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Objectives: To identify important maternal and child factors associated with development of vocabulary in a
cohort of children with and without permanent hearing loss (HL).
Methods: Children with HL and typical hearing were enrolled after the newborn hearing screen. Mother–
child dyads were evaluated at 18–24 months of age. Mothers completed the MacArthur–Bates Commu-
nicative Development Inventory (MCDI). Maternal communicative effectiveness was scored using the
Parent/Caregiver Involvement Scale (PCIS) from a 10 min play session. Correlations and regression models
were run to identify the important predictors of number of child words produced.
Results: Results from 40 children with typical hearing and 31 children with HL are reported. Words produced
(134±135 vs. 71±112) and words produced percentile (33±42 vs. 17±23) scores on the MCDI were
significantly higher for children with hearing compared to children with HL. Greater maternal stress was
associated with decreased verbal involvement, positive regard, availability, and enjoyment. Regression
analysis revealed HL, stay in a Neonatal Intensive Care Unit (NICU), and maternal stress were associated with
fewer words produced whereas more optimal maternal atmosphere and quality of control and directiveness
were associated with more words produced.
Conclusions: Maternal communicative behaviors, maternal stress, child HL, and child stay in the NICU were
all associated with number of words produced at 18–24 months.

© 2010 Elsevier Ireland Ltd. All rights reserved.

1. Background

Congenital HL is themost commonly occurring sensory deficit in the
United States [1]. HL is identified at a rate of 1–3 per 1000 children, and
each year between 8000–12,000 babies are born with congenital HL.
Deaf children with deaf parents who use natural signed language
usually acquire linguistic competence without signs of delay [2,3].
However,more than90%of childrenwithHLare born to hearingparents
for whom communicative interaction is disrupted, and these children
are at risk for language delay [4]. Studies indicate that children who are
deaf or hard of hearing who are not identified as newborns and do not
receive Early Intervention (EI) and very early language input, steadily
fall behind hearing peers in language, cognitive performance, social
skills, literacy, and academic skills [4–6]. More recent reports of
Yoshinaga–Itano, Moeller and Vohr [7–9] showed improved language
outcomes of infants with HL identified early.

A critical contribution of EI is its role in supporting parents to
develop effective communication strategies with their infants, as well
as to offer support during a time of increased stress. Parent–child

interaction styles are an important influence on child development
[10–15], and parental communication and interaction have significant
effects on language acquisition. Children at risk for developmental
delays may benefit most from positive caregiver interactions.
According to McGrath et al [12], “a high quality maternal behavioral
style exhibited in positive affect, attitudes, and/or interaction may
reduce the impact of the child's biological vulnerability.” Baumwell
[10] used an overall measure of verbal sensitivity combining mothers'
responsiveness, joint attention, and focusing behaviors. The author
found that verbal sensitivity significantly predicted language gains
between 9–13 months, with the largest effect found for children who
had low initial receptive language scores. A study by Pressman et al
[14] reported that the maternal sensitivity subscale ratings of the
Biringen Emotional Availability Scales [41,42] administered when a
cohort of deaf and hard of hearing children were 21–30 months
predicted children's expressive language at 33–41 months. Studies of
school age children with impairments also have clearly shown
benefits derived from higher maternal level of education, socioeco-
nomic status (SES), and interactive styles on child development
[12,16,17].

Early language development including the acquisition of vocabu-
lary is also associated with a number of maternal and child factors.
Parental stress levels and its impact on the family are often increased
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for families of infants diagnosed with a permanent HL [18–21]. An
infant's requirement for a stay in the NICU is also known to be
associated with increased maternal stress [22].

The relative contributions of maternal communicative involve-
ment, maternal stress, stay in a NICU, and HL on early vocabulary are
unknown in a population of early identified children with HL. The
objectives of this study were to assess the effects of two maternal
factors (maternal communicative effectiveness and maternal stress)
and two child factors (HL and stay in the NICU) on number of words
produced at 18–24 months for a cohort of children with and without
HL.

