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In the study of literacy in deaf1 children,
many questions remain regarding the
aspects of development, communi -
cation, language, and education that
contribute to success. Considerable
evidence is now mounting suggesting
that exposure to a rich language envi-
ronment during the early sensitive
period of development contributes sig-
nificantly to later literacy and academic
achievement (see, e.g., review in
Humphries et al., 2012). Additionally,
empirical evidence is increasingly

demonstrating the deleterious effects
on later academic achievement of
reduced language exposure in the ear-
liest months and years of life (e.g.,
Dickinson, Golinkoff, & Hirsch-Pasek,
2010; Dickinson & Porche, 2011; Fer-
nald, Marchman, & Weisleder, 2013;
Mayberry, Chen, Witcher, & Klein,
2011; Pan, Rowe, Singer, & Snow, 2005;
Pénicaud et al., 2013; Rowe & Goldin-
Meadow, 2009). Deaf children are par-
ticularly vulnerable to these deleterious
effects, as they may be more likely to
experience impoverished linguistic
input precisely when linguistic input is
most needed to foster language and
cognitive development.
Given the importance of early expo-
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sure to language to later literacy and
cognitive development, a critical ques-
tion revolves around whether the early
language must be a spoken language,
or whether significant advantages for
the development of literacy accrue to
infants exposed to an early visual lan-
guage. A related question pertains to
the impact of exposure to both an
audition-based language (such as Eng-
lish) and a visually based language
(such as American Sign Language) dur-
ing early development. This question
is further compounded by considera-
tions of whether the audition-based
language is spoken (and the degree to
which it is necessary for the develop-
ment of literacy), and thus requires
that the visual learner master the ele-
ments of a sound-based phonology, or
is presented in print, requiring that the
visual learner develop and possess
skills in the segmentation and combi-
nation of visual orthographic units,
unmediated by their association with
sound. Setting this very critical ques-
tion aside for the moment, it is clear
that the deaf infant raised in an envi-
ronment in which both ASL and English
are used is being raised in a bilingual
home.
In recent years, there has been a bur-

geoning interest among researchers in
the effects of bilingualism on language
development in early childhood. Con-
siderable evidence has been reported
on the positive cognitive and literacy
benefits of early bilingualism. For exam-
ple, among ASL-English bilingual deaf
adults, research has repeatedly demon-
strated a positive correlation between
ASL capability and reading comprehen-
sion skills (e.g., Hoffmeister, Philip,
Costello, & Grass, 1997; Prinz & Strong,
1998; Singleton, Supalla, Litchfield, &
Schley, 1998; Strong & Prinz, 2000). The
argument has been made that this cor-
relation can be explained as a develop-
mental phenomenon stemming from
the fact that skilled deaf readers are

exposed at an early age to both a visual
language (ASL) and a print language
(English). This argument is supported
by a recent study by Allen and Morere
(2012) in which it was found that deaf
signing adults who were also skilled
readers were more likely than less
skilled readers to report that they were
exposed to ASL before starting school.
These readers were also more likely to
report that their parents were fluent
signers.
Exposure to sign language at a very

young age (i.e., during infancy) accrues
significant and long-lasting linguistic
and cognitive benefits to young deaf
children (Mayberry & Eichen, 1991).
One explanation for these benefits
comes from research into the impact
of early language (visual or auditory)
on the developing brain that has
shown that the regions of the brain
involved with the phonological pro-
cessing of a sound-based language are
identical to those involved in the
phonological processing of a visually
based language (Petitto et al., 2001).
Contrary to long-held beliefs regard-
ing the primacy of auditory language
for phonological development, recent
neuroimaging studies have suggested
that exposure to a visual language
results in the same processes of phono-
logical skill development (and on the
same timetable) as exposure to an
auditory language (Petitto et al., 2001).
ASL possesses a visually based

phonological structure (Brentari, 2011)
made up of meaningless sublexical per-
ceptual units (defined as handshape,
location, movement, and orientation)
that are combined using a set of rules
to form the meaningful units of lan-
guage. Two signs that share all but one
of these phonological units (e.g., the
signs for “ugly” and “dry,” which vary
only with respect to the location of the
hand) have completely different mean-
ings in just the same way that “bat” has
a different meaning from “cat.” 

Additionally, these visual-perceptual
phonological units occur in rhythmic-
temporal sequences that follow the
same timing patterns that characterize
auditory language (Baker, Golinkoff, &
Petitto, 2006; Baker, Idsardi, Golinkoff,
& Petitto, 2005; Bosworth, Hwang, &
Corina, 2013; Krentz & Corina, 2008;
Kuhl & Rivera-Gaxiola, 2008; Nazzi &
Ramus, 2003; Petitto, 2000, 2005; Petitto
et al., 2012; Petitto & Marentette, 1991).
These findings strongly support the
conclusion that the regions of the brain
responsible for phonological process-
ing are modality independent and will
segment phonological information to
process language input, regardless of
whether the language is auditory or
visual.
Developmental studies of the brain

