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Parents of deaf and hard- of- hearing (DHH) children 
often face difficult decisions about how to provide acces-
sible language for their children. For most parents of chil-
dren with severe to profound hearing levels, their DHH 
infant is the first deaf individual they have encountered 
and they have no experience communicating with DHH 
people. In addition, many DHH children do not have suf-
ficient access to their parents’ spoken language for typi-
cal language development to unfold without intervention. 
Because the vast majority of parents of DHH children are 
themselves hearing (Mitchell & Karchmer, 2004), they 

often do not know a language that would be fully acces-
sible for their child, that is, a sign language. Hearing par-
ents are typically guided toward medical technology and 
spoken language- only interventions (Mauldin, 2016, pp. 
158, 161), with bimodal- bilingual approaches including 
sign language a rarity (Clark et al., 2020).

Research indicates that the challenges surrounding 
language access for DHH children have consequences 
for cognitive domains outside of language, such as ex-
ecutive functioning (EF). EF refers to behaviors that 
allow an individual to overcome more automatic or es-
tablished responses to achieve a goal (e.g., Garon et al., 
2008). Much research has demonstrated the importance 
of EF to school readiness and achievement in childhood 
(e.g., Shaul & Schwartz, 2014), as well as to adult health 

E M P I R I C A L  A R T I C L E

Language not auditory experience is related to parent- reported 
executive functioning in preschool- aged deaf and hard- of- hearing 
children

Corina Goodwin1,2  |    Emily Carrigan3 |    Kristin Walker2,4,5  |    Marie Coppola1,2,4

DOI: 10.1111/cdev.13677  

Abbreviations: ASL, American Sign Language; BRIEF- P, Behavior Rating 
Inventory of Executive Function— Preschool Version; DHH, deaf and 
hard- of- hearing; EF, executive functioning; GEC, Global Executive 
Composite; SES, socioeconomic status.

1Department of Linguistics, University of 
Connecticut, Storrs, Connecticut, USA
2The Connecticut Institute for the 
Brain and Cognitive Sciences, Storrs, 
Connecticut, USA
3Department of Psychological Sciences, 
University of North Carolina, Greensboro, 
North Carolina, USA
4Department of Psychological Sciences, 
University of Connecticut, Storrs, 
Connecticut, USA
5Department of Psychology, Stony Brook 
University, Stony Brook, New York, USA

Correspondence
Corina Goodwin, Department of 
Linguistics, University of Connecticut, 
Storrs, CT, USA.
Email: corina.goodwin@uconn.edu

Funding information
National Science Foundation, Grant/
Award Number: 1553589; Connecticut 
Institute for the Brain and Cognitive 
Sciences; University of Connecticut PCLB 
Psychological Sciences

Abstract

Much research has found disrupted executive functioning (EF) in deaf and hard- 

of- hearing (DHH) children; while some theories emphasize the role of auditory 

deprivation, others posit delayed language experience as the primary cause. This 

study investigated the role of language and auditory experience in parent- reported 

EF for 123 preschool- aged children (Mage  =  60.1  months, 53.7% female, 84.6% 

White). Comparisons between DHH and typically hearing children exposed to 

language from birth (spoken or signed) showed no significant differences in EF 

despite drastic differences in auditory input. Linear models demonstrated that ear-

lier language exposure predicted better EF (β = .061– .341), while earlier auditory 

exposure did not. Few participants exhibited clinically significant executive dys-

function. Results support theories positing that language, not auditory experience, 

scaffolds EF development.
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outcomes, socioeconomic status (SES), and criminality 
(e.g., Moffit et al., 2011).

While myriad studies have established DHH chil-
dren's increased risk for reduced or even clinically sig-
nificant impairments in EF skills (Botting et al., 2017; 
Hintermair, 2013; Jones et al., 2019; Kronenberger et al., 
2014; Oberg & Lukomski, 2011), the exact cause remains 
controversial. There has recently been much debate 
about the influence of spoken language and auditory 
input compared to signed languages that are perceived 
visually on the development of DHH children's EF skills. 
For instance, one model emphasizes the role of auditory 
deprivation on executive dysfunction in DHH children 
(e.g., Kronenberger & Pisoni, 2020; we will refer to this 
as the “auditory scaffolding model”). Conversely, other 
researchers have demonstrated that deaf children who 
have full access to a sign language from birth do not ex-
hibit the same deficits in EF skills as deaf children who 
use spoken language, even when these native- signing 
children have little to no auditory experience (Hall et al., 
2018; Marshall et al., 2015). Thus, these researchers argue 
that early language input, in either modality, is more im-
portant than early auditory input per se for the devel-
opment of typical EF skills (here called the “language 
scaffolding model”). Determining which model better 
explains DHH children's EF development is important 
because each leads to differing clinical recommenda-
tions (i.e., ensuring early auditory input vs. providing 
access to early language input, regardless of modality).

The addition of new evidence from native- signing deaf 
children in different countries is compelling, but to date 
few studies have investigated EF development in this 
population (e.g., Hall et al., 2018; Marshall et al., 2015). 
Furthermore, most research has focused on school- aged 
children, making it unclear exactly when group differ-
ences might emerge. Beer et al. (2014) demonstrated EF 
deficits in preschool- aged children with cochlear im-
plants who used spoken English, but EF development in 
signing preschoolers remains unexplored. The current 
study investigated the development of EF skills in pre-
school-  and school- aged DHH children whose access to 
spoken or signed language began either from birth or at 
a point later in development.

What is EF?

Executive functioning is an umbrella term that refers 
to several interrelated processes concerning the control 
and monitoring of behavior and attention to achieve a 
goal (e.g., Blair, 2016). EF is commonly subdivided into 
working memory, inhibition, and shifting (e.g., Garon 
et al., 2008). Working memory reflects an individual's 
capacity to hold information and retrieve it when an 
additional cognitive load is present. A typical meas-
ure is the backward digit span task, in which partici-
pants repeat numbers back to the experimenter in the 

reverse order of presentation. Inhibition is the ability to 
inhibit prepotent responses that are incongruent with 
a particular goal; a common measure is the Stroop 
Color and Word Test, in which participants must say 
the color of ink that a color term is printed in rather 
than reading the word itself (e.g., saying “blue” when 
presented with the word “red” written in blue ink). The 
shifting subcomponent of EF is the ability to adapt to 
new rules, often measured using a card sorting task for 
which a child must first sort by shape and then switch 
to sorting by color.

While these examples measure children's behavior, 
several rating- scale measures of EF exist, with some 
researchers reporting significant relations between per-
formance and rating- scale measures (e.g., Garon et al., 
2016), while others do not (e.g., McAuley et al., 2010). 
Still, each format offers advantages and disadvantages: 
behavioral tasks avoid possible rater biases, while rat-
ing scales can be more ecologically valid in that they 
measure EF during daily tasks rather than in artificial 
laboratory settings. Overall, behavioral and rating- scale 
measures provide complementary information about a 
child's EF skills (Isquith et al., 2013).

EF and language

A large body of research connects the development of 
EF and language in various typically hearing popula-
tions. In neurotypical children, language and EF are 
often highly correlated (e.g., Müller et al., 2009). Some 
authors have found that EF predicts language learn-
ing and development (e.g., Weiland et al., 2014), oth-
ers have found that language predicts EF skills (e.g., 
Fuhs & Day, 2011), while still others have found bidi-
rectional relations (e.g., Slot & von Suchodoletz, 2018). 
Significant relations have also been noted in neurodi-
verse populations, including Developmental Language 
Disorder (e.g., Pauls & Archibald, 2016; Wittke et al., 
2013), Attention- Deficit/Hyperactivity Disorder (e.g., 
Sciberras et al., 2014), and Autism Spectrum Condition 
(e.g., Akbar et al., 2013).

Language and EF skills are often correlated in DHH 
children, with these children at risk of deficits in both 
areas (e.g., Figueras et al., 2008; Kronenberger et al., 
2014; Mitchell & Quittner, 1996; Surowiecki et al., 2002). 
Some researchers have found that language skills in-
fluence EF skills in DHH children (Barker et al., 2009; 
Marshall et al., 2015), while others have found the reverse 
(Kronenberger et al., 2020). Sometimes group EF differ-
ences between DHH and typically hearing participants 
are no longer significant when language abilities are con-
trolled (e.g., Beer et al., 2014).

But why is there such a close relation between EF and 
language in all of these populations? One possibility is 
that both language and EF are processed in similar pre-
frontal cortex brain regions and thus develop in tandem. 
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For instance, activation in Broca's area is observed in 
both working memory and language tasks (e.g., Garon 
et al., 2008). But there are additional reasons to expect 
EF to influence language, and vice versa. For instance, 
part of language learning requires children to direct and 
sustain their attention to the language input (e.g., when 
using situational context to learn the meaning of words). 
Children also must inhibit their own productions to en-
gage in turn- taking and successful conversations and 
monitor their production to determine whether their mes-
sage was adequately conveyed and correctly interpreted. 
For DHH children, EF skills may also compensate for 
underspecified phonological and semantic representa-
tions due to degraded auditory input (Kronenberger & 
Pisoni, 2020).

On the other hand, language is important for many 
EF skills. For example, when children are learning to 
self- regulate, they are taught to label their feelings, to 
count from one to ten to control their anger, and to ver-
bally communicate their needs (e.g., Diamond & Lee, 
2011). Similarly, toddlers with lower verbal skills have 
more frequent temper tantrums, presumably because 
they cannot adequately express their needs and desires 
(e.g., Manning et al., 2019). Furthermore, using lan-
guage or internal dialogue can facilitate children's per-
formance in working memory, shifting and inhibition 

tasks (e.g., Alarcón- Rubio et al., 2014; Müller et al., 
2009).

