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Abstract

Objective: To examine the interaction between child temperament and caregiver linguistic input
(i.e., syntactic complexity and lexical diversity) on receptive language in children who are deaf or
hard-of-hearing (DHH).

Design: Families of 59 DHH children (M g = 5.66 years) using spoken language for
communication participated in this cross-sectional study. Caregivers completed the Child Behavior
Questionnaire — Short Form, which measured child temperament across three established

factors (i.e., effortful control, negative affectivity, surgency-extraversion) and participated with
their child in a semi-structured, dyadic play interaction that occurred during a home visit.
Caregivers’ language during the play interaction was quantified based on lexical diversity and
syntactic complexity. Children also completed norm-referenced receptive language measures

(i.e., Comprehensive Assessment of Spoken Language-2, age-appropriate Clinical Evaluation of
Language Fundamentals) during the home visit that were combined into a composite measure of
child receptive language.

Results: When caregivers used lower to moderate levels of lexical diversity, child effortful
control was positively related to child receptive language. However, when caregivers used higher
levels of lexical diversity, child effortful control and child receptive language were not related to
each other.

Conclusions: Family environments rich in caregiver lexical input to children might provide a
protective influence on DHH child language outcomes by helping to ensure DHH children with
varying self-regulatory abilities achieve better spoken language comprehension. These findings
highlight the importance of encouraging caregivers to provide rich and stimulating language-
learning environments for DHH children.
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110 Pressey Hall, 1070 Carmack Road, Columbus, OH 43210. bowdrie.1@osu.edu.
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INTRODUCTION

Much of child development occurs within the context of dyadic exchanges between

children and their caregivers. Interactions between child temperament and certain caregiver
attributes have been shown to influence language outcomes in typically-developing infants
and toddlers (Laake & Bridgett, 2018; Spinelli et al., 2018). For example, research in
families with typically hearing (TH) infants suggests that rich caregiver input (i.e., diverse
vocabulary and grammatical forms) can positively influence language development when
infants possess strong attentional skills that support language learning (Spinelli et al., 2018).
However, research in children who are deaf or hard of hearing (DHH) has not examined
how the interaction between child temperament and caregiver attributes such as linguistic
input can together influence spoken language outcomes. Temperament generally refers to the
interplay of regulatory (e.g., attentional skills) and reactive (e.g., negative and/or positive
emotionality) processes that contribute to individual differences across developmental
periods (Rothbart et al., 2004). Child temperament and its interaction with the environment
is thought to be more salient during infancy and toddlerhood in children with TH as this is
a period of rapid speech and language development (Conture et al., 2013). Once stronger
expressive and receptive language skills have been acquired, child temperament is believed
to primarily affect social and behavioral development (Chen et al., 2014; Spinelli et al.,
2018). However, because DHH children may experience reduced access to linguistic stimuli
from their environments even with hearing aids (HAs) and cochlear implants (Cls; Kelly et
al., 2019; Moeller & Tomblin; 2015), child temperament may continue to influence dyadic
child-caregiver exchanges and child language outcomes for longer periods of development.
A better understanding of the transactional (e.g., bidirectional relations between people;
Sameroff, 2010) nature of child temperament and caregiver linguistic input could help
account for some of the variability observed in spoken language outcomes in DHH children.
In addition, knowledge of these transactional relations can inform intervention for children
who are DHH, which often includes educating parents to modify their linguistic input to fit
the needs of their child (Ambrose et al., 2014; Yoshinaga-Itano et al., 2020).

Child Temperament and Spoken Language Development

One leading definition of child temperament refers to individual differences in reactivity
(i.e., tendency for children to respond strongly to stimuli) and self-regulation (i.e., ability
to control emotions and behaviors; Rothbart & Posner, 2022). Although there are many
theoretical perspectives for studying temperament, most scholars agree that temperament
reflects innate traits with a genetic component that are apparent early in life and are, to
some degree, subject to environmental influences (Goldsmith et al., 1987; Shiner et al.,
2012). A well-accepted theoretical construct used to measure the different temperament
traits in school-aged children outlines three broad dimensions that can be observed
through children’s behavior: effortful control, negative affectivity, and surgency-extraversion
(Rothbart et al., 2001). Effortful control is defined as the ability for children to willfully
self-regulate attention, emotion, and behaviors to inhibit a dominant response (Rothbart

et al., 2003). Negative affectivity and surgency-extraversion comprise traits associated
with emotional reactivity. Negative affectivity constitutes activation of negative emotional
responses (e.g., anger, discomfort, fear) when approaching novel stimuli and people, while
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surgency-extraversion reflects the other end of the emotional spectrum, referring to the
activation of extreme positive emotional responses across situations (e.g., activity level,
impulsivity; Rothbart et al., 2001). Children can exhibit characteristics across these three
dimensions. In typically developing, TH infants, temperaments associated with strong
effortful control and positive emaotionality have been associated with better language
outcomes (Dixon & Smith, 2000; Salley et al., 2013; Slomkowski et al., 1992). Effortful
control is thought to positively influence language outcomes by enabling children to direct
their attention and focus on linguistically relevant information in their environment (Bloom
et al., 1993). Similarly, children with low negative affectivity and surgency-extraversion are
thought to possess greater cognitive resources that can be allocated to attending to linguistic
information rather than to shifting between emotional states (Bloom, 1993). Although
traits underlying negative affectivity and surgency-extraversion may require greater use

of attentional resources, they also can prompt caregivers to engage with their children.

