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The Impact of Family Environment on Language
Development of Children With Cochlear Implants:
A Systematic Review and Meta-Analysis

Daniel Holzinger,!® Magdalena Dall,!? Susana Sanduvete-Chaves,* David Saldafa,’
Salvador Chacon-Moscoso,*¢ and Johannes Fellinger!-’

Objectives: The authors conducted a systematic review of the literature
and meta-analyses to assess the influence of family environment on lan-
guage development in children with cochlear implants.

Design: The Pubmed, excerpta medica dataBASE (EMBASE), Education
Research Information Center, cumulative index to nursing and allied
health literature (CINAHL), Healthcare Literature Information Network,
PubPsych, and Social SciSearch databases were searched. The search
strategy included terms describing family environment, child characteris-
tics, and language development. Studies were included that (a) assessed
distal family variables (such as parental income level, parental education,
family size, and parental stress) with child language outcomes, and/or
more proximal correlates that directly affect the child (such as family
engagement and participation in intervention, parenting style, and more
specifically, the quantity and quality of parental linguistic input) on child
language; (b) included children implanted before the age of 5 years; (c)
measured child language before the age of 21 years with standardized
instruments; (d) were published between 1995 and February 2018; and
(e) were published as peer-reviewed articles. The methodological quality
was assessed with an adaptation of a previously validated checklist.
Meta-analyses were conducted assuming a random-effects model.

Results: A total of 22 study populations reported in 27 publications were
included. Methodological quality was highly variable. Ten studies had a
longitudinal design. Three meta-analyses on the correlations between
family variables and child language development could be performed.
A strong effect of the quality and quantity of parental linguistic input in
the first 414 years postimplantation on the child’s language was found,
r =0.564, p < 0.001, 95% confidence interval (Cl) = 0.449 to 0.660,
accounting for 31.7% of the variance in child language outcomes.
Results demonstrated high homogeneity, Q(3) = 1.823, p = 0.61, 7= 0.
Higher-level facilitative language techniques, such as parental expan-
sions of the child’s utterances or the use of open-ended questions, pre-
dicted child language skills. Risk of publication bias was not detected.
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The results on the impact of family involvement/participation in inter-
vention on child language development were more heterogeneous. The
meta-analysis included mainly cross-sectional studies and identified low
to moderate benefits, r = 0.380, p < 0.052, 95% Cl = -0.004 to 0.667,
that almost attained significance level. Socioeconomic status, mainly
operationalized by parental level of education, showed a positive correla-
tion with child language development in most studies. The meta-analysis
confirmed an overall low and nonsignificant average correlation coeffi-
cient, r = 0.117, p = 0.262, 95% Cl = -0.087 to 0.312. A limitation of
the study was the lack of some potentially relevant variables, such as
multilingualism or family screen time.

Conclusions: These data support the hypothesis that parental linguistic
input during the first years after cochlear implantation strongly predicts
later child language outcomes. Effects of parental involvement in inter-
vention and parental education are comparatively weaker and more het-
erogeneous. These findings underscore the need for early-intervention
programs for children with cochlear implants focusing on providing sup-
port to parents for them to increase their children’s exposure to high-
quality conversation.

Key words: Cochlear implantation, Child, Family, Family involvement,
Hearing loss, Language, Pediatric, Meta-analysis, Parental education,
Parental linguistic input, Socioeconomic status, Systematic review.

(Ear & Hearing 2020;41;1077-1091)

INTRODUCTION

Cochlear implants (CIs) have significantly improved speech
and language development of children with profound hear-
ing loss. However, on average, children with Cls are delayed
in spoken language development compared with children with
normal hearing (Geers et al. 2009; Niparko et al. 2010; Lund
2016; Yoshinaga-Itano et al. 2018). Research on predictors
of language development in children with CIs has identified
many child characteristics (such as nonverbal intelligence, re-
sidual hearing, sex, additional disabilities, or residual hearing
preimplantation), implant-related variables (such as age at im-
plantation, duration of implant use, bilateral versus unilateral
implantation, implant technology, or surgical factors), and in-
tervention characteristics (such as communication mode or
school setting), but leaves a high proportion of unexplained var-
iance (Geers et al. 2007; Wu et al. 2011; Geers & Sedey 2011;
Pisoni et al. 2017).

In research on typical child development, effects of the
family on child language have been demonstrated extensively
and consistently (Hoff 2006; Rowe 2012). Besides more distal
variables such as socioeconomic status (SES) (Whitehurst
1978; Rowe et al. 2005), measures of variables representing
the proximal environment have been shown to add signifi-
cantly to the prediction of child language development. These
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include the style of parenting, for example, parental sensitivity
and positive regard, and parental language, such as language
input quantity and quality (Hart & Risley 1995), and home
literacy environment. More recent findings demonstrate the
role of early developing neural mechanisms that underlie the
relationship between children’s language exposure and their
language development. As an example, Garcia-Sierra et al.
(2016) found a specific impact of the amount of child-directed
language on young children’s brain functioning by showing
significant correlations between higher quantity of language
input and speech perception at 11 to 14 months of age as meas-
ured by event-related potentials, thus demonstrating that early
neural reorganization is dependent on input (also referred to
as neural commitment to language). Beyond that, Romeo et al.
(2018) found significant correlations between the amount of
early adult—child conversation and children’s brain structure,
specifically the strength of connectivity in the left hemisphere
dorsal white matter language tracts. In both studies, children’s
real-world language exposure had been assessed with the Lan-
guage Environment Analysis System (Gilkerson et al. 2017).
Research on the role of specific family characteristics and
behaviors in child language development is further justified
by converging evidence on the effectiveness of parent-imple-
mented language interventions for different populations, such
as children with primary and secondary language impairments
(meta-analysis by Roberts & Kaiser 2011) or children with low
SES (Hoff 2006; Hirsh-Pasek et al. 2015). As a consequence of
the high and partly unexplained variance of language outcomes
in children with CIs on the one hand, and the well-documented
effects of the family variables in populations with normal hear-
ing on the other, the role of family environment has gained in-
terest in more recent studies (Niparko et al. 2010; Holt et al.
2013; Geers et al. 2017). But, so far, no systematic review and
meta-analysis of the effects of family environment on language
development in children with CIs have been carried out.