have shown that children who are
native users of ASL demonstrate the
same developmental trajectory for
visual phonology as hearing children
do for sound-based phonology (e.g.,
Petitto, 1991, 2000; Petitto et al., 2001).
These studies suggest that the devel-
opment of literacy and cognition, inde-
pendent of the modality of input, is
influenced by the development of the
brain’s capacity to segment phonolog-
ical information into meaningful units.
This possibility has implications for the
design of instruction for young deaf
children (McQuarrie & Abbott, 2010,
2011, 2013). One such implication may
be that for young deaf children, aca-
demic success, particularly success in
reading, may be facilitated by the pro-
vision of an early learning environment
enriched with a visual language.
A deaf child’s emerging reading skills

may also benefit from the bilingualism
that results from early exposure to both
ASL and English. Studies have shown
that children who have acquired basic
phonological knowledge in any lan-
guage will become better readers in
their new language than those who
have not mastered phonological skills
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in their first language (Berens, Kovel-
man, & Petitto, 2013; Bialystok, 2007;
Jasinska & Petitto, 2013; Kovelman,
Baker, & Petitto, 2008).
Early exposure to a visual language

also contributes to the development
of a number of cognitive skills known
to support literacy. Dye and Hauser
(2014) found that the performance of
deaf children of deaf signing parents
was similar to that of hearing controls
on measures of sustained visual atten-
tion (in contrast to the performance
of deaf children with hearing nonsign-
ing parents found by the authors in
previously reported research). This
research is notable because impulsiv-
ity, a trait known to interfere with aca-
demic success, is frequently reported
in deaf children (see, e.g., Quittner,
Smith, Osberger, Mitchell, & Katz,
1994). Dye and Hauser proposed that
this impulsivity was mitigated by early
language experience.
In an earlier study, Dye, Hauser, and

Bavelier (2008) found that deaf
teenagers who were native users of
ASL developed an enhanced ability for
detecting objects on their visual
periphery. Whether this finding
implies a positive or negative impact
on the acquisition of reading skills is
inconclusive and a topic of recent
research investigation. Bélanger, Slat-
tery, Mayberry, and Rayner (2012)
showed that deaf readers demon-
strated a wider perceptual span when
reading text than hearing controls
matched for overall reading ability.
Bélanger et al. speculated that this
wider span might facilitate reading
comprehension by making informa-
tion in parafoveal vision available for
the purposes of preprocessing upcom-
ing words and deciding where to look
next. On the other hand, Dye and
Hauser (2014) noted that presenting
an extraneous object on the periphery
of their younger deaf participants’
vision had a deleterious effect on their

sustained attention. (This effect was
not in evidence among their older par-
ticipants.) Thus, there may be situa-
tions in which the widened sensitivity
to visual objects on the periphery may
enhance reading comprehension
skills in older deaf children who
already possess some reading skill, but
for younger children the greater per-
ceptual sensitivity to objects on the
periphery may impede their ability to
sustain their attention to visually pre-
sented material when learning.
An important skill related to the

ability to sustain visual attention is the
ability to follow the visual gaze of a
teacher or parent and to manage one’s
own visual gaze. A number of studies
with hearing infants have shown
strong positive correlations between
early visual-gaze following and subse-
quent language development (e.g.,
Brooks & Meltzoff, 2005; Tomasello &
Farrar, 1986). These studies empha-
size the importance of parent-child
interactions in the development of
visual attention regulation. They also
point to the important role of joint
visual attention and visual gaze strate-
gies in children as young as 12 months
in the subsequent development of
vocabulary and language. The child
learns visual regulation when the par-
ent and child share eye gaze and when
the parent directs the child’s visual
attention to objects in the environ-
ment. Given the importance of visual
information for the deaf infant, one
would hypothesize that strong visual
engagement strategies would be a cru-
cial component of parent’s fostering
of language and cognitive develop-
ment. Further, recent studies of deaf
toddlers with deaf mothers who intu-
itively know how to attract and main-
tain their deaf child’s visual attention
suggest that these children may have
cognitive advantages over their deaf
peers with hearing parents when they
start school (Lieberman, Hatrak, &

Mayberry, 2011; Singleton & Crume,
2010).
In addition to the impact early lan-

guage exposure has on a child’s neuro-
biological and cognitive ability to
develop literacy skills, language affects
the child’s socioemotional readiness to
learn (Beck, Kumschick, Eid, & Klann-
Delius, 2012). As mentioned above,
deaf children are frequently labeled as
impulsive and inattentive. Research
with hearing children suggests that
externalizing behaviors such as impul-
sive, aggressive play and hyperactivity
are negatively correlated with academic
outcomes (Tan & Dobbs-Oates, 2013).
Research with deaf children shows that
early language exposure is negatively
correlated with externalizing behaviors
that interfere with academic success
(e.g., Barker et al., 2009; Letteri, 2013;
Wallis, Musselman, & MacKay, 2003).
More specifically, Barker et al. (2009)
analyzed data from a sample of chil-
dren with cochlear implants that
included parent reports, videotaped
observations, and performance meas-
ures. Using a structural equation
model, Barker et al. demonstrated that
language ability, defined as a latent con-
struct that included measures of
expressive language, verbal compre-
hension, and vocabulary, demonstrated
a significant negative correlation with a
construct of “externalizing behaviors”
that consisted of measures of aggres-
sive behavior, attention problems, and
higher scores on the Difficult Child
Scale of the Parenting Stress Index
(Abidin, 1995). While similar large-scale
studies of nonimplanted deaf children
from signing families have not been
reported, Singleton and Crume (2010)
reported that teachers in early educa-
tion classrooms had to employ a far
greater number of attention-getting
behaviors for deaf children from hear-
ing families than for deaf children from
deaf families, a finding they attributed
to greater language and communica-
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tion skills, as well as better self-regula-
tion of visual attention, among the lat-
ter group.
Thus, while early language facili-

