggested early intervention strategy is to associate a deliberately selected
sound w ith a particular toy or w ith a frequently occurring event (C ole et al, 2005; Estabrooks,
2006; Ling, 2002). Sound-toy association has several benefits, including enhancing the child‒s
perception and production of speech sounds. (It also teaches a consistent sound/w ord for each
of the toys or activities.) Exam ples follow  of sound-toy and sound-event associations that can
be used in m any daily situations, but the caregiver can m ake up others that w ill recur frequently
in their particular hom e routines.

To H ighlight Intonational Variation

U se dram atic expressions such as ―U h-oh‖ (for things falling dow n), ―A ll gone‖ (for food
being finished or toys rolling under furniture), ―O h no!‖ (for toys colliding or breaking or



accidents of all kinds), ―W ow !‖ (for delightful events), ―M m m m ‖ (for anything sm elling or
tasting good), ―A aaaaaa‖ or A aaaaaaeeeeeee‖ or ―A aaeeeaaaeee‖ of long duration (to signify
flying of airplanes or birds). Produce the phrases w ith very m arked high/low  contrasts of the
intonational contours.

To H ighlight Variations in Intensity

U se ―Shhhh!‖ and a w hisper for any quiet events such as a baby or doll sleeping. Play the
―w ake up‖ gam e w here one person closes his eyes and pretends to sleep (―Shhhh! X  is
sleeping.‖). The other one shouts (―B oo!‖ or the person‒s nam e) to w ake him  up.

To H ighlight Variations in R hythm ic Patterns (D uration)

U se expressions that have interesting contrasts of rhythm ic patterns such as ―So “  big!‖; or
―D rip drip drip‖ for a faucet or for rain falling off of a flow er versus ―Shhhhhhhh‖ (sound of
w ater com ing out of faucet quickly) or ―Pitter-patter‖ for ongoing rain; or ―M m m m ‖ for
som ething sm elling or tasting good, versus ―Yuck!‖ for the reverse; or ―U p up up up‍ dow n “
‖ for a sm all doll clim bing up a slide and then com ing dow n; ―C hoo-choooo “  ‖ for the train‒s
w histle, and ―C h-ch-ch-ch‖ for the train m oving (pretend they still sound like that).

To H ighlight Specific Vow el Sounds

For /a/ ―H op hop hop‖ (a rabbit or a frog) or ―H ot!‖
For /i/ ―Peek-a-boo!‖ or ―Peek!‖ or ―G o to sleep!‖ ―W hee!‖
For /u/ ―B oo!‖ or ―M oooooooo‖ or ―O oooooo‖ (train w histle)
For /au/ ―M eow ‖ or ―B ow w ow ‖ or ―O w !‖ or ―R ound and round‖
For /ai/ ―B ye-bye‖ or ―eye‖ or ―H i!‖
For /β/ ―bed‖ or ―w et‖
For /ς/ ―push‖ or ―w oof w oof‖
For /ae/ ―quack quack‖ or ―D addy‖
For /Θ / ―up‖ or ―cut‖
For /o/ ―nose‖ or ―N o no!‖ or ―It broke.‖ ―It‒s broken.‖

To H ighlight Specific C onsonant Sounds

For /b/ ―B ye-bye‖ or ―Boo!‖
For /p/ ―Pppppppp‖ (boat sound) or ―Pop!‖ (bubbles)
For /w / ―W alk, w alk, w alk‖ (any toy or person w alking)
For /m / ―M m m m m m m !‖ (for som ething sm elling or tasting good)
For /h/ ―H i!‖ or ―H o ho ho!‖ (Santa Claus)
For ¾ ―Shhhhh!‖



For /f/ ―O ff!‖ or ―foot‖
For tƐ ―C h-ch-ch‖ (train sound)

To be effective, the sound should be used consistently whenever the child plays w ith the
toy or the event occurs. The child can thus learn in a very natural m anner to associate
the toy or event w ith both listening for and producing the chosen sound. O nce the child
can, using audition alone, select or indicate the toy or activity for a set 6 to 8 item s, he
has dem onstrated that he can associate a sound w ith a toy, and understands how  to do
auditory selection using sounds, w ords, or phrases. It is im portant alw ays to surround
the targeted sound with talk about the toy or activity (―I hear a boat that‒s going ppppp
very quietly.‖), so that the child doesn‒t begin to think that a ―pppppppp‖ is a boat.
W hen the child has dem onstrated that he or she can say ―ppppp,‖ it is tim e to drop
that sound as a label for the boat, and tim e to use the real w ord for boat, pairing it
w ith the ―ppppp‖ but soon insisting on usage of the w ord, not just the sound.