Purpose

The aims of the current review were to assess the evidence
showing an impact of family environment on child language
development in children with early cochlear implantation by
conducting a systematic narrative review. In addition, meta-
analyses on the correlations between family environment and
language outcomes were contemplated, dependent on a suffi-
cient number of studies with sufficient data.

To reduce the number of confounding auditory variables, the
review was restricted to children with Cls (versus children with
hearing aids or other technologies). Only studies referring spe-
cifically to spoken language outcomes (versus written or signed
language development) were included.

Based on research results for typical language development,
we included distal variables (such as parental SES, parental
education, and family size), as well as more proximal factors,
such as parenting style (e.g., parental sensitivity, emotional
availability, and provision of control and structure), parental en-
gagement in intervention, and the amount and kind of parental
language input. Distal family variables may be less modifiable
clinically than proximal variables, the latter of which may be
more susceptible to the influences of interventions. Proximal
family variables were expected to have a stronger influence on
child language than distal family variables.

MATERIALS AND METHODS

A systematic review of the literature was carried out in ac-
cordance with the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) (Moher et al. 2009; see
Supplemental Digital Content 1, http://links.lww.com/EANDH/
A623) and the Meta-analysis Of Observational Studies in Epi-
demiology (MOOSE) (Stroup et al. 2000) checklists, and regis-
tered on the international PROSPEctive Register Of systematic
reviews (PROSPERO) (Holzinger et al. 2017). Before commenc-
ing the review, the authors specified, with internal protocols, the
search strategy, selection criteria, procedures for data extraction,
and a catalog of criteria for quality assessment. At the time of
registration, the use of meta-analyses was considered subject to
the availability of comparable data on family environment and
child language outcomes. Evidence for policy and practice in-
formation reviewer 4 software was used for data handling.

Search Strategy

The following electronic databases were searched: Pubmed,
EMBASE, Education Research Information Center, CINAHL,
Healthcare Literature Information Network, PubPsych, and So-
cial SciSearch. The search strategy included terms describing
the child, language development, and family environment. The
search string was adapted to each database in combination with
database-specific filters and search terms (for the search string
adapted to Pubmed, see Supplemental Digital Content 2, http://
links.lww.com/EANDH/A643). The last update of the search
results was on February 6, 2018. Articles published in non—peer-
reviewed journals or unpublished literature were not included
in this review. The reference lists of the papers that met the in-
clusion criteria after title-and-abstract screening (see later) were
also searched for potentially eligible articles. This procedure was
replicated until no more studies of interest were found.

Selection Criteria

The same criteria were used for the title-and-abstract and full-
text screening phase. Research in English, German, or Spanish
language and published after the year 1995 was included (to en-
sure that single-channel technology was excluded). The selection
criteria were defined in line with Population, Intervention, Com-
parator, Outcome, Study Design (Schardt et al. 2007). The partici-
pants were children with hearing loss who received their cochlear
implantation before the age of 5 years. Studies that included chil-
dren implanted at an older age or children supplied with hearing
aids were included only if they reported separate data on the pop-
ulation of interest. Family characteristics had to be mentioned in
the abstract. The outcome had to be measured before the age of 21
years. Both prospective and retrospective studies were included in
the review. Systematic reviews were excluded. Unspecified infor-
mation in the abstract on any of the criteria was not a reason for
exclusion at the title-and-abstract phase. In those cases, the full
text was screened before deciding if it was included or not.

Study Selection

The first 202 abstracts (20% of the total obtained) were
reviewed independently by 2 of the authors with high level of
expertise in the field of pediatric hearing loss (D.H. and M.D.).
Any disagreements were resolved by consensus. Afterward,
the same 2 authors independently coded another 100 abstracts
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and reached an inter-rater reliability of over 90%. Finally, M.D.
reviewed the rest of the abstracts.

For the publications that met the inclusion criteria in title-
and-abstract, the full texts were retrieved and valued by D.H.
In this case, it was required that all information included in the
criteria was present in the text.

Most of the studies included after the full-text screening did
not contain sufficient data for a meta-analysis. The authors of
these primary studies were contacted for additional information
via e-mail.

Description of the Variables

The variables used for data extraction were agreed on by
D.H., M.D., and D.S. Information was extracted on the follow-
ing: study characteristics, language outcomes (dependent vari-
ables), family characteristics (considered independent variables
[IV], and potential moderator variables that can influence the
relationship between other family characteristics and language
outcomes), and confounders (other potential moderator vari-
ables). A full list of variables included within each group can be
found in the Supplemental Digital Content 3, http://links.lww.
com/EANDH/A644.

Language variables extracted from the literature exclusively
referred to spoken language (rather than signed or written),
expressive or receptive communication, and the dimensions
of speech sounds (phonology and speech perception), vocab-
ulary (lexicon), or grammar (morpho-syntax). In addition, so-
cial (pragmatic) communication, including narrative skills, was
considered.

