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Abstract
Objective—To examine and compare the family environment of preschool- and school-age
children with cochlear implants and assess its influence on children’s executive function and
spoken language skills.

Study Design—Retrospective between-subjects design.

Setting—Outpatient research laboratory.

Patients—Prelingually deaf children with cochlear implants and no additional disabilities, and
their families.

Intervention(s)—Cochlear implantation and speech-language therapy.

Main Outcome Measures—Parents completed the Family Environment Scale and the
Behavior Rating Inventory of Executive Function (or the preschool version). Children were tested
using the Peabody Picture Vocabulary Test-4 and either the Preschool Language Scales-4 or the
Clinical Evaluation of Language Fundamentals–4.

Results—The family environments of children with cochlear implants differed from normative
data obtained from hearing children, but average scores were within one standard deviation of
norms on all subscales. Families of school-age children reported higher levels of control than
those of preschool-age children. Preschool-age children had fewer problems with emotional
control when families reported higher levels of support and lower levels of conflict. School-age
children had fewer problems with inhibition but more problems with shifting of attention when
families reported lower levels of conflict. School-age children’s receptive vocabularies were
enhanced by families with lower levels of control and higher levels of organization.

Conclusions—Family environment and its relation to language skills and executive function
development differed across the age groups in this sample of children with cochlear implants.
Because family dynamics is one developmental/environmental factor that can be altered with
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therapy and education, the present results have important clinical implications for family-based
interventions for deaf children with cochlear implants.

Introduction
Enormous individual differences exist in the degree to which deaf children fully benefit
from early intervention, despite significant advances in hearing technology including
cochlear implantation. Children with similar audiological profiles who receive the same
intervention often have drastically different communication, language, social, cognitive,
educational, literacy, and vocational outcomes. Although many factors that contribute to
outcomes have been identified, one area of children’s lives that has only recently been
explored in the context of cochlear implant outcomes is the child’s family environment. The
purpose of this investigation was twofold: first, to examine and compare the family
environments of deaf preschool- and school-age children with cochlear implants and second,
to identify possible developmental differences in the relations between family environment
and post-implant language skills and executive function in preschoolers compared to school-
age children with cochlear implants.

Much of the outcomes research on speech and language development involving hearing-
impaired children has assumed that the developing child with hearing loss is a “closed-loop”
system (see review of General Systems Theory1) – a system that is autonomous and
disembodied from her/his immediate environment. Although the closed-loop system
approach has led to important discoveries concerning spoken language development in
isolation, this approach does not take the full scope of the child’s developmental experiences
into account. One important factor that shapes children’s development is the family
environment in which they are raised2. Most research on the family’s role in children’s
cochlear implantation outcomes has emphasized the role of family in therapy3,4, support
provided at home5,6, use of oral language7,8,9,10, family size7,8, education level7,
socioeconomic status7,8,9, and several maternal factors including attachment and
sensitivity11,12,13, qualitative and quantitative linguistic input to the child14,15, and
sensitivity and self-efficacy15,16. Several proximal family factors that are positively related
to children’s language development have emerged from these studies11,12,13,14,15,16,
including the quality of talk between parents and children, mothers’ use of scaffolding, and
maternal sensitivity. Expanding upon these established findings, one of the objectives of this
study was to measure the impact of more global family factors (e.g., supportiveness and
cohesion among family members, and organization and control in the home) on known areas
of difficulty in children with cochlear implants (e.g., language and executive function).
Family environment routinely has been used as a strong predictor of outcome in clinical
populations (e.g., ADHD, cancer, spina bifida), but it has been overlooked in earlier
outcome studies of children with deafness17,18,19,20,21,22.

