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ABSTRACT. Objective. To compare the language
abilities of earlier- and later-identified deaf and hard-of-
hearing children.

Method. We compared the receptive and expressive
language abilities of 72 deaf or hard-of-hearing children
whose hearing losses were identified by 6 months of age
with 78 children whose hearing losses were identified
after the age of 6 months. All of the children received
early intervention services within an average of 2 months
after identification. The participants’ receptive and ex-
pressive language abilities were measured using the
Minnesota Child Development Inventory.

Results. Children whose hearing losses were identi-
fied by 6 months of age demonstrated significantly better
language scores than children identified after 6 months
of age. For children with normal cognitive abilities, this
language advantage was found across all test ages, com-
munication modes, degrees of hearing loss, and socioeco-
nomic strata. [t also was independent of gender, minority
status, and the presence or absence of additional disabil-
ities.

Conclusions. Significantly better language develop-
ment was associated with early identification of hearing
loss and early intervention. There was no significant
difference between the earlier- and later-identified
groups on several variables frequently associated with
language ability in deaf and hard-of-hearing children.
Thus, the variable on which the two groups differed (age
of identification and infervention) must be considered a
potential explanation for the language advantage docu-
mented in the earlier-identified group. Pediatrics 1998;
102:1163-1171; hearing loss, early identification, early in-
tervention, language, newborn hearing screening.

ABBREVIATIONS. SD, standard deviation; df, degrees of freedom;
dB, decibels; dB HL, decibels hearing level; CQ, cognitive quo-
tient; MCDI, Minnesota Child Development Inventory; MLU, mean
length of utterance; LQ, language quotient; ANCOVA, analysis of
covariance.

Hearing loss that is bilateral and permanent
is estimated to be present in 1.2 to 5.7 per
1000 live births."** The typical conse-
quences of this condition include significant delays
in language development and academic achieve-

ment. These delays are apparent for both children
with mild and moderate hearing loss>” as well as
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for those whose losses fall in the severe and pro-
found ranges.®"!! Despite advances in hearing aid
technology, improved educational technigues, and
intensive intervention services, there has been vir-
tually no change in the academic statistics of this
population since the systematic collection of na-
tional data >30 years ago.!*!® These data indicate
that the average deaf student graduates from high
school with language and academic achievement
levels below that of the average fourth-grade hear-
ing student.’*?® Similarly, for hard-of-hearing chil-
dren, achievement is also below that of their hear-
ing peers with average reading scores for high
school graduates at the fifth-grade level.’® These
limitations in reading have a pervasive negative
impact on overall academic achievement.!'

Many professionals in both health care and special
education have supported early identification of
hearing loss and subsequent intervention as a means
to improving the language and academic outcomes
of deaf and hard-of-hearing individuals.*'?° In 1994,
the joint Committee on Infant Hearing® released a
position statement endorsing the goal of universal
detection of infants with hearing loss as early as
possible, preferably by 3 months of age. This position
statement was endorsed by the American Academy
of Pediatrics. This priority is in concert with the
national initiative Healthy People 20002 the Na-
tional Institutes of Health Consensus Statement,?
and the position statement of the American Acad-
emy of Audiology.®* All of these position statements
support the need to identify all infants with hearing
loss. Both the Joint Committee on Infant Hearing and
the American Academy of Audiology recommend
accomplishing this goal by evaluating all infants be-
fore discharge from the newborn nursery.

Despite widespread support for universal new-
born hearing screening, this mandate has been chal-
lenged by Bess and Paradise® partly on the grounds
that “no empirical evidence . .. supports the propo-
sition that outcomes in children with congenital
hearing loss are more favorable if treatment is begun
early in infancy rather than later in childhood (eg, 6
months vs 18 months)”. At the time, this statement
was reasonable in that before Bess and Paradise’s
commentary, studies examining the effects of early
identification and subsequent intervention either de-
fined early identification as before 18 months (rather
than 6 months) of age® or did not specify the number
of children identified by the age of 6 months.” Nev-
ertheless, in one of these older studies, White and
White? reported significantly better language scores
for a group of severely and profoundly deaf children
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whose average age of identification was 11.9 months
{(with an average age at intervention of 14 months) as
compared with children with the same degree of
hearing loss whose average age of identification was
19.5 months (with an average age at intervention of
26 months).

Since the publication of Bess and Paradise’s com-
mentary, Robinshaw?® described 5 young children
with severe and profound hearing loss whose deaf-
ness was confirmed between 3 and 5 months of age.
All of the children wore hearing aids by the age of 6
months. Robinshaw compared her deaf children
with 5 normally-hearing control children and to data
from a previous study involving 12 children with
severe and prefound hearing loss whose average age
of identification was 2 years, 3 months. She found
that the ecarlier-identified children acquired vocal
cornmunicative and linguistic skills at an age similar
to the 5 normally-hearing control children and well
before the deaf children who were identified later.
Her investigation supports the value of early identi-
fication followed by immediate amplification; how-
ever, the group of children studied was small, only
children with severe and profound hearing loss were
included, and no data from standardized assess-
ments were presented. In addition, the only treat-
ment consistent across all 5 children was the early
fitting of amplification. The frequency of additional
early intervention varied among children.