Contrary to Kronenberger and Pisoni’s (2020) char-
acterization of “language- focused approaches,” no 
current theories emphasizing the importance of lan-
guage in EF development posit that language is the 
sole predictor of EF. Rather, they argue that language 
is necessary but not sufficient to support typical EF 
development (e.g., Hall, 2020). Studies that emphasize 
the role of language in the development of EF in DHH 
children explicitly acknowledge the complex interplay 
of biological, psychological, and social factors in de-
velopment by accounting for background factors such 
as age, gender, and SES (e.g., Hall et al., 2018, Table 1). 
Furthermore, language itself is an interpersonal com-
munication tool used to navigate relationships and 
transfer knowledge; when children cannot understand 
or produce language, social interactions (including the 
language- based EF scaffolding described above) and 
intergenerational learning are invariably disrupted 
(Morgan & Dye, 2020). Understanding the contribu-
tions of early language experience relative to other 
factors is critical to developing a holistic picture of 
EF development, especially as this understanding in-
fluences evidence- based clinical recommendations to 
families with DHH children.

TA B L E  1  Participant demographics

Typically hearing
(N = 46)

Early ASL
(N = 26)

Later English
(N = 23)

Later ASL
(N = 28)

Age (months)

M (SD) 54.7 (10.9) 60.8 (14.4) 60.7 (10.9) 68.0 (14.6)

Median [min, max] 54.5 [37, 85] 57.0 [41, 91] 60.0 [37, 78] 71.5 [37, 90]

SES

M (SD) 55.6 (8.83) 48.2 (16.8) 48.8 (14.1) 42.7 (17.4)

Median [min, max] 56.0 [22, 66] 56.5 [11, 66] 51.0 [8, 66] 49.0 [9, 62]

Sex

Female 24 (52.2%) 16 (61.5%) 13 (56.5%) 13 (46.4%)

Male 22 (47.8%) 10 (38.5%) 10 (43.5%) 15 (53.6%)

Race

Asian 0 (0%) 0 (0%) 0 (0%) 3 (10.7%)

Black or African American 0 (0%) 0 (0%) 1 (4.3%) 0 (0%)

White 43 (93.5%) 24 (92.3%) 18 (78.3%) 19 (67.9%)

More than one 3 (6.5%) 1 (3.8%) 3 (13.0%) 3 (10.7%)

Other/missing 0 (0%) 1 (3.8%) 1 (4.3%) 3 (10.7%)

Ethnicity

Hispanic 3 (6.5%) 0 (0%) 2 (8.7%) 5 (17.9%)

Non- Hispanic 42 (91.3%) 18 (69.2%) 17 (73.9%) 20 (71.4%)

Prefer not to answer 0 (0%) 1 (3.8%) 0 (0%) 0 (0%)

Missing 1 (2.2%) 7 (26.9%) 4 (17.4%) 3 (10.7%)

Note: SES was based on the Barratt Simplified Measure of Social Status; possible scores range from 3 to 66.

Abbreviations: ASL, American Sign Language; SES, socioeconomic status.
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EF and auditory input

The most recent version of the auditory scaffolding 
model (Kronenberger & Pisoni, 2020) adopts a biopsy-
chosocial systems framework, which incorporates a 
variety of causal interactions from the biological, psy-
chological, and social levels. While most researchers 
would acknowledge all these as important in EF devel-
opment, this theory uniquely posits that auditory input 
specifically contributes to the development of the brain 
connectome and thus EF skills. These authors hold that 
disturbances in connections between the auditory cor-
tex and the frontal cortex (which mediates EF) can cause 
significant EF deficits, with variations in outcome de-
pendent on the age of onset of deafness, the length of 
auditory deprivation, and individual variations in neu-
roplasticity, as well as other psycho- social compensatory 
mechanisms, such as school- based EF interventions. 
Furthermore, this research group emphasizes the role 
of auditory input over other sensory modalities in pro-
viding sequential stimulation, thus hypothesizing that 
auditory input is crucial to the typical development of 
temporal processing, sequential memory, and sustained 
attention. Importantly, the auditory scaffolding hypoth-
esis predicts that severe- to- profoundly deaf children 
who experience little to no auditory input would experi-
ence a negative impact on the development of EF skills, 
accounting for other factors. Thus, the current study and 
previous research, that has included DHH children with 
little auditory experience, are important test cases for 
this hypothesis.

While space precludes an exhaustive review, we will 
briefly discuss two of the most consequential results 
that Kronenberger and Pisoni (2020) present in support 
of their theory. First, individuals with musical train-
ing tend to perform better on some types of EF tasks 
(e.g., Slevc et al., 2016). While Kronenberger and Pisoni 
argue that this supports a unique role for auditory input 
in the development of EF, the authors of these studies 
have generally not interpreted their results in this man-
ner. Furthermore, differences in auditory experiences 
specifically are unlikely to be the causal mechanism 
underlying this relation given that musical training and 
performance involves many EF- supporting practices 
that are also present in other extracurricular activities 
which have been shown to improve EF skills, but which 
do not primarily involve auditory stimuli, such as mar-
tial arts practice (e.g., Diamond & Lee, 2011). Second, 
a recent study on visual habituation in deaf infants 
found that deaf infants took longer to habituate to visual 
stimuli and had fewer look- aways than typically hear-
ing infants (Monroy et al., 2019). Additionally, infants 
with lower spoken- English skills prior to cochlear im-
plantation exhibited longer times to habituation. These 
authors interpreted these results as an inefficiency in 
information processing due to reduced auditory input, 

which may ultimately negatively affect additional cog-
nitive skills, such as EF. An alternative interpretation is 
that the behavior of the deaf infants reflects adaptation 
to using visual information in different ways than hear-
ing infants (e.g., for language: Brooks et al., 2020). Thus, 
these results could indicate resilience rather than a defi-
cit in processing speed for deaf infants (for similar argu-
ments in other domains, see, for example, Dye & Hauser, 
2014). Moreover, the study design precludes comparing 
the amount of information extracted by infants in both 
groups; if deaf infants were extracting more information 
from the visual stimuli, they would be expected to take 
longer to habituate. While these results may indicate that 
reduced auditory input causes changes in processing of 
visual sensory input, the findings may have no implica-
tions for the relation between auditory input and broader 
cognitive functioning.

Further evidence for the role of auditory input in the 
EF development of DHH children is primarily drawn 
from studies of deaf children with cochlear implants 
who use spoken language. These children typically expe-
rience some period of auditory deprivation before they 
are identified as DHH and receive treatment and they 
also exhibit deficits in EF skills. However, language and 
auditory experience are confounded in these individuals, 
and it is thus impossible to disentangle their effects (e.g., 
Hall, 2020).

To appropriately evaluate the auditory scaffolding 
model, we must also consider the development of EF in 
children with limited or no auditory access who do have 
early exposure to language, that is, profoundly deaf chil-
dren who use no assistive hearing technology but who are 
exposed to sign language from birth. While this group 
can be difficult to recruit because less than 10% of deaf 
children are born to deaf, signing parents (Mitchell & 
Karchmer, 2004) and perhaps also because of skepticism 
within the Deaf community of cochlear implants and re-
searchers’ intentions (Mitchiner & Sass- Lehrer, 2011), at 
least two research groups have found that native- signing 
DHH children do not exhibit the same deficits in EF as 
children later exposed to spoken language through co-
chlear implants (Hall et al., 2018; Marshall et al., 2015). 
Although the evidence is currently limited, this popula-
tion seems to demonstrate that EF skills (and other cog-
nitive skills, such as visual sequencing; Terhune- Cotter 
et al., 2021) can develop typically in the absence of audi-
tory input as long as early language input is accessible.

The current study

This study investigated parent- reported EF as meas-
ured by the Behavior Rating Inventory of Executive 
Function— Preschool Version (BRIEF- P; Gioia et al., 
2003) in typically hearing and DHH children. To ad-
dress the relative contributions of language and auditory 
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input on the development of EF, we studied children 
who experienced varying degrees of access to both lan-
guage and auditory input (measured by parent report). 
This allowed us to dissociate the influence of auditory 
stimulation from that of language input, and to ask the 
following questions:

Question 1: Do DHH children with access to sign lan-
guage but not auditory input from birth exhibit EF 
skills comparable to their typically hearing peers?
Question 2: Do age of auditory and language expo-
sure significantly predict EF?
Question 3: Do children with later, and likely de-
graded access to auditory and/or language input ex-
hibit clinically significant deficits in EF relative to 
typically hearing peers?

We addressed the first question by directly comparing 
EF in typically hearing children learning spoken English 
to that of children who are severe- to- profoundly deaf 
who also began learning their first language, American 
Sign Language (ASL), at home from birth. We expected 
similar scores between these two groups if early access 
to language is enough to scaffold typical development of 
EF; group differences in favor of typically hearing partic-
ipants would indicate that auditory input is also integral. 
The second question was addressed using linear models 
to evaluate the contribution of age of first auditory and 
language exposure on later EF in all participants. If both 
age of language and auditory access were significantly 
related to EF, this would indicate that early auditory 
input is necessary for typical EF development. The third 
question was evaluated by comparing the proportions of 
DHH and typically hearing participants scoring within 
the clinically significant range on the BRIEF- P to deter-
mine whether DHH participants are disproportionately 
represented among children who exhibited significant 
deficits in EF (i.e., relative risk ratios). This question ad-
dressed the level of severity of any observed differences 
in EF skills across different subgroups of participants. 
All analyses were confirmatory in nature as we aimed 
to test an existing theory about the development of EF.