In a preliminary investigation23, we examined family environments of 45 children with
cochlear implants using a psychometrically rigorous, self-report questionnaire (the Family
Environment Scale [FES] – 4th Edition24). The results revealed that families differed in non-
clinically significant ways from children with normal hearing. Further, families with higher
levels of self-reported control had children with smaller vocabularies. Families that reported
a higher emphasis on achievement had children with fewer executive function and working
memory problems. Finally, families that reported a higher emphasis on organization had
children with fewer problems with inhibition. These preliminary results suggest that
variability in cochlear implantation outcomes is related to specific aspects of the family
environment. The importance of these findings lies in their application to aural
(re-)habilitation. Specifically, family environment is dynamic and can be modified with
education and therapy. If families function in ways that do not maximize their child’s
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potential with a cochlear implant, they can learn alternative ways to interact within their
family unit that will increase their child’s likelihood of success. Other than our preliminary
work, little is known about the role of the family environment on speech and language skills
of deaf children with cochlear implants, including whether its influence on outcomes is
consistent across development. Certainly, the developmental needs of children vary from
infancy through young adulthood and thus, the influence of family environment should
differ, as well.

The purpose of this investigation is to examine the influence of family environment on
spoken language development and executive function in two groups of deaf children with
cochlear implants – those who are preschool-age and those who are school-age. It is
expected that the relations revealed between family environment and executive function and
language in our preliminary study23 will be replicated and that differences in family
functioning between families of preschoolers and school-age children will differentially be
related to executive function and language development in these two groups of children with
cochlear implants.

Method and Materials
Participants

Families of 59 prelingually deaf children with cochlear implants who had no additional
disabilities were enrolled in the study because the parents had completed the FES (described
below) as part of a longitudinal study on cochlear implant outcomes. The children
comprised a wide age range (M=8.2 yrs; SD= 4.6 yrs; range = 1 – 18 years) and length of
device use (M= 6.0 yrs; SD= 4.4 yrs; range = .5 – 16 years); 46 used oral communication
strategies; 18 were binaurally implanted; and 5 used hearing aids in their nonimplanted ears.
To examine differences across two important early developmental periods, children were
separated into two groups: Preschool-Age (5 years and younger who had not started
kindergarten; n = 20) and School-Age (5 years and older who were in kindergarten or grade
school; n = 39). Table 1 displays a summary of the demographic characteristics of the
children and their families. The school-age children were, by design, significantly older than
the preschool-age children, t (57) = −9.118, p <.0001. As expected, the school-age children
had used their cochlear implants longer, t (57) = −7.132, p <.0001, and were fit at an older
age than the preschool-age children, t (57) = −3.431, p <.0001. The mothers of the
preschool-age children (M = 3.9) had significantly higher levels of education than the
school-age children (M = 3.0), t (57) = 2.240, p = .029 (although the difference was small:
Associate Degree completion versus completed some college). The average maternal
education levels of both groups approximated (p > .05) those achieved by women ages 18
years and older (M = 3.3) in the 2011 US Census (http://www.census.gov/hhes/socdemo/
education/data/cps/2011/tables.html). In other words, the average education level of the
mothers in both groups of children with cochlear implants is reflective of the average
education level of women in the United States.

Materials
The Family Environment Scale (FES)24, a 90-item self-report true-false questionnaire,
assesses three dimensions of family environment: (a) the emphasis on interpersonal
relationships within the family (Relationship), (b) goals, activities and interests within the
family (Personal Growth), and (c) the emphasis on structure, organization and rules in
running the family (System Maintenance) using 10 subscales (see Table 2). Parents
completed the FES Real Form (Form R), which assesses how parents view how their family
really is, as opposed to how they wish it would be. Raw scores were converted to T-scores,
which were based on a heterogeneous sample of 1432 families. T-scores above 60 or below
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40 are considered clinically significant. Four factor scores (used previously24,25,26,27) were
calculated by combining the standard scores of particular subscales: the Family Relationship
Index (FRI), and Supportive, Conflicted, and Controlling factors. The FES was selected to
investigate family environment because of its widespread use, predictive validity and
reliability17,18,19,20,21,22.