Apuzzo and Yoshinaga-Itano® responded to Bess
and Paradise’s” concerns more directly. They com-
pared language ability at 40 months of age across
four age-of-identification groups: 1) 0 to 2 months, 2)
3 to 12 months, 3) 13 to 18 months, and 4) 19 to 25
moriths. The hearing loss of the children in each of
the groups ranged from mild to profound and all of
the children received ongoing intervention services
from the same program shortly after their hearing
loss was identified. Apuzzo and Yoshinaga-Itano re-
ported that the first age-of-identification group (ie,
those children identified before 3 months of age) had
significantly higher language scores than those iden-
tified after the age of 2 months despite all children
receiving similar intervention programming.

In the Apuzzo and Yoshinaga-Itano® study, all of
the children in the earlier-identified group were di-
agnosed within the first 2 months of life because they
presented with characteristics on the high risk regis-
try for hearing loss. Within that study, there were
only a few children without significant cognitive de-
lay identified before 12 months of age despite includ-
ing the entire sample of young children with hearing
loss from a 10-year database of >350 children. Be-
cause of the small number of children in the earlier-
identified group, the question of whether early iden-
tification and intervention was associated with better
language scores for all deaf and hard-of-hearing chil-
dren or only for children who exhibited specific de-
mographic characteristics could not be addressed.
Because of the institution of universal newborn hear-
ing screening, within the last few years the number
of children identified early with hearing loss who
have normal cognitive ability has increased dramat-
ically.
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Moeller® reported a retrospective longitudinal
study of 100 deaf and hard-of-hearing children, 25 of
whom had been identified before 6 months of age.
These children were tested every 6 months until the
age of 5 years. Children identified with hearing loss
before 6 menths of age maintained age-appropriate
language skills and had significantly better language
skills than those children who were identified after 6
months of age. Similar to the study conducted by
Apuzzo and Yoshinaga-Itano,” Moeller's early iden-
tification group consisted primarily of children iden-
tified through the high-risk register for hearing loss.
Additionally, the earlier- and later-identified groups
were not comparable on the full range of demo-
graphic variables frequently associated with lan-
guage ability in deaf and hard-of-hearing children.

The purpose of the present investigation was to
compare the language skills of a large group of chil-
dren whose hearing losses were identified by 6
months of age with children who were identified
after the age of 6 months. Because it was hypothe-
sized that the advantage of early identification might
vary, the effect was examined within a variety of
subgroups formed on the basis of demographic vari-
ables frequently associated with language develop-
ment. Specifically, comparisons of children who
were earlier-identified versus later-identified were
made within subgroups based on cognitive ability,
age at testing, communication mode, minority status,
gender, degree of hearing loss, sociceconomic status,

and presence or absence of additional disabilities.

METHODS

Participants

The participants in this study were 150 deaf and hard-of-hear-
ing children living in Colorado. At the time of data collection, the
participants ranged in chronologic age from 1 year, 1 month to 3
years, 0 months (mean = 2 years, 2 months; standard deviation
IS == 7.0 months). See Table 1 for a description of the demo-
graphic characteristics of this sample.

Age of Identification

The participants were divided into two groups based on the age
of identification of their hearing loss. Group one (the earlier-
identified group) consisted of 72 children (34 males; 38 females)
whose hearing losses were identified between birth and 6 months
of age. Group two {the later-identified group) included 78 children
(41 males; 37 females) whose hearing losses were identified after
the age of 6 months.

Intervention Program

Data regarding the age of amplification fitting were available
for 80% of the sample The median time that elapsed between
identification and receiving amplification was 2 months for the
earlier-identified group and 1 month for the children who were
identified later. All of the participants in each group received
ongoing early intervention services that focused on improving the
child’s communication and language skills. The onset date of these
services was available for 82% of the sample. The median time
between identification and ongoing infervention was 3 months for
the earlier-identified group and 1 month for the group that was
identified later. Three children in the earlier-idenfified group and
3 children in the later-identified group received their intervention
services from a private center-based program that specialized in
working with deaf and hard-of-hearing children. All of the re-
maining children in each group (96% of the total sample) were
enrolled in the Colorade Home Intervention Program.

The Colorado Flome Intervention Program provides early in-
tervention services specifically to families who have deaf or hard-
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TABLE 1. Demographic Characteristics of Study Sample by
Age of Identification of Hearing Loss

Demographic Variable/
Category of Variable

Age of Identification of
Hearing Loss

By 6 After 6
Months Months
n 70 n 7o

Gender

Female 38 53 37 47

Male 34 47 41 53
Ethnicity

Not a minority 53 74 56 75

Minority 19 26 19 25
Mother’s education

12 years or less 27 43 26 52

>12 years 36 57 24 48
Medicaid status

Not on Medicaid 24 48 26 58

On Medicaid 26 52 19 42
Degree of hearing loss

Mild 8 13 7 11

Moderate 17 27 10 16

Moderate-severe 16 25 13 21

Severe 10 16 14 23

Profound 11 18 14 23
Mode of communication

Oral only 39 54 36 46

Oral and sign language 33 46 42 54
Multiple handicaps

No other handicaps 37 53 42 59

Additional handicaps 33 47 29 41
Cognitive ability

Cognitive quotient <80 21 29 44 56

Cognitive quotient =80 51 71 34 44
Age at data collection

13 to 18 months 18 25 10 19

19 to 24 months 22 31 15 25

25 to 30 months 19 26 28 31

31 to 36 months 13 18 25 25

of-hearing children. The program is family focused with a ccop-
erative partnership between the provider and the parents. A
developmental assessment protocol consisting of parent question-
naires and an analysis of a videotaped parent-child interaction are
used to develop each child’s program. Goals and activities are
individually and differentially determined according to the child’s
developmental data rather than being curriculum driven. Services
are delivered in the home by a provider who visits the family ~1
hour per week. The vast majority of the service providers have
graduate degrees in audioclogy, speech-language pathology, or
deaf education. More than half of the providers have been with the
program for 10 years or more. An important component of the
program is ongoing, extensive in-service education for the provid-
ers in counseling strategies including theories of families systems.
This program has been described in further detail by Siredler-
Brown and Yoshinaga-Itano.”