The following hypotheses were proposed:

1. More optimal parent/caregiver involvement will be associated
with more words produced. Specifically, higher maternal verbal
involvement and more optimal availability, atmosphere, and
sensitivity, will be associated with more words produced.

2. Higher maternal stress will be associated with fewer words
produced.

3. Child HL and NICU stay will be associated with fewer words
produced.

2. Methods

The study subjects include childrenwith andwithout HLwhowere
screened for HL in Rhode Island between 10/15/02–1/31/05. Inclusion
criteria for the HL group included a positive screen result and
subsequent diagnosis of permanent congenital HL. Eligible controls
were infants with typical hearing who had completed the newborn
hearing screen. The controls for this paper were identified as the best-
matched to the infants with HL, and represent a subset of the total
cohort of enrolled controls. Matches were based on hierarchical
matching procedures for sex, date of birth, hospital of birth, Well Baby
Nursery vs. NICU, maternal education, race/ethnicity, and health
insurance. The Hollingshead Four Factor Index of Social Status [23], a
weighted combination of parental occupation and education, was
used to calculate scores of SES based on parental education and
occupation.

Maternal and infant demographic data were collected and
assessments were completed during home visits at 6, 12–16, and
18–24 months of age. This paper reports on the 18–24 month
assessments. A 10 minute mother–child free play session was
videotaped during the home visit and subsequently coded according
to the PCIS [24]. The PCIS assesses adult behaviors in interactions with
the child. It has been determined to have concurrent validity for
mothers with children from infancy to toddlerhood [12,24,25]. Coders
were trained to reliability by participation in a workshop conducted
by experienced coders followed by coding of teaching videos until the
examiner was certified as reliable. Four of six research assistants
achieved reliability above .80 in this process and were given
responsibility for coding all videos. Six items were coded for both
amount and quality displayed by the parent: Verbal Involvement,
Responsiveness (reactions to child initiations), Play Involvement
(caregiver–parent play), Control and Directiveness (structure and
directives the caregiver imposes), Positive Regard (caregiver positive
vs. negative attitude), and Negative Regard (negative emotions and
statements). Amount refers to the amount of time a behavior is
observed without regard to its quality and ranges from Not Observed
(1) to Throughout the Session (5), whereas quality refers to the
degree of warmth, sensitivity, acceptance, and matching of caregiver
behavior shows and to what degree the behavior matches with their
child's level of development. Four items exhibited by the parent were
scored on amount as overall indicators: Availability (accessible and
responsive to child needs), Acceptance (acceptance and approval of
child as he/she is), Atmosphere (harmony or synchrony between the
parent and child), and Enjoyment (pleasurable periods between

parent and child). Five items displayed by the parent were generally
rated on independent scales: Sensitivity (degree of positive and
congruent interest and pleasure with child), Scaffolding (amount of
positive control used in interactions allowing the child to be
successful), Intrusiveness (behavior that prevents child autonomy),
Structuring/Intrusiveness (degree of appropriately or not appropri-
ately structuring child play), and Hostility (degree of overt facial or
vocal hostile behavior toward child). All items have a range of scores
of 1–5 except Sensitivity (1–9) and Structuring/Intrusiveness (1–7).
Higher scores represent a higher frequency of the designated
behavior. Items that showed significant or borderline significant
correlations with maternal characteristics or child language outcomes
were included in this analysis.

The Family Support Scale [26] which measures the helpfulness of
sources of support to families raising a young child (range of scores
18–90), the Family Resources Scale [27] which measures resources
(range of scores 31–155), the Impact on the Family [28], a measure of
the effect of the child's condition in producing change in the family
(range of scores 14–56), and the Parenting Stress Index [29] which
identifies stressful areas in mother–child interactions (range of scores
36–180) were administered. Mothers of multiples completed inter-
views for each child individually.