Receptive vocabulary, language skills and executive function were evaluated with norm-
referenced tests. Receptive vocabulary was assessed with the Peabody Picture Vocabulary
Test–4 (PPVT–4)29. The language of children up to 6-years-old was measured using the
Auditory Comprehension, Expressive Communication and Total Language subscales of the
Preschool Language Scales-4 (PLS–4)30. The Clinical Evaluation of Language
Fundamentals–4 (CELF–4)31 Core Language Score (a standard score based on an age-based
normative sample) was used to assess global language skills in children ages 5 to 18 years.
Due to the overlap in the age ranges included in the PLS and the CELF, speech-language
pathologists familiar with the children and experienced in testing young children with
cochlear implants determined if a 5- to 6-year-old child would be best assessed with the
CELF or the PLS.

The Behavior Rating Inventory of Executive Function (BRIEF)32, an 86-item parent-report
questionnaire, was used to assess everyday real-world executive function behaviors of
children ages 5 to 18 years (School-Age). The preschool version, the 63-item parent BRIEF-
P33, was used with children ages 2;0 to 5;11 not presently in kindergarten (Preschool-Age).
The BRIEF measures eight core domains of executive functioning, whereas the BRIEF-P
measures a subset of five. Only the five domains that appear on both inventories (Inhibit,
Shift, Emotional Control, Working Memory, and Planning/Organize) were used in the data
analyses. Domain scores are converted to T scores using gender- and age-specific norms32.
T-scores above 60 are considered elevated and those above 65 are clinically significant. The
BRIEF has been used in several clinical populations including children with ADHD, autism
spectrum disorder, TBI, and cochlear implants34,35,36,37,38.

Procedure
Caregivers completed the FES and the BRIEF or BRIEF-P, while the children were
administered the PPVT-4 and either the PLS-4 or the CELF-4 by experienced speech-
language pathologists in our center. Some children were unable to complete both the
vocabulary and the language measures due to time constraints and/or child behavior and
attention. For oral communicators, language and vocabulary tests were administered with
auditory and visual cues; Total communicators were administered the language and
vocabulary tests with auditory, visual, and sign cues. Both spoken and signed responses
were accepted for the PLS-4 and the CELF-4.

Results
Family environments of children with cochlear implants

The black-filled bars in Figure 1 display the mean T-scores (+1 standard error) for each of
the 10 FES subscales for the families collapsed by age group. On average, families scored
within one standard deviation of the mean on all subscales of the FES indicating healthy and
typical family environments. The scores on 8 of the subscales were not normally distributed.
One-sample t-tests and one-sample Wilcoxon Signed Rank tests (for those scales that were
not distributed normally) revealed that as a group, families of children with cochlear
implants reported significantly higher (p ≤ .05) FES scores than the normative sample of
families with typically hearing children on the Achievement, Active-Recreational, Control,
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Cohesion, Expressiveness, Moral-Religious, and Organization subscales, and significantly
lower scores on the Conflict subscale.

The unfilled and gray-filled bars in Figure 1 display mean FES subscale and factor scores
for the preschool- and school-age children’s families, respectively. Families of school-age
children with cochlear implants (M = 54.54) reported higher levels of control than families
of preschool-age children (M = 50.10), t = −1.97, p = .041. The groups were not
significantly different on any of the other subscales or the four FES factor scores (which
combine specific FES subscales).

Language of children with cochlear implants
As expected, children with cochlear implants scored more than one standard deviation below
the normative mean of 100 on the PPVT-4 (M = 83.46) and the PLS-4 (Total Language
score M = 73.42), and were right at one standard deviation below the mean on CELF-4
(Core Language score M = 85.00). Because the preschool-age children typically received the
PLS-4 for language testing and the school-age children received the CELF-4, direct
comparisons between the two groups using the same language test were not possible.
However, to determine whether the preschool- and school-age groups differed in their
respective language abilities, standard scores on the two language measures were converted
to z-scores. An independent-samples t-test revealed that the two groups’ language z-scores
were not significantly different from one another. Descriptively, approximately 70% of the
17 preschoolers with scores on the PLS-4 and 48% of the 31 school-age children with scores
on the CELF-4 were more than one standard deviation below the normative mean. With
regard to vocabulary, 44% of the 11 preschoolers with scores on the PPVT and 60% of the
28 school-age children were more than one standard deviation below the normative mean.
An independent samples t-test revealed that school-age and preschool-age children’s PPVT
standard scores were not significantly different from one another. These results suggest that
the two groups were similarly delayed in their language and vocabulary development.
Consequently, developmental differences observed in family environment and/or executive
function are unlikely to be related to language and vocabulary delay in this sample.