Family variables included general sociodemographic char-
acteristics, such as parental SES (parental income level, neigh-
borhood index, parental education level), family size, and
family-system characteristics (e.g., relationships within the
family, parenting style, and parental stress). Other family vari-
ables referred to the families’ involvement in intervention and
their self-efficacy. Finally, family behaviors assumed to be more
directly related to child language outcomes were considered,
such as parenting style (e.g., sensitivity, emotional availability,
warmth, and regard), and parental language input quality and
quantity. Although quantity and quality measures are strongly
associated with one another (Hoff & Naigles 2002), research
suggests that both the amount and type of caregiver—child in-
teraction play a significant role in language development and
were considered distinct concepts in the systematic review. In
a number of studies (Hirsh-Pasek et al. 2015; Gilkerson et al.
2018; Romeo et al. 2018), quality variables such as vocabu-
lary sophistication and diversity, grammatical complexity, the
use of facilitative language strategies, and interactional features
(contiguous and contingent back-and-forth conversation) were
shown to be stronger predictors of later language ability than
the caregivers’ total number of words or utterances during in-
teraction. In a study by Rowe (2012), quality emerged as a dis-
tinct source of variability in language performances even after
controlling for quantity of language input. Adult reading time,
frequency of dialogic book reading, and parental teaching or
tutoring literacy skills (e.g., the alphabet, phoneme awareness,
reading of words) were categorized as home literacy environ-
ment (Sénéchal & LeFevre 2014). Parental communication with
the child who is deaf or hard-of-hearing was usually assessed
with time-consuming transcriptions and ratings of videotaped
interactions, whereas other family environment variables were

collected by the use of standardized or nonstandardized ques-
tionnaires from parents or practitioners.

Children’s sex, intelligence quotient (I.Q.), chronological
age, age at implantation, age at hearing loss, residual hearing,
and unilateral/bilateral hearing loss were included as potential
confounders.

Methodological Quality

The methodological quality of each study was assessed with
a selection and adaptation of items relevant to our research ques-
tion from a tool proposed by Chacén-Moscoso et al. (2016).
Methodological quality assessment was based on (1) adequate
inclusion and exclusion criteria for the participants, (2) the study
design, (3) proportion and inclusion or not of attrition rates, (4)
occasion of measurement, more than one measurement occasion
(concurrent and post intervention) or only one measurement
occasion (concurrent or postintervention only), (5) for longitu-
dinal studies, whether the outcome measurements at time 1 also
appeared at time 2, (6) the use of standardized instruments for
the measurement of language outcomes (dependent variables),
(7) family input and environment (IV), (8) use of control tech-
niques such as double blinding (language and family variables
assessed by different evaluators), (9) replicability of the con-
struct definition of outcome, (10) family variables, (11) pro-
portion of participants contacted who actually responded, (12)
participant representativeness, (13) imputation of missing data,
and (14) perspective (prospective or retrospective) (see Supple-
mental Digital Content 4, http://links.lww.com/EANDH/A645).
The degree of methodological quality was considered an indi-
cator of the level of credibility of the final results.

Data Extraction

Two coders, D.H. and M.D., piloted the data extraction on 5
full texts and discussed the disagreements with the arbitration
of DS, a third researcher with high level of expertise in the area
of child development. Afterward, data extraction was performed
by D.H. and M.D independently, double-coding all papers.

A meta-analysis was performed on the data from the papers
which, after following up with the authors, provided enough
data. For the meta-analysis, only one language outcome vari-
able was produced. Because there are high correlations between
lexical, grammatical, and global language, as well as between
receptive and expressive language development in children with
hearing loss (Geers et al. 2009; Holzinger et al. 2011; Lund
2016), all those variables were regarded as representations of
a common language category. When a study included several
language measures, only one was selected, according to the fol-
lowing sequential criteria: first, global over specific language
measures were preferred; second, expressive over receptive lan-
guage measures; and third, language measures available for the
largest sample were chosen.

Intercoder reliability was calculated using Cohen’s & coeffi-
cient. Disagreements were solved through consensus.

Statistical Methods

Calculations were made with the Comprehensive Meta-
Analysis v. 3 software (Borenstein et al. 2013). The individual
and average effect sizes were calculated as Pearson’s correlation
coefficients. Three average effect sizes were obtained separately,
depending on the IV measured: (a) parental linguistic input, (b)
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family involvement, and (c) parental SES. Two coauthors (S.S.-
C. and S.C.-M.) calculated the individual and average effect
sizes independently, obtaining an intercoder reliability of 0.992,
using the intraclass correlation coefficient.

For each average effect size, a random-effects model was
assumed. This type of model is recommended in this case, given
the representativeness of the studies found as a result of the ex-
haustive systematic review carried out, and the diversity of such
studies in characteristics of the samples, the scenarios where
they were conducted, and the results obtained (Borenstein et al.
2009). Individual effect sizes were converted to the Fisher’s z
scale, with its statistical significance and confidence interval.
Then, the summary of Fisher’s z was calculated. Finally, this
result was transformed into an r scale (Borenstein et al. 2009),
with values around 0.1 considered low effect sizes, around 0.25,
medium, and around 0.4, high (Cohen 1988). Confidence inter-
vals and statistical significance (p) are also reported. A p <0.05
was interpreted as a statistically significant average effect size.

Heterogeneity was calculated with the O statistic, where
p < 0.05 would imply a possible statistically significant heter-
ogeneity between effect sizes. In addition, given that Q is sen-
sitive to the number of studies included, /> was also calculated.
Values around 25% were interpreted as a low heterogeneity;
around 50%, medium heterogeneity; and around 75%, high.

‘When heterogeneity was found, all the potential moderator vari-
ables that presented enough information to carry out the analyses
were studied assuming a mixed-effects model. Meta-regression was
used, given that all the moderated variables with available infor-
mation to be included were quantitative. Z values with associated
p values were obtained. A statistically significant influence of the
moderator variable over the effect size was detected when p < 0.05.

Finally, publication bias was analyzed using Duval and
Tweedie’s Trim and Fill (Borenstein et al. 2009). When the
observed point estimate (represented by an open diamond) is
close to the imputed point estimate (shown as a filled diamond),
we interpreted that there was no risk of publication bias. When
we found differences between the observed and the imputed
point estimate, we calculated Egger regression test for bias
(Borenstein et al. 2009). A risk of bias was considered signifi-
cant when p values were below 0.05.