Child vocabulary was measured at 18–24 months using the MCDI
[30]. The MCDI prompts parents to report their child's understanding
and use of early vocabulary items separated into word categories.
Parents of both children with hearing and HL are asked to identify the
words or signs they have observed their child using. The MCDI has
been normed and validated, andwas designed tominimize limitations
of parental report by asking questions about current and emerging
language through a recognition format. Studies on the validity of the
MCDI for children with language impairments and children with HL
have found that parent reports show high concurrent validity with
other measures of early language. [31,32]. We previously adminis-
tered the MCDI: Words and Gestures at 12–16 months [33]. At 18–
24 months the MCDI: Words and Sentences which consists of two
parts, “Part I: Words Children Use” includes a 680 word vocabulary
list, and “Part II: Sentences & Grammar” includes questions on word
endings, word forms, word combinations, and sentence complexity
was administered. The MCDI was administered to all English speaking
families and a normed Spanish version was administered and scored
for native Spanish speakers. If signed vocabulary was understood or
used, it was counted accordingly. The American Sign Language (ASL)
version was used with the one family that used ASL at home. Scores
are reported separately for this family, since ASL norms and
percentiles are still in development.

3. Statistical analyses

This was a matched cohort study. Between-group analyses (HL vs.
control) were performed using t-tests on continuous variables and
chi-square on categorical variables. Variables that demonstrated
significant skew and/or sufficiently differing between-group var-
iances were log-transformed to normalize the data for parametric
analyses. Correlations were run between maternal and child pre-
dictors and child MCDI vocabulary scores. Multiple regression models
were constructed for the outcome of total words produced at 18–
24 months. Independent variables include PCIS communicative
behaviors, maternal stress, child hearing status (HL vs. hearing), and
newborn nursery (NICU vs. Well Baby Nursery) as an indicator of
neonatal illness severity.

4. Results

Results from a total of 31 infants with HL and 40 children with
typical hearing are reported. Characteristics are shown in Table 1.
Mothers in the hearing and HL groups had similar age, marital status,
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and health insurance type; control mothers had higher Hollingshead
SES scores. Children in the two groups had similar gender, race, NICU
stay, and gestational age. The infants with HLweremore likely to have
a birth weight below 1500 g. As expected, significantly more children
with HL were referred to EI. Among infants with HL, 13 had unilateral
or mild bilateral and 18 had bilateral moderate to profound
conditions. In addition, 24/31 (77%) used some sign for communica-
tion. Six of the children with HL were diagnosed with cerebral palsy
(CP) by 18 months of age.

Scores for the Family Support Scale, Family Resources Scale, and
Parenting Stress Index did not differ between the HL and control
groups (see Table 2). Total Impact on the Family scores were higher
for mothers of children with HL compared to mothers of hearing
children.

As shown in Table 3, number ofwords produced (134±135 vs. 71±
112) and words produced percentile scores (33±42 vs. 17±23)
were significantly higher for children with hearing compared to
children with HL for the entire study sample. To adjust for illness
severity at birth, the analyses were repeated excluding children who

were cared for in the NICU from both the HL and hearing groups.
Althoughwords produced and words produced percentile were both
higher for controls than children with HL, the differences were no
longer significant. In addition, (not shown in table) for the HL group
alone, children enrolled in EI by 3 months of age compared to infants
enrolled after 3 months of age had higher words produced percentile
(27±29 vs. 7±6, p=0.01) respectively. Data on two infants are not
included in the table. The mother of the child who communicated
with ASL reported 354 words understood and 256 words signed. In
addition, for one child who spoke Spanish only, the administration of
the MCDI was stopped due to maternal reluctance to continue a
prolonged visit.

The mean scores of the PCIS domains were similar for the mothers
of children with hearing and HL and the mothers of NICU and Well
Baby Nursery infants (not shown). Correlation analyses were run to
examine the associations between maternal and child factors and
maternal communicative effectiveness (PCIS) scores (see Table 4).
Greater maternal stress was associated with decreased verbal
involvement, positive regard, availability, and enjoyment with a
trend for decreased sensitivity. Higher maternal resources were
associated with greater maternal availability and enjoyment and
higher SES was associated with decreased negative regard and
intrusiveness and increased quality of control and directiveness.

