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uch evidence suggests that, early in life, auditory input and communication are

essential for the normal development of language, cognition, and behavior. Thus,

deaf children, who experience significant disruptions in auditory input, are likely

to show delays not only in the production of oral language but in other important

aspects of development such as visual attention and behavioral control. Cochlear implants have

shown tremendous promise in restoring auditory information to deaf children and concomitant

improvements in speech recognition and production. However, little is known about how coch-

lear implants affect psychological variables. In this multisite trial, we assess the effects of cochlear

implants on a range of developmental outcomes, including visual attention, problem-solving skills,

symbolic play, and social adjustment. Measuring these constructs in young children, primarily younger

than 2 years, has presented a number of unique challenges. In this article, we describe the meth-

ods used to assess these variables in young children and present preliminary findings comparing

joint attention and symbolic play skills in a small sample of age-matched deaf and hearing chil-

dren. As expected, deaf children performed more poorly than hearing children on measures of at-

tention and symbolic play. As auditory input is restored via a cochlear implant, we predict that
significant improvements in these variables will be observed.
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There is considerable evidence to suggest
that, early in development, auditory in-
put and communication are essential for
the normal growth of language, cogni-
tion, and behavior. For example, soon af-
ter birth, infants look in the direction of
sound,! and as they mature, they look
longer at visual events whose temporal
rhythms match what they hear.>* Across
the life span, there is also evidence that
sights and sounds that correspond lead to
deeper processing of information,*® which
suggests important dependencies be-
tween these sensory modalities.” Thus, we
have hypothesized that the disruption of
auditory input in young deaf children is
likely to have multiple cascading effects

on cognitive, behavioral, and social de-
velopment.®?

Although a growing number of stud-
ies indicate that cochlear implants lead to
improvements in language and commu-
nication in deaf children,''? less is known
about how they affect broader aspects of
development such as attention and behav-
ioral control.>* Previous research on the
effects of cochlear implants has been nar-
rowly focused on influences and out-
comes in a single domain of develop-
ment (eg, speech recognition). Fewer
studies have examined the benefits of coch-
lear implantation across multiple do-
mains (eg, cognitive and behavioral) or
considered other influences on the child’s
development, from parental sensitivity to
behavioral regulation. Through our re-
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search, we hope to advance this type of sys-
tematic evaluation of the effects of coch-
lear implantation on the “whole child.”
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In terms of the psychosocial consequences of child-
hood deafness, several studies have found that hearing-
impaired children are at greater risk for behavior prob-
lems, emotional difficulties, and delays in academic
achievement.*'® For example, in a series of computer-
ized visual attention tasks," an average of 71% of the
hearing-impaired children scored in the borderline/
abnormal range vs only 9% of the normal-hearing sample.
On a standardized measure of behavior problems'” com-
pleted by parents and teachers, close to half of the par-
ents in the hearing-impaired group rated their children
as having clinically elevated levels of behavior prob-
lems, particularly those related to impulsivity and inat-
tention, and teachers rated nearly a third of the hearing-
impaired children as having a substantial number of
behavior problems. Interestingly, we found strong rela-
tionships between performance on the visual attention
task and ratings of child behavior by parents and teach-
ers. Children who had more difficulty in the selective at-
tention task were also rated as having more externaliz-
ing behavior problems. These data fit with other results
showing that children with hearing losses tend to score
lower than hearing children on tests of verbal skills, aca-
demic achievement, and social development.'®'?

Lack of auditory input also profoundly affects com-
munication between an infant and caregiver, posing an
additional threat to optimal development.?**' All of the
available evidence indicates that normal development re-
quires some level of effective communication between
parent and child, and since the vast majority of deaf chil-
dren are born to hearing parents, this “mismatch” be-
tween the hearing status of the child and parents may pre-
sent a significant barrier to both communication and
development of the parent-child relationship.?***

A variety of observational studies have found that hear-
ing mothers of young deaf children tend to engage in more
controlling, directive, and intrusive interactions with their
children and are less likely to respond contingently to their
behavior.?*?® These differences in maternal sensitivity are
likely the result of difficulties in communication within
the dyad and the challenges of meeting the deaf child’s
needs.?’ Free-play assessments have also found consis-
tent evidence that deaf children spend less time than hear-
ing children engaged in joint attention and spend signifi-
cantly more time alone with objects.”® The ability to engage,
direct, and disengage attention may be a precursor for the
development of cognitive and communicative compe-
tence.” In a study comparing visual attention in deaf chil-
dren using cochlear implants vs hearing aids, researchers
found significant improvements in visual attention for the
cochlear implant group, and these improvements oc-
curred rapidly, preceding the measured improvements in
oral language ®