RESULTS

Study Selection

In total, 1012 individual publications were identified and in-
cluded into the first of 3 selection steps. After screening on title-
and-abstract, 172 publications remained and the full texts were
retrieved. The screening of full texts excluded 145 publications
that either did not meet the inclusion criteria or referred to the
same study sample without reporting on an additional family
variable, which led to 27 studies remaining to be included in
the review. These 27 studies refer to 22 different study samples
(Fig. 1 and Supplemental Digital Content 5, http://links.Iww.
com/EANDH/A646).

Specifically, the same study samples in full or partly were
Cruz et al. (2013) and Quittner et al. (2013). The studies Geers
etal. (2003, 2011) were looking at the longitudinal effects of the
same study population. The studies Holt and Svirsky (2008) and
Holt et al. (2013) investigated subpopulations from a larger lon-
gitudinal study. The study from Szagun and Schramm (2016)
included the study sample from Szagun and Stumper (2012).

The studies Sarant and Garrard (2014) and Sarant et al. (2014)
were most likely sharing at least some of the study participants.

Methodological Quality

The results for intercoder reliability for each item of the
quality assessment are presented in Supplemental Digital Con-
tent 6, http://links.lww.com/EANDH/A647. Seven of 14 items
had a very good kappa (above 0.8). The other seven items had a
substantial kappa (values between 0.6 and 0.8).

The quality assessment for the 27 publications can be found
in the Supplemental Digital Content 7, http://links.lww.com/
EANDH/A648. In total, 16 (59.3%) studies gave clear in-
clusion/exclusion criteria. Only 10 (37%) studies had a lon-
gitudinal study design. In 23 (85.2%) studies, attrition was
mentioned. Eight (29.6%) studies measured the outcome var-
iable and the family variable concurrently and had post meas-
urement of the family variable. Eight (29.6%) studies collected
all outcome and family measures at every time point. All studies
(100%) used standardized measurements for language outcome
measures. Twenty-three (85.2%) studies used at least one stan-
dardized measurement for the family variable. In none of the
studies (0%), control techniques were reported. The construct
definitions for the language outcome variables as well as family
variables were described in all studies (100%), although in 2 of
them, the definition of the family variables was vague. Within
this review, only 11 (40.7%) studies mentioned a responder rate.
Eight (29.6%) studies mentioned representativeness of the sam-
ples. In those that did, the sample was highly representative in 6
and low in 2. From the 23 studies that presented attrition, only 2
(8.7%) imputed missing data statistically. Twenty-one publica-
tions had a prospective design (77.8%). Inclusion of a study in a
meta-analysis was not determined by its methodological quality
but exclusively by the availability of correlational data between
the family and child language variables of interest.

Study Characteristics

Table 1 provides an overview of the most relevant study char-
acteristics. In addition, the number of studies with sufficient in-
formation available to be included in one of the meta-analyses
is reported. The availability of data is reported separately for
the three meta-analyses. Finally, the number of the most recent
studies, published since 2015, is shown.

Thirty-five percent of all studies were conducted in North
America; there is a complete lack of literature from African
and Asian countries in the final selection of studies, except for
China. Therefore, the available data mostly pertain to high-
income countries. Of the studies reporting family SES, there
is a tendency to disproportionally include families with high
SES. As expected, more distal family characteristics such as
family education level are reported in many publications (22),
although there is also a significant number including family
involvement (8) or parental linguistic input (9). Other family
variables such as parenting style, family values, relationships,
or parental stress are investigated rather rarely. For the language
measures, global language variables measured by comprehen-
sive language tests as well as measures of expressive vocab-
ulary are used most often. There is a dearth of studies with a
focus on social language use or narrative language skills. Age
at implantation is the most commonly reported confounding
variable. Surprisingly, other variables known to be significantly
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Fig. 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flow chart of the process of study selection. Retrieved from Moher et

al. (2009).

associated with language development, such as child sex or .Q.,
are only reported in about one-third of the studies.

Narrative Syntheses and Meta-Analyses

The studies investigating child speech and social communi-
cation skills and family variables could not be included in any
meta-analyses due to insufficient correlational data. Based on the
availability of correlations with same/similar dependent and IV,
three meta-analyses for the influence of different family charac-
teristics on child language were conducted. The presentation of
results begins with the more proximal variables. For each of the
three family variables, a narrative description of the studies not
included in the meta-analysis is presented first and followed by the
results of the meta-analysis (of only studies with sufficient data).

Parental Linguistic Input

A direct and significant correlation between parental lan-
guage input and child language development was anticipated.
Seven studies reported relationships between child-directed

parental language and child language outcomes; for 4 of those
studies, data were available to perform a meta-analysis. All
of the studies that could be included in a narrative review or
meta-analysis referred to quality rather than quantity of parental
language.

With the exception of a single-case study (Szagun 1997), the
studies only included in the narrative review were quite recent
(2012 to 2013) and related to children implanted at a young age
(range = 1.25 to 1.7 years, total n = 66) (Table 2). The German
study with the smallest sample size (Szagun & Stumper 2012)
and the case study (Szagun 1997) were the only longitudinal
ones. Szagun & Stumper (2012) found significant correlations
between the structural complexity of maternal language, that is,
mean length of utterance (MLU) and the frequency of maternal
expansions (reacting to a child by adding linguistic information
to his/her utterance) 12 months postimplantation, and the child’s
MLU at 24 and 30 months postimplantation. The correlations
demonstrated a significant moderate effect of quality aspects of
maternal language, even after partialling out age at implantation
and the child’s MLU at 12 months, which indicates a specific
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TABLE 1. Characteristics of studies included in the review (N = 27)

Variable

Data Available

Total

Meta-Analysis

Published After 2015

Ling*

Involvementt

SESt

Type of study
Cross-sectional
Longitudinal
Perspective
Prospective
Retrospective
Country
United States + Canada
Australia
China
Germany
Italy
Belgium
Other countries
Distribution of SES/parental education
Mixed
High
Not reported
Family variables
Parental income level
Parental education level
Family size
Family relationships
Family values
Parental stress
Family involvement
Parental self-efficacy
Parenting style
Parental linguistic input quality
Parental linguistic input quantity
Home literacy environment
Language outcomes
Speech perception
Speech production
Size of receptive vocabulary
Size of expressive vocabulary
Grammar receptive
Grammar expressive
Grammar expressive length
Grammar composite expressive/
receptive
Global receptive
Global expressive
Global expressive/receptive combined
Social communication skills
Confounders
Chronological age
Sex
1.Q.
Age at implantation
Age at onset of hearing loss
Residual hearing/PTA
Communication mode
Unilateral/bilateral