Executive function of children with cochlear implants
With regard to executive function, our sample scored significantly above the normative
mean of 50 indicating more difficulties than expected with Inhibiting behaviors (M = 54.07),
t (54) = 2.65, p = .011, Shifting attention (M = 53.65), t (54) = 2.65, p = .01, and Working
Memory (M = 54.54), t (54) = 3.40, p <.001. No significant differences were observed in the
means of preschoolers and school-age children on any of the five shared BRIEF/BRIEF-P
scales of executive function. Although the scores on the subscales were normally distributed
(according to Kolmogorov-Smirnov tests), the distributions for both groups were bimodal
indicating that whereas the majority of the scores clustered around the mean, several
children scored much higher (greater disturbances) than would be expected. Children whose
scores fell in the upper tail of the distribution scored at least 1 standard deviation above the
mean, indicating elevated to clinically significant difficulties with executive function. Table
3 shows a comparison of the percent of preschool- and school-age children scoring in the
elevated range (i.e., one standard deviation above the mean) on each of the BRIEF/BRIEF-P
scales. In a normal distribution, one would expect these percentages to be approximately
16% on the positive tail of the distribution. There was a trend for more preschool-age
children to score at least one standard deviation above the mean than school-age children on
all BRIEF-P scales with the exception of emotional control.
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The relation between executive function and family environment in children with cochlear
implants

In order to further investigate the age-effects found in executive function, Pearson
correlations were carried out between BRIEF/BRIEF-P scores and the four factors of the
FES in both preschoolers and school-age children. The FES factor scores were chosen over
the subscale scores to reduce the total number of correlation analyses run (thereby reducing
the family-wise error rate). Note that corrections were not made for multiple analyses, so
appropriate cautions should be taken in interpreting the results. This approach was used here
because although this was a highly novel investigation, the factors of interest were driven by
theory, thereby reducing the need for statistical correction. Families high in supportiveness
and mutual interest (Supportive factor) and those that were low in conflict and high on
cohesiveness and organization (Conflicted factor) tended to have preschoolers with fewer
problems with emotional control, r = −.603, p = .01 and r = .518, p = .033, respectively.
Families who were low in conflict and high on cohesiveness and organization (Conflicted
factor) tended to have school-age children with fewer problems with inhibitory control, r = .
388, p = .016, but more problems with shifting attention, r = −.355, p = .029. In addition to
zero-order correlations, partial correlations controlling for language development were
carried out between family environment and executive function, because neurocognitive
development and language are interdependent44,45. When language of preschoolers (PLS-4
Total Language score) was statistically controlled, families high in supportiveness and
mutual interest continued to have preschoolers with fewer problems with emotional control,
r = −.573, p = .032. In contrast, the Conflicted factor was no longer significantly correlated
with emotional control in preschoolers. When language of school-age children (CELF-4
scores) was statistically controlled, the same relations as the zero-order correlations were
found: families who were low in conflict and high on cohesiveness and organization were
more likely to have school-age children with fewer problems with inhibitory control, r = .
391, p = .036, but more problems with shifting attention, r = −.397, p = .033. These results
suggest differential relations between family environment and executive function in families
with preschool-age children compared to those with school-age children who have cochlear
implants, even when controlling for language development.

The relation between language and family environment in children with cochlear implants
There was no direct relationship between family environment and language for the
preschoolers. For the school-age children, none of the FES factor scores were correlated
with language or vocabulary, but two individual subscales were: families reporting higher
levels of control had children with smaller receptive vocabularies, r = −.464, p = .013; and
those reporting higher levels of organization within the family unit had children with larger
receptive vocabularies, r = .440, p = .019. These subscale analyses were carried out on both
the preschool and school-age children’s data to compare with the results from our previous
investigation23.