For example, children with moderate to high levels of surgency-extraversion may appear
more outgoing and thus, elicit more opportunities to interact with others compared to

those extremely low in surgency-extraversion. Therefore, it is beneficial to consider certain
combinations of temperament dimensions when examining their relationship to language
development (Gouge, 2011), as children can display varying levels of these different
dimensions.

While the relation between temperament and language development in children who are
DHH remains largely unexplored, much attention has been given to the relation between
various domains of executive functioning and spoken language in DHH children (e.g., Beer
et al., 2014; Holt et al., 2012; Kronenberger et al., 2020). Temperament and executive
functioning represent two (traditionally distinct) conceptual frameworks for examining
self-regulatory abilities. DHH children have been shown to experience deficits in many
domains of executive function including attention, inhibition, and emotion regulation (e.g.,
Beer et al., 2010; Kronenberger et al., 2014; Wiefferink et al., 2012). While these domains
of executive functioning may show conceptual overlap with dimensions used to examine
temperament (Bridgett et al., 2013, Schmidt et al., 2022), executive functioning is thought
to be malleable to intervention (Kronenberger, 2019; Neville et al., 2013). Temperament,
on the other hand, reflects innate characteristics present at birth, preceding the development
of executive functions. Furthermore, temperament is thought to be static over the course of
development but may be influenced to some extent by the environment or life experiences
(Rothbart & Bates, 2006). Therefore, investigating how child temperament influences child
language can highlight important and relatively stable contributions from DHH children,
which can potentially explain some of the variability observed in DHH children’s spoken
language development.

The Potential Influence of Caregivers on Child Temperament and Spoken Language

One factor in the home environment that can affect associations between temperament

and language in children is the dyadic exchange between a child and their caregiver(s).
Indeed, caregiver-child interactions represent an important context for language development
(e.g., Hoff, 2006; Loi et al., 2017). Whereas certain temperaments are considered beneficial
for child language learning, caregivers can further shape language outcomes based on
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their responses to their child’s temperament. For example, some studies have examined
transactional relations between child temperament and caregiver behaviors, such as
supportive parenting behaviors (e.g., structuring the environment, social initiative, positive
affect; Laake & Bridgett, 2018) and maternal responsivity (e.g., sensitivity; Karrass &
Braungart-Rieker, 2003) during interactions in typically-developing infants. A positive
association was observed between maternal support during early infancy and expressive
language later in infancy for infants with high positive affect (greater displays of positive
emotions such as smiling and laughter), whereas a negative association was observed for
infants exhibiting low positive affect (e.g., less smiling and laughter; Laake & Bridgett,
2018). Further, infants displaying traits associated with lower negative affectivity (i.e., low
distress to novelty) showed better language when mothers showed high responsivity (Karrass
& Braungart-Rieker, 2003). These studies illustrate how child and caregiver characteristics
can together influence language development. Specifically, better language outcomes

were observed when children exhibited positive affect/low negative affectivity andwhen
caregivers were more responsive. Indeed, other studies have also supported interactions
between child temperament and caregiver characteristics such as parenting behaviors and
styles (e.g., controlling versus affective parenting, emotional responsiveness, etc.; Kiff et
al., 2011; Slagt et al., 2016), suggesting the important contribution of transactional relations
between child temperament and caregiver behaviors to developmental outcomes in children.

Another caregiver behavior important to child language development that can interact with
child temperament is caregiver linguistic input. The transactional relation between child
temperament and caregiver linguistic input can be reflected in caregivers possessing an
awareness of their child’s temperament and, in turn, providing more or less language
opportunities based on their child’s regulatory skills and emotional tendencies. Spinelli et al.
(2018) examined the longitudinal relation between temperament and language in typically
developing infants at low, moderate, and high levels of maternal input. Maternal input

was quantified using mean length of utterance (MLU) in words and number of different
word (NDW) roots as proxies for syntactic complexity and lexical diversity, respectively, as
these are two areas of language that rapidly develop during infancy (Spinelli et al., 2018).
Transcriptions of the mother-child interactions followed guidelines from Codes for the
Human Analysis of Transcripts (CHAT; MacWhinney, 2000), the transcription format used
for the CHILDES (Child Language Data Exchange System) Project—a database used for
examining child language acquisition. Their study measured infant temperament (duration of
orienting — attention; smile and laughter — positive affect; distress to limitations — negative
affect) via the Infant Behavior Questionnaire-Revised (IBQ-R; Gartstein & Rothbart,

2003) at 3 months of age. Maternal input was measured during a 3-minute mother-infant
interaction at 6, 9, and 12 months of age, and child vocabulary and syntactic competency

at 18 and 24 months of age. Findings from Spinelli et al. (2018) revealed that the relation
between infant attention and language production at 18 and 24 months of age was moderated
by mothers’ use of syntactic complexity and lexical diversity at 6 and 9 months of age.
Specifically, infants who demonstrated greater attentional abilities achieved better language
outcomes when their caregivers provided greater quality of linguistic input (Spinelli et al.,
2018). However, when mothers used low levels of linguistic input, infant temperament was
not related to language outcomes — infants with varying attentional abilities performed
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similar on language outcomes. Together, these findings suggest that only infants with high
regulatory skills could capitalize on higher quality maternal input in the form of lexical
diversity and syntactic complexity.