17
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TABLE 2. Studies reporting effects of parental linguistic input not included in the meta-analysis

Narrative Synthesis

Language Measure Language

Family
Variable

Age at Clin Gender %

Age in
N  Years (SD)*

Main Results

Variable

Global receptive RDLS or OWLS

Variable

Measure Family Variable

Female

Years (SD)

D

Country
2013 United

Year

First Author
Ceh et al.

Associated sig. pos. with

Quality Use of open-ended

56

1.25 (0.3)

C 39 5.78(1.44)

language outcomes

questions while book

reading
Quality Mothers degree of

States

MLU morphological Substantial child language

Grammar

L 3.10 2.9 50

1997 Germany

Szagun

differences associated with
concurrent maternal use of

language

marking,

expressive

Social
segmentation distribution conversational

exaggerated intonation;
degree of clarity of
of pragmatic categories
Quality CHILDES maternal MLU + Vocabulary

distribution
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of pragmatic

categories
CDI questionnaire

Maternal MLU associated

1.7 (0.92) 48

n.a.

25

L

Szagun and 2012 Germany

sig. pos. with child MLU at

24 mo
Maternal expansions

vocabulary
CHILDES

expressive

Grammar

maternal expansions

Stumper

transcriptions

expressive
Grammar

associated sig. pos. with

number of word

types

child MLU at 24 and 30 mo

receptive

“Age at baseline/testing T,.

C, cross-sectional; CDI, communicative development inventories; CHILDES, Child Language Data Exchange System; Cl, cochlear implantation; D, design; L, longitudinal; MLU, mean length of utterance; OWLS, Oral and Written Language Scales; pos,

positive; RDLS, Reynell Developmental Language Scales; sig, significant.

causal influence. Ceh’s et al. (2013) findings indicated positive
effects of the use of open-ended questions during book reading
encouraging the child’s more active participation in linguistic
interaction. In Szagun’s (1997) case study, longitudinal data of
mother—child interactions demonstrate substantial differences
in language development between the 2 cases as well as in the
language of their mothers (speech and pragmatic functions).
However, an influence of maternal language on the children’s
linguistic development cannot be inferred, because the aspects
of parental language expected to be related to child language
variables did not chronologically precede these.

All 4 studies included in the meta-analysis had a longitudinal
design (Table 3). Two of them were conducted in the United
States, the other 2 in Germany. Even though the size of the total
number of participants was limited (n = 176), the data were
considered as valuable being based on time-consuming tran-
scriptions of videos of parent—child interactions. All the family
measures pertained to facilitative language techniques (FLT),
that is, qualitative language input. In 2 of the studies (DesJardin
et al. 2009; Cruz et al. 2013), parental higher-level FLTs sig-
nificantly predicted growth in children’s expressive language.
Higher-level FLTs included parental reactions to a child’s lin-
guistic utterance with expansions or recasts (restating the
child’s utterance in a question format), reactions to their child’s
current interests by describing and commenting on them, and
the use of open questions encouraging the child’s use of more
complex language. Szagun & Schramm’s (2016) study related
to the use of parental expansions. Riiter (2011), in addition,
referred to their grammatical complexity. Three of the studies
measured parental language use with their children at 6 to 24
months postimplantation; DesJardin et al. (2009), at 53 months
postimplantation. Child language outcomes were assessed 1 to
3 years later.

The meta-analysis demonstrated a strong effect (r = 0.564;
p <0.001; 95% CI = 0.449 to 0.660), explaining a variance
of 31.7% of the children’s global expressive language devel-
opment, expressive grammar, or vocabulary size (Fig. 2). The
results demonstrated high homogeneity among effect sizes,
0(3) = 1.823, p = 0.61, P = 0. A study of moderator variables
was thus not considered necessary.

The funnel plot showed no apparent risk of publication bias

(Fig. 3).

Family Involvement

The relationship between family involvement and child lan-
guage development was investigated in a total of 6 studies.

Due to insufficient data, 2 of the studies could not be included
in the meta-analysis (Table 4). One of them was cross-sectional
and was conducted in Belgium (Boons et al. 2012). Another was
a longitudinal Australian study (Yanbay et al. 2014). Both stud-
ies demonstrated statistically significant positive correlations
between family involvement and at least some of the language
measures. However, for both studies, there were serious method-
ological constraints. Boons et al. (2012) used a nonvalidated bi-
nary scale to classify parental motivation and ability to fulfill their
commitments in rehabilitation from information in the child’s
file. In Yanbay et al.’s study (2014), Moeller’s Family Participa-
tion Rating Scale was filled in by educators/therapists working
directly with the families and thus not blinded for the children’s
language development. Moeller’s concept of family involvement
includes parental adjustment to the child’s hearing impairment,
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TABLE 3. Studies reporting effects of parental linguistic input included in the meta-analysis

Meta-Analysis

Main
Results

Language Measure Language

Measure
Family Variable

Quality at 24 mo High level FLTs

Family
Variable

Age at Clin Gender %

Years (SD)

Agein

Country D N Years (SD)*

2013 United

Variable

Variable

Female

Year

First Author
Cruz et al.

Global expressive at RDLS expressive Associated sig. pos. with

1.38 (0.4) 46

1.22 (0.48)

L 93

language outcomes
Associated sig. pos. with

language scale

OWLS

36 mo post-Cl

post-Cl
Quality at 53 mo Parental use of recasts Vocabulary

States

2009 United

56

2.16 (0.58)

16 4.42 (1.05)

L

DesJardin

oral vocabulary

expressive 89.6

mo post-Cl
Grammar expressive Child MLU

during story book

reading

Quality at 5 mo  Parental expansions

post-Cl

States

et al.