For our study, we hypothesize that increases in au-
ditory input via a cochlear implant will lead to improve-
ments in visual attention as the child becomes more re-
sponsive to his or her environment.®’ For example, as
the child gains skill in attending to input from the mother,
including language, the mother will be more likely to re-
spond in a sensitive and developmentally appropriate
manner, which in turn will elicit reinforcement from the
child. Studies examining parent-child interactions have

shown that maternal sensitivity is a significant predic-
tor of the development of child language, after control-
ling for initial levels of language and family characteris-
tics.*! Associations among these domains of development
are complex, and newer theories indicate that rather than
being discrete or separate, the processes linking lan-
guage to cognition, affect and behavior, are dynamic and
bidirectional.”*? Thus, in our work, we plan to measure
these variables longitudinally and examine their links and
interactions over time.

The present article reports on the progress of an on-
going study recently begun to evaluate a broad range of
outcomes in young deaf children receiving cochlear im-
plants. The overarching premise of this larger study is
that earlier restoration of auditory input via a cochlear
implant will facilitate a more normal trajectory of devel-
opment in deaf children and potentially assist them in
reaching developmental milestones equivalent to those
of their hearing peers.

This larger study will be unique in several respects.
First, most of the deaf children enrolled will be younger
than 2 years, which could highlight the importance of ear-
lier restoration of auditory input for children’s develop-
ment.”?** Second, a range of psychosocial outcomes will
be assessed, including the child’s visual attention and prob-
lem-solving skills, level of symbolic play, and social ad-
justment. Third, we will attempt to capture the bidirec-
tional processes that potentially lead to successful use of
a cochlear implant, including parents’ communicative com-
petence, the child’s development of oral language, and the
quality of the parent-child relationship. Finally, to ad-
dress the complex set of questions associated with this area
of research, we have used a multidisciplinary approach,
bringing together expertise from otolaryngology, audiol-
ogy, speech pathology, and psychology.

Given the young age of the deaf children in our study,
it has been challenging to develop age-appropriate tasks
to measure our key constructs. In the present article, we
will outline the innovative methods we are applying in
our ongoing study and will illustrate their use with some
preliminary data comparing deaf children with hearing
controls.

FREE PLAY

Developmental research commonly uses 10 minutes of
free play with a set of age-appropriate toys, typically with
the parent present.”>*° In our study, we are using one set
of toys for children 24 months and younger and a dif-
ferent set for children aged 24 to 60 months. The parent
and child are directed to “play as you would at home,”
and their interactions are videotaped. Two important con-
structs are measured in this task: parental sensitivity and
joint attention.

Parental Sensitivity

Early in development, parent-child interactions are a key
source of emotional attachment, providing the scaffold-
ing for the development of important cognitive and be-
havioral skills and enhanced opportunities for commu-
nicative experiences.”” Evidence from a variety of studies

(REPRINTED) ARCH OTOLARYNGOL HEAD NECK SURG/VOL 130, MAY 2004

548

WWW.ARCHOTO.COM

©2004 American Medical Association. All rights reserved.



indicates that significant disruptions may occur in
parent-child interactions between hearing mothers
and their infants and toddlers with severe to profound
hearing loss. 20404

In general, observational studies have shown that,
relative to mothers in either hearing or deaf dyads, hear-
ing mothers of deaf children tend to be more control-
ling in their verbal and nonverbal interactions and show
less touch and less positive affect with their deaf chil-
dren.?*** Furthermore, compared with dyads in which
hearing status is matched, interactions between deaf chil-
dren and their hearing parents tend to be shorter and have
more frequent interruptions and a greater likelihood of
parental domination.*** The consequences of these less
sensitive interactions may include less secure attach-
ment, difficulties sustaining attention, and slower devel-
opment of communicative competence.* In a recent pro-
spective study by Pressman and colleagues,’ parental
sensitivity (using the “emotional availability” construct
of Biringen and Robinson*®) measured in a 15-minute free-
play task made significant and unique contributions to
the predictions of child language gains for deaf preschool-
ers over a period of 1 year.