Discussion
As a group, families of children with cochlear implants differ from families of children with
normal hearing, but not in clinically significant ways. Within the relationship dimension of
the FES, families of children with cochlear implants had higher levels of cohesiveness and
expressiveness, and lower levels of conflict compared to the norms, indicating the existence
of overall positive relationships within the family system. Within the system maintenance
dimension, families of children with cochlear implants had higher levels of organization and
control compared to the norms, suggesting fairly structured and rule-bound day-to-day
family environments. Finally, within the personal growth dimension which reflects the
relationship between the family and the larger social context, families of children with

Holt et al. Page 6

Otol Neurotol. Author manuscript; available in PMC 2014 April 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



cochlear implants scored higher on achievement orientation, active-recreational orientation,
and moral-religious orientation than the normative sample, suggesting an emphasis on
competition, participation in activities outside the home, and an emphasis on moral or
religious values within the home.

As a group, deaf children with cochlear implants in our sample were delayed in receptive
vocabulary and global language and showed more difficulties than typically hearing children
of the same age in specific areas of executive function, including inhibition, shifting
attention, and working memory. The language and executive function scores of children in
this sample were atypical, but generally consistent with the body of literature on outcomes
after cochlear implantation9,34,38,39,40. Furthermore, we replicated previous findings from
our lab, in which we found a larger-than-expected percentage of children, particularly
preschool-age children, with scores in the elevated range on executive function34. It is
possible that the atypical executive function scores observed in our study could be attributed
to the language delays evident in our sample of children. One investigation41, which sought
to disentangle executive function from language development, reported that executive
function of 8- to 12-year-old children with deafness (who used hearing aids or cochlear
implants) was not significantly different from their normal-hearing peers when language was
statistically controlled. Certainly further more detailed investigations are needed to better
understand the complicated developmental interactions between executive function and
language in both preschool and school-age children with cochlear implants.

Our first objective was to examine and compare the family environments of preschool-and
school-age children with cochlear implants. The only significant developmental difference
that emerged was that families of school-age children reported higher levels of control than
those with preschool-age children. This developmental difference in family structure could
be attributed to more rules needed as children gain independence. Although younger
children need monitoring and oversight because of their adaptive-independent behavior,
older children need to know what is expected of them even when a parent is not physically
present. The FES Control subscale essentially measures inflexibility and emphasis on rules
and order in the family. At preschool ages, this degree of inflexibility and rule-emphasis
may be less manifest in the family because parents are obviously in charge and because
there needs to be some flexibility in parenting a preschooler. However, for school age
children there is a need for more obvious manifestations of rules, and better behavior is
generally expected, leading to increased inflexibility in expectations for rule-following.

Our second objective was to identify possible developmental differences in the relations
between family environment and post-implant language skills and executive function in our
sample of preschoolers and school-age children with cochlear implants. We found no direct
relationship between family environment and global language for either age group or
between family environment and vocabulary for the preschool-age children. However,
families of school-age children who reported higher levels of organization within the family
unit had children with larger receptive vocabulary abilities, and those families that reported
higher degrees of control within the family unit had school-age children with smaller
receptive vocabularies, both supporting and extending our previous results23. The
Organization and Control subscales of the FES together comprise the System Maintenance
dimension of the FES, which indexes how the family governs and sustains itself. FES
Control implies inflexibility, rule emphasis, and obvious hierarchy of power. FES
Organization implies more planning, clear expectations, and neatness without the control-
power component. Organization keeps order by prevention and planning, whereas Control
keeps order by imposing rules. Presumably, the more Organization in a family, the less
Control that is needed. These underlying dimensions of the family environment appear to
have differential effects on receptive vocabulary in school-age children with cochlear
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implants. Higher degrees of structure and organization within the family appear to promote
better vocabulary in our sample, whereas attempts to maintain internal family functioning
through unbalanced control and rigidly fixed rules may in fact have the opposite effect on
vocabulary development. The data for both the Control and Organization subscales were
normally distributed with scores ranging from 32 to 70 and from 37 to 69 for each subscale,
respectively. Therefore, it is unlikely that the results are due to limited range of variability in
the FES scores on these two subscales. However, future investigations with a larger sample,
along with observations of family interactions, will explore the influence of these two family
factors on vocabulary development.