Associated sig. pos. with

52

2.5

2011 Germany L 21 n.a.

Ruter
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language outcomes
Associated sig. pos. with

at 18 mo post-Cl
Grammar expressive Child MLU

post-Cl
Quality at 12 mo Parental expansions

2.0 (0.1) 50

n.a.

Szagun and 2016 Germany L 48

language outcomes

30 mo post-Cl

post-Cl

Schramm

*Age at baseline/testing T,

Cl, cochlear implantation; D, design; FLTs, facilitative language techniques; L, longitudinal; MLU, mean length of utterance; OWLS, Oral and Written Language Scales; pos, positive; RDLS, Reynell Developmental Language Scales; sig, significant.

regular attendance and active participation in sessions, and advo-
cating for the child. In addition, qualitative aspects of parental
linguistic input (like those reported earlier) were included in the
concept of family involvement; that is, the ability of families to
become effective conversation partners with their children, the
way they function as language models, the use of FLT, and their
facility in the child’s communication mode.

The meta-analysis included 4 studies referring to a total
sample of 335 children in 4 different countries (Table 5). The
study with the smallest sample size (Moreno-Torres et al. 2016)
was the only longitudinal one. Most studies (except Geers et al.
2003) had been published recently and included children who, on
average, had been implanted in their second year of life. Again,
there were severe methodological limitations related to the con-
struct validity of family involvement and the measures used in all
the studies, which limited the validity of the results. Boons et al.
(2013) asked audiologists or speech-language therapists to com-
plete a self-constructed nonvalidated questionnaire with seven
mostly indirect indicators of parental involvement (such as pa-
rental knowledge of their child’s abilities, understanding how the
CI works, attending appointments, or contacting professionals for
help). The nonvalidated questionnaire used by Geers et al. (2003)
asked parents to report the frequency with which they partici-
pated in activities to stimulate auditory and speech development
in the home. The 2 remaining studies used Moeller’s scale.

Three of the studies found positive weak to strong cor-
relations between parental involvement and mainly expres-
sive language development, whereas in Geers et al. (2003), a
nonsignificant negative relationship was reported. Overall, a
high-moderate mean correlation (» = 0.380, p = 0.052, 95%
CI =—0.004 to 0.667), which almost reached significance was
found (Fig. 4).

We found there was heterogeneity between the differ-
ent effect sizes, Q(3) = 30.639, p < 0.001, I = 90.208. How-
ever, the available moderator variables, that is, sex (z = —1.01,
p=0.313,95% CI=—-0.0984 to 0.0315) and age at implantation
(z=1.39, p=0.164, 95% CI = —0.4306 to 2.5372) were found
to be nonsignificant confounders.

Based on Figure 5, a certain degree of publication bias could
be interpreted. However, the nonsignificant results in Egger re-
gression test for bias, #2) =2.7588, p=0.11,95% CI =-3.4639
to 15.8440, indicated the risk of bias was not significant.

Parental SES

SES was conceptualized as the social standing or class of an
individual or group, often measured as a combination of educa-
tion, income, and occupation (American Psychological Associ-
ation, Task Force on Socioeconomic Status 2007). Parental SES
was commonly reported in the publications (22 publications, 16
study samples). From an overall of 16 studies, SES was meas-
ured using the maternal/main carer’s or family’s highest edu-
cation (n = 12) and/or an income/neighborhood index (n = 6).

Eight studies could not be included in the meta-analysis.
Five of these studies reported statistically significant but rather
weak positive correlations between SES and child language,
specifically with expressive/receptive vocabulary or global lan-
guage (see Supplemental Digital Content 8, http://links.lww.
com/EANDH/A649).

Eight studies pertaining to a total of 512 children and with
good geographical variation could be included in a meta-anal-
ysis on the relationship between parental education level and


http://links.lww.com/EANDH/A649
http://links.lww.com/EANDH/A649

HOLZINGER ET AL / EAR & HEARING, VOL. 41, NO. 5, 1077-1091 1085
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Study name _Statistics for each study _Correlation and 95%Cl.
Lower  Upper
Correlation  limit limit ZValue p-Value
Cruz et al. 2013 0504 0334 0642 5,233 0,000
DesJardin et al. 2009 0530 0,000 0,828 1,957 0,050
Riter 2011 0690 0368 0854 3,598 0,000
Szagun & Schramm 2016 0627 0412 0776 4,829 0,000
0564 0449 0,660 8,101 0,000
-1,00 -0,50 0,00 0,50 1,00

Fig. 2. Forest plot of parental linguistic input. Cl indicates confidence interval.

child language (see Supplemental Digital Content 9, http://
links.lww.com/EANDH/A650). All except for one study (look-
ing at parental income) looked at parental/maternal education
level. The meta-analysis resulted in an overall low- and nonsig-
nificant average correlation coefficient, » = 0.117, p = 0.262,
95% CI =-0.087 to 0.312, so there was no statistical evidence
of the relationship between parental SES and the language de-
velopment of the child (Fig. 6).

There was a high level of heterogeneity between studies,
0(7)=28,598,p<0.001. ’=75.523.The 1.Q. of the child was a
positive significant moderator variable, z = 3.2080, p = 0.001,
95% CI = 1.0069 to 4.1693. Sex and age at implantation
were nonsignificant moderators, z = 0.0569, p = 0.955, 95%
CI = —1.7194 to 1.8222 and z = —0.1861, p = 0.852, 95%
CI=-0.5170 to 0.4273, respectively.

The funnel plot did not present indications of publication
bias (Fig. 7).

Other Family Variables
In addition to the three family variables reported earlier,
some additional aspects of family environments deserve men-

tioning, even though meta-analyses could not be performed due
to a lack of data (Table 1).