The Current Study

The literature examining the interactive effects of temperament and caregiver characteristics
on language in typically developing children focuses on the infancy period (Karrass &
Braungart-Rieker, 2003; Laake & Bridgett, 2018; Spinelli et al., 2018). After this period of
development, language skills appear to be more resilient to the effects of child temperament
and the child’s surrounding environment (Conture et al., 2013; Spinelli et al., 2018).
Nonetheless, temperament (and its effects on child language) appears to carry importance
beyond the infancy period for clinical pediatric populations, such as children who stutter
(Singer et al., 2019; Tumanova et al., 2020). The fact that effects of temperament appear

to influence language outcomes for a longer developmental period for children who stutter
may highlight the extended importance of child-level factors for children who experience
challenges in typical language development. Another pediatric clinical population whose
temperament may continue to influence language outcomes into childhood is children

who are DHH. Children who are DHH with HAs and Cls may have fewer opportunities

for language learning due to reduced access to auditory stimuli compared to their peers
with TH (e.g., Kelly et al., 2019; Moeller & Tomblin; 2015). As a result, it is likely

that the transactional processes underlying interactions between child temperament and
caregiver input that influence language outcomes in infancy are salient during childhood
for DHH children. Perhaps DHH children with temperaments more conducive for language
learning (i.e., high effortful control) can help them overcome potential negative effects of
hearing loss. Caregivers may further help compensate for their child’s hearing loss through
talking more and providing more language-learning opportunities. Indeed, research supports
that DHH children with caregivers who provide high-quality linguistic input and who
implement interactive strategies (e.g., high responsiveness, supporting joint engagement,
etc.) experience better language outcomes compared to those with caregivers who are less
interactive with their children (Ambrose et al., 2014; Moeller & Tomblin, 2015; Roberts,
2019; Desjardin et al., 2014). In environments with rich linguistic input, DHH children
with less reactive temperaments that support language processing may be able to achieve
better language outcomes, as seen in TH infants. Thus, the purpose of the current study is
two-fold: (1) to examine the relation between child temperament, caregiver linguistic input
(i.e., lexical diversity and syntactic complexity), and receptive language in children who are
DHH; and (2) to examine the possible moderating effect of caregiver linguistic input on
associations between child temperament and child receptive language. Based on the previous
literature on child temperament and child language (Bloom, 1993, Slomkowski et al., 1992)
we expected children with high regulatory capacities (i.e., high effortful control) to be less
reactive (i.e., low surgency-extraversion and negative affectivity) and have better receptive
language skills. We also expected more regulated children and less reactive children to
have caregivers who produced more syntactic complexity and lexical diversity. Further, we
predicted that children with temperaments more conducive for language development (i.e.,
high effortful control, low surgency-extraversion, low negative affectivity) would achieve
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better receptive language scores regardless of their caregivers’ level of lexical diversity or
syntactic complexity.

METHOD

Participants

Caregiver-child dyads were recruited from Ohio and Indiana as part of a larger, longitudinal
study investigating the role of the family environment on developmental outcomes in DHH
children. The sample consisted of 59 families with children who are DHH and between

the ages 3 and 7 years (Mage = 5.66 years; SD = 1.53; 28 female, 31 male, 0 nonbinary)
and their caregivers with self-reported typical hearing (54 mothers, 3 fathers, 0 parents/
nonbinary, 2 grandmothers, 0 grandfathers, 0 grandparents/nonbinary). Forty-six of the
children were White, 8 were Black/African American, 3 were Asian, and 2 were Hispanic
or Latino/a. To maintain more experimental control, only families that completed the same
measure of child temperament (described in the Materials section) were recruited from the
larger study. An additional child with HAs was excluded from the study as she was unable to
complete receptive language measures, and thus could not contribute to data analyses.

Twenty-five children were consistent binaural HA users who received diagnosis and
intervention by 3 years, and 34 children were consistent CI users (32 binaurally and 2
bimodally, with a Cl on one side and a HA on the other) who received diagnosis and
intervention by 3.5 years. On average, unaided better-ear pure-tone averages (BEPTAS) were
48 dB HL for children with HAs, and 75 dB HL for children with Cls (note that audiologic
data reflect only a subset of DHH children following several attempts to obtain audiologic
history from their audiologists; see Table 1). All children participating in this study met

the following inclusion criteria: nonverbal cognitive ability (i.e., nonverbal reasoning) score
better than 2 standard deviations below the mean on the Differential Ability Scales-11 Picture
Similarities subtest (Elliot, 2007); family goal of using spoken language and the use of
spoken English within the home; no additional developmental difficulties other than those
related to hearing loss; and no diagnosis of auditory dyssynchrony.

Child and family demographics are displayed in Table 1. Children with HAs and children
with Cls did not differ in age, {57) = —.745, p= 459, gender, (1) = .359, p = .549,
caregiver education, #57) = .416, p=.679, household income, {57) = .841, p=.404,

aided BEPTA, £(34) = -.774, p= .444, duration of device use, {56) = .864, p=.391, or
amount of early intervention received, {57) = -1.42, p=.160. However, children with HAs
had significantly better unaided BEPTA, #21) = -3.57, p=.002 than those with Cls, as
expected.