Correlations were run between maternal communicative effec-
tiveness scores, resources, impact and stress scores, child HL, and
NICU stay with words produced at 18–24 months. Increased maternal
atmosphere, availability, quality of control and directiveness, and
maternal resources were associated with more words produced. In
contrast greater maternal stress, greater impact on the family, child
HL, and stay in the NICU were all associated with decreased words
produced. Increased maternal sensitivity had a borderline association
with more words produced (p=0.08). Maternal verbal involvement
was not associated with number of child words produced (Table 5).

Regression analyses incorporating our two maternal independent
factors (PCIS scores and maternal stress scores) and two infant
independent variables (HL and NICU stay) were run to predict words
produced as shown in Table 6. The child factors of HL and stay in the
NICU both provided independent contributions to fewer words
produced. Child NICU stay was found to have significant effects for
six out of seven models and was associated with 56–70 fewer words
produced, whereas HL was associated with 64–74 fewer words
produced in all sevenmodels. Maternal stress scores were a consistent
independent predictor resulting in approximately 20 fewer words
produced for every 10 point increase of the stress score. Greater
maternal atmosphere during mother–child interaction contributed to
36 more words produced and quality of control and directiveness
with 45 more words produced for each increase of one point in the
PCIS. Trends for negative effects of increased maternal intrusiveness
and amount of control and directiveness during the play interaction

Table 1
Mother and infant characteristics.

HL Control p value

Mothers N 28 30 –

Maternal age, mean (SD) 32 (6) 35 (5) .0987
Married 23 (82) 27 (90) .3859
Level of education .0857

bHigh school 2 (7) 1 (3)
Completed high school 4 (14) 0
Partial college 12 (43) 11 (37)
Completed college 10 (36) 18 (60)

Primary home language .1001
English 24 (86) 30 (100)
Spanish 3 (11) 0
ASL 1 (4) 0

Health insurance type .6902
Private 22 (79) 26 (87)
Medicaid/HMO 4 (14) 3 (10)
Medicaid/Public assist. 2 (7) 1 (3)

Hollingshead SES score, mean (SD) 34 (14) 48 (10) .0104
Infants N 31 40 –

Parent–child communication
Sign language use 24 1
ASL 1 0
Extensive use of sign 3 0 –

Use of inconsistent/minimal sign 20 1
Oral 7 39

Multiples 9 (29) 16 (40) .3372
Female sex 12 (39) 16 (40) .9121
Age at 18 month visit, mean (SD) 22 (2) 22 (3) .1636
White race 28 (90) 39 (98) .1917
NICU stay 19 (61) 26 (65) .7476
Gestational age b37 weeks 20 (65) 21 (53) .3093
Birth weight b1500 g 15 (48) 8 (20) .0112
EI referral 30 (97) 14 (35) b.001
Degree of HL

Unilateral or mild bilateral 13 (42) – –

Bilateral–moderate to profound 18 (58) – –

N (%).

Table 2
Support, stress, resources, and impact on the family.

M±SD HL Control p value

Number of infants 31 40
Total family support scale score 37±11 37±9 .6888
Total family resources score 121±13 125±14 .2030
Total impact on the family score 27±5 24±4 .0324*
Total parenting stress index 67±10 70±17 .3832

Scores are expressed as mean (SD).

Table 3
MCDI words produced at 18–24 months.

Sample including
NICU infants

Sample excluding NICU
infants

N HL 29 Control
40

pa HL 11 Control 14 pa

Words
produced

70.6
±112
(median
38.0)

133.6
±135
(median
89.5)

0.0048 137.6
±159
(median
58.0)

174.1±141
(median 141)

0.2545

Percentile 16.8±23
(median
7.5)

32.8±27
(median
30.0)

0.0033 30.8±32
(median
22.5)

40.4±27
(median 37.5)

0.2514

b10th % 20 (69%) 13 (33%) 0.01 5 (45%) 2 (14%) 0.0849

a p values for means reflect analysis of transformed variables to adjust for skewness.
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on words produced were observed. When the models were rerun
excluding infants with CP the models remained significant, the
independent effects of atmosphere and quality of control and
directiveness remained significant but the independent effects of
NICU and HL were attenuated and non-significant.