Two studies (Ceh et al. 2013; Sarant et al. 2014) reported
significant benefits of the frequency of the child’s exposure
to books in the home (home literacy environment) for his/her
global language development. In Sarant’s et al. (2014) study,
time spent reading books even predicted oral language develop-
ment more strongly than an extra 10 L.Q. points.

Another 2 studies (Geers et al. 2003, 2011) provided infor-
mation on the relationship between family size and child speech
and language development. Both of them showed statistically
significant negative correlations, demonstrating possible advan-
tages of smaller families for speech-language acquisition of a
child with hearing loss.

Parenting style was found to be significantly related to child
language development in a number of studies. Quittner et al.
(2013) reported positive effects of maternal sensitivity and cog-
nitive stimulation on the growth of oral language. In the study of
Ketelaar et al. (2017), a negative and uninvolved parenting style
was found to be negatively correlated with child language devel-
opment. Holt et al. (2013) demonstrated statistically significant
correlations indicating that lower family self-reported levels of
control, implying less rule emphasis and less obvious hierarchy
of power, and higher levels of organization (more planning,
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Fig. 3. Funnel plot of parental linguistic input.
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Meta Analysis
Study name Statistics for each study Correlation and 95%Cl
Lower Upper
Correlation  limit limit ZValue p-Value
Boons et al. 2013 0,431 0,213 0,608 3,689 0,000
Geers et al. 2003 0,092 0235 0055 -1,231 0,218
Moreno-Torres et al. 2016 0,760 0,384 0,920 3,304 0,001
Sarant & Garrard 2014 0430 0213 0,606 3,708 0,000
0,380 -0004 0,667 1,939 0,052
-1,00 -0,50 0,00 0,50 1,00

Fig. 4. Forest plot of family involvement. Cl indicates confidence interval.

clearer expectations, and neatness without the control power) re-
lated to larger receptive vocabularies in their children.

Lower levels of parental stress were significantly correlated
with children’s speech-language development in one study
(Sarant & Garrard 2014).

DISCUSSION

To our knowledge, this study is the first systematic review of
the literature on the effects of family environment on language
outcomes in children with CIs. The review was performed to
decrease the unexplained variability in language outcomes in
children with Cls by investigating the role of family variables.
Twenty-seven studies that contained information on family vari-
ables as related to child language development were identified.
Available data permitted the conduction of 3 meta-analyses on
the influence of parental linguistic input (4 studies; DesJardin
et al. 2009; Riiter 2011; Cruz et al. 2013; Szagun & Schramm
2016), family involvement (4 studies; Geers et al. 2003; Boons
etal. 2013; Sarant & Garrard 2014; Moreno-Torres et al. 2016),
and parental SES (8 studies; Geers et al. 2009, 2011; Huber
& Kipman 2012; Sarant & Garrard 2014; Cupples et al. 2016;
Guerzoni et al. 2016; Moreno-Torres et al. 2016; Ketelaar et
al. 2017) on child linguistic skills. Our findings demonstrated

strong and homogenous effects (» = 0.536) of the amount of
high-quality early parental language input explaining variance
of almost 32% of child language development after cochlear
implantation. The use of parental expansions, such as react-
ing to the child’s utterance by “playing it back” to the child in
a linguistically correct form and with some new information,
proved to be a highly effective facilitative language strategy.
Another one was the use of open-ended questions. A common
feature of both strategies is that they stimulate the child’s active
participation in linguistic interaction. Other characteristics of
high-quality parental linguistic input were grammatical com-
plexity (maternal MLU) and lexical diversity (type-token ratio).
Frequency of a child’s exposure to books in the home (home
literacy) was found to predict child language development in 2
studies included in the narrative systematic review.

However, despite strong correlations between parental lin-
guistic input and child language development documented
in the longitudinal studies, it could be argued that these cor-
relations could also reflect the influence of child characteris-
tics on parental behavior. For example, there is evidence from
twin studies (Dale et al. 2015) that, in addition to causal influ-
ences of parental language on child development, there are also
child-to-parent effects. Children who were more talkative or
advanced in language development elicit parental speech with
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Study name Statistics for each study Correlation and 95%Cl
Lower  Upper
Correlation  limit limit ZValue p-Value
Cupples et al. 2016 0270 0570 0093 -1465 0143 1
Geers et al. 2009 03% 0257 0524 5174 0,000 -{F
Geers et al. 2011 0277 0095 0441 2942 0003 -
Guerzoni et al. 2016 0,097 0286 0454 0487 0627 —i—
Huber & Kipman 2012 0260 0,133 0582 1304  01% —1——
Ketelaar et al. 2017 012 0401 0178 07% 0427 —u—
Moreno-Torres et al. 2016 0450 0,106 0,792 1,608 0,108 -+
Sarant & Garrard 2014 0,160 0,38 0082 -1,301 0193 —+
0117 0087 0312 112 0262 D
1,00 050 0,00 0,50 1,00

Fig. 6. Forest plot of parental socioeconomic status. Cl indicates confidence interval.

more advanced language facilitating features, thereby creating
their own language environment.

But the data from the primary studies in our review support
the view that even considering the influence of child variables,
parental input has an impact on language development. Two of
the studies included in the meta-analysis (Riiter 2011; Szagun &
Schramm 2016) controlled for the influence of the child’s lan-
guage level at baseline in their analysis of the correlation between
early parental language input and later child language outcomes.
Riiter (2011) demonstrated strong effects of parental expansions
on different aspects of child expressive grammar outcomes (r of
0.42 to 0.70) even after partialling out child language at base-
line (and age at implantation). In Szagun and Schramm’s (2016)
study, variance of child MLU at 24 months postimplantation
explained by parental expansions at 11 to 12 months postimplan-
tation (R’ = 0.048) was still 12% (and 15% for early child MLU)
when child and parental variable were inserted simultaneously
into a multiple-regression model. In another study (Cruz et al.
2013), the authors conducted analyses to separate these unidi-
rectional and bidirectional effects, examining whether parents’
use of higher-level FLT led to increases in child language, and

simultaneously, whether children’s expressive or receptive lan-
guage skills led to increases in parents’ use of higher-level facili-
tative language strategies. They found a bidirectional association
between higher-level parental FLT and expressive language only
within the first year of cochlear implantation. Parents of recently
implanted children with more spoken language before implanta-
tion may have been reinforced in interactions with their child to
use higher-level strategies. In contrast, for receptive language,
there was only a unidirectional effect between the number of dif-
ferent word types used by parents and receptive language devel-
opment. In summary, despite possible bidirectional influences
of parental language and child language, the role of parents to
promote linguistic interactions is supported by the data. Children
learn through interactions with their parents. They also use their
language skills to elicit and expand their interactions.