Parent G uidance Sessions or A uditory-Verbal Therapy
Sessions

W hen the goal is for the child w ith hearing loss to learn to talk, the child‒s parents need
inform ation and guidance from  professionals w ho specialize in developing spoken language
through listening. O ften, that support occurs through A uditory Verbal Therapy or through parent
guidance sessions. Parent guidance sessions or A uditory-Verbal Therapy sessions should be
part of the intervention plan for any fam ily w ith a young child w ho has hearing loss. For
children in the birth to three age range, federal law  currently requires that sessions occur in
naturalistic environm ents. This generally is interpreted to be the child‒s hom e or day care
center. The principle of providing intervention in com fortable, norm al settings is a valid one
for children w ith m any types of disabilities. H ow ever, for children w ith hearing loss w ho are
learning spoken language through listening, the hom e or daycare can som etim es present so
m uch noise that the child cannot hear anything but the noise. If the noise cannot be reduced or
elim inated, a different, quiet setting m ust be found to be able to provide an appropriate
listening and learning environm ent that takes into account the unique listening needs of a child
w ith a hearing loss. This is the only w ay that the parent w ill be able to know  that the child
really can learn through listening.

The sam e concern about noise exists for children in the 3- to 6-year-old age range w ho are
in preschool group settings, as described in Chapter 6. Individual sessions for children in the
3- to 6-year-old range also need to take place in a quiet setting. For children in group
preschool settings, individual sessions w ith the aural habilitationist m ay take place on a daily
basis. H ow ever, parents of preschoolers need to be involved in the sessions at least once a
w eek so that all of the child‒s team  is w orking on the sam e goals and objectives in a sim ilar



m anner, and so that the parent can engage in ongoing discussion about the child‒s equipm ent,
instructional program , and progress. This is very im portant for m ost parents of preschoolers
w ith hearing loss, and crucial for parents w hose child‒s hearing loss w as discovered late.

The sessions are carefully preplanned by the professional to include tim e to talk w ith the
parent about how  the child is doing, as w ell as tim e for diagnostic therapy w ith the child for
checking progress, for determ ining w hat‒s next in stretching the child‒s abilities, and for
dem onstrating techniques and activities to teach targets. Parents are present and participating
for all of each session, since the parent is expected to im plem ent suggestions and activities at
hom e. H ere is a list of the kinds of things that need to be accom plished in a session.

C om ponents to B e A ccom plished in a Typical Preplanned
Session

C onfirm ation that the child has access to sound.
C hecking w ith parent about child‒s progress and the parent‒s hom ew ork.
D iagnostic practice through play on specific auditorylinguistic targets w ith aural
habilitationist and parent changing roles throughout as the person interacting w ith the child;
aural habilitationist coaches, as appropriate. A ctivities are playful, geared to child‒s
needs, paced to child‒s interest/ stam ina level, and interspersed w ith songs, books, gross
m otor m ovem ent, and play, as appropriate. D epending on the child‒s age and attention span,
there could be as m any as 10 or 12 toys played w ith in a preplanned fashion, or as few  as 4
or 5 toys or preplanned activities.
Parent and aural habilitationist discuss any of the follow ing:

Issues of concern to parent
Inform ation that needs to be taught
W hat w ill be done at hom e during the next w eek by parent and child (hom ew ork)

C losing routine w ith child; could include turning off lights, picking up toys, saying good-
bye, w alking to door.