tates the development of the child’s
physiological ability to develop lan-
guage and, later, literacy, it also affects
the child’s ability to respond appropri-
ately to the social demands of instruc-
tion that are ultimately needed for the
child to manifest strong literacy skills.
In spite of the breadth of research

on the neurological, cognitive, aca-
demic, and social benefits of being
exposed to language from infancy, it
remains true that not much is known
about the timing and trajectory of
development among children who are
deaf, nor about the nature of the envi-
ronmental requirements for this early
exposure that are needed to promote
optimal development. A better under-
standing of the trajectory and the
nature of optimal language environ-
ments is crucial, especially because of
the narrow window of opportunity in
the life of the young child when lan-
guage learning most readily takes
place, a window that most certainly
spans the time in a child’s life before
formal schooling begins. The “critical
period hypothesis” (Birdsong, 1999;
Birdsong & Molis, 2001; Lenneberg,
1967; Newport, 1990; Pinker, 1994)
posits that there is an early and defin-
able maturational period during which
language learning peaks. Biological
maturity brings about an end to this
maturational period and a decline in
language learning potential. Given that
most deaf children are born to hearing
parents who do not know sign—which
means that the children will most cer-
tainly experience a delay in their expo-
sure to language—the implications of
this critical period for deaf children are
staggering. What is more, research has
shown that second-language learning
ability also declines after the critical
period (Birdsong, 1999). This finding

heightens the importance of the criti-
cal period for many deaf children who
are faced with learning two languages,
ASL and English (Mayberry & Lock,
2003).
The present understanding of the

impact of early language experience on
subsequent academic achievement
suggests the need to examine and fol-
low the development of deaf children
throughout the course of their child-
hood. This need is only heightened by
the fact that deaf children are highly
varied in their communication back-
grounds and possess diverse patterns
of language acquisition. The studies
cited above suggest that deaf children
who are exposed early to a visual lan-
guage have many cognitive, language,
and social advantages when they arrive
at school compared with those who
have impoverished experience with
language. However, there is much to
learn about how these skills are man-
ifested throughout the preschool and
early elementary school years by
 children who are highly varied in their
characteristics and circumstances.
Much of the published research em -
ploys analyses of relatively small and
homogeneous samples of deaf individ-
uals tested under laboratory condi-
tions, and very few of these studies
include direct assessments of deaf chil-
dren under the age of 5 years. Examin-
ing the validity of these lab findings
with more heterogeneous samples in
authentic home and school settings,
and tracking the children’s growth
 longitudinally, will contribute to the
growing understanding of which early
exposure contexts lead to optimal
learning. Particularly, the interactions
among early exposure to language and
other child and environmental charac-
teristics on the growth trajectory of
 literacy remain to be explored. For
example, because so much current
research is focused on understanding
the development of learning among

native signing deaf children, current
research has little to say about factors
that may account for variability in liter-
acy development among children who
may not have early exposure to a visual
language. Articulating the conditions
under which these children achieve
appropriate levels of literacy is a prior-
ity for future research.

The VL2 Early Education
Longitudinal Study
In 2009, the Science of Learning Cen-
ter on Visual Language and Visual
Learning (VL2) began its Early Educa-
tion Longitudinal Study (EELS). The
chief aim of EELS was to study emer-
gent literacy in a national sample of
preschool-aged deaf children by
means of a 3-year longitudinal design
that tracked participants from three
age cohorts, that is, students who were
3, 4, and 5 years old during the first
wave of the study. This cross-sequen-
tial design (also known as an acceler-
ated longitudinal design) allowed for
the use of both cross-sectional and lon-
gitudinal analyses to test models of
development, and yielded a data set
with children from ages 3 to 7. Partici-
pants were recruited through a variety
of sources, including national data-
bases of programs serving preschool-
age children and through direct parent
contact via parent organizations and
word of mouth. Eligibility require-
ments for participation related to age
(children had to be between 3 and 5 at
the start of the study); hearing level
(children’s level of hearing had to be in
the severe to profound range, i.e., an
average hearing threshold greater than
60 dB in the better ear); and disability
status (children who had been diag-
nosed with significant learning impair-
ments were excluded from the study).
Beyond those requirements, the in tent
of the EELS study design was to
include as broad a sample as possible,
not limited to children who had been
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raised in a particular home communi-
cation environment or had been
taught under a particular type of edu-
cational program or school communi-
cation philosophy. Additionally, in spite
of anticipated variability in home com-
munication characteristics, the EELS
researchers decided to administer the
same battery of assessments to all par-
ticipants, including measures of oral
language and sign language ability 
so that the unique predictors of liter-
acy growth within uniquely defined
subgroups of the participant pool
could be analyzed by means of the
same measures. While it was not
expected that children from nonsign-
ing families would perform well on
measures of ASL, they were not
excluded from the ASL assessments for
two reasons: First, since assessments
were of both signing in the home and
signing in school, it was not known a
prioiri whether children from non -
signing families were receiving sign
exposure and instruction from their
teachers. Second, the measure of ASL
employed in the study had been
recently developed and had not been
well evaluated for use with children
under the age of 5. There was a possi-
bility that the tool might be measuring
an ability of nonsigning children to dis-
cern correct responses from the
purely iconic properties of the ASL
items included on the tests. Subse-
quent psychometric analyses (see
Allen & Enns, 2013) proved this not to
be the case.
EELS employed direct assessments