The results for children with CIs and their families are in line
with what is known about predictors of language development in
children with normal hearing. Many studies have substantiated
empirical evidence for a strong connection between early rich
language exposure and developmental outcomes (Huttenlocher
et al. 1991; Hart & Risley 1992, 1995; Hoff 2003; Landry et
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al. 2006) in typical development that remained strong even after
controlling for parental SES (Rowe 2012; Weisleder & Fernald
2013). An outstanding recent study (Gilkerson et al. 2018) dem-
onstrated that the amount of turn-taking interactions with chil-
dren with normal hearing 18 to 24 months old measured by use of
Language Environment Analysis software accounted for 32% of
the variance of verbal comprehension even about 10 years later.
The prediction remained strong after adjustment for parental
SES (R*> = 0.027) confirming the specific impact of parental
talk and interaction on child language. Noteworthy, the predic-
tion of child language by parent—child conversational turns was
much stronger than by the number of adult child-centered words
(quantity of parental language input). Our findings demonstrat-
ing the role of the frequency of exposure to books for child oral
language development are in line with research on typical devel-
opment, which shows an enhancement of language development
by the informal literacy environment at home (National Early
Literacy Panel (US) 2008; Sénéchal & LeFevre 2014).

Due to incomplete data, the specific influence of parental
language in addition to family SES could not be analyzed as
part of our meta-analysis. However, individual studies dem-
onstrate the specific character of parental language as shown
for typical development. In a model to predict child language
including SES, initial child language and higher parental fa-
cilitative language strategies (Cruz et al. 2013), SES did not
significantly affect changes in child language over time.

Family involvement was shown to correlate moderately high
with child language development, explaining 14% of variance
and almost attaining significance. However, heterogeneity be-
tween the studies’ effect sizes was high. Heterogeneity was
assumed to be a consequence of a missing unified construct and
the use of nonvalidated instruments for measuring family in-
volvement. Furthermore, the lack of data did not permit investi-
gation of suspected moderator variables such as parenting style,
which was included in some of the measures of family involve-
ment. Therefore, the results on the role of family involvement
must be interpreted with caution.

As hypothesized, the more distal variable of family SES,
mainly operationalized by parental (mostly maternal) education,
was shown to have weaker effects on child language develop-
ment (R’ = 0.054) compared with specific parental behaviors re-
lated to children’s language exposure, such as parental linguistic
input or involvement in intervention. The seminal study of Hart
and Risley (1992, 1995) demonstrated higher correlations be-
tween parental SES and child language in typical development.
Lower correlations in populations of children with deafness or
profound hearing loss might be due to limited variability of SES
in the study sample and/or a consequence of a leveling effect of
early-intervention programs supporting parents in their use of
facilitative language strategies. As described earlier (compare
Cruz et al. 2013), in studies including both SES and parental
language input, SES played a minor or even statistically insig-
nificant role for their child’s language trajectories, in accord-
ance with the results obtained from the meta-analysis.

Implications for Intervention

The results speak strongly to the importance of high-quality
parental child-centered language following cochlear implantation.
Early-intervention programs should carefully respect the context
of language learning that takes place in parent—child interactions,

with responsive parents stimulating the child’s active participation
in conversational exchanges. Children profit from opportunities
for language-rich interactions. Early-intervention programs need
to be truly family-centered, supporting parents in the frequent use
of FLT in everyday situations. Irrespective of the economic status
or the educational level of families, all of them could be a positive
influence in their children's language development.

Implications for Further Research

Studies on outcomes in children with CIs including family en-
vironment as a critical factor for language development are still
scarce. Based on the quality assessment of the 27 studies, impli-
cations for further research were identified. The use of standard-
ized instruments to measure language outcome variables can be
regarded as a strength in the field. Furthermore, almost all studies
give clear descriptions of the measures used for dependent and IV,
which permit replication. But there is still a great need for lon-
gitudinal multicenter studies that follow large study populations
over a longer period of time. The merging of databases as well
as open access databases will be of great importance to increase
reliability of results with substantial sample sizes.

Many studies failed to mention the representativeness of
their study population. In most cases, samples were not rep-
resentative: they included a selection of families with higher
SES, monolingual and majority culture background and chil-
dren without additional disabilities. To draw conclusions for the
total population of children with CIs, it would be important to
include children from the whole variety of SES backgrounds, as
well as multilingual families and children with special needs.

Regarding the family variables, there is a demand for valid
standardized measures for constructs such as family involvement.
Also, future studies need to implement control techniques such as
measuring language outcomes and family variables independently.

Regarding the presentation of the results of the individual
studies, almost all of them publish exclusively multiple-regres-
sion analyses, which could not be used for the calculation of
meta-analyses. In line with current open science recommenda-
tions, there is still the need to provide access to the raw data
or at least to full correlational data of the main variables and
confounders.

Limitations

Precisely because the availability of correlational data was
limited, the number of possible meta-analyses and the respec-
tive number of included studies was reduced. Some additional
variables that could be of interest were beyond the scope of the
review, but could be of future interest, such as the level of oral
and signed family multilingualism, family screen-viewing time,
and written and signed language outcomes.
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