M ETHOD

Participants

The data in this study were drawn from a larger project 
which investigated relations between language experi-
ence, mathematical abilities, and other cognitive skills 
using numerous performance tasks and parent- reported 
measures. The overall project recruited a total of 404 
participants between the ages of 3 and 9 years old: 124 
children had typical hearing and 280 were deaf or hard- 
of- hearing. Children with confirmed or suspected ad-
ditional disabilities were not included in this study. 

Participants were recruited from 35 locations across the 
United States between 2016 and 2020.

The current study included a subset of 123 children 
between the ages of 37 and 91 months and for whom par-
ents returned a completed BRIEF- P form. Participant 
information is summarized in Table 1, with all infor-
mation based on parent report. The Early ASL group 
includes all participants who are severe- to- profoundly 
deaf and who acquired ASL from birth via at least one 
deaf, signing parent. All the DHH children attended 
specialized programs for DHH children. The Later ASL 
and Later English group includes DHH participants who 
had hearing parents and attended programs emphasiz-
ing ASL or spoken English, respectively. All spoken lan-
guage programs for DHH children were private, while 
ASL programs were both public and private. Children 
in both the Early and Later ASL groups attended the 
same signing school programs. In each program, all chil-
dren 3-  to 7- years old were invited to participate. Most 
of the DHH schools included preschool- aged children. 
For younger typically hearing children not yet in school, 
we also tested at our laboratories, local libraries, and in 
families’ homes. We use the term “later” to indicate that 
the children did not have full access to their respective 
language from birth, due to later and potentially incom-
plete access to spoken English via hearing technology or 
delayed exposure to ASL.

Table 1 provides demographic information for all par-
ticipants. While group differences for age were generally 
not significant, Dunn's test of multiple comparisons in-
dicated that the Later ASL group was significantly older 
than the Typically Hearing group (Z = 4.08, p <  .001). 
SES was based on Barratt’s (2006) Simplified Measure 
of Social Status, which considers parental educational 
attainment and occupational prestige, but not income. 
Lower SES scores indicate lower levels of educational 
attainment and occupational prestige. We included this 
measure because SES has been found to explain a small, 
but significant, amount of variance on the BRIEF- P 
(e.g., Gioia et al., 2003); specifically, parents with lower 
educational levels tend to report more EF difficulties. 
Most group differences for SES were not significant, but 
Dunn's test of multiple comparisons indicated that the 
Later ASL group had significantly lower SES than the 
Typically Hearing group (Z = −3.31, p = .006).

Several measures of language and auditory experience 
are presented in Table 2. First, information about the 
type of hearing device is presented, with “Other” indi-
cating anything other than a hearing aid or cochlear im-
plant, including bone conduction implants. Information 
about the bilateral or unilateral use of these devices is 
generally unavailable for the participants. Detailed in-
formation about participants’ hearing levels was missing 
for many participants; thus, they were only categorized 
as (1) typically hearing, (2) hard- of- hearing, and (3) deaf. 
Participants with known unilateral hearing loss were 
excluded.



214 |   GOODWIN et al.

The age of auditory exposure was zero (i.e., birth) 
for all typically hearing participants. For all other 
DHH participants, age of auditory exposure was based 
on parent- reported age of first hearing device use. In 
Table 2 and for all statistical modeling, the age of au-
ditory exposure for severe- to- profoundly deaf children 
who used no hearing devices was considered to be the 
child's current age, indicating that they had not yet had 
significant auditory access that might have affected their 
EF skills. Specific ages of auditory access were missing 
for 13 children, 6 from the Early ASL group, and 8 in 
the Later ASL group. The Typically Hearing group had 
significantly earlier age of auditory exposure than all 
three DHH groups (Typically Hearing vs. Early ASL: 
Z = 7.64, p < .001; Typically Hearing vs. Later English: 
Z  =  5.53, p  <  .001; Typically Hearing vs. Later ASL: 
Z = 7.22, p < .001). Later English participants did not sig-
nificantly differ in age of auditory exposure from Early 
ASL (Z = 2.26, p = .07); or Later ASL: (Z = 1.46, p = .29). 
Early and Later ASL groups did not differ in terms of 
their age of auditory exposure (Z = 0.89, p = .37).

Age of language exposure was birth, or zero, for typ-
ically hearing children and DHH children exposed to 
sign language from birth. For DHH children using spo-
ken language (Later English), age of language exposure 
was the age at which they received their hearing device. 
For DHH children who used ASL and who had parents 
who did not primarily communicate with ASL (Later 

ASL), the age of language exposure was the age at which 
the child entered a signing program. Specific age of lan-
guage exposure information was missing for two par-
ticipants from the Later ASL group. Later English and 
Later ASL groups both significantly differed from each 
early language group (p <  .001). The Later ASL group 
did not significantly differ from the Later English group 
in age of language exposure (Z = 1.84, p = .13). Individual 
background information for all participants is available 
on the Open Science Foundation website (https://osf.io/
phym2).

Materials

Executive functioning was measured via parent re-
port using the 63- item BRIEF- P (Gioia et al., 2003). 
The BRIEF- P is internally consistent (Cronbach's al-
phas  .80– .97), has high test– retest stability (r = .78– .90), 
and construct validity (Gioia et al., 2003, pp. 47– 65). To 
complete the BRIEF- P, parents indicate how frequently 
a behavior has been a problem for their child during the 
past 6  months (never, sometimes, or often). The form 
takes approximately 10– 15 min to complete, and the as-
sessment includes reference norms for children from the 
ages of 2 to 5 years, 11 months.

Due to a clerical error, 29 participants aged 6– 7.5 years 
old were mistakenly administered the preschool version 

TA B L E  2  DHH participants’ auditory and language experiences

Typically hearing
(N = 46)

Early ASL
(N = 26)

Later English
(N = 23)

Later ASL
(N = 28)

Pre- device hearing level

Typically hearing 46 (100%) 0 (0%) 0 (0%) 0 (0%)

Deaf 0 (0%) 15 (57.7%) 13 (56.5%) 21 (75.0%)

Hard of hearing 0 (0%) 7 (26.9%) 9 (39.1%) 5 (17.9%)

Missing 0 (0%) 4 (15.4%) 1 (4.3%) 2 (7.1%)

Type of hearing device

Hearing aid 0 (0%) 11 (42.3%) 11 (47.8%) 12 (42.9%)

Cochlear implant 0 (0%) 0 (0%) 9 (39.1%) 8 (28.6%)

Hearing aid and cochlear implant 0 (0%) 0 (0%) 2 (8.7%) 1 (3.6%)

Other 0 (0%) 1 (3.8%) 1 (4.3%) 0 (0%)

None 46 (100%) 14 (53.8%) 0 (0%) 7 (25.0%)

Age of first auditory exposure (months)a

M (SD) 0 (0) 49.0 (24.9) 21.2 (16.2) 38.6 (26.5)

Median [min, max] 0 [0, 0] 52.5 [1, 91] 16.0 [0.5, 58] 36.0 [3, 90]

Missing 0 (0%) 8 (30.8%) 0 (0%) 5 (17.9%)

Age of first language exposure (months)

M (SD) 0 (0) 0 (0) 21.2 (16.2) 42.0 (13.2)

Median [min, max] 0 [0, 0] 0 [0, 0] 16.0 [0.5, 58] 36.5 [18, 76]

Missing 0 (0%) 0 (0%) 0 (0%) 2 (7.1%)

Abbreviations: ASL, American Sign Language; DHH, deaf and hard- of- hearing.
aParticipants’ current age was used for DHH children who did not use a hearing device.

https://osf.io/phym2
https://osf.io/phym2
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of this rating scale rather than the version normed on 
older children (the BRIEF). Because the BRIEF- P was 
based on the original BRIEF, there is much overlap be-
tween the two forms. Differences primarily consist of 
removal of the Organization and Monitor subscales, 
as well as modification of some items to be more ap-
propriate for younger children (e.g., substituting “play 
area” for “school” for use with children who do not at-
tend school; Gioia et al., 2003, p. 38). For analyses that 
included participants outside of the normed age range, 
only raw scores were considered. All results are based on 
the BRIEF- P version of this rating scale.

The BRIEF- P includes five subscales (Inhibit, Shift, 
Emotional Control, Working Memory, and Plan/
Organize), three index scales (Inhibitory Self- Control, 
Flexibility, and Emergent Metacognition), and one over-
all summary scale (Global Executive Composite [GEC]). 
To limit the number of statistical models and to focus on 
individual EF components, the three index scales were 
not included in our analyses and will not be discussed 
further. The Inhibit subscale measures self- regulation 
of behavior and is assessed with statements such as Acts 
wilder or sillier than others in groups [birthday parties, 
recess]. The Emotional Control subscale similarly mea-
sures self- regulation, but focuses on emotion and con-
sists of statements such as Overreacts to small problems. 
The Shift subscale measures a child's behavioral flexibil-
ity and includes statements such as Becomes upset with 
new situations. The Working Memory subscale measures 
a child's ability to hold information in mind for later use 
in goal- directed behaviors (e.g., When given two things 
to do, only remembers the first). The Plan/Organize sub-
scale measures a child's ability to plan and implement 
their goal- directed behaviors (e.g., When instructed to 
clean up, puts things away in a disorganized, random way). 
Finally, the GEC includes all five subscales and thus can 
be considered a summary of EF skills, although if stark 
differences are present across subscales, the GEC is less 
informative.