Children in both age-of-identification groups received ongoing
intervention for ~1 hour per week. As stated previously, the vast
majority of the children in each group received services from the
samne intervention program. Thus, once intervention was initiated,
there were no differences in either the intensity or type of services
provided.

Ethnicity and Sociceconomic Status

Ethnicity data were available for all but 3 of the participants. In
the earlier-identified group, 26% of the children were from an
underrepresented minority group (primarily Hispanic) and the
remaining 74% were Anglo-American. In the later-identified
group, 25% of the children were from an ethnic minority group
(again, primarily Hispanic).

Socioeconomic status was estimated by examining the level of
education of the child’s primary caregiver (typically the mother)
and the Medicaid status of the family. The primary caregiver’s

educational level was available for 75% of the participants. The
mean educational level of the caregivers of the children in the
earlier-identified group was 13.6 years (SD = 2.4 years); for the
later-identified group the mean was 13.3 years (SD = 2.3 years). A
between-group ¢ test indicated no significant difference in the
means of the two groups (¢, 0.62; degrees of freedom [df], 111; P =
54),

Data could be obtained for 63% of the participants regarding
Medicaid status. Of these participants, 52% in the earlier-identi-
fied group and 42% in the later-identified group qualified for
Medicaid. The proportion of families in each group receiving
Medicaid did not differ significantly (¢, 0.95; df, 93; P = .35).

Hearing Loss

All of the participants had congenital, bilateral hearing loss.
Specific hearing threshold data were available for 120 of the 150
children. In the carlier-identified group, the participants’ better
ear pure tone average (ie, the average of the hearing thresholds at
500, 1600, and 2000 Hz) ranged from 27 decibels (dB) to 110+ dB
{median = 58 dB). For the later-identified group, better ear pure
tone averages ranged from 30 dB to 107+ dB (imedian = 67 dB),
with the exception of 1 child who had a pure tone average of 22 dB
and mildly decreased hearing in high frequency range.

The participants’ severity of hearing loss (based on the pure
tone average in the better ear) was categorized as mild (26-40
decibels hearing level [dB HL]), moderate (41-55 dB HL), moder-
ate-severe (36-70 dB HL), severe (71-90 dB HL), or profound (>90
dB HL). The proportion of children in each of these categories for
each age-of-identification group is presented in Table 1. The fre-
quency distribution by hearing loss category was not significantly
different when comparing the two age-of-identification groups (x*
= 3.09; df = 4, P = .54).

Mode of Communication

Information regarding the mode of communication used by the
family was available for all of the participants. In the earlier-
identified group, 46% of the children were from families that
communicated using a combination of sign language and spoken
language; 54% were in families that used spoken language only. In
the later-identified group, a combination of sign and spoken lan-
guage was used by 54% of the families with only spoken language
used by 46%. The distribution by mode of communication was not
significantly different when comparing the two age-of-identifica-
tion groups (x* = 0.96; df = 1; P = .33).

Cognitive Status and Additional Disabilities

The participants’ cognitive status was estimated using the Play
Assessment Questionnaire.”? Age scores from this measure were
transfoermed to cognitive quotients (CQs) by dividing the age score
by the child’s chronologic age and multiplying by 100. The CQs
for this group of children ranged from 22 to 141. The mean CQ for
the earlier-identified group was 88 with a SD of 23; for the later-
identified group, the mean was 76 (SD = 19). A between-group ¢
test revealed that the two groups differed significantly in cognitive
skills (¢, 3.52; df, 148 P < .01). This statistical difference was
addressed in two ways. First, CQs were used as a covariate in all
analyses. Additionally, comparisons between the earlier- and lat-
er-identified groups were conducted separately for the 65 partic-
ipants with cognitive delay and the 85 participants without cog-
nitive delay.

The presence of disabilities in addition to hearing loss was
reported by the parent and the service provider. Forty-seven
percent of the children in the earlier-identified group and 41% of
the children in the later-identified group were reported to have
one or more additional disabilities. The difference between the
two groups in the proportion of children with additional disabil-
ities was not significant (¢, 0.75; df, 139; P = 45).

Procedures

All of the participants were assessed between the ages of 13 and
36 months. The children were divided into four groups based on
their chronologic age at the time of testing. Table 1 presents the
number and percentage of children within each age-of-identifica-
tion group who fell into each of these four age ranges.

As part of a comprehensive developmental evaluation, the
primary caregiver of each participant completed the Minnesota
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Child Development Inventory (MCDI).® The 1974 version of this
assessment was used for this study because data collection was
begun before 1992 when the revised version became availabie.