Materials

Child Temperament—Child temperament was measured using the Child Behavior
Questionnaire-Short Form (CBQ-SF; Rothbart et al., 2001), a 94-item caregiver
questionnaire that assesses Effortful Control, Negative Affectivity, and Surgency-
Extraversion as three global dimensions of temperament in children 3 — 7 years of age.
Primary caregivers rated their child’s behavior during the previous six months across
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different situational contexts, ranging from 1 (extremely untrue of their child) to 7
(extremely true of their child). The Effortful Control dimension consists of attentional
focusing, inhibitory control, low intensity pleasure, and perceptual sensitivity subscales.
Example items included in the Effortful Control dimension from the questionnaire include
“When building or putting something together, becomes very involved in what s/he is
doing, and works for long periods” and “Is good at following directions”. The Surgency-
Extraversion dimension is composed of activity level, high intensity pleasure, impulsivity,
and reverse-scored shyness subscales. Example items contributing to this dimension include
“Often rushes into an activity without thinking about it” and “Is full of energy, even in

the evening”. Finally, the anger/frustration, discomfort, fear, sadness, and reverse-scored
falling reactivity/soothability subscales make up the Negative Affectivity dimension and
include items such as, “Is likely to cry when even a little bit hurt” and “Acts shy around
new people”. Two subscales of temperament (approach/positive anticipation and smiling/
laughter) are not included in these three global dimensions (Rothbart et al., 2001). Variable
internal consistency (a = .62 to .88) has been reported for the subscales on the CBQ-SF,
however 12 subscales revealed alpha levels above .70 (Putnam & Rothbart, 2006). Scores
from each subscale were averaged together for each respective global dimension and used
for analyses. Higher scores reflect children with high levels of that particular temperament
dimension.

Child Receptive Language—Children’s receptive language was assessed using two
norm-referenced measures administered to the child by a trained clinical researcher during
the home visit: The Comprehensive Assessment of Spoken Language-2 (CASL-2; Carrow-
Woolfolk & Lynch, 1982) and the age-appropriate version of the Clinical Evaluation of
Language Fundamentals (CELF; Semel et al., 2004; Semel et al., 2013). These assessments
have commonly been used to assess language skills, including in DHH children (Geers et
al., 2019; Holt et al., 2022; Walker et al., 2022). The CASL-2 measures spoken language
comprehension abilities (i.e., comprehension, expression, retrieval) in children and young
adults (ages 3 — 21 years). The current study utilized the Sentence Comprehension subtest
of the CASL-2 as a measure of language comprehension in DHH children. The CASL-2
standard score for this subtest was calculated for each child (normative mean = 100, SD

= 15). Children’s complex language comprehension skills were also assessed using the
Concepts and Following Directions subscale of the CELF-Preschool-2 for children younger
than 6 years of age (CELF-P-2; Semel et al., 2004), or the Following Directions subscale of
the CELF-5 for children 6 years and older (Semel et al., 2013). CELF-5/P-2 scaled scores
(normative mean = 10, SD = 3) were calculated for each child.

Caregiver Linguistic Input—Systematic Analysis of Language Transcripts (SALT-2;
Miller & Iglesias, 2012) software was used to transcribe and analyze caregivers’ spoken
language. SALT-2 is a transcription software employing unique conventions for identifying
different aspects of utterances from language samples. The software provides analyses of
syntax/morphology (e.g., mean length of utterance), semantics (e.g., number of different
words), and other aspects of language. For the current study, quality of caregivers’ linguistic
input to children was quantified using syntactic complexity and lexical diversity. To capture
syntactic complexity (i.e., caregivers’ use of grammatical forms), we obtained mean length

Ear Hear. Author manuscript; available in PMC 2024 May 02.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Bowdrie et al.

Procedures

Page 8

of utterance (MLU) in morphemes from caregivers during a semi-structured, naturalistic
play session that occurred in the families’ homes using the standard report measure from
SALT-2. In addition, we also obtained the number of different root (excluding affixes) words
(NDW) used by caregivers during the play session to capture the richness of caregivers’
vocabulary (i.e., lexical diversity).

As part of the larger study, caregivers were mailed consent forms, parental permission
forms, and questionnaires (including the CBQ-SF) to complete prior to the home visit. All
questionnaires completed by the primary caregiver were reviewed and collected during a
1.5- to 2.5-hour home visit. Testing performed during the home visit was completed by

two trained clinical researchers. One of the researchers administered child assessments in
one area of the home, including the CASL-2 and CELF-5/P-2, while the other administered
measures to the caregiver. Note that caregiver and child measures reported here reflect a
subset of the measurements administered during home visits with families. All research was
approved by The Ohio State University Institutional Review Board.

Language samples were derived from a semi-structured, dyadic caregiver-child play
interaction. The caregiver and child were instructed to play together “as they would at

home normally” for 15 minutes, followed by a 5-minute clean-up period, using a set of

five age-appropriate toys. Parents were told not to physically assist the child during the
clean-up session; however, verbal support was allowed. Audio-Technica ATW-T1801 or
1701/L transmitters with an omnidirectional lavalier microphone were worn by both the
child and the caregiver and fed into a GoPro Hero4 video camera, which recorded the play
interaction. Two trained research assistants were involved in transcribing play interaction
videos. To establish consistency, approximately two thirds of the videos were transcribed by
both research assistants and any discrepancies were resolved via weekly meetings led by the
third author. All subsequent videos were transcribed by one of two transcribers and reviewed
by the third author. SALT-2 was used to calculate MLU and NDW for caregivers from the
dyadic caregiver-child play interaction (data from the 5-minute clean-up period were not
used in analyses).