5. Discussion

Our findings support the concept that multiple maternal and
child factors contribute to child vocabulary at 18–24 months. Our
first hypothesis exploring the effects of maternal communicative
effectiveness on early vocabulary was supported. Although there
were no significant differences in mean PCIS scores across the two
study groups, there were significant associations between higher
positive maternal communicative behavior scores including atmo-
sphere, availability, and quality of control and directiveness, and
more child words produced for the total study cohort. Our
regression analyses identified significant independent effects of
atmosphere, reflecting increased synchrony between the mother
and child and quality of control and directiveness on more words
produced after controlling for independent effects of NICU, HL, and
maternal stress. In addition, there was a trend for increased amount
of control and directiveness and increased intrusiveness behaviors
to be associated with fewer words produced. Increased rates of
controlling and intrusive behavior have previously been reported
for hearing mothers of children with HL by Spencer [6] and Brinich
[34].

Our second hypothesis was that maternal stress would be
associated with decreased words produced. Maternal stress was
found to be an important mediator of maternal behaviors for both
groups during mother–child interaction and with child language
outcomes at 18–24 months. Increased maternal stress was negatively
correlated with a number of PCIS domains including verbal involve-
ment, positive regard, availability, and enjoyment. Lower resources
were associated with decreased availability and enjoyment. Although
we identified no associations between support and PCIS scores, the
importance of support for families of children with HL has been cited
in other studies. Meadow–Orlans [35] found that hearing mothers of
18 month old deaf children with low support were significantly more

intrusive, less sensitive, and less reciprocal than mothers of hearing
children. Our findings suggest that maternal stress is an important
factor inhibiting optimal communication among mother–infant
dyads.

Our correlation analyses reinforce the concept that both parent
and child characteristics are associated with language development.
Higher maternal resources and SES were associated with more
optimal mother–infant interactions. Calderon [36] reported that
mother's communication skills with 4–7 year old deaf children were
significantly correlated with SES. Within our cohort of children with
varying degrees of HL and typical hearing, SES was associated with
greater quality of control and directiveness, which in turn, was
associated with more words produced. Maternal report of greater
resources was significantly related to greater overall enjoyment and
increased availability during play, and more words produced.
Maternal perceived resources may capture aspects beyond the SES
score, such as time and personal networks.

As proposed in our third hypothesis, the number of words
produced at 18–24 months of age was significantly lower for the
children with HL compared with children with typical hearing. This is
consistent with studies examining language skills among deaf
children with hearing parents compared to hearing peers [37–39].
In addition, we identified significant independent effects of NICU stay
on decreased words produced. Prior studies have shown that
approximately 50–60% of infants identified with HL have a history
of neonatal illness severity requiring care in a NICU. This is consistent
with our findings. Although children with HL in the study had
significantly fewer words produced than the hearing children, the
group differences in words producedwas lessenedwhenwe excluded
infants who required NICU care from the analyses.

In the regression models, two PCIS domains contributed signifi-
cantly to language outcomes: atmosphere and quality of control and
directiveness. Even when the models were rerun excluding infants
with co-morbidities (CP) the models remained significant, the
independent effects of atmosphere and quality of control and
directiveness remained significant, but the independent effects of
NICU and HL were attenuated and non-significant.

Atmosphere is a global rating of dyadic mother–child interac-
tions, reflecting a harmonious environment and shared positive
emotions [24]. Previous studies of both preterm and deaf children
have demonstrated the importance of a positive affective environ-
ment for language development. Greenberg, et al [40] found that
developmental and language outcomes for preterm children at two
years of age were highly dependent on maternal attitude. Pressman
et al [14] reported that the maternal sensitivity predicted children's
expressive language at 33–41 months. It should be noted that their
cohort included no children with known medical conditions or
handicaps other than HL. Although sensitivity did not reach
statistical significance in our models, independent effects of
atmosphere and quality of control and directiveness, however, on
words produced support the importance of overall quality of
mother–infant interactions in facilitating language development.