The MCDI is a standardized instrument that assesses the de-
velopment of children from 6 months to 6 1/2 years of age. It is
composed of 320 items divided into eight scales that evaluate
different areas of development. In the present study, two of these
scales, expressive language and comprehension-conceptual, were
examined. The expressive language scale consists of 54 items that
measure expressive communication from simple gestural, vocal,
and verbal behaviors to complex language expression. The com-
prehension-conceptual scale consists of 67 items that measure
language comprehension from simple understanding to concept
formulation. Parents complete this assessment by indicating
which of the listed behaviors they have observed in their child.

This parent-report measure offers several advantages over ad-
ministered assessments. First, this methodology takes advantage
of parents” extensive knowledge about their child’s language abil-
ity. Also, the measure is not subject to the influence of factors, such
as fatigue or lack of familiarity with the examiner, that frequently
limit a young child’s performance during an administered assess-
ment.

The reliability or internal consistency of each MCDI scale has
been measured by the test’s authors for specific age groups using
the split-half method.® For the expressive language scale, reliabil-
ity coefficients ranged from 0.54 to 0.92 (median = 0.88). The
reliability of this scale for the present sample was computed using
Cronbach’s « and a coefficient of 0.94 was obtained. For the
comprehension-conceptual scale, the test’s authors obtained reli-
ability coefficients ranging from 0.43 to 0.93 (median = 0.89) for
the normative sample. For the sample of children in this study, a
reliability coefficient of 0.95 was obtained.

There are extensive data supporting the concurrent and predic-
tive validity of the MCDI language scales with both typically
developing children and with children who have a variety of
special needs.®¥ Significant correlation coefficients of 0.51 to 0.79
have been obtained between the MCDI Expressive Language and
Comprehension-Conceptual Scales and the verbal scale of the
McCarthy Scales of Children’s Abilities.**-% Significant correla-
tions also have been found between the MCDI Expressive Lan-
guage Scale and the Reynell Developmental Expressive Language
Scale (r = 0.50) and the MCDI Comprehension-Conceptual Scale
and the Reynell Developmental Receptive [anguage Scale (r =
0.52).% Tomblin, et al*” compared a group of typically developing
children’s scores on the MCDI language scales with performance
on the Sequenced Inventory of Communication Development and
to the child’s mean length of utterance (MLU) during a spontane-
ous language sample. All comparisons yielded significant corre-
lations that ranged from .34 to 0.68.

Concurrent validity of the MCDI for a subsample of children
(11 == 109) in the present study was examined by correlating MCDI
age scores with the child’s MLU during a 25-minute interaction
with his or her primary caregiver. Significant correlations (P <.01)
of 0.76 and 0.78 were obtained between MLU and the expressive
language and comprehension-conceptual scales, respectively. Va-
lidity was also measured by comparing the total words in the
child’s expressive lexicon from the MacArthur Communicative
Development Inventory® with the MCDI language scores. Both
the expressive language and comprehension-conceptual scales
were significantly related to the MacArthur inventory (n = 136;
7 = 0.74 and r = (.76, respectively; P < .001).

Statistical Analysis

To examine the participants’ language abilities, language quo-
tients (L.Qs) were derived for each child. These were calculated by
dividing the child’s age score on each MCDI subtest by his or her
chronologic age and then multiplying by 100. Children whose
language age matched their chronologic age received an LQ of
100. LQOs for children whose language level was below their chro-
nologic age were <100; LQs >>100 indicated that the child’s lan-
guage age was greater than his/her chronologic age. Three 1.Qs
were obtained for each participant: a) an expressive L.Q based on
scores from the MCDI Expressive Language Scale; b) a receptive
L based on scores from the MCDI Comprehension-Conceptual
Scale; and ©) a total LQ, calculated specifically for this study,
which was obtained by averaging each participant’s receptive and
expressive LQ scores.

Cognitive ability, based on the Play Assessment Question-
naire,*2 was found to have high positive correlations with the
participants’ MCDI expressive and receptive language scores {r =
0.75, P < 01; and r = (.74, P < .01, respectively). Because of this
strong relationship between cognitive ability and the outcome
measure of this study (ie, language scores) and because the two
age-of-identification groups demonstrated significantly different
cognitive ability, CQs were used as a covariate in all comparisons
between the two groups.

The primary purpose of the statistical analyses in the present
study was to compare the language abilities of the earlier- and
later-identified groups. The question of whether or not the differ-
ences, if they were found, were consistent across a variety of
demographic subgroups was also addressed. To obtain this infor-
mation, eight separate analyses of covariance (ANCOVAs), cova-
rying for cognitive ability, were performed. In each analysis, the
total LOQs of the two age-of-identification groups was compared.
Additionally, each ANCOVA included a main effects comparison
between different levels of a specific demographic variable (eg,
males versus females). The interaction between the main effect
and the effect of the demographic variable was examined to
determine if the differences in age of identification were constant
across the different levels of the demographic variable (eg, to
determine if the age of identification effect existed for both males
and females}.

To determine if age of identification had a differential effect on
children with normal versus low cognitive ability, the effect of age
of identification was examined within two cognitive-ability sub-
groups as well as in the group as a whole. One cognitive-ability
subgroup included children with normal cognitive skills and the
other included participants with low cognitive skills. A CQ of 80
was selected as the cutoff to categorize participants into a normal-
or low-cognition group. Using this criterion, 29% of the children in
the earlier-identified group and 56% in the later-identified group
were placed in the low-cognitive ability category.