Two types of reliability have been evaluated in tasks
assessing maternal sensitivity: interrater reliability and
stability over time. Agreement on extent of maternal sen-
sitivity between 2 raters observing parent-child interac-
tions has ranged from 75% to 86%; Cohen k coefficients
have ranged from 0.81 to 0.94.2°!%% Stability of this con-
struct was examined in one study* and ranged from 0.39
(age 6-15 months) to 0.48 (age 24-36 months). These
data would suggest that maternal sensitivity can be re-
liably assessed by independent coders and is reasonably
stable over time. Through our ongoing study, we will also
be able to assess the reliability of this construct across
several tasks: free play, problem solving, and “art gal-
lery.” We predict that parental sensitivity prior to coch-
lear implantation will be associated with greater gains in
oral language after implantation. We also predict that pa-
rental sensitivity will increase after implantation and will
continue to increase over 3 years of follow-up as com-
munication and the parent-child relationship improves.

Joint Attention

Recent evidence suggests that attentional control may be
dependent on the integration of multimodal sensory in-
formation.®*° Beginning early in development, sound plays
arole in organizing visual attention, and it is likely that this
tight coupling of what the developing child hears and sees
helps to organize the child’s behavior and learning.”*
Several studies examining visual attention using a
computerized continuous performance task have shown
that deaf children aged 6 to 13 years performed worse
than hearing children.”> However, the results also indi-
cated that older deaf children using a cochlear implant
were able to “catch up” to the performance of their hear-
ing peers.® In a second study,’ deaf children using coch-
lear implants performed better than deaf children using
hearing aids. Additionally, performance on the visual at-
tention task was correlated with parents’ reports of re-
sponsiveness to environmental sounds.’ It should be

noted, however, that a recent effort to replicate these re-
sults did not find deficits in visual attention in the deaf
sample.”! The reasons for this discrepancy are not clear.

Attentional processes have also been studied in par-
ent-child interaction tasks with young, deaf children. Joint
attention—the ability to attend to both a partner and a
shared event (or object)—is a well-established develop-
mental process that emerges in the first year of life as the
infant begins to regulate attention and affect in dyadic
interactions.”® The developmental course of joint atten-
tion has been well documented in normally hearing chil-
dren and is positively correlated with language develop-
ment.” It begins with simple supported joint attention
in which the mother facilitates the child’s attention to ob-
jects, progressing to coordinated joint attention in which
the child alternates attention from a person to an object,
and moving finally to symbol-infused joint attention in
which symbols (such as language) modulate attentional
processes between the individuals in the dyad.”**

In deaf infants, joint attention appears to develop
normally until approximately age 18 months, at which
point deficits in language and communication (even us-
ing gesture or sign) make it difficult for the deaf child to
engage in symbol-infused joint attention.>**° Prezbin-
dowski and colleagues® found that deaf toddlers be-
tween ages 20 and 24 months spent more time in coor-
dinated joint attention than their hearing peers but
virtually no time in symbol-infused joint attention com-
pared with their hearing peers, who spent nearly one-
third of their time in this engagement state.

Interrater reliability has been evaluated for joint at-
tention studies using both percentage agreement and Co-
hen k. Agreement between coders has ranged from 73%
to 100%, and k coefficients have ranged from 0.61 t0 0.74,
which indicates that joint attention can be measured re-
liably.*%>* Few studies have assessed test-retest reliabil-
ity in joint attention tasks because as the child’s devel-
opment progresses, their attentional skills are likely to
improve.”

In the larger study, we will assess joint attention in
several tasks, including free play, problem solving, and
art gallery, to test the hypothesis that deaf children show
deficits in symbol-infused joint attention prior to receiv-
ing a cochlear implant but begin to spend more time in
this engagement state with their parents after implant sur-
gery. To illustrate this procedure, we coded 3 major lev-
els of joint attention in the 10-minute free-play task for
4 deaf and 4 age- and sex-matched hearing controls us-
ing the coding system developed by Prezbindowski et al.*®
These children ranged in age from 31 to 50 months; no
differences in age were found between the groups (mean
age of deaf preschoolers, 40.0 months; mean age of hear-
ing preschoolers, 40.5 months; t;=0.08, P=.93). They were
also matched for sex, with 3 girls and 1 boy in each group.
Caregivers were also matched: 3 mothers and 1 father in
both groups. Deaf children had just completed their
baseline evaluations prior to implant surgery. Half of
the deaf children were using total communication, and
half were using oral communication. Most of the deaf
children (75%) were in self-contained preschool pro-
grams, and 1 child was not currently attending an edu-
cational program.
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Figure 1. Comparisons of time spent in 3 types of joint attention in a
10-minute free-play task. A single asterisk indicates P<<.01; double asterisk,
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Figure 2. Setup of the room used in the art gallery task.