The finding that family environment was not related to receptive vocabulary outcomes in the
preschool-age children could reflect the operation of at least two possible underlying factors.
First, a smaller percentage of the participants in the preschool-age group (55%) completed
the PPVT-4 than the school-age group (72%). Therefore, the power was reduced in the
preschool children’s analysis relative to the school-age children’s analysis. Second, the
school-age children’s families had significantly higher levels of control than the preschool-
age group. If higher levels of control within the family unit fail to support good receptive
vocabulary in children as this investigation and our previous investigation23 suggest, and
school-age children’s families assert more control than preschool-age families, then it would
not be entirely surprising to find developmental differences in the relation between levels of
control in the family and receptive vocabulary growth. No clear developmental trends were
noted in the relationship between organization within the family and receptive vocabulary
across the two age groups.

Although the Control subscale score on the FES reflects how a family functions internally
rather than assessing a style of communication, these results are particularly interesting in
light of a large body of previous work that suggests that word-learning and both expressive
and receptive language skills are enhanced more when mothers are sensitive to what the
child focuses on rather than redirecting the child’s selective/focused attention to a different
item42,43,44. The current investigation was not designed to tease apart communication style
from family interaction style, but the results support and extend previous published findings
that families that assert more control are more likely to have children who display a more
impoverished vocabulary. It should be noted, however, that the observed relationship could
go in the opposite direction too: children with cochlear implants who have limited language
skills may perhaps drive family members to assert more control and oversight.

Using established factors (Supportive, Conflicted, and Controlling) derived through factor
analysis of the FES26, we observed developmental differences in the relations between the
family environments and executive function of children with cochlear implants. We found
that supportive families (Supportive factor) and families with low levels of conflict
(Conflicted factor) had preschool-age children with fewer problems related to emotional
control. For school-age children, we found that only the Conflicted factor was significantly
related to executive function: families with low conflict and high cohesiveness had children
with fewer problems related to inhibitory control, but reported more problems with shifting
behavior. This finding is consistent with earlier work in children who have chronic
illnesses26: children with behavior problems had families that were less supportive and had
higher levels of conflict than those who did not have behavior problems. The unexpected
relationship between lower FES Conflicted scores and higher BRIEF Shift scores reflects a
difficulty maintaining response set (e.g., shifting attention too easily) in children from
families with low degrees of conflict coupled with high amounts of cohesion and
organization. Although this finding requires further exploration, the percentage of school-
age children with cochlear implants scoring in the elevated range on shifting behaviors (one
standard deviation or more above the mean) is approximately the value expected for the
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norm sample (18% versus 16%). Hence, high Shift scores in the school-age group would be
high not only for school-aged children with cochlear implants but also for the norm group.

There is now a growing body of evidence that the quality and quantity of communication
directed at normal-hearing children facilitates language acquisition45 and executive
function46,47,48. The present study provides additional evidence of a relationship between
family environment and both language and executive function in children with cochlear
implants. The literature on both healthy and other clinical populations suggests that children
with fewer behavior problems and better executive function tend to have families that
provide support, scaffolding, consistency, and structure. That being said, one would expect
that these relations would differ in families of children who are deaf based on a social
constructivist perspective that considers the social experiences within which individual
executive processes and language learning develop49. We have adopted this theoretical
perspective because we believe it will allow us to better understand and predict individual
differences in outcomes that are so pervasive in children after cochlear implantation. The
experiences of deaf children and their families differ from one another, and they differ from
those of families with typically hearing children. Understanding how these differences
impact language and cognitive development over time is an important unexplored area of
study that has significant impact for the development of novel interventions designed to
meet the needs of individual families.