Within each cognitive-ability group, strong positive correla-
tions were obtained between cognitive and language ability (r
ranged from 0.73 to 0.75, P < .01} across the two cognitive groups
and the three language measurcs. For this reason, cognitive ability
continued to be used as a covariate, even when comparisons were
made within the normal- or low-cognition groups. Additionally,
for each ANCOVA, the cell means were calculated adjusting for
cognitive ability to protect against possible imbalances in the
specific cognitive scores of the children in the carlier- and later-
identified groups.

This investigation was approved by the Human Subjects Re-
view Board at the University of Colorado—Boulder.

TABLE 2. Results for Analyses of Covariance for Total Group: Language Quotient Scores by Age of Identification of Hearing Loss
Language Scale Age of Identification Adjusted Standard Effect for Age of
Mean Deviation Identification
F[1,147] P
Receptive By 6 months 79.6 258 25.4 <.001
After 6 months 64.6 209
Expressive By 6 months 78.3 26.8 25.8 <.001
After 6 months 63.1 19.8
Total language By 6 months 79.0 25.6 29.5 <.001
After 6 months 63.8 19.3
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Fig 1. Adjusted mean total language quo-
tients for groups based on age of identifica-
tion of hearing loss.

Pure Tone Average:

Cognitive Quotient:

RESULTS
Total Group

Children with hearing losses identified by 6
months of age had significantly higher LQs than
those children whose hearing losses were identified
after 6 months of age. This effect was found for their
receptive LQs (F[1,1471 = 25.4; P << .001), expressive
LQs (F[1,147] = 25.8; P < .001), and total LQs
(F[1,147} = 29.5; P < .001). Children who were iden-
tified earlier had adjusted mean LQs of 79.6 (5D =
25.8) for receptive language, 78.3 (5D = 26.8) for
expressive language, and 79.0 (SD = 25.6) for total
language. Children who were identified after 6
months of age had adjusted mean LQs of 64.6 (SD =

Adjusted Mean Total Language Quotient
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20.9) for receptive language, 63.1 (SD = 19.8) for
expressive language, and 63.8 (SD = 19.3) for total
language (see Table 2).

The average age of identification for children in
the later-identified group ranged from 7 to 34
months (median = 16 months). To examine the effect
of age of identification on these children, the partic-
ipants were divided into four age-of-identification
groups: a) 7 to 12 months (n = 25), b) 13 to 18 months
(n = 23), ¢) 19 to 24 months (# = 16}, and d) 25
months or later (n = 14). Adjusted mean expressive
LQs by group were: a) 58.5 (SO = 21.2) b) 58.2 (SD =
18.4), ) 60.5 (SD = 20.3), and d) 55.8 (SD = 20.2).
Adjusted mean receptive LQs by group were: a) 57.8

Results of Analyses of Covariance for Children With Normal Cognition: Language Quotient Scores by Age of Identification

Language Scale Age of Identification Adjusted Standard Effect for Age of
Mean Deviation Identification
F[1, 82} P

Receptive By 6 months 922 199 24.5 <001
After 6 months 717 19.7

Expressive By 6 months 90.5 21.9 25.8 <.001
After 6 months 68.7 20.3

Total language By 6 months 91.3 19.8 29.6 <0013
After 6 months 70.2 185

TABLE 4. Results for Analyses of Covariance on Total Language Quotient by Demographic Variable and Age of Identification of
Hearing Loss for Children With Normal Cognition
n Age of Identification Demographic Measure Interaction of Age of
Identification and
Demographic Measure
F df P F df P F df P
Gender 85 30.6 1, 80 <01+ 4.2 1,80 04* 1.0 1, 80 33
Ethnicity 85 235 1, 80 <01+ 3.9 1,80 05 0.1 1, 80 75
Mother’s education 67 17.7 1, 62 <01+ 0.1 1,62 79 0.2 1,62 67
Medicaid recipient 54 4.8 1,49 03% 0.01 1,49 .93 0.4 1,49 50
Degree of hearing loss 74 15.0 1, 63 <01t (.4 4, 63 .79 0.4 4, 63 B84
Mode of communication 85 28.5 1, 80 <01+ 3.7 1, 80 06 0.01 1, 80 92
Multiple handicaps 81 21.9 1,76 <01+ 0.2 1,76 65 0.6 1,76 45
Age at data collection 85 30.3 1,76 <01t 22 3,76 09 0.2 3,76 .89
*P << .05,
TP < .01
ARTICLES 1165
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Fig 2. A, Adjusted mean total language quotients for the earlier- and late identified groups by demographic category for children with
normal cognition. B, Adjusted total mean language quotients for the earlier- and later-identified groups by demographic category for

children with normal cognition.

(SD = 24.0), b) 61.6 (SD = 21.2), ¢} 62.9 (SD = 15.7},
and d) 57.1 (85D = 19.6). Adjusted mean total LQOs
were a) 58.2 (SD = 21.3), b} 59.9 (SD = 18.6), ¢} 61.8
(SD = 17.3), and d) 56.5 (SD = 19.1). Total LQs for
each group are presented in Fig 1. The mean LOs for
the four later age-of-identification groups were com-
pared using a separate univariate ANCOVA, with COs
as the covariate, for each of the three language mea-
sures (receptive, expressive, and total). In all three anal-
yses, no significant differences in language ability were
found among the four later age-of-identification groups
(expressive language: F[3,73] = 0.18, P = 91; receptive
language: F[3,73] = 042, P = .74; total language:
Fi3,73] = 0.29, P = .84}. To examine the relationship
between LQs and age of identification in the later-
identified group further, Pearson product moment cor-
relations were calculated. No significant correlations

were found for these later-identified children between
age of identification and any of the three LQs (expres-
sive language: r = —0.06, P = .64; receptive language:
r = —0.06, P = .60; total language: r = ~0.06, P = .60).