The aural habilitationist‒s job is to create activities that w ill both teach and test the child‒s
ability to m eet the target(s) that are on his agenda. Experienced therapists say that they
approach that task from  tw o different directions. O ne is to start from  the direction of the target
or goal. In considering the target, w hat playful and enticing activity could be done that w ould
cause the child to ―fall over‖ the target m ultiple tim es? The other w ay of approaching the
planning of the session is to consider first the kinds of activities and toys that the child w ill
enjoy, and then to see how  those toys can be used to provide playful practice on the child‒s
targets. The challenge of solving this puzzle for assisting each child to achieve m ultiple
auditory, language, and speech targets playfully is at the heart of preplanned intervention for
children w ho have hearing loss.

N ot surprisingly, general principles for intervention include m any of the sam e strategies
discussed above for em bellished interacting. A  list follow s:



U sing m otherese (except not using a higher vocal pitch)
Providing reasons to talk
K eeping the com m unication m eaningful and inform ative
U sing m ultiple exem plars
Enticing the child to com m unicate
U sing routines or ―scripts‖ for certain activities (includes songs and rhym es)
Providing choices for the child to m ake so that com m unication is m eaningful
Expanding the child‒s utterances
Extending the child‒s utterances
Encouraging im itation
Encouraging initiations and self-generated language from  the child
A lw ays pushing on to the next step (If the child can say big, teach him  huge, gigantic,
m am m oth, and even gi-norm ous.)
U sing literature
K eeping it playful

Sam ple Preplanned Scenario

A n exam ple of a preplanned core activity w ith a 20-m onth-old and his m other follow s. The
event took approxim ately 15 m inutes from  beginning to end. This is an exam ple of diagnostic
practice on specific auditory and linguistic targets. The child‒s equipm ent has already been
checked, and the parent‒s hom ew ork from  the previous w eek discussed.

The C ontext

The aural habilitationist, the m other, and the child are sitting at a sm all table. This particular
child has a severe hearing loss that w as identified 4 m onths before this session. H e is just
beginning to produce vow els w ith som e variety and on dem and. The aural habilitationist has
three sm all toys hidden in a box: a rabbit (for /a/ in hop hop hop); a cow  (for /u/ in m ooo); and
a dog (for /au/ in bow  w ow ). The specific speech goals in the aural habilitationist‒s m ind are
for the child to im itate /a/, /u/, and /au/ in the course of the activity; the auditory goals are to
participate in the routines for listening, and to select correctly each toy w hen its sound is
produced. The language goals include learning hop, m oo, and bow  w ow  as lexical item s of a
sort, as w ell as m ore inform al goals of being optim ally exposed to language and
com m unication.

The choice of hop hop hop and m oooo and bow  wow  as three w ords using the three target
phonem es w as not random . The three w ords provide salient contrasts in duration w hich m ay be
the acoustic param eter that the child first utilizes in discrim inating am ong them . Further, they
are all m id- to low -frequency, intense sounds, w hich enhances the likelihood of the child easily
detecting them  and attending to them . A nd finally, /au/ is a diphthong requiring rapid tongue
m ovem ent (alw ays a desirable target) from  the /a/ part to the /u/ part of the diphthong.



The A ction

The aural habilitationist shakes the box, looking intrigued, and says, ―I hear som ething. I think
there‒s som ething in the box “ Listen, M om m y!‖ The aural habilitationist hands the box to the
child‒s m other.

The m other also shakes the box, looks interested and curious, and says, ―I hear som ething too!
H ere, A lan‍ you w ant to listen too?‖ She hands the box to the child.

A lan shakes the box w ith vigor, vocalizing w ith a central vow el sound he frequently uses.

The m other sm iles and says, ―You hear that too, don‒t you!‖

E xplanation

The box-shaking routine is done to encourage the child to listen and to be curious about sounds
he hears. B y having the m other listen, and then react to hearing the sound, the aural
habilitationist has provided the child w ith a m odel of listening and of being interested and
excited about listening. A lso, by having the parent im m ediately take over and perform  the sam e
activity, the aural habilitationist dem onstrated an em bellished inform al strategy for the parent
that could be used in other everyday instances. If there w as som e problem  in the parent‒s
ability to carry out the activity, the aural habilitationist could gently coach the parent right at
that m om ent.