Data Analyses

All analyses were performed using SPSS-version 27.0 (IBM Statistics, 2020). Descriptive
statistics were examined to characterize the sample across study variables. Partial Pearson
correlations were performed to examine associations between child temperament, child
receptive language, and quality of caregiver linguistic input (syntactic complexity and
lexical diversity) while controlling for caregiver education, a known contributor to language
development in children who are DHH (Geers et al., 2009; Holt & Svirsky, 2008; Liberatos
etal., 1988; Mehra et al., 2009; Neuhauser, 2018; Su & Chan, 2017). Moderation analyses
using an SPSS macroinstruction (PROCESS; Hayes, 2017) were performed to examine
whether differential associations between child temperament (focal regressor) and child
receptive language (outcome variable) depended on caregiver linguistic input (moderator).
Caregiver education was also included as a covariate for these analyses. For each model,
PROCESS computes a regression analysis that also includes an interaction term (which
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is the product of the focal regressor and moderator variables). A significant interaction
term (p < .05) indicates that the relation between the focal regressor and outcome variable
is dependent on the moderator. PROCESS then probes the interaction between the focal
regressor and the moderator using the “pick-a-point” approach, examining the relation
between the focal regressor and outcome variable at the 16!, 50t and 84t percentiles of
the moderator, corresponding to relatively low, moderate, and high levels of the moderator,
respectively (Hayes, 2017). A follow-up Johnson-Neyman analysis is then carried out to
identify the exact value of the moderator at which the relation between the focal regressor
and outcome variable becomes significant (Hayes, 2017).

Descriptive Analyses

Child Temperament—The top portion of Table 2 displays descriptive statistics for the
three temperament dimensions for the entire sample and for the subgroups of HA and Cl
users. Children with HAs and Cls did not differ in levels of effortful control, £57) = 1.56,
p=.125, d=.410, or negative affectivity, {57) = -.524, p=.602, d=-.138. However,
children with Cls had greater levels of surgency-extraversion compared to children with
HAs, £57) = -3.18, p=.002, d=-.838. The CBQ-SF does not have published norms, but
these average scores are generally consistent with those published in the literature from TH
children (e.g., Atzaba-Poria et al., 2014; Deater-Deckard et al., 2009; Lane et al., 2015).

Child Receptive Language—The middle portion of Table 2 displays descriptive
statistics for the receptive language measures. There was a wide range of scores on both
receptive language measures, with 58% of children (34 out of 59 children) scoring within
+1 standard deviation (i.e., within normal limits) of the test mean for the CELF-5/P-2 and
56% (33 out of 59 children) scoring within £1 standard deviation of the test mean for the
CASL-2. Children with HAs and those with Cls did not significantly differ in CASL-2
scores, #57) =.773, p=.443, d=.204, or CELF-5/P-2 scores, {57) = .826, p= .413, d
=.217, although there was a trend for children with HAs to score higher on both receptive
language measures compared to children with Cls. Because of evidence that these two
receptive language assessments measure similar underlying constructs (r=.694, p <.001),
standard scores from the CASL-2 and scaled scores from the CELF-5/P-2 were standardized
into Z-scores and averaged to create a receptive language composite score for each DHH
child and used in subsequent analyses. As expected, receptive language composite scores did
not differ significantly between children with HAs and children with Cls, £57) = .870, p=
.388, d=.229.

Caregiver Linguistic Input—The bottom of Table 2 displays the descriptive statistics
for caregiver linguistic input. Primary caregivers for both children with HAs and Cls used
similar levels of syntactic complexity, {57) =.787, p=.435, d=.207, and lexical diversity,
K57) = .544, p=.589, d=.143, although there was a trend for caregivers of children with
HAs to use greater lexical diversity and syntactic complexity than caregivers of children
with Cls.
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Since children with HAs and Cls did not significantly differ on demographic variables or
on most of the study variables, the two groups were combined for all subsequent analyses
to increase power, as analyses including only the subgroups would be underpowered for
moderation analyses (Hayes, 2017; McClelland & Judd, 1993).

Associations among Child Temperament, Caregiver Linguistic Input, and Child Spoken
Language Comprehension

Partial Pearson correlations (controlling for caregiver education) were performed to examine
associations between child temperament dimensions, caregiver syntactic complexity and
lexical diversity, and child receptive language (see results in Table 3). Higher effortful
control was associated with lower levels of negative affectivity and surgency-extraversion.
Additionally, children with higher effortful control had better receptive language composite
scores and had caregivers who used greater syntactic complexity. Better receptive language
composite scores also were observed in children when their caregivers used greater

lexical diversity and syntactic complexity. Finally, the two caregiver linguistic input
measures were positively correlated with one another. Post-hoc partial Pearson correlations
with the sample’s subgroups (i.e., HA and CI group) show similar patterns to the full
sample, indicating that neither of the subgroups were driving the results (see Appendix,
Supplemental Digital Content 1, for the results of the partial Pearson correlations for each
subgroup).

Multiple Regression & Moderation Analyses Estimating Child Receptive Language

Individual multiple linear regressions were performed to estimate child receptive language
skills. Model regressors included a dimension of child temperament, a measure of caregiver
input, and their interaction (e.g., child temperament x caregiver input interaction term). To
simplify each model and because our sample is somewhat small for moderation analyses,
we entered one dimension of temperament and one measure of caregiver linguistic input
per model. All pairwise combinations were examined (3 temperament dimensions x 2
caregiver input measures = 6 models predicting receptive language composite scores). All
models also included caregiver education as a covariate. If the interaction term between
child temperament and caregiver linguistic input was significant (indicating significant
moderation), we used PROCESS (Hayes, 2017) to probe the interaction and characterize
the relationship between the focal regressor (i.e., child temperament) and child receptive
language at specific levels of the moderator (i.e., caregiver lexical diversity and syntactic
complexity).