Children With Normal Cognitive Ability

Children with normal cognitive ability whose
hearing losses were identified by 6 months of age
had significantly higher LQs than children with nor-
mal cognitive ability whose hearing losses were
identified after 6 months of age. This effect was
found for their receptive LQs (F[1.82] = 245, P <
001}, expressive LQs (F,[1,82] = 25.8, P < .001), and
total LQs (F[1.82] = 29.6, P < .001). Children who
were identified earlier had adjusted mean LQs of
92.2 (8D = 19.9) for receptive language, 90.5 (5D =
21.9} for expressive language, and 91.3 (5D = 19.8)
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Fig 2. Continued.

for total language. In contrast, the later-identified
group had adjusted mean LQs of 71.7 (SD = 19.7) for
receptive language, 68.7 {(SD = 20.3) for expressive
language, and 70.2 (SD = 18.5) for total language (see
Table 3).

To determine if earlier identification was associ-
ated with higher total LQs only for children with
specific demographic characteristics, the effect was
examined in a variety of subgroups of the current
sample. This analysis was accomplished by conduct-
ing a series of eight two-way ANCOVAs with CQs
used as the covariate. In each ANCOVA, the main
effect of age of identification was tested. The second
main effect tested was a demographic variable fre-
quently associated with language ability. Specifi-
cally, the effect of one of the following demographic
variables was assessed in each of the eight ANCO-

VAs: gender, minority status, materna!l level of edu-
cation, Medicaid status, degree of hearing loss, com-
munication mode, presence of additional disabilities,
and participants’ age at the time of testing. A signif-
icant main effect for age of identification was found
for all eight ANCOVAs (see Table 4 for specific F, p,
and n values). Of the eight demographic variables
tested, only gender yielded a significant main effect
with males obtaining significantly higher total LQs
than fernales (F{1,80] = 4.2, P < .05). Further analysis
revealed that the MCDI adjusted age scores by gen-
der because in the normative sample for this test,
males demonstrated slower language development
within this age range. Thus, the same raw score
yielded a higher language age for a male than for a
female. No significant differences were found be-
tween the raw scores of the female participants in
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Fig 3. Discrepancy between cognitive quotient and language
quotient by age of identification of hearing loss for children with
normal cogunition.

this study and the male participants {receptive lan-
guage: t, 0.37; df 148; P = .72; expressive language: {,
018 df, 148; P = .86; total language: t, 0.27; df, 148;
79. In all elght ANCOVAs, there was no sig-
mﬁcant interaction between age of identification and
the demographic variable. Thus, the age of identifi-
cation effect was consistent across all of the demo-
graphic subgroups tested. These results are illus-
trated graphically in Figs 2A and 2B where it also can
be seen that for each demographic subset of the
earlier-identified group the mean LQs were within
the normal range (mean LQs = 82.4 to 98.8).
Hearing children typically demonstrate language
skiils that are commensurate with their cognitive
abilities. This relationship has not been found among
children with hearing loss. Significant differences
between performance intelligence and language abil-
ity consistently have been found for school-aged chil-
dren with significant hearing loss.>** To examine
this relationship in the two age-of-identification
groups, the participants’ L(Qs were subtracted from
their CQ. Depending on the LQ used (ie, receptive,
expressive, or tetal), these mean difference scores
ranged from 5 to 7 quotient points for the earlier-
identified group and from 24 to 26 points for the
children who were identified later (see Fig 3). The
cognitive-linguistic difference scores were used in a
2 X 3 mixed-design multivariate analysis of variance.

TABLE 5.  Results for Analyses of Covariance for Children
With Low Cognition: Language Quotient Scores By Age of Iden-
tification of Hearing Loss

Language Scale/ Adjusted  Standard Effect for
Age of Identification Mean Deviation Age of
Identification
Fi1,62] P
Receptive
By 6 months 60.4 21.4 3.7 {6
After 6 months 51.8 18.9
Expressive
By 6 months 58.8 20.9 3.0 09
After 6 months 51.7 17.5
Total language
By 6 months 59.6 20.6 3.8 .05
After 6 months 51.7 17.3
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For this analysis, age of identification was the be-
tween-subjects factor and type of language measure
used in the difference calculation (receptive, expres-
sive, or total) was the within-subjects factor. This
analysis resulted in a large effect by age of identifi-
cation (F[1,83] = 23.5, P < .001) and no significant
effect for type of language measure (F[2,166] = 2.15,
P = 12). The interaction of age of identification by
type of measure was not significant (F[2,166]} = 0.5,
P = .6} indicating that the age of identification effect
was consistent across the three (receptive, expres-
sive, and total) cognition-language difference scores.
The large difference between the later-identified chil-
dren’s CQ and LQ (CQ — LQ) indicates that the
language skills of these children’s are much poorer
than would be expected given their cognitive ability.