of children’s cognitive, language, and
literacy skills through (a) a battery of
tests administered individually by PhD
students trained in childhood assess-
ment who were enrolled in Gallaudet
University’s clinical psychology pro-
gram; (b) parent and teacher surveys
that included indirect assessments of
student abilities presented as check-

lists of behavioral and cognitive mile-
stones rated for each child’s level 
of mastery, and extensive family and
child background characteristics
(from the parents) and classroom
practices (from the teachers), includ-
ing the na ture of classroom communi-
cation during instruction; and (c)
surveys of school administrators that
included questions about school char-
acteristics and policies. A complete
review of the EELS methodology and
rationale, and the resulting sample
characteristics, is presented as a tech-
nical report on the VL2 website (Allen,
Morere, Clark, & Murphy, 2014).
A total of 251 deaf children from 20

states participated in Wave 1 of the
EELS study. (As of this writing, data
from Waves 1 and 2 have been verified,
merged, and prepared for analysis.
Final verification of Wave 3 data is
under way.) The first series of research
questions guiding our analyses cen-
tered on the impact of early language
and communication on cognitive, liter-
acy, and social skills using cross-sec-
tional data from the first wave of data
collection. We were therefore particu-
larly interested in understanding the
home and communication contexts 
of participants in the EELS sample.
Among the 159 surveys completed by
parents in regard to the study partici-
pants, 59 (37%) indicated that one or
both deaf parents made regular use of
signing in the home (DoD-S); 65
(41%) indicated that both hearing or
hard or hearing parents did sign to
their children at home (DoH-S); and
35 (22%) indicated that both hearing
or hard of hearing parents did not sign
to their children at home (DoH-NS).
We made the decision, throughout our
initial set of analyses of EELS data, to
collapse the categories of hearing and
hard of hearing parents, due to the
small number of parents reporting to
be hard of hearing (3 fathers and 4

mothers, in total). Also, one of the
hard of hearing fathers was married to
a deaf spouse, and one of the hard of
hearing mothers was married to a deaf
spouse (which resulted in both cases
in the couple’s child being categorized
with the children with one or both
deaf parents). Additionally, 30 of the
children (19%) for whom survey
responses were given came from His-
panic families, and 14 (9%) were
reported to be from African American
families. Fifty-seven of the children
(36%) were reported to have cochlear
implants. To be sure, the prevalence
rates for these important child and
family contextual variables do not mir-
ror the population; however, they
represent meaningful and purposeful
subsets of participants that are of suf-
ficient size to analyze factors that may
differentially affect cognitive, lan-
guage, literacy, and social outcome
variables.
During the past 2 years, we have

been focused on the analysis of Wave 1
data, pursuing answers to questions
that are relevant to the topic of the
present article—that is, determining
the effects of early language on emerg-
ing literacy among deaf preschoolers.
Here we present brief summaries of
the results of some of our analyses. 
In each instance, results have been
reviewed and presented at profes-
sional conferences; full manuscripts
describing these analyses on detail
have either been submitted and are
under review or in preparation.

Analysis 1: The Impact of 
ASL Skill and Fingerspelling
Ability on Letter-Writing
Ability
In the first of the analyses (Allen, 2013,
in press), we were interested in know-
ing whether the positive correlations
observed in older deaf individuals
between reading skill and ASL skill
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were in evidence among preschool-
age deaf children. We used a measure
of letter-writing ability, an important
component of alphabetic knowledge.
Letter-writing automaticity, or fluency,
as reflected in this type of task, has
been shown to contribute significantly
to written expression (Kim, 2010;
Puranik & Al Otaiba, 2012). In selecting
the letter-writing task, in which we sim-
ply asked the participants to write on
a piece of paper the letters of the
alphabet in the correct A-B-C order
without prompts, we selected a task
that was not, by definition, inherently
dependent on a sound-based or a visu-
ally based phonological system. Also,
because the sample included children
from both signing and nonsigning fam-
ilies, we wanted a task that would be
the same for both groups, that is, one
that demonstrates knowledge of letter
shapes and the ability to write the let-
ters of the alphabet, two of the four
components of alphabetic knowledge
defined by Mason (1984) as making up
the alphabetic knowledge construct. It
is critical to note that this task does
not include the remaining two compo-
nents of alphabetic knowledge: letter
naming and knowledge of the sound-
letter relationships. Indeed, as we
progress with the longitudinal analy-
ses of EELS data, we are particularly
interested in examining the trajectory
of reading growth for children who
demonstrate early knowledge of letter
shapes and the ability to write letters
of the alphabet at an early age, but
who may not possess the knowledge
of sound-letter relationships. Our
future analyses of longitudinal data
will have a direct bearing on the ques-
tion of whether pathways to reading
may be “qualitatively” different for
deaf children with early exposure to a
visual language, that is, whether those
with early orthographic knowledge
facilitated by early ASL and finger-