Lexical Diversity

Estimating Child Receptive L anguage from Effortful Control and Caregiver L exical
Diversity: The top portion of Table 4 displays the results of the regression model with
effortful control, lexical diversity, and their interaction included as regressors estimating
child receptive language (in addition to caregiver education as a covariate). The model was
significant: effortful control, lexical diversity, and their interaction contributed significantly
to the model above and beyond caregivers’ education level. The relation between effortful
control and receptive language was significantly moderated by caregiver lexical diversity,
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F(,54) = 6.36, p=.015, AR = .07. PROCESS (Hayes, 2017) was then used to probe the
conditional effects of the significant interaction using the pick-a-point approach. Significant
conditional associations between child effortful control and child receptive language were
observed at the 16! (low) and 50t (moderate) percentiles of caregivers’ level of lexical
diversity. When caregivers used low (6 =.869, p< .001) and moderate (6= .556, p<

.001) amounts of lexical diversity, children’s level of effortful control and receptive language
abilities were positively related to each other. At high levels of caregiver lexical diversity
(84" percentile; b= -.013, p=.961) there was no longer a significant association between
effortful control and receptive language in children. A Johnson-Neyman analysis revealed
that caregiver lexical diversity moderated the relation between effortful control and receptive
language in children whose caregivers used less than 221.68 different words (6= .336, p
=.050) during the play session, reflecting 38 of the 59 families. The moderating effects of
caregiver lexical diversity on child effortful control and child receptive language are shown
in Panel A of Figure 1.

Estimating Child Receptive L anguage from Negative Affectivity and Caregiver L exical
Diversity: The regression model with negative affectivity, lexical diversity, and their
interaction as regressors estimating receptive language are reported in the middle portion

of Table 4 with caregivers’ level of education as a covariate. The model was significant;
however, none of the regressors contributed significantly to child language. There was no
interaction between negative affectivity and caregiver lexical diversity.

Estimating Child Receptive L anguage from Surgency-Extraver sion and Car egiver

L exical Diversity: An additional model (Table 4, bottom portion) regressed surgency-
extraversion, lexical diversity, and their interaction (as well as caregivers’ level of education
as a covariate) on child receptive language. The model was significant, although no
regressors added significance to the model. There was no interaction observed between
surgency-extraversion and caregiver lexical diversity.

Syntactic Complexity

Estimating Child Receptive L anguage from Effortful Control and Caregiver Syntactic
Complexity: The regression model with effortful control, syntactic complexity, and

their interaction as regressors estimating receptive language (and caregiver education

as a covariate) was significant. Specifically, effortful control and syntactic complexity
contributed significantly to the model over and above caregiver education level (see the

top portion of Table 5). The interaction term was marginally significant, A1, 54) = 4.01,

p =.050, AR2= .04, and revealed a positive relation between child effortful control and
receptive language at the 16th (6= .557 p=.007) and 50th (b= .352, p=.019) percentiles
of caregiver syntactic complexity (i.e., level of MLU). At high MLU values — the 84t
percentile (b= .073, p=.623) — no relation between effortful control and receptive language
was observed. The Johnson-Neyman approach revealed that significant moderation effects
occurred for caregivers with MLUs below 4.46 (b= .285, p=.050), which included 34 of
the 59 families of children. Panel B of Figure 1 displays the moderating effects of caregiver
syntactic complexity on child effortful control and receptive language.
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Estimating Child Receptive L anguage from Negative Affectivity and Caregiver

Syntactic Complexity: The middle portion of Table 5 displays results from the regression

models estimating receptive language from negativity affectivity, syntactic complexity, and
their interaction with caregiver education as a covariate. The full model was significant,
but no individual regressor was significant and no significant interaction between negative
affectivity and syntactic complexity was present.

Estimating Child Receptive L anguage from Surgency-Extraversion and Caregiver
Syntactic Complexity: The model including surgency-extraversion, caregiver syntactic
complexity, their interaction, and caregiver education (covariate) as regressors estimating
receptive language was significant. Surgency-extraversion and the interaction term were
significant regressors above and beyond caregivers’ level of education. While the interaction
term was significant for this model, A1, 54) = 5.88, p=.019, AR = .05, the pick-a-point
approach revealed no significant conditional associations between surgency-extraversion and
receptive language at the 16! (b= -.258, p=.082), 50t (6= -.084, p = .440), nor 84 (b=
.153, p=.220) percentiles of caregiver syntactic complexity. However, the Johnson-Neyman
approach revealed significant moderation effects when caregivers used MLUs below 3.48 (b
=-.349, p=.050; 5 out of 59 families) and MLUs above 5.73 (6= .389, p=.050; 3 out of
59 families).

DISCUSSION

The purpose of the current study was two-fold: 1) to examine the relation between child
temperament, caregiver linguistic input, and child receptive language in children who are
DHH; and 2) to investigate caregiver linguistic input as a potential moderator of the
relation between child temperament and DHH children’s receptive language. We predicted
that relations between child temperament and child receptive language development might
extend beyond the infancy period for children who are DHH based on previous findings

in other clinical populations who experience challenges toward what is considered typical
language development (Singer et al., 2019; Tumanova et al., 2020). Specifically, we
expected positive relations between less reactive temperaments (high effortful control,

low negative affectivity, surgency-extraversion) and child receptive language outcomes.
Furthermore, we hypothesized that the observed relation between child temperament

and child receptive language would be moderated by caregiver linguistic input. Whether
caregivers produced low or high levels of linguistic input, we expected children with less
reactive temperaments to have better receptive language skills than children with more
reactive temperaments. This prediction was based on previous literature theorizing that
children with stronger regulatory skills achieve better language outcomes because of their
ability to leverage cognitive resources to attend to linguistically relevant information from
their caregiver(s) (Bloom, 1993; Dixon & Smith, 2000).