Children With Low Cognitive Ability

Children with CQs below 80 whose hearing losses
were identified by 6 months of age had an adjusted
mean receptive LQ of 60.4 (SD = 21.4), an expressive
LQ of 58.8 (SD = 20.9), and a total LQ of 59.6 8D =
20.6). These means contrast with the means for the
later-identified group that were 51.8 (SD = 18.9) for
receptive language, 51.7 (SD = 17.5) for expressive
language, and 51.7 (SD = 17.3) for total language (see
Table 5). Differences between the two age-of-identifica-
tion groups were not statistically significant when re-
ceptive or expressive LQs were used as the dependent
measure (receptive language F|1,62] = 3.7, P = .06;
3.0, P = .09). When total
language score was the dependent variable, the age-of-
identification effect was significant (F[1,62] = 3.8,
P = .05).

Similar to the results for children with normal
cognitive ability, the discrepancy between the partic-
ipants” CQ and LQ was significantly higher for the
later-identified group (F[1,63] = 431, P < .05). As
shown in Fig 4, the earlier-identified group had LQs
that were remarkably similar to their CQs; the mean
difference in the two quotients was <3 points. In the
later-identified group, the mean gap between the
children’s CQ and L{) was 16 points. Thus, the ear-
lier-identified group performed linguistically as well
as would be expected given their cognitive ability,
whereas the later-identified children demonstrated

O
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Expressive Total

Language Scale

Receptive

Mean Difference Score (CQ - LQ)

| Ey 8 Months

T Afer 8 Months |

Fig 4. Discrepancy between cognitive quotient and language
quotient by age of identification of hearing loss for children with
low cognition.
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language skills that were below cognitive-level ex-
pectations.

Interestingly, for those participants who were
tested at 31 to 36 months age, the mean total LQ of
the earlier-identified low-cognition group (n = 6)
was almost identical with the mean of the children
with normal cognition who were identified later (n =
8). As shown in Fig 5, the mean total LQ for both of
these groups was between 71 and 72.

DISCUSSION

In this study, a group of children whose hearing
losses were identified by 6 months of age demon-
strated significantly better receptive and expressive
language skills than did children whose hearing
losses were identified after the age of 6 months. This
language advantage was evident across age, gender,
socioeconomic status, ethnicity, cognitive status, de-
gree of hearing loss, mode of communication, and
presence/absence of other disabilities. The language
difference between the two age-of-identification
groups was so large that the mean performance of
the earlier-identified children was almost a full SD
higher than the mean performance of later-identified
children.

In this study, there was no significant difference
between the earlier- and later-identified children on
a wide variety of demographic variables frequently
associated with language ability. In addition, on the
average, both groups of children received interven-
tion services within several months of the identifica-
tion of their hearing loss. These services were pro-
vided by the same agency for the vast majority of
children in both groups, and, once intervention was
initiated, both groups received the same type and
intensity of service. Despite the many similarities
between the two groups, there were two identified
variables on which the groups differed, ie, age of
identification (and subsequent intervention) and
cognitive ability. Differences in the participants’
cognitive abilities were controlled statistically in all
analyses. Thus, the remaining variable (age of iden-
tification and subsequent intervention) must be con-
sidered as a possible explanation for the language
differences noted at 1 to 3 years of age.

Earlier Identification/
Normal Cognition...............

Later Identification/
Normal Cognition..............

Fig 5. Mean total language quotient scores at 31 to 36
months by age of identification of hearing loss and
cognition.

, Later Identification/
Low Cognition.....................

Fartier Identification/
Low Cognition....................

To provide the most solid evidence that early iden-
tification and subsequent intervention impacts later
language ability, a controlled, prospective investiga-
tion with random assignment to early- versus late-
identified groups and treatment versus no-treatment
groups might be proposed. Presently, such a study is
not feasible for several reasons. First, random assign-
ment to groups based on time of identification is not
possible in an increasing number of states because of
recent legislative mandates to screen the hearing of
all newborns. Even in those states without universal
hearing screening programs, parental cooperation
for such a study is likely to be quite low. Under the
Individuals with Disabilities Education Act, families
are entitled to a timely evaluation if they suspect
their child has a disability. Once parents become
suspicious that their child has a hearing loss, it is
unlikely they would be willing to delay an evalua-
tion even if they previously had consented to being
placed in a late-identification group.

Soliciting participation in a study that might result
in assignment to a no-treatment (or delayed-treat-
ment) group also is likely to meet with substantial
parental resistance. This is because, in addition to
timely assessment, the Individuals with Disabilities
Education Act stipulates the provision of prompt
intervention services after a disability is identified. It
is likely that most parents would not be willing to
delay these federally-guaranteed services for their
child in the interest of research.

Because of the obstacles to randomly assigning
children to early- and late-identification/interven-
tion groups, the topic of early identification and in-
tervention must be explored through descriptive
studies using naturally occurring groups of children.
The results of such descriptive studies become more
powerful when they are replicated by a variety of
different researchers with independent samples of
children. Such is the case with the present question.
The language advantage reported in this study for
children who were identified earlier is consistent
with several previous studies on the early identifica-
tion of hearing loss. White and White % Robinshaw,*
Moeller,® and Apuzzo and Yoshiraga-Itanc® all
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have reported significantly better language scores for
children whose hearing losses were identified earlier.

In the present investigation, and in all four studies
documenting a language advantage for the earlier-
identified group, children received early interven-
tion services shortly after their hearing losses were
identified. It is unlikely that language differences of
the magnitude documented in these studies would
occur simply by identifying hearing loss early; early
identification alone is unlikely to result in improved
outcomes if it is not followed by early intervention.