spelling skill will progress successfully
to reading.
In this analysis, given a strong theo-

retical interest in the role of finger-
spelling as a bridge between ASL and
the printed word, we developed a 
13-item rating scale administered to
teachers and parents that asked about
student mastery of fingerspelling skills
(Allen, in press). As a measure of ASL
skill, we used the ASL Receptive Skills
Test (ASL-RST; Enns, Zimmer, Bou -
dreault, Rabu, & Broszeit, 2013), which
has demonstrated excellent reliability
when administered to young deaf chil-
dren (Allen & Enns, 2013). In Analysis
1, we tested a structural model to pre-
dict letter-writing ability among young
deaf children from signing families
based on three predictor variables: age
in months at the time of testing, ASL
receptive skills, and teacher ratings of
fingerspelling ability. The resulting
model explained 58% of the variance
in letter-writing ability; all three inde-
pendent variables exerted significant
direct effects on letter-writing skill. In
addition, ASL exerted an indirect effect
through its correlation with finger-
spelling. The findings reveal clear rela-
tionships between visual language and
emerging English print literacy among
young deaf children from signing fam-
ilies, suggesting that the noted corre-
lations between ASL skills and reading
comprehension skill among signing
deaf adults may have its origin in early
childhood. In a follow-up analysis, we
compared the mean letter-writing
scores of children from deaf and
 hearing signing families and hearing
nonsigning families using the three
groupings of participants described
above (DoD-S, DoH-S, and DoH-NS).
Results showed no significant differ-
ence in mean performance across
these groups. These findings demon-
strate that there is a strong relation-
ship between ASL exposure and

letter-writing skills among signing chil-
dren, but among nonsigning families,
factors other than ASL exposure in the
home (not yet analyzed) contribute to
the developing skill.

Analysis 2: Language Skill 
and Social Adjustment
In a second analysis (Allen, Clark, &
Morere, 2012), we were interested in
confirming the existence of an under-
lying latent variable that might simply
be called “language” that would pre-
dict performance on a number of the
study variables, including performance
levels in both ASL and English. As well,
we were interested in uncovering an
underlying social adaptability latent
variable that would predict parents’
ratings on a number of social-behav-
ioral items adapted from the Adaptive
Behavior Assessment Scale (ABAS;
Harrison & Oakland, 2003), pertain-
ing to their child’s level of mastery of
each (e.g., “Resists pushing or hitting
another child when angry or upset.”)
Finally, we were interested in exploring
the relationship between these two
latent constructs, controlling for socio -
economic status, nonverbal IQ, gender,
and age. The results confirmed strong
latent constructs of both language
and social adaptability. The loadings
of ASL skill (using the ASL-RST; Enns
et. al, 2013), print knowledge (from
the Test of Preschool Early Literacy;
Lonigan, Wagner, Torgesen, & Rash -
otte, 2007), fingerspelling (Allen,
2014), and letter-word identification
(from the Woodcock-Johnson Norma-
tive Update Tests of Achievement (3rd
ed.), or WJ-III; Woodcock, McGrew,
Schrank, & Mather, 2007) on a single
construct argued strongly that in many
homes there is an emphasis on the
development of emergent ASL and
emergent reading skills, so that the
two languages are codeveloping, con-
sistent with the literature on the criti-
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cal period hypothesis for bilingual
 language development. The results
also indicated a strong correlation
between the two latent structures,
 suggesting that the early language
development contributes to the social-
ization of young deaf children, includ-
ing less impulsivity and greater social
adaptation.

Analysis 3: Early Visual
Language and Sustained
Attention
In a third analysis (Allen & Dang,
2014), we focused on the develop-
ment of sustained attention and its
relationship to home communication
practices. Using published age-based
percentiles on the Attention Sustained
subtest of the Leiter International Per-
formance Scale, revised (Leiter-R; Roid
& Miller, 1997), and family background
data that examined use of ASL in the
home and the parents’ status as deaf or
hearing, we compared the median lev-
els of percentile performance on the
Leiter-R for three subgroups of the
EELS sample described above. Median
age-based percentiles (using hearing
norms) revealed significant attention
differences among three groups: deaf
children with hearing parents who did
not sign (Mdn Leiter-R percentile =
38), deaf children of hearing parents
who did sign (Mdn Leiter-R percentile
= 49), and deaf children with deaf par-
ents who did sign (Mdn Leiter-R per-
centile = 62). These results show the
strong association between early visual
language and the ability to sustain
visual attention in young deaf children,
and even suggest an advantage in
visual attention of deaf children from
deaf families over age-matched hear-
ing peers. Given the importance that
has been demonstrated in the litera-
ture of the relationship between visual
attention and reading skill, these find-
ings support the importance of early
language acquisition.