Behavior Rating Inventory of Executive Function— 
Preschool Version norms are separated based on the 
child's sex, age, and assessor (parent or teacher). All 

forms in the current study were completed by parents. 
The mean standard score (T- score) for all subscales and 
composite scales is 50, with a standard deviation of 10. 
Higher scores indicate worse EF skills, with a score of 
65, or 1.5 SDs above the mean, considered significantly 
elevated. The BRIEF- P also includes two validity mea-
sures: the Inconsistency and Negativity scales. The 
Inconsistency Scale compares consistency of responses 
for two similar items; we excluded two forms that scored 
in the Inconsistent range. The second validity measure, 
the Negativity Scale, determines whether a respondent 
answered selected items in an unusually negative way. 
We included forms which scored in the elevated range 
(n = 3) because, based on previous research, we expected 
some DHH children to exhibit problems with EF and 
thus these responses may indicate true dysfunction.

Procedure

BRIEF- P forms, which include instructions, were sent 
home with children when behavioral data was collected 
at participating schools; forms were distributed directly 
to parents when data collection was conducted in par-
ticipants’ homes. Parents were encouraged to contact the 
research team with any questions. All returned forms 
were scored according to the instructions in the manual.

RESU LTS

Recall that our research questions all broadly address 
how language and auditory exposure affect parent- 
reported EF. We begin by directly comparing the EF 
skills of children with access to spoken language from 
birth via typical hearing to those of severe- to- profoundly 
deaf children exposed to a sign language from birth. We 
then present a model for the BRIEF- P composite scale 
and each subscale that characterizes the contributions of 
age of auditory and language exposure, as well as other 
relevant background characteristics. We used BRIEF- P 
raw scores for these first two analyses to include the 

TA B L E  3  Means, standard deviations and t- test results of BRIEF- P raw scores for the children who received language exposure (in any 
modality) from birth

Typically hearing
(n = 46)

Early ASL
(n = 26) Welch's t- test results

M (SD) M (SD) t(df ) p

Global Executive Composite 87.8 (18.7) 89.5 (16.1) −.40 (58.7) .69

Inhibition 22.8 (5.9) 24.0 (6.1) −.81 (51.1) .42

Shift 13.0 (3.1) 13.5 (3.1) −.57 (51.8) .57

Emotional Control 15.0 (3.7) 14.7 (3.0) .31 (60.4) .76

Working Memory 22.7 (6.6) 23.1 (4.8) −.29 (65.5) .77

Plan/Organize 14.3 (3.4) 14.2 (3.0) .14 (57.1) .89

Abbreviations: ASL, American Sign Language; BRIEF- P, Behavior Rating Inventory of Executive Function— Preschool Version.
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largest number of participants as some participants were 
outside of the range of the BRIEF- P norms. Finally, 
we compare relative risk ratios for clinically significant 
standard scores on the BRIEF- P for the subset of partici-
pants under age 6 years (i.e., within the BRIEF- P norms 
age range). We address each of our research questions 
individually below. All analyses were run in R and full 
scripts used are available at https://github.com/emlin i/
SLaM_BRIEF_analyses.

Question 1: Do DHH children with access to 
sign language but not auditory input from birth 
exhibit EF skills comparable to their typically 
hearing peers?

We used Welch's t- tests to compare raw scores for the 
Typically Hearing and Early ASL groups because the 
participant groups had unequal variances and sample 
sizes. Table 3 provides the means and standard deviations 
of raw scores for the GEC and each individual BRIEF- P 
subscale and summarizes the t- test results. None of these 
group comparisons were statistically significant or ap-
proached significance. There is no evidence in our sam-
ple that children without typical auditory access, but 
who do have early accessible (sign) language exposure, 
exhibit differences in EF when compared to typically 
hearing children.

Question 2: Do age of auditory and language 
exposure significantly predict EF?

We then used linear models to determine how age of 
auditory and language exposure (in months) related to 
EF scores. These models included 109 participants due 
to missing age of auditory and/or language exposure for 
14 participants (see Table S1 for demographic informa-
tion for this subsample). BRIEF- P standard scores are 
divided by sex and age, but raw scores, as used in these 
analyses, do not factor in these variables. Thus, the 
background variables of sex and chronological age were 
included as additional predictor variables in all models. 
SES is also correlated with EF scores on the BRIEF- P 
(Gioia et al., 2003), so it was included as an additional 
predictor in our modeling.

Model results are presented in Table 4. Because age 
of language exposure and age of auditory exposure 
were significantly correlated, we tried adding these two 
variables to the model in different orders to determine 
whether one variable better explained the variability in 
BRIEF- P scores (e.g., Model A: model with demograph-
ics only, add age of auditory exposure first; then add age 
of language exposure; Model B: model with demograph-
ics only, add age of language exposure first; then add 
age of auditory exposure). Regardless of whether it was 
added before or after age of language exposure, age of 

auditory exposure did not significantly predict BRIEF- P 
scores on the GEC, nor on any of the subscales, and its 
addition did not significantly improve model fit.

Socioeconomic status was a significant predictor for 
all BRIEF- P subscales except Working Memory, with 
higher SES related to lower, or better, EF scores. Sex 
and chronological age did not significantly predict any 
BRIEF- P scores. Age of language exposure significantly 
predicted the GEC and all subscale scores except for 
Inhibition and Emotional Control. We also ran separate 
models in which we replaced age of auditory exposure 
with length of auditory experience (time since first hear-
ing device use), hearing status (typical, hard- of- hearing, 
or deaf), or language modality (English, ASL; see Tables 
S2– S8 for all model results). None of these additional 
variables were significant predictors of EF skills and 
their inclusion did not improve model fit over a model 
with demographic variables and age of language expo-
sure. It was not possible to directly compare the model 
with hearing status, age of language exposure, and de-
mographic variables to the model with only age of lan-
guage exposure and demographics because we were 
missing hearing status information for six participants— 
three Early ASL, two Later ASL, and one Later English. 
However, hearing status was never a significant predic-
tor of any BRIEF composite score or subscale, and for 
some subscales, its addition resulted in a model that was 
no longer a good fit for the data.

Question 3: Do children with later, and likely 
degraded access to auditory and/or language 
input exhibit clinically significant deficits in EF 
relative to typically hearing peers?

To address our third research question, participants 
were categorized into four groups based on their degree 
and timing of access to language input and the language 
they predominantly use as described in the Participants 
section above. The Early English group includes all typi-
cally hearing children. Standard scores were available 
for the subset of 98 participants under 6 years of age (see 
Table S8 for demographic characteristics of this subsam-
ple). The full distribution of standard scores is presented 
in Figure 1, with the mean of 50 and the clinical cutoff 
of 65 marked with horizontal dashed and dotted lines, 
respectively. As is apparent in this figure, the vast major-
ity of participants scored below the clinical cutoff, with 
significant overlap across all four participant groups.

The remaining analyses categorized all standard scores 
as clinically significant (≥65) or not (<65). Note that prior 
literature with DHH children (Beer et al., 2014; Hall et al., 
2018; Kronenberger et al., 2014) used a cutoff of 60, result-
ing in more children showing elevated risk. Table 5 shows 
the percentage of children in each group that fell within 
the clinically significant range on the composite scale and 
each BRIEF- P subscale, as well as the relative risk ratios 

https://github.com/emlini/SLaM_BRIEF_analyses
https://github.com/emlini/SLaM_BRIEF_analyses
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F I G U R E  1  BRIEF- P standard scores. Note: Scores are presented by language timing group (Early vs. Later) and language (English, black 
vs. ASL, grey) for each individual executive functioning subscale and the Global Executive Composite. Each dot represents one child; dashed 
lines show the mean and the dotted lines show the clinical threshold (65). ASL, American Sign Language; BRIEF- P, Behavior Rating Inventory 
of Executive Function— Preschool Version

TA B L E  5  Relative risk of clinically significant scores (T- score ≥65) in DHH participants with respect to typically hearing participants

Percent clinically significant scores (number) Relative risk [95% confidence interval]

Typically hearing
(n = 44)

Early ASL
(n = 20)

Later English
(n = 20)

Later ASL 
(n = 14) Early ASL Later English Later ASL

Global 
Executive 
Composite

7% (3) 5% (1) 15% (3) 14% (2) 0.56 [0.06, 5.08] 1.69 [0.37, 7.64] 1.61 [0.30, 8.67]

Inhibition 5% (2) 10% (2) 5% (1) 0% (0) 1.50 [0.23, 9.90] 0.75 [0.07, 7.80] n/aa

Shift 5% (2) 5% (1) 10% (2) 7% (1) 0.75 [0.07, 7.80] 1.50 [0.23, 9.90] 1.07 [0.10, 10.95]

Emotional 
Control

7% (3) 0% (0) 10% (2) 14% (2) n/aa 1.13 [0.20, 6.22] 1.61 [0.30, 8.67]

Working 
Memory

11% (5) 20% (3) 10% (2) 7% (1) 1.13 [0.30, 4.25] 0.75 [0.16, 3.54] 0.54 [0.07, 4.21]

Plan/Organize 7% (3) 5% (1) 20% (4) 0% (0) 0.56 [0.06, 5.08] 2.25 [0.55, 9.13] n/aa

Note: A risk ratio for which the 95% confidence interval did not include 1 would be considered a statistically significant result; none of the DHH groups were 
significantly more likely than typically hearing participants to have clinically elevated scores on any subscale or on the composite scale.