The A ction

A lan starts to try to open the box. The box is purposely fastened in such a w ay that a child
cannot open it. A lan hands the box to the aural habilitationist, looks her in the eye, and
vocalizes.

E xplanation

The box is ―child-proofed‖ so that the child w ill be required to ask for help in order to get it
open. This creates a need for the child to express a request for an action, and allow s exposure
to an ―O pen the _____‖ routine.

The A ction

The aural habilitationist accepts the box and says, ―O h, okay. You w ant m e to open the box.
H ere, I‒ll open it for you.‖ The aural habilitationist quickly rem oves the rabbit from  the box
and conceals it in her hand. She says, ―I found a little bunny rabbit! This rabbit goes hop hop
hop.‖ A s she says ―hop hop hop,‖ she brings up her hand holding the rabbit to partially conceal



her m outh. She says ―hop hop hop‖ again in this w ay, and then reaches her hand out (still
holding the rabbit) tow ard the m other‒s face.

The m other recognizes this as a cue to repeat w hat the aural habilitationist said and did. The
m other im m ediately says, ―The rabbit goes hop hop hop,‖ and m akes the rabbit hop. The
child‒s eyes are on the rabbit, not on the m other‒s lips, so the m other does not try to conceal
her m outh.

The aural habilitationist then says, ―Yes! It goes hop hop hop,‖ holding the hand-concealed
rabbit in front of her m outh again, sm iling, and looking pleased. She then reaches it tow ard the
child‒s m outh, as she had just done w ith the m other, as a cue for the child to produce (im itate)
the sounds. The child says ―A  a a,‖ and the aural habilitationist sm iles and says, ―Yes, that‒s
right. The rabbit goes hop hop hop right over to you!‖ She gives the rabbit to the child to play
w ith for a few  m inutes.
(The action to this point has taken about 60 seconds, at m ost; the child plays w ith the rabbit for
another m inute or tw o.)

E xplanation

The aural habilitationist‒s actions are intended to encourage the child to listen to and im itate
the hop hop hop. She conceals the rabbit to add an elem ent of m ystery. She speaks in phrases
and sentences of norm al length, and uses the hop hop hop target in a sentence, not just in
isolation. The aural habilitationist covers her m outh in order to require that the child listen to
the target. The hand cue is consciously used in order to signal the m om ent w hen the other
person is supposed to im itate. The m other is again used as a m odel for the child‒s behavior. If
the child had not im itated, the m other could have dem onstrated hop hop hop again; then the
child could be given one m ore opportunity to produce the target prior to being given the toy.
The child needs to be given the toy as a rew ard for staying involved in the activity, even if he
does not produce the sound!

The A ction

Then the aural habilitationist brings out a toy barn and places it on the table in front of the
child. The aural habilitationist says, ―A lan, the rabbit is so sleepy. H e w ants to go to sleep. H e
w ants to go to sleep in the barn.‖ She opens the barn door and puts the rabbit inside. The aural
habilitationist says, ―N ight night, rabbit. G o to sleep. Shhhh!‖ She shuts the barn door, pushes
the barn to the far side of the table out of the child‒s reach, w hile saying, ―N ight night, rabbit.
Shhhh!‖ again.
(The going-to-sleep episode takes 10 to 20 seconds. It could be m ore if the child participated a
great deal, or if he objected to giving up the toy.)

E xplanation



This sam e routine is repeated for the other tw o toys (the cow  and the dog), w ith the parent
being the one w ho controls the toys, exposes the child to the targets, and attem pts to elicit them .

The A ction

A fter all three anim als are safely sleeping in the barn, the aural habilitationist glides right into
an auditory selection activity. W hile A lan is looking at the barn w here the last anim al just
disappeared, the aural habilitationist can say, ―Uh-oh. Tim e to w ake up, cow ! C an you w ake up
the cow , A lan? I w ant the one that goes ‐M oooo!‒ C an you w ake up the one that goes
‐M oooo‒?‖ A lan looks blankly at the aural habilitationist. The aural habilitationist says, ―Let‒s
see if M om m y can help. M om m y, can you get m e the one that goes ‐M oooo‒?‖

The m other does, saying ―C om e on, cow . W ake up. Tim e to go! M oooo!‖ The m other puts the
cow  back in the box the aural habilitationist is holding and says, ―B ye-bye, cow ! M oooo!‖ The
exit of the other anim als is sim ilarly handled, w ith the child being given every opportunity to
select the correct toy based on the auditory m essage alone, as w ell as to produce the sound.
The activity is over w hen the last anim al is inside the box.