The control and directiveness measure assesses the extent to which
mothers physically manipulate their children and direct their activities
during the play activity. For this cohort, while quality of control and

Table 4
Correlations of maternal and child characteristics with maternal involvement (PCIS) scores.

Verbal involvement Positive regard Availability Enjoyment Sensitivity Negative regard Intrusiveness Control directive quality

Maternal stress −0.2878
0.01

−0.2852
0.02

−0.2950
0.01

−0.2325
0.05

−0.2169
0.07

NS NS NS

Resources NS NS 0.3117 0.2541 NS NS NS NS
0.0008 0.03

SES NS NS NS NS NS −0.249 −0.248 0.281
0.03 0.04 0.01

Impact, Support, HL, and NICU stay were not related to PCIS factors.

Table 5
Correlations between maternal and child factors and MCDI words produced.

Predictors Words produced

Maternal factors r p

PCIS verbal involvement 0.092 0.45
PCIS availability 0.283 0.01
PCIS sensitivity 0.213 0.08
PCIS atmosphere 0.296 0.01
PCIS quality of control and directiveness 0.333 0.005
↑ stress scores −0.3308 0.005
↑ resources scores 0.3775 b0.0001
↑ impact scores −0.3961 b0.0001
Child factors r p
Child HL −0.244 0.01
NICU stay −0.301 0.01
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directiveness was associated with more words produced, there was a
trend for amount of control and directiveness to be associated with
fewer words produced. Our findings are consistent with observations
that mothers whose hearing status (hearing or deaf) does not match
their child's use adaptiveways to control and direct interaction that rely
on other modalities rather than hearing alone [34,43,44].

Verbal involvement is an important influence on child develop-
ment. Specific features of verbal involvement that have been shown
to facilitate language development include responsiveness to
children's communicative attempts, promoting joint attention,
and expansion of children's utterances [4,5]. Contingent respon-
siveness to the child's behaviors and cognitive level have been
linked in several studies to increased receptive language, speech,
and higher cognitive scores among toddlers [6]. In the present
study, maternal verbal involvement did not provide an independent
contribution to the regression model. This measure assesses the
extent to which mothers are linguistically engaged with their
children throughout the play session [24]. Prior studies have shown
differential effects of maternal verbal input on deaf children's
language development. Studies of deaf children ages 12–36 months
have shown no significant correlation between frequency of spoken
language by their hearing mothers and language gains [38,45],
although frequency of signing has been shown to correlate with
infants' production of signs [46]. The results of these studies
indicate that the quality and type of language output by mothers
may be equally if not more important than frequency of spoken
language both for children with HL and hearing. Characteristics of
maternal language that are known to specifically promote vocab-
ulary and words produced rather than just general language
development are joint attention, mapping new words to objects,
repetition, and contingent responsiveness. These specific behaviors
need to be studied in depth in the population of early identified
children with HL.

There are additional factors which are difficult to measure that can
contribute to language development. In a study of deaf children at 22–
36 months, Lederberg [38] found that toddlers did not see a quarter to
half of their hearing mothers' utterances, even though mothers were
generally successful at gaining joint visual attention. Even when
mothers have their child's attention, hearing mothers of deaf children
produced less complex language and had less frequent remodeling of
deaf children's speech and language compared to mothers of hearing
children [47]. A number of maternal behaviors have been shown to
promote language development among at risk populations and
specifically among children with HL. In a study among developmen-
tally delayed children 17–36 months, Fey [48] found that high
maternal responsivity in play sessions predicted more intentional
communication in the children. A study of prematurely born
preschool-age children found that maternal responsivity was a
significant predictor of child receptive language scores and cognitive
competence even after controlling for medical risk and maternal

education [12]. In conclusion, our study identified that specific
maternal communicative behaviors, maternal stress, child HL, and
child stay in the NICU were all associated with words produced at 18–
24 months of age.
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