Abbreviations: ASL, American Sign Language; DHH, deaf and hard- of- hearing.
aCannot calculate risk ratio or confidence interval because no children within the comparison group scored within the clinically significant range on this subscale.
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for the two groups of DHH participants compared to the 
typically hearing participants. This was calculated by 
dividing the percentage of children in each DHH group 
who had a T- score at or above 65 by the percentage of 
children in the Typically Hearing group who scored in 
the same range (we used the riskratio.small() function in 
the R “epitools” package, which adjusts for small sam-
ple size). A risk ratio of one would indicate that DHH 
participants were as likely as typically hearing partici-
pants to have T- scores at or above 65 (i.e., that there was 
no difference between the groups). Numbers below one 
mean that the DHH participants were less likely to score 
in the clinically significant range and numbers above one 
mean that they were more likely. The relative risk ratio for 
the Early ASL group on the Emotional Control subscale 
was not calculable because no children in the Early ASL 
group scored within the clinical range. A 95% confidence 
interval was used to determine whether the observed rel-
ative risk ratios were significantly different from those 
expected by chance (p < .05): all confidence intervals con-
tained 1, indicating that the typically hearing group and 
the DHH groups did not significantly differ in their risk 
of executive dysfunction.

DISCUSSION

Our overarching research question was whether auditory 
input is necessary for typical EF development; both the 
auditory scaffolding and language scaffolding models 
predict that language experience is an important factor 
in the development of EF. We will address our three spe-
cific research questions individually below.

Question 1: Do DHH children with access to 
sign language but not auditory input from birth 
exhibit EF skills comparable to their typically 
hearing peers?

We found no significant differences when we compared 
the two groups of children with early access to language 
(i.e., typically hearing children learning spoken lan-
guage and severe- to- profoundly deaf children learning 
ASL from birth). These results conflict with those of 
Beer et al. (2014), who found that DHH children who use 
spoken language exhibit differences in EF as compared 
to typically hearing peers by preschool age. Yet in Beer 
et al.’s study, language and auditory experience were con-
founded because all participants used spoken language. 
Our results suggest that deafness itself does not hinder 
EF development and that previous results demonstrating 
EF differences between deaf and hearing children were 
likely driven by deaf participants’ lack of early language 
exposure.

Some authors have speculated that expectations may 
be different for deaf children of deaf parents, leading to 

typical parent- reported EF skills despite the presence 
of true difficulties in this domain (e.g., Kronenberger 
& Pisoni, 2020). If this were the case, underlying differ-
ences might not be apparent when using parent- reported 
measures of EF, but should instead be observable on 
behavioral measures that are not influenced by the cul-
tural expectations of individual parents. While we can-
not directly address this issue with our data, Hall et al. 
(2018) found that similar parent- reported EF results be-
tween these two groups could not be due to parental bias 
because children who also completed behavioral tasks 
showed the same performance patterns as reflected in 
the parent- reported measure.

Question 2: Do age of auditory and language 
exposure significantly predict EF?

When we considered parent- reported EF skills for all 
our participants, results were again consistent with the 
theory that language, not auditory input, scaffolds the 
development of EF. Age of auditory exposure did not 
significantly predict EF skills for any of the BRIEF- P 
subscales or for the composite, regardless of the order in 
which the predictors were entered into the model, but age 
of language exposure was a significant predictor for the 
Shift, Working Memory, and Plan/Organize subscales, 
as well as for the overall composite. Children with later 
exposure to language generally had worse EF skills as 
indicated by an increase in raw scores on all but the 
Inhibition and Emotional Control BRIEF- P subscales. It 
is not clear why age of language exposure did not predict 
scores on the Inhibition or Emotional Control subscales; 
perhaps these aspects of EF are less dependent on lan-
guage than shifting, working memory, and planning/or-
ganization. It is also possible that the DHH participants 
in this study had received interventions focused on con-
trolling emotions and inhibiting unwanted behaviors.

Our statistical modeling included additional back-
ground variables that have been shown to affect EF. 
SES was a significant predictor of raw scores for all but 
Working Memory, with higher SES predicting better 
parent- reported EF skills, a finding generally consistent 
with previous behavioral research that has found SES 
to be important in the development of EF skills (Gioia 
et al., 2003), although previous studies have found that 
these results typically hold across all EF subdomains. 
In contrast with some previous research, sex did not 
significantly predict scores in any of the EF domains in 
our dataset. BRIEF- P norm development found a small 
but significant difference in parents’ ratings of boys and 
girls, specifically on the Inhibit subscale (Gioia et al., 
2003). Our sample may not have been large enough to 
detect such small differences. Similarly, small but sta-
tistically significant differences were found in the 
BRIEF- P norming sample based on chronological age, 
with younger children receiving slightly higher ratings 
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(Gioia et al., 2003), while chronological age was not a 
significant predictor for any of our models. Our sample 
size may not have been large enough to detect such small 
differences. Alternatively, it may be that the age variable 
in the BRIEF- P norming sample is in fact capturing not 
just chronological age, but also “amount of experience 
with language.” In typically developing populations like 
those included in the BRIEF- P norming sample, these 
variables are not usually separable. However, in our sam-
ple of DHH participants, the two can be teased apart. 
Our findings indicate that age of exposure to language 
may be more important to the development of EF than 
chronological age.

Some readers might take issue with the way we char-
acterized the degree of auditory deprivation using a 
measure of “age of auditory exposure.” This measure 
combines information about a child's pre- device hear-
ing levels with the age at which they first used a hearing 
device. This estimate is likely a reliable proxy for the 
age at which a child begins receiving regular auditory 
input at lower decibels, even if this input is somewhat 
degraded. But it may not be a good measure of the de-
gree of access to auditory input that the participants 
were currently experiencing. For example, we did not 
have any information about participants’ hearing levels 
using their assistive devices. The context of data collec-
tion (e.g., in schools and in participants’ homes) did not 
allow us to administer reliable hearing tests. However, 
we ran additional models including the auditory fac-
tors of length of auditory exposure and hearing level, 
which were also not significantly related to any EF 
subscales. Other studies of EF in DHH children also 
have not found reliable correlations between EF skills 
and similar audiological variables, such as age at co-
chlear implantation or pre- implant hearing levels (e.g., 
Beer et al., 2014; Hintermair, 2013; Kronenberger et al., 
2014). Furthermore, for those studies which have found 
EF to be correlated with an auditory factor, like the 
duration of CI use (e.g., Beer et al., 2014; Kronenberger 
et al., 2014), this factor is confounded with age of lan-
guage exposure in the DHH participants, who all use 
spoken language only. Thus, the relations found be-
tween, for example, the duration of CI use and EF skills 
may actually be attributable to a later age of access to 
language.

Question 3: Do children with later, and likely 
degraded access to auditory and/or language 
input exhibit clinically significant deficits in EF 
relative to typically hearing peers?

Turning to our comparisons of standard scores on 
the BRIEF- P, few participants across all groups ex-
hibited clinically significant deficits in EF skills. 
Risk ratio analyses showed that no DHH group was 
significantly more likely than the typically hearing 

group to have clinically significant scores (T- score 
≥65). Thus, although our linear models demonstrated 
that age of language exposure significantly predicted 
EF scores on most BRIEF- P subscales, the size of this 
effect did not result in apparent clinical differences 
across groups. This may have been due to insufficient 
power when participants were split into four smaller 
groups.

These results are consistent with the BRIEF- P find-
ings for the preschool- aged sample in Kronenberger 
et al. (2014), although their school- aged DHH partic-
ipants demonstrated increased risk of clinically sig-
nificant EF scores on the BRIEF. The relative risk 
results for the Early ASL participants in our study are 
also largely consistent with those found by Hall et al. 
(2018). We found no differences between typically 
hearing and deaf, native- signing preschool- aged par-
ticipants in the current study. Hall et al. (2018) found 
that school- aged deaf native signers had a higher risk 
of clinically significant scores for the Inhibit and 
Working Memory subscales when compared to the 
typically hearing participants in their sample, but 
not when compared to the BRIEF norms. Hall et al. 
(2018) explained their results by pointing out the un-
usually low standard scores on these subscales in the 
typically hearing participants in their sample. A simi-
lar trend is not obvious among the participants in our 
sample: roughly 7% of the typically hearing partici-
pants’ scores are expected to fall 1.5  SDs above the 
mean, and the actual observed percentages are rela-
tively close to those expected by chance (see Table 5). 
Unusually low standard scores could result from par-
ticipant selection bias: highly educated, upper- SES 
parents may be more likely to participate in research 
and have been shown to be less likely to report EF 
problems on measures such as the BRIEF- P (Gioia 
et al., 2003). Although participant groups may be 
broadly matched on SES, there are clear differences in 
educational and occupational opportunities between 
deaf and hearing parents that could contribute to such 
results (Garberoglio et al., 2019). Another possibility 
is that differences in parent- reported EF between deaf 
and hearing parents may not emerge until school age, 
the age of the participants in Hall et al. (2018).

It is important to note that Kronenberger et al. (2014) 
and Hall et al. (2018) used a cutoff standard score of 60 to 
calculate risk ratios. In contrast, we used the threshold 
set by the creators of the assessment (i.e., 65: Gioia et al., 
2003). When we re- ran the risk ratios for DHH groups 
using a cutoff score of 60, we found only that the Later 
ASL group was at significantly increased risk of clini-
cally elevated scores relative to typically hearing partic-
ipants on the Working Memory subscale (see Table S9). 
This could be due to a later average age of language ex-
posure for the Later ASL group (though this difference 
was not significant when compared to the Later English 
group). Critically, in support of the language scaffolding 
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model, DHH children with early access to ASL were not 
at increased risk of having clinically elevated scores even 
with this lower cutoff.