The aural habilitationist and the m other then discuss all the w ays in w hich ―hop hop hop‖ and
―shhhhh‖ m ight com e up during the next w eek, and how  the parent w ill try to em phasize these
tw o w ords through daily play and interacting.

E xplanation

This part of the activity allow s the toys to be left on the table but out of sight, and out of
im m ediate consideration. It also allow s for exposure to the routines for ―G o to sleep‖ (for the
/i/ sound) and to ―Shhhh!‖

M ost of the basic principles for effective language facilitation are there. The context is
play; the language is norm al; the targets are generally incorporated into com plete sentences;
m uch repetitive but varied exposure to the targets is provided; at the aural habilitationist‒s
request, the m other dem onstrates auditory and speech behaviors for the child; the aural
habilitationist dem onstrates strategies for the parent to use to encourage the child to listen and
to im itate; the parent attem pts the activities im m ediately after the aural habilitationist; and the
parent, rather than the aural habilitationist, does the m ajority of the interacting w ith the child.

Substructure

Preplanned teaching events generally have three parts: (a) getting the toys or m aterials out in
front of the participants, (b) playing w ith the toys or m aterials, and (c) getting the toys or
m aterials put aw ay again. Each part of the event has auditory, speech, language, and
m anagem ent routines associated w ith it w hich, once learned by all the participants, m ake the



event flow  sm oothly.
In this exam ple, the speech and language routines are centered on consistent use of the

sound-toy and sound-event associations. Exam ples from  the session include the box-opening
episode (―O pen the X ‖) and the episode w here the anim als w ere put to sleep in the barn (―G o
to sleep. Shhhh!‖). O ne auditory routine in the illustration occurs at the outset w here the box is
shaken, m aking a noise, and the aural habilitationist and the m other m odel listening behavior
w hile talking about it. W hen the aural habilitationist and the m other conceal their m ouths, it is a
routine intended to require the child to listen carefully. But it also could be considered a
m anagem ent routine, w hereby the child is being cued to listen as a preface to being asked to
im itate or respond. U sing the m other to m odel correct responding behavior probably also
provides the sam e sort of m anagem ent cue (―B e alert‍ you are next!‖) as does the practice of
holding a closed hand near the m outh of the person w hose turn it is to speak.

It should be noted that these are not routines until the child and parent have participated in
them  a num ber of tim es!

A bout the B enefits and L im itations of Preplanned Teaching

For the child w ho cooperates easily, there is likely to be one m ajor benefit: The tim e required
for the child to acquire the targets through natural exposure m ay be reduced. This m ay happen
because of the greater am ount of repetition provided, and because of the increased dem ands for
im itative practice that occur in a teaching event of this kind, w hich is surely instructionally
intense. For the aural habilitationist w ho em ploys this kind of activity, there m ay accrue a
feeling that tangible progress is being carefully crafted, and that ―real‖ teaching is going on.
The parent m ay also feel com fortable w ith preplanned activities for those reasons.

H ow ever, one concern about direct teaching of specific targets is that the child‒s learning
m ay not generalize to other situations, or in the w orst case, the targets learned m ay not even be
appropriate for use in situations other than in therapy. This is clearly som ething to guard
against in planning.

In addition, the adult is very m uch in charge of this kind of activity, and the child‒s prim ary
role is to cooperate by listening, im itating, and doing w hat he or she is told. For som e children,
even at 5 years of age, these are very exacting dem ands! H ow ever, although the period from  18
m onths to 3 years (and older) is notorious as a tim e for children to be asserting their
independence through the full variety of noncooperative tactics, a num ber of young children
really enjoy short periods of adult-directed play. The success of this type of activity seem s to
hinge on the child‒s desire to com ply, and on teacher or parent ability to keep the child‒s
interest and enthusiasm  high.