Analysis 4: Parental Ratings 
of Early Cognitive and
Communication Milestones
for Deaf Preschool-Age
Children From Different
Communication Contexts
In Analysis 4 (Allen & Choi, 2013), we
sought to address the question of
whether exposure to a visual language
had an influence on the achievement
of cognitive and early literacy mile-
stones in early childhood. To examine
this question, we asked the parents of
EELS participants to rate their chil-
dren’s mastery of fundamental com-
munication, language, and preliteracy
skills represented by a series of behav-
ioral statements from the ABAS, mod-
ified for administration to parents of
deaf children. For each statement, par-
ents responded on a 4-point scale,
where 1 indicated that the child was
not able to exhibit the stated behav-
ior; 2 indicated that the child never
exhibited the stated behavior in situ-
ations in which it was needed or
appropriate; 3 indicated that the child
sometimes exhibited the stated behav-
ior in situations in which it was needed
or appropriate; and 4 indicated that
the child always exhibited the stated
behavior in situations in which it was
needed or appropriate. For the pur-
pose of comparison, we split the par-
ticipants into the same three groups
defined for the previous analyses
(DoD-S, DoH-S, and DoH-NS). It was
hypothesized that young deaf chil-
dren with early exposure to signing
(whether from deaf or hearing par-
ents) would be rated as having higher
levels of communication and language
concepts than those with no sign
exposure.
A total of 114 children had parent
responses to the ABAS items selected
for the analysis. Among this group, 30
were reported from families in which
both parents were hearing or hard of
hearing and did not sign regularly in

the home (average age = 3.97 years);
37 were from families with both hear-
ing or hard of hearing parents who did
sign regularly (average age = 3.92);
and 47 came from families with deaf
parents who did sign regularly (aver-
age age = 4.1). Among the ABAS Com-
munication and Language Concepts
items studied, 14 showed significant
differences (all chi squares were signif-
icant at the .01 level or below) in the
proportion of children reported by
their parents as demonstrating the skill
“always, when needed.” These 14 items
included 5 from a set of 12 items
defined under the ABAS heading of
“Communication” and 9 from a set of
10 items defined under the heading
“Language Concepts.” The percent-
ages of parents reporting that their
children could always demonstrate the
stated skill when needed are pre-
sented for a representative sample of 5
of the 14 items in Table 1.
In all instances, deaf children with deaf
parents who signed were rated as
more likely to always demonstrate the
skill indicated by the statement than
their peers with hearing parents. Inter-
estingly, in the Communication items
having to do with the regulation of
visual attention and eye gaze and gaze
following, deaf children with hearing
parents who signed outperformed the
deaf children with nonsigning parents
(but did not perform as well as deaf
children with deaf signing parents). At
the same time, the children of hearing
parents who did sign did not signifi-
cantly outperform the deaf children
with hearing parents who did not sign
on many of the items requiring the
more complex Language Concepts
tasks, such as understanding quanti-
ties, half-whole relationships, ordering
from smallest to largest, and under-
standing similarities among objects.
The findings support the hypothesis
regarding the impact of early signing
on a variety of communication and lan-
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guage tasks quite broadly for deaf chil-
dren with deaf parents, though not
quite as broadly for deaf children with
hearing parents. This may be due to
lower levels of signing skill among
hearing parents who were not fluent
signers when their deaf children were
born.
It is very significant that these

higher ratings are in evidence for chil-
dren at such a young age; one might
predict, from these data, that these
children will be much more likely to be
ready for and to succeed in school, in
part because of a higher level of cogni-
tive functioning that is related to their
increased early exposure to a full lan-
guage. For deaf children with hearing
parents, those who reported signing
regularly at home were rated more
highly than deaf children with non-
signing hearing parents on some, but
not all, of the traits studied. For skills
requiring higher levels of cognition,
such as quantification, categorization,
and ordering, deaf children of hearing
parents did not differ whether or not
their parents signed. These results are

hopeful for hearing parents of deaf
children: The finding that early sign
exposure may contribute to the
advancement of some skills suggests
that, with greater parental signing abil-
ity and use, higher levels of language
and cognitive development may be
facilitated across a wider range of cog-
nitive tasks.
Among the ABAS items studied, one

item (“Understands time concepts”)
had significantly higher ratings in the
nonsigning hearing group (70%) than
in the signing hearing group (50%). It
is difficult to explain why this one item
would show a pattern that was so dif-
ferent from those of the other items
in this subgroup. Perhaps, in nonsign-
ing families where communication
between parents and children is more
difficult, there is a greater emphasis on
establishing time-bound routines, for
example, bedtime, snack time, dinner-
time, which would lead parents to indi-
cate that their children had a keener
sense of time. This is pure speculation,
but it would be interesting to pursue
this finding with additional research

that examined deaf children’s emerg-
ing sense of time and its relationship to
the communication contexts of their
homes.

Discussion
The four analyses of EELS data sum-
marized in the present article strongly
corroborate conclusions drawn from a
large number of laboratory studies that
point to the importance of early lan-
guage for an array of outcomes that
contribute to school success. In Analy-
sis 1, we confirmed that the often-
observed correlations among older
signing deaf individuals between ASL
skill and reading skill are in evidence
even among children as young as age
3 years. Using a rudimentary letter-
writing task, we demonstrated that a
model including age, ASL skill, and fin-
gerspelling skill accounted for more
than half the variance in the letter-writ-
ing skills of children from signing fam-
ilies, with all variables exerting strong
and significant effects. We also demon-
strated that some (but not all) of the
effects of ASL on letter-writing skill
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Deaf parents Hearing parents Hearing parents 

who signed (N = 47) who signed (N = 37) who did not sign (N = 30)