There is mounting evidence that a period of auditory deprivation affects the development of
core neurocognitive processes including foundational aspects of executive function50,51.
These domain-general processes are responsible for domain-specific learning and
information processing skills such as learning spoken language – a primary expectation of
families who choose cochlear implantation as a treatment for their deaf children. Our
findings offer further evidence for the existence of a subpopulation of deaf children with
cochlear implants that are at high risk for executive function difficulties, particularly
preschool-age children. Further research is necessary to understand the bi-directional
relations between spoken language development and executive function. It is possible that
increased proficiency in spoken language after implantation will allow the child to use
language and verbal coding as a mediating tool for self-regulatory processes such as
emotional and cognitive control. It is also very likely that increases in these cognitive
control processes will positively impact the child’s ability to actively listen to and use
spoken language.

The results of this study suggest that family environment of deaf children with cochlear
implants impacts the development of these executive processes and does so differentially in
preschool- and school-age children, supporting Vygotskian developmental theory52, as well
as recent findings on the social origins of the development of executive function, in which
experiences and activities in the family support the development of executive control
processes across early childhood49,53. In addition to global family measures such as the
FES, future research should include more specific measures of the family dynamics such as
parenting style, parent-child relations, child temperament, and direct observations of family
interactions. Continued research in this area using larger, longitudinal samples and more
sophisticated statistical modeling techniques will enable us to address some of these
complex multidimensional developmental questions in this clinical population. The clinical
implications of this work lie in its potential to shape more targeted and innovative
intervention and rehabilitation strategies for families of children with cochlear implants. If a
family presents with interaction styles pre- or post-implantation that are found be less
supportive of optimal outcomes in children with cochlear implants than other types of family
dynamics, Otologists, Neurotologists, Audiologists and Speech-Language Pathologists could

Holt et al. Page 9

Otol Neurotol. Author manuscript; available in PMC 2014 April 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



recommend that families seek education and/or counseling on specific strategies for
modifying their family dynamics to facilitate the best possible outcomes for their child.
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Figure 1.
Mean T-Scores (+1 SE) for the preschool-age children with cochlear implants (unfilled bars)
and the school-age children with cochlear implants (gray-filled bars) on each of the FES
subscales. The black bars display data for the children collapsed by age group. The
normative mean and +/− 1 standard deviation (obtained from 1432 children with normal
hearing24) are indicated by the dark solid and dashed lines, respectively.
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Table 1

Family and child demographics

Preschool-Age School-Age

Mean SD Mean SD

Age at test (yrs) 3.3 1.2 10.7 3.5

Age at implantation (yrs) 1.4 0.6 2.6 1.4

Duration of implant use (yrs) 1.9 1.2 8.1 3.8

Unaided better-ear PTA (dB HL) 105.0 12.6 106.5 15.1

* Maternal education 3.9 1.6 3.0 1.3

Percent oral communicators 70.0 82.1

Percent female 35.0 48.7

Percent single-parent homes 40.0 12.8

*
Maternal education was coded based on levels of formal education: 1 = some high school, 2 = high school diploma, 3 = some college, 4 =

Associate degree, 5 = Bachelor’s degree, 6 = Master’s degree, 7 = Doctorate degree.
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Table 2

Family Environment Scale24 dimensions and subscales

Dimensions

Relationship Personal Growth System Maintenance

Subscales Cohesion
Expressiveness
Conflict

Independence
Achievement Orientation
Intellectual-Cultural Orientation
Active-Recreational Orientation
Moral-Religious Emphasis

Organization
Control
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Table 3

Percentage of preschool- and school-age children with cochlear implants scoring more than 1 standard
deviation above the mean on the shared BRIEF/BRIEF-P scales

Preschool-Age School-Age

Inhibit 29.4% 21.1%

Shift 29.4% 18.4%

Emotional Control 17.6% 21.1%

Working Memory 47.1% 28.9%

Plan/Organize 29.4% 21.1%
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