Strategies for m aintaining the child‒s interest and enthusiasm  are ones that prom ote the
activity‒s naturalness and inform ality. These include playing w ith vigor and enthusiasm ;
sm iling, patting, and hugging the child; joking; using age-appropriate toys; creating m ystery and
curiosity (hiding the toys); letting the child be as active as possible (letting the child shake the
box and eventually play w ith the toys); giving the child choices to m ake; judging the pace of the
steps appropriately (m oving quickly from  one step to the next, but at the sam e tim e pausing to



allow  the child sufficient tim e to participate); and recognizing and responding in a positive
m anner to all of the child‒s attem pts to com m unicate. These strategies m ask the adult-
directiveness and m ake the preplanned teaching event com m unicative and fun.

The m ost im portant thing to rem em ber in im plem enting intervention intended to help the
parent help the child learn to talk is to listen to the parent and to the child. Plans are m eant to
be carefully prepared, and then tossed rapidly out the w indow  if com petencies or interests
w ere im properly estim ated, or if other needs arise that are m ore pressing, such as a grandm a
com ing to visit, or the child not responding auditorily as w ell as several days ago, or the child
having learned how  to pum p on the sw ing, or the parent having a m eltdow n from  trying to keep
hearing aids on very tiny pliable ears, or a fam ily of turkeys w alking by the w indow . D on‒t
ever let lessons get in the w ay of life!



A P P E N D IX
1

H ow  to G row  Your B aby‒s/C hild‒s B rain

This is a handout that can be given to all fam ilies w ho have infants or children w ith any type
and degree of hearing problem .

Above all, love, play, and have fun with your child!
1. The quieter the room  and the closer you are to your child, the better you w ill be heard.

The child m ay have difficulty overhearing conversations and hearing you from  a distance.
You need to be close to your child w hen you speak. K eep the TV and CD  player off w hen
not actively listening to them .

2. Your child m ust wear his or her hearing aid or cochlear im plant during all waking
hours (except bathing or sw im m ing, of course), every day of the w eek. The brain needs
constant, detailed auditory input in order to develop. K now ingly depriving your child of
this access is a form  of neglect. The technology is your access to the brain and your
child‒s access to full know ledge of the w orld around him . If your child pulls off the
devices, prom ptly, persistently, and calm ly replace them .

3. C heck your child‒s technology regularly. Equipm ent m alfunctions, often. Becom e
proficient at troubleshooting.

4. U se an FM  system  at hom e to facilitate distance hearing and incidental learning. A n FM
system  can be used during reading, too, to im prove the signal-to-noise ratio and to
facilitate the developm ent of auditory self-m onitoring. Place the FM  m icrophone on the
child so that she can clearly hear her ow n speech, thereby facilitating the developm ent of
the ―auditory feedback loop.‖

5. Focus on listening, not just seeing. Call attention to sounds and to conversations in the
room . Point to your ear and sm ile, and talk about the sounds you just heard and w hat they
m ean. U se listening w ords such as ―You heard that,‖ ―You w ere listening,‖ and ―I heard
you.‖

6. M aintain a joint focus of attention w hen reading and w hen engaged in activities. That is,
the child looks at the book or at the activity w hile listening to you.

7. Speak in sentences, not single w ords, w ith clear speech using lots of m elody. Speak a bit
slow er to allow  the child tim e to process the w ords. M any adults speak faster than m ost
children can listen.

8. Read aloud to your child, daily. Even infants can be read to, as can older children. Try to
read at least 10 books to your baby or child each day. W e should be reading chapter



books by preschool.
9. Sing and read nursery rhym es to your baby or young child every day. Fill her days w ith

all kinds of m usic and songs to prom ote interhem ispheric transfer.
10. N am e objects in the environm ent as you encounter them  during daily routines. Constantly

be m indful of expanding vocabulary.
11. Talk about and describe how  things sound, look, and feel.
12. Talk about w here objects are located. You w ill use m any prepositions such as in, on,

under, behind, beside, next to, and between. Prepositions are the bridge betw een
concrete and abstract thinking.