As predicted, results of these preliminary analyses
indicated that deaf children spent significantly more time
than the hearing children in supported joint attention
(mean, 300.3 seconds for deaf children, 2.5 seconds for
hearing controls; t,=6.85, P<<.001) and coordinated joint
attention (mean, 37.8 seconds for deaf children, 0.0 sec-
onds for hearing controls; t;=3.90, P<<.01) but signifi-
cantly less time in symbol-infused joint attention (mean,
26.5 seconds for deaf children, 550.8 seconds for hear-
ing controls; t,=20.68, P<.001) (Figure 1). Interest-
ingly, more detailed analyses of play behaviors showed
that deaf children spent significantly more time in soli-
tary play with objects, not interacting with caregivers, than
hearing children (mean time for deaf children, 198.8 sec-
onds; mean time for hearing children, 23.75 seconds;
t=4.90, P<<.01). These very preliminary results con-
verge with prior research on differences in attentional
states between deaf and hearing children and suggest that
the task we are using is sensitive to these differences.

PROBLEM SOLVING

In the problem-solving task, the parent-child dyad spends
5 minutes completing 2 puzzles: one that is easy for the
child to complete and one that is very difficult.”® We se-
lected different sets of puzzles for the younger (<24
months) and older (24-60 months) children. This task
provides an opportunity to measure parental sensitivity
(eg, providing assistance in solving the puzzles), the child’s

behavioral responses to a difficult and potentially frus-
trating task, and the number of strategies the child is able
to generate to solve the more difficult puzzle. We hy-
pothesized that mothers who are more skilled in facili-
tating their child’s problem solving and who respond more
sensitively to their child’s affect will have children who
generate more solutions to the problem and are better
able to regulate their behavior. These variables should
be associated with more successful use of a cochlear im-
plant and should improve after implantation.

ART GALLERY

In the art gallery task, the parent-child dyad is asked to
look at a series of 5 art pictures that are mounted on the
walls of the playroom at different heights (Figure 2).
Parents are asked to show the pictures to the child over
a period of 5 minutes and to determine which picture the
child likes best and least. This task has been used in prior
studies to assess parental sensitivity and communica-
tive competence in children with atypical language de-
velopment.”® We plan to measure parental sensitivity, joint
attention, and communicative competence.

SYMBOLIC PLAY

During the second year of life, 2 important and comple-
mentary representational systems are developing: the ver-
bal system of receptive and expressive language and the
system of pretend or symbolic play.®*®' There is a great
deal of evidence indicating that these 2 systems are in-
terrelated and that as children begin to use words spon-
taneously and in combination, they also begin to engage
in more functional play activities with objects.®*® These
findings indicate that the emergence and growth of these
2 systems may underlie the development of “represen-
tational competence,” a manifestation of deeper struc-
tures of the child’s understanding and use of meaning,
representations, and symbols.®%

In hearing-impaired children, both receptive and ex-
pressive language are often delayed, and it appears that
in children 3 years and older, there are also substantial
delays in cognitive aspects of their play.®® In younger
children, the results are less consistent. Gregory and Mug-
ford™ conducted a study of deaf children aged 24 to 30
months whose language development was delayed but
who did not show evidence of deficits in representa-
tional play. Deaf children in this study had difficulty co-
ordinating play with more than 1 object and preplan-
ning their play activities. Similarly, Bornstein and
colleagues™ found no differences in symbolic play be-
tween deaf and hearing 2-year-olds. In a pilot study of
2-year-old deaf and hearing children, Spencer and Deyo™
also found no effects of hearing status on symbolic play.
However, expressive language was related to time in play,
number of play sequences, and average number of play
behaviors in a sequence. In a larger follow-up study with
2-year-olds, Spencer™ found no differences between the
groups in total duration of symbolic play but found that
deaf children spent less time in ordered play sequences
and engaged in fewer abstract (preplanned) play activi-
ties than hearing children.
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Interrater reliability for symbolic play tasks has been
calculated using percentage agreement and Cohen k. Per-
centage agreement has ranged from 75% to 93% and «
coefficients have ranged from 0.64 to 0.95, which indi-
cates good reliability.?**>"® No studies have reported
on the stability of symbolic play, since it is expected to
change with development.