Limitations and implications

One limitation of the current study is that our analyses 
did not include a measure of language abilities. This is an 
important consideration because variation in language 
abilities is observed even in typically hearing children 
and this variation has been related to EF, as discussed 
in the Introduction. This omission is due to the difficulty 
in comparing skills across different languages in differ-
ent modalities, especially for a language such as ASL, for 
which few reliable standardized assessments for children 
in this age range exist. Yet even though our variable “age 
of language exposure” did not measure participants’ 
receptive or expressive language skills, this variable 
was a significant predictor for four out of six BRIEF- P 
scales, suggesting that the effects are robust. Consistent 
with these results, the DHH children acquiring spoken 
English in the larger sample from the same study scored, 
on average, 11.5 raw points lower than typically hear-
ing children on the Peabody Picture Vocabulary Test 
(Carrigan & Coppola, 2020).

A second limitation is one that nearly all research in 
this area suffers from: our measure of EF, the BRIEF- P, 
is not a language- neutral assessment (e.g., Redmond 
et al., 2019). This can be seen clearly on BRIEF- P items 
like When given two things to do, only remembers the first. 
Children with limited vocabularies and grammatical 
impairments will likely struggle more with verbal direc-
tions than those with advanced language skills, making 
adequate language comprehension a prerequisite for this 
measure of working memory. Yet, this problem of disen-
tangling language skills from EF measures also plagues 
behavioral research in this field. For example, even as re-
searchers develop nonverbal tasks using stimuli that are 
less easily labeled (e.g., using a series of spatial locations 
rather than numbers in a working memory task), and/or 
do not require verbal responses (e.g., pointing at rather 
than repeating a sequence in either spoken or signed lan-
guage), participants may nevertheless employ language- 
based rehearsal strategies. It is also not clear how 
ecologically valid such behavioral tasks are. So, while it 
is important to design more language- neutral tasks, im-
perfect rating- scale measures such as the BRIEF- P can 
still help inform us about children's everyday function-
ing during daily tasks that often do rely on underlying 
language skills.

Despite these limitations, the current study is unique 
in that it included a systematic comparison of language 
and auditory experience across both language modal-
ity (sign vs. speech) and the developmental timing of 
exposure. By including a diverse range of participants, 
we were able to disentangle the contributions, or lack 

thereof, of language and auditory experience. Using 
these types of models can be a powerful analytic tool that 
helps ameliorate the challenges of recruiting matched 
samples— especially given the low incidence of deafness 
in the general population and likely underlying group 
differences on various background characteristics, such 
as SES. This study is also the first to include EF data 
from preschool- aged deaf, native- signing participants, 
which provides important insight into the developmental 
trajectory of EF in DHH children.

Our results have important implications for theories 
about the relation between auditory and language ex-
perience and EF, as well as clear recommendations for 
clinical practice. Here we showed that early access to lan-
guage, even more than auditory input, supports the de-
velopment of EF skills. In a recent chapter, Kronenberger 
and Pisoni (2020) updated their auditory scaffolding 
hypothesis to situate it within the well- established bio-
psychosocial perspective on development. The argument 
that multiple factors influence the development of EF is 
not novel and is entirely compatible with our findings. 
Any single study of the effects of different factors on EF 
development must, due to statistical and practical con-
siderations, limit the number of factors assessed. In this 
work, we include demographic variables known to influ-
ence EF development and we directly compare auditory 
and language experience to highlight the relative contri-
butions of each of these variables.

Our results also have implications for theories of the 
relation between language and EF development. Because 
DHH children often lack adequate early access to lan-
guage, their overall language exposure and subsequent 
language abilities vary more than in typically hearing 
children, allowing for possible dissociations between 
language and EF. Results from linear models showed 
that age of language exposure significantly predicted 
raw scores on the BRIEF- P subscales of Shift, Working 
Memory, and Plan/Organize, but not Inhibition or 
Emotional Control. This could mean that inhibition and 
emotional control skills are less dependent on language 
than the other aspects of EF. Alternatively, it could be 
that interventions for the preschool- aged participants 
in the current study focused more on emotional and be-
havioral regulation than other EF skills, compensating 
for later language exposure on these subscales only. The 
current study did not collect information about EF in-
terventions and cannot distinguish between these two 
possibilities.

Overall, our findings strongly indicate that we must 
ensure that deaf children have access to language, not just 
speech (Hall et al., 2019). In many cases, the best way to 
ensure this would be to take a bilingual approach that 
includes both a signed and spoken language (e.g., Clark 
et al., 2020). Although much research has found that ear-
lier interventions with cochlear implants or hearing aids 
lead to better spoken language outcomes, age- appropriate 
language development does not occur for many DHH 
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children, even using modern hearing technologies (see, 
e.g., the range of spoken- language outcomes reported for 
children with cochlear implants in Dettman et al., 2016). 
In contrast, sign languages are acquired by deaf children 
with adequate language exposure along a similar timeline 
to that of hearing children acquiring spoken language 
(e.g., Lillo- Martin & Henner, 2021). Recent findings show 
that DHH infants whose hearing parents began signing 
with them in early infancy show vocabulary sizes com-
parable to those of DHH infants who had deaf signing 
parents (Caselli et al., 2021). Furthermore, research has 
also demonstrated that DHH children acquiring both a 
signed and spoken language from birth can achieve age- 
appropriate spoken language skills (Davidson et al., 2014), 
possibly even outperforming their monolingual DHH 
peers (Hassanzadeh, 2012). Moreover, adoption of sign 
language can signal a family's acceptance of their deaf or 
hard- of- hearing child and may have additional benefits 
for social and emotional health (Kushalnagar et al., 2020).

Overall, these findings underscore that DHH chil-
dren learning signed language from birth, without sig-
nificant auditory and/or spoken language input, can 
develop EF skills on par with their typically hearing 
peers. They also demonstrate the importance of de-
coupling auditory experience and language experience 
in research design and interpretation. These results 
strongly support the recommendation for providing 
sign language in addition to spoken language to ensure 
that the child has as much support as possible for the de-
velopment of EF. Thus, clinicians should use their con-
siderable influence to ensure that DHH children have 
access to language, in any modality, as early as possible 
(e.g., Hecht, 2020).

ACK NOW LEDGM EN TS
We thank the children, families, and schools who partici-
pated in this research. This work was supported by the 
National Science Foundation under Grant No. 1553589 to 
Marie Coppola, a Seed Grant from the Connecticut Institute 
for the Brain and Cognitive Sciences to Corina Goodwin, 
Marie Coppola and Bernard Grela, an Undergraduate 
Research Award from the Connecticut Institute for the Brain 
and Cognitive Sciences to Alexis Cleri, and a University of 
Connecticut PCLB Psychological Sciences Undergraduate 
Research Grant to Alexis Cleri. We also thank Matthew L. 
Hall, Clifton Langdon, Madeline Quam, and Justin Slifer 
for feedback on prior drafts.

ORCI D
Corina Goodwin   https://orcid.
org/0000-0002-3236-1674 
Kristin Walker   https://orcid.org/0000-0003-0882-2159 
Marie Coppola   https://orcid.org/0000-0002-8319-2284 

R E F ER E NC E S
Akbar, M., Loomis, R., & Paul, R. (2013). The interplay of lan-

guage on executive functions in children with ASD. Research in 

Autism Spectrum Disorders, 7, 494– 501. https://doi.org/10.1016/j.
rasd.2012.09.001

Alarcón- Rubio, D., Sánchez- Medina, J. A., & Prieto- García, J. R. 
(2014). Executive function and verbal self- regulation in child-
hood: Developmental linkages between partially internalized 
private speech and cognitive flexibility. Early Childhood Research 
Quarterly, 29, 95– 105. https://doi.org/10.1016/j.ecresq.2013.11.002

Barker, D. H., Quittner, A. L., Fink, N. E., Eisenberg, L. S., Tobey, 
E. A., & Niparko, J. K.; The CDaCI Investigative Team. (2009). 
Predicting behavior problems in deaf and hearing children: The 
influences of language, attention, and parent- child communica-
tion. Development and Psychopathology, 21, 373– 392. https://doi.
org/10.1017/S0954 57940 9000212

Barratt, W. (2006). The Barratt simplified measure of social status 
(BSMSS): Measuring SES [Unpublished manuscript]. Indiana 
State University. socia lclas sonca mpus.blogs pot.com/2012/06/
barra tt- simpl ified - measu re- of- social.html

Beer, J., Kronenberger, W. G., Castellanos, I., Colson, B. G., Henning, 
S. C., & Pisoni, D. B. (2014). Executive functioning skills in 
preschool- age children with cochlear implants. Journal of 
Speech, Language, and Hearing Research, 57, 1521– 1534. https://
doi.org/10.1044/2014_JSLHR - H- 13- 0054

Blair, C. (2016). Developmental science and executive function. 
Current Directions in Psychological Science, 25, 3– 7. https://doi.
org/10.1177/09637 21415 622634

Botting, N., Jones, A., Marshall, C., Denmark, T., Atkinson, J., 
& Morgan, G. (2017). Nonverbal executive function is medi-
ated by language: A study of deaf and hearing children. Child 
Development, 88, 1689– 1700. https://doi.org/10.1111/cdev.12659

Brooks, R., Singleton, J. L., & Meltzoff, A. N. (2020). Enhanced gaze- 
following behavior in deaf infants of deaf parents. Developmental 
Science, 23, e12900. https://doi.org/10.1111/desc.12900

Carrigan, E., & Coppola, M. (2020). Delayed language exposure has 
a negative impact on receptive vocabulary skills in deaf and 
hard of hearing children despite early use of hearing technol-
ogy. In M. M. Brown & A. Kohut (Eds.), Proceedings of the 44th 
Boston University conference on language development (pp. 63– 76). 
Cascadilla Press.