Children’s age (M, years) 4.10 3.92 3.97

Percentage of parents who reported that their child 

could ALWAYS perform the behavior when needed
Behavioral milestone

Communication �2 (2df )

Looks at others’ faces when they 

are talking, signing, or communicating 92% 71% 63% 12.23*

Follows the eye gaze of the person speaking or signing 81% 71% 55% 7.65*

Language concepts

Uses symbolic gestures or jargon to label 80% 53% 38% 14.62**

Understands half/whole 65% 39% 33% 9.45*

Understands time concepts (e.g., day/night) 83% 50% 70% 11.01*

* p < .01. ** p < .001.
Note: A representative sample of ABAS items, adapted for use in signing families. Selected content from the ABAS-II copyright © 2000, 2003 by Western
Psychological Services. Adapted and reprinted by T. Allen, Gallaudet University, for scholarly display purposes by permission of the publisher, WPS, 625
Alaska Avenue, Torrane, California 90503, U.S.A. Not to be reprinted in whole or in part for any additional purpose without the expressed, written permis-
sion of the publisher (rights@wpspublish.com). All rights reserved.

Table 1

Parents’ Ratings on the Adaptive Behavior Assessment Scale of Their Children’s Ability to Perform Behaviors When Needed for
Different Communication Subgroups
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were mediated by fingerspelling ability.
The fact that the EELS participants
from signing families did not perform
differently from the participants from
nonsigning families on this task sug-
gests the possibility of multiple path-
ways to the achievement of literacy.
The fact that ASL exerted an inde-
pendent effect on letter knowledge,
controlling for fingerspelling skill, sup-
ports the theory that ASL skill derived
from a visually based phonological
process transfers to the learning of let-
ters and an orthographically based sys-
tem of sublexical units that can be
combined to form words. This transfer
can occur independently of letter-
sound knowledge and fingerspelling
(although the latter contributes to this
ability as well).
Analysis 2 provides two major find-

ings: The first is that visual language,
including ASL and fingerspelling, and
early English skill, including print
knowledge and letter and word identi-
fication, constitute a single language
trait that predicts performance on
both sets of indicators. This finding
supports the theory that language
development is buttressed through
bilingual experience and suggests that
children in bilingual homes learn to
extract common principles of language
that can facilitate their mastery of two
or more languages, even when they
occur in different modalities. The find-
ing corroborates previous research
that has demonstrated a positive rela-
tionship between bilingualism and
reading development.
Second, Analysis 2 demonstrated

that the latent language variable is a
significant predictor of social adaptabil-
ity, as defined as a construct derived
from teacher ratings of adaptive behav-
iors that include precisely those skills
that are often described as lacking in
deaf children (the ability to resist
behaviors such as acting impulsively,
pushing and shoving when angry, or

not sharing toys). The correlation be -
tween the language and social adapt-
ability constructs persisted, even when
socioeconomic status, gender, non -
verbal intelligence, and ethnicity were
controlled for. These findings corrobo-
rate cited research that early language
can mitigate negative social maladap-
tive behavior often noted in deaf chil-
dren in early education settings.
Analysis 3 provides evidence for the

impact of early visual language on sus-
tained visual attention, partly consis-
tent with previous research. While the
recent study by Dye and Hauser
(2014), cited above, showed no dif-
ference in sustained visual attention
between deaf children from deaf
 families and hearing controls (a posi-
tive finding, given previous research
demonstrating a deficit in sustained
attention ability among deaf children
that did not take early language expe-
rience into account), the EELS data,
using hearing percentile-based norms,
showed an actual advantage for the
deaf children of deaf parents over age-
matched hearing peers. The very fact
that deaf children in signing families
have to rely on visual information for
communication and language suggests
that their emerging skills at managing
their visual resources leads to their
growing language skill and their ability
to adapt to the social demands of
schooling (as implied also by the find-
ings from Analysis 2).
Analysis 4 demonstrated that par-

ents who sign to their deaf children
rate their child’s abilities on a wide
variety of cognitive/behavioral mile-
stones more highly than nonsigning
parents do. Among the behaviors that
were rated, greater advantages were
noted for children with deaf parents
who signed. Among these children,
large advantages over deaf children
with hearing parents (whether or not
they reported signing to their chil-
dren) were reported in a number of

cognitive abilities, such as under-
standing half-whole relationships,
understanding similarities, and order-
ing items from smallest to largest. The
important news for hearing parents
who sign is that their children do seem
to be mastering some basic communi-
cation abilities, such as following eye
gaze, looking at objects with alertness,
and looking at others’ faces when com-
municating, at a level that is similar to
that demonstrated by deaf children
with deaf parents (and greater than
that demonstrated by deaf children
with hearing parents who do not sign).
Perhaps the failure of deaf children
with hearing parents who sign to main-
tain their advantage over deaf children
with parents who do not sign in the
mastery of more complicated cogni-
tive tasks can be attributed to less sign
language ability or to a reduced
amount of signing in the home. Unfor-
tunately, the EELS study did not assess
the signing abilities of hearing parents
or the amount of signing in the home.
It may be that hearing parents who
have higher levels of signing ability and
who report signing more often in the
home will note higher levels of mas-
tery of cognitive skills in their deaf chil-
dren. As we progress with the analyses
of the longitudinal data in EELS, we
will be looking to test this hypothesis.