In our work, we are examining levels of symbolic
play adapted from the procedure used by Hill and
McCune-Nicolich.” A simple set of toys is presented to
the child while the parent is engaged in another task (ie,
completing questionnaires), and the child is videotaped
in solitary play for 5 minutes. Four sets of toys are cho-
sen and are presented in a randomized order through-
out the study.

In a preliminary analysis, we coded symbolic play
for 4 deaf and 4 hearing children who were matched for
age. We used an adaptation of the coding scheme devel-
oped by Belsky and Most® to categorize the play behav-
iors of the children into 14 levels.”® Preliminary results
suggest that the deaf children’s play levels ranged from
simple manipulation of objects to a basic level of sym-
bolic play involving the use of a meaningless object (eg,
wooden block) in a creative way (eg, as a bed). In con-
trast, hearing children’s play was concentrated in the 4
highest levels of symbolic play (Figure 3). The hearing
children developed sequences of play with and without
stories and were able to transform 2 meaningless ob-
jects into imaginative play.

Next, we quantified levels of play, assigning scores
from 1 to 14. Using an independent samples t test, we
found significant differences in levels of play between the
groups (mean level of symbolic play for the deaf group,
6.75; mean level of play for the hearing group, 12.25;
te=2.61, P<<.04). These results confirm our hypothesis
that deaf children show cognitive deficits in their use of
representational or symbolic play. However, it will be im-
portant to test this hypothesis with a larger, more rep-
resentative sample. Once all of the baseline assessments
have been completed in our ongoing study, relation-
ships between symbolic play and receptive and expres-
sive language will also be tested. We predict that in-
creased auditory input via a cochlear implant will lead
to improvements in spoken language and representa-
tional play.

NOVEL NOUN LEARNING

By the end of the second year of life, typically develop-
ing children are rapidly learning new vocabulary, and by
age 3 years they are highly skilled word learners.” Al-
though a great deal of research has focused on the con-
tent and size of children’s lexicons,**® newer studies have
begun to focus on the processes that underlie children’s
word acquisition. Samuelson and Smith®* have sug-
gested that young children learn to name new objects by
categorizing their similarities in terms of shape; these re-
searchers have proposed a series of 4 steps through which
learning object names and attention to the characteris-
tics of shape are causally related.® Their results show that
children who were trained to learn the names of new ob-
jects according to their shape also showed dramatic in-
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Figure 3. Comparisons of level of symbolic play in age-matched deaf and
hearing children.
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Figure 4. Stimuli for novel noun learning task.

creases in their acquisition of new object names outside
the laboratory.

In general, deaf children grow up in a less rich lin-
guistic environment and have more limited access to lin-
guistic input than hearing children. Thus, it is impor-
tant to consider how this affects their ability to learn new
words. Studies of vocabulary development in deaf chil-
dren have consistently found delays; deaf children’s vo-
cabulary size is smaller, their rate of vocabulary growth
is slower, and the processes they use to learn new vo-
cabulary also appear to be dependent on their vocabu-
lary knowledge.?*®® In the ongoing study, we are evalu-
ating not only vocabulary development using standardized
measures such as the MacArthur Communicative Devel-
opment Inventory,® but we are measuring the pro-
cesses by which deaf children learn novel nouns.

For children in our ongoing study with a vocabu-
lary of 50 words, as determined by parent report on the
MacArthur Communicative Development Inventory, we
measure their ability to learn novel nouns using proce-
dures developed by Smith and colleagues® and Landau
et al.® Interrater reliability on this task has been re-
ported above 90%.% After a brief warm-up (naming simple
objects using simple nouns such as “cup” and “ball”) a
novel object (called a “wug”) is presented to the child
along with a distracter object. The shapes of these 2 ob-
jects are quite different (Figure 4). The experimenter
names the exemplar wug and presented it and the dis-
tracter object 3 times to the child, alternating their physi-
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Figure 5. Puppet skits used to measure visual attention in very young
children.

cal orientations. A series of generalization trials fol-
lowed in which the wug retained its shape but was
presented in a different color and texture (eg, changed
from black to green and/or smooth to fuzzy). The child’s
ability to learn the novel noun was quantified by his or
her correctly identifying the wug.