Caselli, N., Pyers, J., & Lieberman, A. M. (2021). Deaf children of 
hearing parents have age- level vocabulary growth when exposed 
to ASL by six- months. The Journal of Pediatrics, 232, 229– 236. 
https://doi.org/10.1016/j.jpeds.2021.01.029

Clark, M. D., Cue, K. R., Delgado, N. J., Greene- Woods, A. N., & 
Wolsey, J. A. (2020). Early intervention protocols: Proposing a 
default bimodal bilingual approach for deaf children. Maternal 
and Child Health Journal, 24, 1339– 1344. https://doi.org/10.1007/
s1099 5- 020- 03005 - 2

Davidson, K., Lillo- Martin, D., & Chen Pichler, D. (2014). Spoken 
English language development among native signing chil-
dren with cochlear implants. Journal of Deaf Studies and Deaf 
Education, 19, 238– 250. https://doi.org/10.1093/deafe d/ent045

Dettman, S. J., Dowell, R. C., Choo, D., Arnott, W., Abrahams, Y., 
Davis, A., Dornan, D., Leigh, J., Constantinescu, G., Cowan, R., 
& Briggs, R. J. (2016). Long- term communication outcomes for 
children receiving cochlear implants younger than 12 months: A 
multicenter study. Otology & Neurotology, 37, e82– e95. https://
doi.org/10.1097/MAO.00000 00000 000915

Diamond, A., & Lee, K. (2011). Interventions shown to aid executive 
function development in children 4 to 12 years old. Science, 333, 
959– 964. https://doi.org/10.1126/scien ce.1204529

Dye, M. W., & Hauser, P. C. (2014). Sustained attention, selec-
tive attention and cognitive control in deaf and hearing chil-
dren. Hearing Research, 309, 94– 102. https://doi.org/10.1016/j.
heares.2013.12.001

Figueras, B., Edwards, L., & Langdon, D. (2008). Executive function 
and language in deaf children. The Journal of Deaf Studies and 
Deaf Education, 13, 362– 377.

https://orcid.org/0000-0002-3236-1674
https://orcid.org/0000-0002-3236-1674
https://orcid.org/0000-0002-3236-1674
https://orcid.org/0000-0003-0882-2159
https://orcid.org/0000-0003-0882-2159
https://orcid.org/0000-0002-8319-2284
https://orcid.org/0000-0002-8319-2284
https://doi.org/10.1016/j.rasd.2012.09.001
https://doi.org/10.1016/j.rasd.2012.09.001
https://doi.org/10.1016/j.ecresq.2013.11.002
https://doi.org/10.1017/S0954579409000212
https://doi.org/10.1017/S0954579409000212
http://socialclassoncampus.blogspot.com/2012/06/barratt-simplified-measure-of-social.html
http://socialclassoncampus.blogspot.com/2012/06/barratt-simplified-measure-of-social.html
https://doi.org/10.1044/2014_JSLHR-H-13-0054
https://doi.org/10.1044/2014_JSLHR-H-13-0054
https://doi.org/10.1177/0963721415622634
https://doi.org/10.1177/0963721415622634
https://doi.org/10.1111/cdev.12659
https://doi.org/10.1111/desc.12900
https://doi.org/10.1016/j.jpeds.2021.01.029
https://doi.org/10.1007/s10995-020-03005-2
https://doi.org/10.1007/s10995-020-03005-2
https://doi.org/10.1093/deafed/ent045
https://doi.org/10.1097/MAO.0000000000000915
https://doi.org/10.1097/MAO.0000000000000915
https://doi.org/10.1126/science.1204529
https://doi.org/10.1016/j.heares.2013.12.001
https://doi.org/10.1016/j.heares.2013.12.001


   | 223EXECUTIVE FUNCTION IN PRESCHOOL DHH CHILDREN

Fuhs, M. W., & Day, J. D. (2011). Verbal ability and executive function-
ing development in preschoolers at Head Start. Developmental 
Psychology, 47, 404– 416. https://doi.org/10.1037/a0021065

Garberoglio, C. L., Palmer, J. L., Cawthon, S., & Sales, A. (2019). 
Deaf people and employment in the United States: 2019. U.S. 
Department of Education, Office of Special Education 
Programs, National Deaf Center on Postsecondary Outcomes.

Garon, N., Bryson, S. E., & Smith, I. M. (2008). Executive func-
tion in preschoolers: A review using an integrative framework. 
Psychological Bulletin, 134, 31– 60. https://doi.org/10.1037/003
3- 2909.134.1.31

Garon, N. M., Piccinin, C., & Smith, I. M. (2016). Does the BRIEF- P 
predict specific executive function components in preschool-
ers? Applied Neuropsychology: Child, 5, 110– 118. https://doi.
org/10.1080/21622 965.2014.1002923

Gioia, G. A., Espy, K. A., & Isquith, P. K. (2003). Behavior Rating 
Inventory of Executive Function- Preschool Version (BRIEF– P). 
Psychological Assessment Resources.

Hall, M. L. (2020). Dissociating the impact of auditory access and 
language access in deaf children’s cognitive development. In M. 
Marschark, & H. Knoors (Eds.). The Oxford handbook of deaf 
studies in learning and cognitive development (pp. 99– 122). https://
doi.org/10.1093/oxfor dhb/97801 90054 045.013.19

Hall, M. L., Eigsti, I., Bortfeld, H., & Lillo- Martin, D. (2018). Executive 
function in deaf children: Auditory access and language access. 
Journal of Speech, Language, and Hearing Research, 61, 1970– 
1988. https://doi.org/10.1044/2018_JSLHR - L- 17- 0281

Hall, M. L., Hall, W. C., & Caselli, N. K. (2019). Deaf children need 
language, not (just) speech. First Language, 39, 367– 395. https://
doi.org/10.1177/01427 23719 834102

Hassanzadeh, S. (2012). Outcomes of cochlear implantation in 
deaf children of deaf parents: Comparative study. Journal of 
Laryngology and Otology, 126, 989– 994. https://doi.org/10.1017/
S0022 21511 2001909

Hecht, J. L. (2020). Responsibility in the current epidemic of language 
deprivation (1990– present). Maternal and Child Health Journal, 
24, 1319– 1322. https://doi.org/10.1007/s1099 5- 020- 02989 - 1

Hintermair, M. (2013). Executive functions and behavioral problems 
in deaf and hard- of- hearing students at general and special 
schools. Journal of Deaf Studies and Deaf Education, 18, 344– 
359. https://doi.org/10.1093/deafe d/ent003

Isquith, P. K., Roth, R. M., & Giola, G. (2013). Contribution of rat-
ing scales to the assessment of executive functions. Applied 
Neuropsychology: Child, 2, 125– 132. https://doi.org/10.1080/21622 
965.2013.748389

Jones, A., Atkinson, J., Marshall, C., Botting, N., St Clair, M. C., 
& Morgan, G. (2019). Expressive vocabulary predicts nonver-
bal executive function: A 2- year longitudinal study of deaf and 
hearing children. Child Development, 91, e400– e414. https://doi.
org/10.1111/cdev.13226

Kronenberger, W. G., Beer, J., Castellanos, I., Pisoni, D. B., & 
Miyamoto, R. T. (2014). Neurocognitive risk in children with 
cochlear implants. JAMA Otolaryngology— Head and Neck 
Surgery, 140, 608– 615. https://doi.org/10.1001/jamao to.2014.757

Kronenberger, W. G., Colson, B. G., Henning, S. C., & Pisoni, D. B. 
(2014). Executive functioning and speech- language skills follow-
ing long- term use of cochlear implants. Journal of Deaf Studies 
and Deaf Education, 19, 456– 470. https://doi.org/10.1093/deafe d/
enu011

Kronenberger, W. G., & Pisoni, D. B. (2020). Why are children with co-
chlear implants at risk for executive function delays?: Language 
only or something more? In M. Marschark, & H. Knoors (Eds.), 
The Oxford handbook of deaf studies in learning and cognition (pp. 
248– 267). Oxford University Press.

Kronenberger, W. G., Xu, H., & Pisoni, D. B. (2020). Longitudinal 
development of executive functioning and spoken language skills 

in preschool- aged children with cochlear implants. Journal of 
Speech, Language, and Hearing Research, 63, 1128– 1147. https://
doi.org/10.1044/2019_JSLHR - 19- 00247

Kushalnagar, P., Ryan, C., Paludneviciene, R., Spellun, A., & Gulati, 
S. (2020). Adverse childhood communication experiences asso-
ciated with an increased risk of chronic diseases in adults who 
are Deaf. American Journal of Preventive Medicine, 59, 548– 554. 
https://doi.org/10.1016/j.amepre.2020.04.016

Lillo- Martin, D., & Henner, J. (2021). Acquisition of sign languages. 
Annual Review of Linguistics, 7, 395– 419. https://doi.org/10.1146/
annur ev- lingu istic s- 04302 0- 092357

Manning, B. L., Roberts, M. Y., Estabrook, R., Petitclerc, A., Burns, J. 
L., Briggs- Gowan, M., Wakschlag, L. S., & Norton, E. S. (2019). 
Relations between toddler expressive language and temper tan-
trums in a community sample. Journal of Applied Developmental 
Psychology, 65, 1– 10. https://doi.org/10.1016/j.appdev.2019.101070

Marshall, C., Jones, A., Denmark, T., Mason, K., Atkinson, J., Notting, 
N., & Morgan, G. (2015). Deaf children’s non- verbal working 
memory is impacted by their language experience. Frontiers in 
Psychology, 6, 527. https://doi.org/10.3389/fpsyg.2015.00527

Mauldin, L. (2016). Made to hear: Cochlear implants and raising deaf 
children. University of Minnesota Press.