13. C om pare how  objects or actions are sim ilar and different in size, shape, quantity, sm ell,
color, and texture.

14. D escribe sequences. Talk about the steps involved in activities as you are doing the
activity. Sequencing is necessary for organization and for the successful com pletion of any
task.

15. Tell fam iliar stories or stories about events from  your day or from  your past. K eep
narratives sim pler for younger children, and increase com plexity as your child grow s.
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A pplication and Instructions for the L ing 6-7
Sound Test

The Ling 6-7 sounds are /oo/, /ah/, /ee/, /s/, /sh/, and /m /. The seventh is a silent interval.
For a child 18 m onths of age and older, start out sitting next to the child about three inches

aw ay, and encourage the child to drop a toy or block into a container w hen he or she detects
each sound. You m ay need to have parents and/or older siblings m odel this behavior or
provide a ―hand-over-hand‖ facilitation for the child before he or she begins to listen and drop
independently. Continue saying the sounds and gradually, one step at a tim e, m ove aw ay from
the child. N ote the distance cutoffs. O nce you know  the child‒s distance hearing, adm inister the
test only at that distance. There is no need to start close because the issue is the m onitoring of
distance hearing. D istance hearing depends on the hearing loss, hearing for that day, am bient
room  noise, and hearing aid or cochlear im plant efficiency. A ll consonants and vow els should
be detected out to 40 feet in quiet w ith cochlear im plants. For children w ho w ear hearing aids,
the /sh/ and /s/, due to their w eak acoustic energy and high frequencies, m ay need m uch closer
distances for detection than vow els.

For children betw een the ages of 6 m onths and 18 m onths, have the child sit in a high chair.
A test assistant w ill need to have ―quiet toys‖ for the child to play w ith or look at to keep the
child occupied. W ith the presenter standing behind the child and out of the child‒s visual range,
present each of the Ling-6 sounds individually. N ote w hen the child turns to look for the sound
presented. The assistant should then regain the child‒s attention w ith the quiet toys, so the next
Ling sound can be presented.

For children less than 6 m onths of age, hold the child close to you w ith the child‒s best ear
or hearing aid nearest you. Sing the Ling 6 Song to the tune of ―W heels on the Bus,‖ w hile
rocking the child back and forth. Include siblings and other fam ily m em bers by using ―hand
cuing‖ or ―toy cuing‖ to encourage them  to repeat the Ling 6 sounds as presented in the song.
This w ill act as a m odel for the child and w ill help to acoustically highlight the Ling 6 sounds
for the infant.

Take care to produce all sounds at a norm al conversational loudness. D o not increase
your intensity or sound duration as you increase your distance from  the child.
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Targets for A uditory/Verbal L earning

Prerequisite for Auditory Brain D evelopm ent:

*C hild/Student w ears hearing aid/im plant all w aking hours.

*For all distance listening activities, the teacher needs to be sure to know  the range of
hearing that the child‒s technology allow s (e.g., can the child detect /s/ at 8 inches, 30
feet, or som e other distance).

D irections: These are targets for auditory/linguistic learning that, over tim e, should be
dem onstrated by a child w ith hearing loss w ho is learning spoken language through listening.
See Chapter 7 for a m ore com plete explanation of the usage of this chart.

A suggested w ay of tracking developm ent of the behaviors is to w rite the observation dates in
the corresponding colum n. ―Rarely observed‖ refers to behaviors that are observed less than
50%  of the tim e, ―Em erging‖ behaviors are those w hich occur approxim ately 50 to 75%  of the
tim e w hen they could have occurred, and behaviors w hich are ―A ppropriate D em onstrated‖
are those that occur approxim ately 80%  or m ore of the tim e w hen they could have occurred.



Phase I: B eing Aw are of Sound

Phase II: C onnecting Sound w ith M eaning



Phase III: U nderstanding Sim ple L anguage T hrough L istening



Phase IV: U nderstanding Increasingly C om plex L anguage T hrough Listening