Our results are not final, but we predict that novel
noun learning will improve after implantation and that
enhanced auditory input via a cochlear implant will ac-
celerate the child’s ability to learn novel words over time
using the processes documented in hearing children.

VIGILANCE AND SUSTAINED ATTENTION

The development of visual selective attention in chil-
dren has been measured in a variety of tasks, including
discrimination learning, speeded classification, and vigi-
lance tasks.® In all of these tasks, younger children have
more difficulty than older children inhibiting responses
to the target information. Despite the importance of sus-
tained and selective attention for learning and behavior,
little is known about its development during the tod-
dler or preschool period.”® Our ongoing study will pro-
vide an opportunity to examine the development of sus-
tained and selective attention in infants, toddlers, and
preschoolers.

In hearing-impaired children, prior research sug-
gests that school-age deaf children have significant defi-
cits in visual selective attention compared with age-
matched peers on tasks that involved no sound.®?*?
Further, visual selective attention improved in children
after cochlear implantation.® There are several possible
explanations for these results. Perhaps integrated mul-
timodal input (auditory and visual) is necessary for the
development of complex cognitive processes such as vi-
sual selective attention. Another possibility is that mul-
timodal information allows individuals to more effi-
ciently divide their attention (division of labor hypothesis)
because they can rely on the auditory system to alert them
when shifts in their visual field are needed. For deaf chil-
dren, who must simultaneously use vision to accom-
plish specific tasks and to monitor their broader envi-
ronment,”! visual selective attention as measured in a
continuous performance task may be less adaptive in the
real world.* The findings of deficits in visual attention

in deaf children all come from studies of school-age chil-
dren. Thus, in our ongoing study we aim to measure vi-
sual selective attention in much younger, deaf children
before and after cochlear implantation.

Measuring visual attention in very young children
has been a major challenge in our current research. Draw-
ing on the extensive work of Ruff and colleagues,”®* who
measured visual attention reliably in infants as young as
5 months, we have adapted their puppet skits for our pur-
poses (Figure 5). Interrater reliability was calculated
using Pearson correlation coefficients, which ranged from
0.91 to 0.99.>** This indicates that coders can reliably
measure visual attention in this task.

Twenty short puppet skits, lasting between 9 and
20 seconds, are presented to children on a standard VHS
videotape while their eye movements and directed look-
ing are continuously recorded. To measure sustained at-
tention, we assess the child’s visual attention to the video
during the latencies between skits, which vary from 5 to
20 seconds. The puppet skits also vary in their salience
from low (ie, less colorful puppets and less active skits)
to high (ie, very colorful puppets like a dragon and more
action on the stage). The puppet task allows us to mea-
sure sustained attention during the skits and vigilance
during the latency periods.

Because we are more interested in the cumulative
experience of sound and its effects on visual attention
than in sound as an orienting cue in the task, the puppet
skits do not contain any sound. We predict that visual
attention will be poorer in the deaf children than in the
hearing children but that it will improve in deaf chil-
dren after a cochlear implant. Once the children in our
ongoing study reach age 2.5 to 3.0 years, we will be able
to use a more conventional continuous performance task
to measure selective attention.

CONCLUSIONS

In sum, a major aim of our ongoing study is to evaluate
the longitudinal effects of cochlear implants in young deaf
children. Although oral language development is the pri-
mary outcome of our study, we are convinced that ac-
cess to auditory information is likely to have profound
positive effects on children’s cognitive, behavioral, and
social development. Rather than viewing these as sepa-
rately developing systems, we anticipate there will be dy-
namic, interactive, and synergistic effects among these
variables. As the young child begins to respond to audi-
tory input, his or her ability to regulate attention and
behavior will likely increase, which in turn will lead to
improvements in the parent-child relationship and a
richer context of communicative experiences. Simi-
larly, as parents are able to respond more sensitively to
their child’s affective and communicative behaviors,
they will be more successful in facilitating their child’s
attempts to master new cognitive and communicative
challenges and thus in nurturing a more satisfying par-
ent-child relationship.

Our emphasis on earlier cochlear implantation, be-
fore there are significant structural and functional changes
in the brain,” also has important and potentially posi-
tive developmental consequences. We believe that this
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offers deaf children the best hope of achieving a more
normal trajectory of development. Although this has pre-
sented unique methodologic challenges, it is likely to lead
to a better understanding of how the restoration of au-
ditory input affects child development.
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