Children with HAs and those with Cls were similar in their levels of effortful control

and negative affectivity, caregiver linguistic input, and receptive language scores. However,
children with Cls were rated higher in level of surgency-extraversion by their caregivers
than children with HAs. This difference between the two subgroups may reflect findings that
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greater behavioral problems associated with impulsivity tend to be found in children with
greater degrees of hearing loss (Bigler et al., 2019: Soleimani et al., 2020).

The negative associations between effortful control and negative affectivity and between
effortful control and surgency-extraversion in DHH children could be indicative of the role
regulatory processes have in inhibiting reactive tendencies (Rothbart et al., 2004). That is,
children with high self-regulatory skills are able to better control emotional and behavioral
responses to stimuli. We also found that effortful control was positively associated with
receptive language in DHH children. Previous findings in TH children who are typically
developing have suggested that children with high effortful control tend to have low
reactivity and can achieve better language outcomes through focusing their attention on
aspects of their environment that support language development (Bloom, 1993; Dixon &
Smith, 2000; Morales et al., 2000). The results of the current study could support that similar
processes might be occurring in DHH children.

We also found a positive association between child effortful control and caregiver syntactic
complexity, but no significant association between child effortful control and caregiver
lexical diversity. It could be that caregivers’ use of lexical diversity is not as sensitive to
varying levels of effortful control in school-aged children as caregiver syntactic complexity.
Aspects of grammatical development are less salient (e.g., morphological rules, grammatical
morphemes) and thus are especially difficult for children who are DHH due to their reduced
access to auditory information, whereas lexical development may be supported by lexical
cues in the auditory input that are redundant and more salient (McGuckian & Henry 2007;
Tomblin et al., 2015). Processing grammatically complex language requires a great amount
of cognitive effort, especially for DHH children and even DHH adults who must draw

from these available cognitive resources to attend to auditory input (Delage & Tuller, 2010;
Penke & Wimmer, 2018; Stewart & Wingfield, 2009; Wingfield et al., 2006). DHH children
with low effortful control levels may prompt caregivers to adapt and use less complex
language during parent-child interactions, whereas DHH children with higher regulatory
skills may prompt caregivers to use greater syntactic complexity. Indeed, previous research
in families with typically developing children has suggested that caregivers modify their
input (e.g., vocabulary use, sentence complexity, etc.) so that their children can better
process and respond to their input (Ambrose et al., 2015), which may help support language
development for children with low regulatory abilities. Nonetheless, both greater amounts
of caregiver lexical diversity and syntactic complexity were associated with better child
receptive language, consistent with the literature reporting positive associations between
caregiver language (e.g., MLU, number of word types) and receptive and/or expressive
language in DHH children (Cruz et al., 2012; Desjardin & Eisenberg, 2007; Nittrouer et al.,
2020).

Lastly, no associations were observed between surgency-extraversion or negative affectivity
and any of the child and caregiver language measures. The lack of associations for these
temperament dimensions, which are centered around children’s reactivity to different
stimuli, may be because surgency-extraversion and negative affectivity relate to other
developmental domains, such as social development, as seen in typically developing children
and adolescents (Sanson et al., 2004).
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Our second purpose was to examine if caregiver linguistic input influences the relation
between child temperament and child receptive language. We found that DHH children
with better effortful control skills could take more advantage of the lexical cues available
from their caregivers to achieve better receptive language outcomes when caregiver lexical
diversity was low to moderate in level. We found no relation between effortful control and
receptive language in DHH children when caregivers used high levels of lexical diversity.
Greater caregiver lexical diversity seems to buffer against negative effects of poorer
effortful control on receptive language for children who are DHH. When caregivers used
higher quality lexical linguistic input, DHH children with lower levels of effortful control
performed similarly to their peers with high effortful control in terms of receptive language.
Further, we found that the moderating effect of caregiver’s syntactic complexity on child
effortful control and child receptive language was only marginally significant, potentially
due to our sample being slightly underpowered. Nonetheless, the model examining the
moderating role of syntactic complexity showed similar trends as the previous model that
included caregiver lexical diversity. Greater child effortful control resulted in better child
receptive language when caregivers used low to moderate syntactic complexity, but not
when caregiver syntactic complexity was high. These results may suggest that high-quality
caregiver input could have a protective influence on receptive language in DHH children.

We did not find associations between child negative affectivity and child receptive language
measures at different levels of caregiver lexical diversity and syntactic complexity. While

a significant interaction was observed between child surgency-extraversion and caregiver
syntactic complexity on child receptive language, these effects only applied to a small
subset of our sample. For five families with caregivers producing low MLUs (less than

3.48 during the play interaction), there was a significant negative association between

child surgency-extraversion and child receptive language. For three families with caregivers
producing MLUs over 5.73, there was a positive association between surgency-extraversion
and receptive language. While these associations are based on a very small number of
families, future studies could examine the effects of significantly low and high caregiver
MLUs on child temperament and child receptive language in this clinical population.
Studies may also examine whether child temperament factors and caregiver language
interact to influence other areas of development outside of language, including behavior
and psychosocial development.