McAuley, T., Chen, S., Goos, L., Schachar, R., & Crosbie, J. (2010). 
Is the Behavior Rating Inventory of Executive Function more 
strongly associated with measures of impairment or execu-
tive function? Journal of the International Neuropsychological 
Society, 16, 495– 505. https://doi.org/10.1017/S1355 61771 0000093

Mitchell, R., & Karchmer, M. A. (2004). Chasing the mythical ten 
percent: Parental hearing status of deaf and hard of hearing stu-
dents in the United States. Sign Language Studies, 4, 138– 163. 
https://doi.org/10.1353/sls.2004.0005

Mitchell, T. V., & Quittner, A. L. (1996). Multimethod study of at-
tention and behavior problems in hearing- impaired children. 
Journal of Clinical Child Psychology, 25, 83– 96. https://doi.
org/10.1207/s1537 4424j ccp25 01_10

Mitchiner, J., & Sass- Lehrer, M. (2011). My child can have more 
choices: Reflections of Deaf mothers on cochlear implants 
for their children. In R. Paludneviciene & I. W. Leigh (Eds.), 
Cochlear implants: Evolving perspectives (pp. 71– 94). Gallaudet 
University Press.

Moffit, T. E., Arseneault, L., Belsky, D., Dickson, N., Hancox, R. J., 
Harrington, H., Houts, R., Poulton, R., Roberts, B. W., Ross, 
S., Sears, M. R., Thomson, W. M., & Caspi, A. (2011). A gradi-
ent of childhood self- control predicts health, wealth, and public 
safety. Proceedings of the National Academy of Sciences of the 
United States of America, 108, 2693– 2698. https://doi.org/10.1073/
pnas.10100 76108

Monroy, C., Shafto, C., Castellanos, I., Bergeson, T., & Houston, D. 
(2019). Visual habituation in deaf and hearing infants. PLoS 
One, 14, e0209265. https://doi.org/10.1371/journ al.pone.0209265

Morgan, G., & Dye, W. G. (2020). Executive functions and access to 
language: The importance of intersubjectivity. In M. Marschark 
& H. Knoors (Eds.), The Oxford handbook of deaf studies in 
learning and cognitive development (pp. 268– 284). https://doi.
org/10.1093/oxfor dhb/97801 90054 045.013.9

Müller, U., Jacques, S., Brocki, K., & Zelazo, P. D. (2009). The execu-
tive functions of language in preschool children. In A. Winsler, 
C. Fernyhough, & I. Montero (Eds.), Private speech, executive 
functioning, and the development of verbal self- regulation (pp. 53– 
68). Cambridge University Press.

Oberg, E., & Lukomski, J. (2011). Executive functioning and the im-
pact of a hearing loss: Performance- based measures and the 
Behavior Rating Inventory of Executive Function (BRIEF). 
Child Neuropsychology, 17, 521– 545. https://doi.org/10.1080/09297 
049.2011.555760

Pauls, L. J., & Archibald, L. M. D. (2016). Executive functions in 
children with Specific Language Impairment: A meta- analysis. 
Journal of Speech, Language, and Hearing Research, 59, 1074– 
1086. https://doi.org/10.1044/2016_JSLHR - L- 15- 0174

https://doi.org/10.1037/a0021065
https://doi.org/10.1037/0033-2909.134.1.31
https://doi.org/10.1037/0033-2909.134.1.31
https://doi.org/10.1080/21622965.2014.1002923
https://doi.org/10.1080/21622965.2014.1002923
https://doi.org/10.1093/oxfordhb/9780190054045.013.19
https://doi.org/10.1093/oxfordhb/9780190054045.013.19
https://doi.org/10.1044/2018_JSLHR-L-17-0281
https://doi.org/10.1177/0142723719834102
https://doi.org/10.1177/0142723719834102
https://doi.org/10.1017/S0022215112001909
https://doi.org/10.1017/S0022215112001909
https://doi.org/10.1007/s10995-020-02989-1
https://doi.org/10.1093/deafed/ent003
https://doi.org/10.1080/21622965.2013.748389
https://doi.org/10.1080/21622965.2013.748389
https://doi.org/10.1111/cdev.13226
https://doi.org/10.1111/cdev.13226
https://doi.org/10.1001/jamaoto.2014.757
https://doi.org/10.1093/deafed/enu011
https://doi.org/10.1093/deafed/enu011
https://doi.org/10.1044/2019_JSLHR-19-00247
https://doi.org/10.1044/2019_JSLHR-19-00247
https://doi.org/10.1016/j.amepre.2020.04.016
https://doi.org/10.1146/annurev-linguistics-043020-092357
https://doi.org/10.1146/annurev-linguistics-043020-092357
https://doi.org/10.1016/j.appdev.2019.101070
https://doi.org/10.3389/fpsyg.2015.00527
https://doi.org/10.1017/S1355617710000093
https://doi.org/10.1353/sls.2004.0005
https://doi.org/10.1207/s15374424jccp2501_10
https://doi.org/10.1207/s15374424jccp2501_10
https://doi.org/10.1073/pnas.1010076108
https://doi.org/10.1073/pnas.1010076108
https://doi.org/10.1371/journal.pone.0209265
https://doi.org/10.1093/oxfordhb/9780190054045.013.9
https://doi.org/10.1093/oxfordhb/9780190054045.013.9
https://doi.org/10.1080/09297049.2011.555760
https://doi.org/10.1080/09297049.2011.555760
https://doi.org/10.1044/2016_JSLHR-L-15-0174


224 |   GOODWIN et al.

Redmond, S. M., Hanning, K. M., & Wilder, A. (2019). 
Redmond (2002) revisited: Have standardized behav-
ioral rating scales gotten better at accommodating 
for overlapping symptoms with language impairment? 
Seminars in Speech and Language, 40, 272– 290. https://doi.
org/10.1055/s-  0039- 1692963

Sciberras, E., Mueller, K. L., Efron, D., Bisset, M., Anderson, V., 
Schilpzand, E. J., Jongeling, B., & Nicholson, J. M. (2014). 
Language problems in children with ADHD: A community- 
based study. Pediatrics, 133, 793– 800. https://doi.org/10.1542/
peds.2013- 3355

Shaul, S., & Schwartz, M. (2014). The role of executive func-
tions in school readiness among preschool- aged children. 
Reading and Writing, 27, 749– 768. https://doi.org/10.1007/
s1114 5- 013- 9470- 3

Slevc, L. R., Davey, N. S., Buschkuehl, M., & Jaeggi, S. M. (2016). 
Tuning the mind: Ex ploring the connections between musical 
ability and executive functions. Cognition, 152, 199– 211. https://
doi.org/10.1016/j.cogni tion.2016.03.017

Slot, P. L., & von Suchodoletz, A. (2018). Bidirectionality in preschool 
children’s executive functions and language skills: Is one devel-
oping skill the better predictor of the other? Early Childhood 
Research Quarterly, 42, 205– 214. https://doi.org/10.1016/j.
ecresq.2017.10.005

Surowiecki, V. N., Maruff, P., Busby, P. A., Sarant, J., Blamey, P. J., 
& Clark, G. M. (2002). Cognitive processing in children using 
cochlear implants: The relationship between visual memory, 
attention, and executive functions and developing language 
skills. Annals of Otology, Rhinology & Laryngology, 111, 119– 
126. https://doi.org/10.1177/00034 89402 1110s524

Terhune- Cotter, B. P., Conway, C. M., & Dye, M. W. (2021). Visual 
sequence repetition learning is not impaired in signing DHH 
children. The Journal of Deaf Studies and Deaf Education, 26(3), 
322– 335. https://doi.org/10.1093/deafe d/enab007

Weiland, C., Barata, M. C., & Yoshikawa, H. (2014). The co- occurring 
development of executive function skills and receptive vocabu-
lary in preschool- aged children: A look at the direction of the 
developmental pathways. Infant and Child Development, 23, 4– 21. 
https://doi.org/10.1002/icd.1829

Wittke, K., Spaulding, T. J., & Schechtman, C. J. (2013). Specific Language 
Impairment and executive functioning: Parent and teacher ratings 
of behavior. American Journal of Speech- Language Pathology, 22, 
161– 172. https://doi.org/10.1044/1058- 0360(2012/11- 0052)

SU PPORT I NG I N FOR M AT ION
Additional Supporting Information may be found in the 
online version of the article at the publisher’s website.

How to cite this article: Goodwin, C., Carrigan, E., 
Walker, K., & Coppola, M. (2022). Language not 
auditory experience is related to parent- reported 
executive functioning in preschool- aged deaf and 
hard- of- hearing children. Child Development, 93, 
209– 224. https://doi.org/10.1111/cdev.13677

https://doi.org/10.1055/s-0039-1692963
https://doi.org/10.1055/s-0039-1692963
https://doi.org/10.1542/peds.2013-3355
https://doi.org/10.1542/peds.2013-3355
https://doi.org/10.1007/s11145-013-9470-3
https://doi.org/10.1007/s11145-013-9470-3
https://doi.org/10.1016/j.cognition.2016.03.017
https://doi.org/10.1016/j.cognition.2016.03.017
https://doi.org/10.1016/j.ecresq.2017.10.005
https://doi.org/10.1016/j.ecresq.2017.10.005
https://doi.org/10.1177/00034894021110s524
https://doi.org/10.1093/deafed/enab007
https://doi.org/10.1002/icd.1829
https://doi.org/10.1044/1058-0360(2012/11-0052)
https://doi.org/10.1111/cdev.13677