Conclusion: Is Reading
Qualitatively Similar or
Qualitatively Different for
Children Who Are Deaf?
As we assemble what we know about
the development of language and liter-
acy for deaf children, some claims are
irrefutable. First, early exposure to a
visual language greatly increases the
likelihood that a deaf child will develop
an array of cognitive, language, liter-
acy, and social skills that will ultimately
lead to higher levels of academic
achievement. Second, the presence of
both English and ASL in the home
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extends the benefits of early exposure,
per se, through mechanisms that
enhance literacy and cognition in the
context of bilingualism. Third, there is
a critical, or sensitive, period for lan-
guage development that begins at
birth and extends through the earliest
years of childhood. This further empha-
sizes the importance of early language
exposure. And fourth, deaf children
who experience an early visual lan-
guage with their caregivers develop
the ability to regulate and sustain their
visual attention when learning. This
results in enhanced language ability
and higher levels of adaptability in
social learning environments.
The research studies cited in the

present article, including the analyses
that are presented from the EELS proj-
ect, have focused on the importance of
early visual language as a pathway to
literacy. We have not focused on the
impact of intensive oral training or on
the impact of cochlear implants on lit-
eracy development (although there
are subsets of the EELS data that will
allow us to examine these impacts in
later analyses). We are not advocating
an abandonment of these approaches
or technologies. We believe that multi-
ple languages and multiple modalities
are beneficial to learning. Thus, the
answer to the question of whether
reading for deaf children is qualita-
tively similar or dissimilar to that of
hearing children is not likely to be
“either/or.” No doubt, there are multi-
ple routes to the same end, but scientif-
ically, this is quite unsatisfactory as an
explanation. As researchers, we want to
know the universals that might give rise
to the mastery of reading for individu-
als with quite different sensory and lan-
guage experiences, for it is very clear
that deaf individuals with these varied
experiences can and do master the abil-
ity to read.
To articulate universal processes

that might drive reading acquisition in

the presence or absence of speech
input (as well as in the presence or
absence of visual language input), it is
useful to articulate the many similari-
ties between ASL and English, espe-
cially with regard to the development
of language throughout a child’s
infancy and young childhood. Both
spoken English and ASL possess a
phonological structure consisting of a
finite set of segmented units that com-
bine, following the rules of their
respective languages, to form mean-
ingful units. The mastery of each lan-
guage requires infants to segment a
continuous stream of perceptual input
into the finite set of discrete units that
the child recognizes as being part of
her language, and then combine those
segments into meaningful units. As
noted earlier, neuroimaging studies
have shown that the phonological pro-
cessing of both English and ASL occurs
in the same regions of the brain. Devel-
opmental studies have demonstrated
that both deaf children in native deaf
families acquiring sign skills and hear-
ing children acquiring spoken-lan-
guage skills develop their language
abilities along the same developmental
schedule. We know that there is a crit-
ical or sensitive period in development
during which babies have a peak in
their ability to acquire these phono-
logical skills. In addition, we know that
an early visual language develops a lex-
icon that can facilitate the acquisition
of a second language and a semantic
network that provides the deaf child a
means for understanding her world.
Do these advantages transfer to

reading in the absence of auditory
input? The research to date argues that
they do. Children with strong ASL
skills, buttressed with fingerspelling
skill, the ability to recognize letter
shapes and write their ABCs, and an
awareness that those letters corre-
spond to handshapes of fingerspelling,
come to the reading task with knowl-

edge and skills related to phonologi-
cal segmentation. They understand
what language is, and they are able to
transfer their knowledge of sign
phonology to the processing of ortho-
graphic segments they encounter on
a page. They understand that letters
can recombine to form words that are
orthographically similar but carry very
different meanings, in the same way
that signs that share phonological fea-
tures do.
In the end, we argue for the similar-

ity hypothesis. All children learning to
read must possess phonological
knowledge and awareness, and this
knowledge requires an exposure dur-
ing early childhood. Where we differ
from most who subscribe to this per-
spective is that we believe that the
acquisition of this knowledge and
awareness occurs independently of
modality. Humans are wired for lan-
guage, and that language can be spo-
ken or signed. Children must be
taught that letters combine to form
words, whether or not their phono-
logical knowledge derives from audi-
tory or visual language. Therefore,
decoding skills necessary for later
reading comprehension may emerge
for early signers or early speakers. The
critical ingredient is early exposure to
a language, whether auditory or visual,
during a critical period of develop-
ment when the brain is most capable
of learning the sublexical components
of language and the rules governing
their combinations into words.
We close with the observation that,

unlike most mammals, human babies
are born with their eyes open. They
are ready to begin learning through
these open eyes from the moment of
birth. Because the time frame for opti-
mal language learning may be limited,
we worry that deaf children may be
put at risk by language approaches
that do not make full use, as early as
possible in a child’s life, of the visual
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modality in the development of the
child’s innate capacity for language.

A Note on Terminology
1. Throughout the present article, the
term “deaf children” is used to refer to
children who were born deaf or who
became deaf in the first 2 years of life
and who have minimal or no access to
auditory input. For example, in the
Early Education Longitudinal Study
reported on in the present article, one
eligibility criterion for inclusion in the
study was a level of hearing loss esti-
mated to be at an unaided average
hearing threshold of 60 dB or greater
in the better ear.
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