Hearing loss poses a significant risk to the dyadic interactions between caregivers and DHH
children (Holt et al., 2020). Previous longitudinal studies in TH infants have supported

the role of caregiver input in associations between child temperament and child language
outcomes (Spinelli et al., 2018). Our findings, though based on a cross-sectional design,
suggest that when caregivers provide a language environment that is more restrictive

in vocabulary and grammatical forms, only DHH children with good regulatory skills
achieve better language. It appears that when caregivers provided low to moderate levels

of lexical diversity and syntactic complexity, DHH children with higher effortful control
can leverage their attentional skills to use the limited language input that was available to
them to achieve better receptive language outcomes. Children with even a mild hearing loss
experience limitations to audibility that can impact the perception of many important aspects
of linguistic development including lexical items and morphosyntactic cues (Tomblin et
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al., 2015). In turn, this reduced access to auditory information would require increased
cognitive and listening effort from DHH children so they can attend to sources of linguistic
information, such as caregivers. Our findings may highlight the important role of regulatory
processes (those of which precede the development of executive functions) for overcoming
the negative effects of limited audibility for DHH children. However, caregivers seem to
have the ability to help DHH children with varying levels of regulatory skills overcome
limitations imposed by their hearing loss by providing a rich language-learning environment.

Contrary to our findings in a sample of DHH children where high levels of caregiver lexical
diversity tended to provide a protective influence on children’s receptive language despite
their level of effortful control, Spinelli et al. (2018) reported that greater levels of maternal
lexical diversity and syntactic complexity only provided a benefit to typically developing
toddlers displaying higher attentional skills during infancy. In typically developing toddlers,
high levels of syntactic complexity and lexical diversity appeared to be distracting for
toddlers with poorer attentional skills, as they showed poorer language production skills
compared to more attentive infants (Spinelli et al., 2018). High levels of lexical diversity
may help to provide a protective influence in our sample of DHH children with varying
effortful control skills (rather than a benefit to only those with high effortful control skills).
What may be considered a distraction to TH toddlers and children who have access to

a wide range of auditory information may be considered appropriate linguistic input for
DHH children who have reduced auditory access. An increase in lexical and grammatical
input to DHH children means more opportunities for language learning. Additionally, the
differences between our findings and those of Spinelli et al. (2018) could be a result of

the age differences between our samples (i.e., toddlers versus school-aged children) or

the outcome measure examined (i.e., receptive vs. expressive language). Similar to our
results examining the relations between negative affectivity/surgency-extraversion and child
receptive language, Spinelli et al. (2018) found no influence of caregiver linguistic input on
infant positive affect (i.e., smile and laughter dimension of the IBQ-R) or negative affect
(i.e., distress to limitations of the IBQ-R) and language production.

Clinical Implications

Dyadic interactions reflect an important dynamic within the family environment for
facilitating language development. Understanding optimal caregiver-child dynamics that
promote social interactions and uptake of linguistically-relevant information is important
for understanding language development in children, especially DHH children who
experience language delays (Niparko et al., 2010; Yoshinaga-Itano et al., 2018). While
child temperament is an attribute of the child that is thought to be static over the course

of development, caregivers and their language input serve as important modifiable sources
of intervention when it comes to positively improving dyadic interactions (Ambrose et

al., 2014; Moeller & Tomblin, 2015; Yoshinaga-Itano et al., 2020). Caregivers should

be encouraged to employ a rich language-learning environment characterized by high
syntactic complexity and lexical diversity to offer some protection from poor language
comprehension outcomes for DHH children, especially when DHH children present with
challenging temperaments for caregivers (i.e., traits comprising low regulatory abilities and
high reactivity). Therefore, consideration of both the child’s temperament and caregiver
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language input during intervention can prove useful when coaching caregivers on creating
rich language environments for their children.

The current study implemented a cross-sectional design as a first step in investigating the
influence of caregiver language on temperament and language in DHH children. While
previous data and theory might suggest how these transactional processes are related,
cross-sectional designs cannot establish directionality on their own. Our study explored the
moderating effects of caregiver input on child temperament and child receptive language;
however, child temperament could serve as a moderator of caregiver linguistic input and
child receptive language. Future studies building on this work may employ a longitudinal
design to determine directionality of child temperament, caregiver language, and spoken
language outcomes in DHH children. In addition, including multiple language measures
can capture the complexities of language in children and provide a greater understanding

of the role of caregiver language on child language outcomes. Future work incorporating
language production measures and additional measures of complex language comprehension
may shed a broader light on the interaction child temperament and caregiver language has
on child language outcomes. Lastly, although we measured caregiver language during a
semi-structured play session within the home environment, measuring dyadic interactions at
one point in time may not reflect daily linguistic input caregivers provide to their children.

CONCLUSIONS

Research examining transactional relations between child temperament and caregiver
language in TH infants suggest that rich caregiver language provides a benefit to language
for infants with high attentional abilities (Spinelli et al., 2018). The current study found that
high-quality caregiver language might serve a protective role for language in DHH children,
no matter the child’s level of effortful control. It is when caregivers provide lower quality
linguistic input that DHH children must resort to tapping into their effortful control skills to
achieve better language comprehension. This work preliminarily supports the importance of
rich caregiver linguistic input to DHH children, especially for those with low self-regulatory
abilities.
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Refer to Web version on PubMed Central for supplementary material.
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Figurel.
Panel A - The relation between effortful control (CBQ-SF) and receptive language (CASL-2

and CELF-5/P-2 Composite Score) at different levels of syntactic complexity (MLU) during
dyadic play. Panel B - The relation between effortful control (CBQ-SF) and receptive
language (CASL-2 and CELF-5/P-2 Composite Score) at different levels of lexical diversity
(NDW) during dyadic play.
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