Research on school-aged children with severe-to-
profound hearing losses indicates a 40-point discrep-
ancy between performance intelligence scores (mean
of 100) and verbal intelligence scores (mean of
60)°24; even academically successful deaf students
demonstrate a 20-point discrepancy. It is interesting
that a cognitive-language quotient discrepancy was
already present by 3 years of age in the later-identi-
fied children in this study, raising the possibility that
the cognitive-linguistic gap previously reported in
school-aged children may have its roots in the first
year of life.

In the four previous investigations that have noted
better language skills in early-identified children, the
average age of identification for the early group was
below 12 months of age (with three of the four stud-
ies defining early identification as before 3 to 6
months of age). In the present study, there was no
significant difference in language scores between
four subgroups of later-identified children who were
divided sequentially according to age of identifica-
tion (from 7 months to greater than 25 months of
age). This may explain the results of a previous study
that examined the contribution age of intervention
makes to later language ability and failed to find any
significant contribution.” In that study, 91% of the
children began intervention some time before 3 years
of age. Specific information regarding the distribu-
tion by age of intervention was not provided; how-
ever, unless a large proportion of the children began
intervention in the first 6 months of life, this study is
consistent with the results of the present investiga-
tion. That is, the present findings, and the pattern
that has emerged from previous studies, suggest that
for an earlier-identified group to demonstrate signif-
icantly better language skills than a later-identified
group, identification must truly occur early (e,
within the first 6 months of life).

Before the advent of universal newborn hearing
screening programs, identifying hearing loss by 6
months of age was rarely accomplished. Parents gen-
erally do not suspect a hearing loss until their child
fails to meet important speech and language mile-
stones at 1 to 2 years of age. Also, screening pro-
grams that only test infants who present with one or
more risk factors for hearing loss are typically testing
only ~50% of children who actually have a hearing
loss.}#4142 These factors have resulted in an average
age of identification of 11 to 19 months for children
with known risk factors for hearing loss®>7#* and
15 to 19 months for children without apparent
rlsk 17,4344

Taken as a group, previous and present research

findings suggest that the first year of life, especially
the first 6 months, is critical for children with hearing
loss. When hearing loss was identified and treated by
this time, several independent researchers have re-
ported that, as a group, children demonstrated aver-
age language scores that fell within the normal range
when they were 1 to 5 years old.?®* This finding is
encouraging and suggests that early identification
and subsequent intervention is associated with im-
proved language development in deaf and hard-of-
hearing children. If this is the case, it is critical that all
infants with hearing loss be identified by 6 months of
age and receive early intervention; universal new-
born hearing screening would be an excellent vehicle
for achieving this goal.

ACKNOWLEDGMENTS

This study was supported by the National Institutes of Health
{contract number NQO1-DC-4-2141), Maternal and Child Health,
the Colorado Department of Education, the University of Colo-
rado-Boulder, and the Colorado Department of Public Health and
Environment.

We wish to acknowledge the contributions of following indi-
viduals to this project: Arlene Stredler-Brown, Mah-rya Apuzzo,
Deborah DiPalma, Amy Dodd, Colette Roy, Joan McGill Eden,
Kathy Watters, Colorado Home Intervention Program regional
coordinators, Colorade Home Intervention Program parent facil-
itators, and the participating families.

REFERENCES

1. Mauk GW, Behrens TR. Historical, political, and technological context
associated with early identification of hearing loss. Semin Hearing. 1993;
14:1-17

2. Parving A. Congenital hearing disability: epidemiology and
identification: a comparison between tw¢ health authority districts. Int
J Pediatr Otolaryngol. 1993,27:29-46

3. Watkins P, Baldwin M, McEnery G. Neonatal at risk screening and the
identification of deafness. Arch Dis Child. 1991;66:1130-1135

4. Northern JL, Hayes DFH. Universal screening for infant hearing
impairment: necessary, beneficial and justifiable. Audiology Today. 1994;
6:10-13

5. Brannon JB, Murry T. The spoken syntax of normal, hard-of-hearing,
and deaf children. j Speech Hear Res. 1966;9:604-610

6. Davis ]. Performance of young hearing-impaired children on a test of
basic concepts. | Speech Hear Res. 1974;17:342-351

7. Davis JM, Elfenbein J, Schum R, Bentler RA. Effects of mild and mod-
erate hearing impairments on language, educational, and psychosocial
behavior of children. j Speech Hear Disord. 1986;51:53-62

8. Andrews JF, Mason JM. Strategy usage among deaf and hearing read-
ers. Except Child. 1991,57:536-545

9. Geers A, Moog ]. Factors predictive of the development of literacy in
profoundly hearing-impaired adolescents. Volta Rev. 1989,91:65—86

10. Moeller MP, Osberger Mj, Eccarius M. Receptive language skills. In:
Osberger M, ed. Language and Learning Skills of Hearing-Impaired Chil-
dren. ASHA Monogr. 1986;23:41-53

11. Webster A. Deafness, Development, and Literacy. London, England:
Methuen and Company Ltd; 1986

12. Wrightstone JW, Aronow MS, Moskowitz S. Developing reading test
norms for deaf children. Am Ann Deaf. 1963;108:311-316

13. Furth HG. A comparison of reading test norms of deaf and hearing
children. Am Ann Deaf. 1966;111:461-462

14. Allen TE. Patterns of academic achievement among hearing impaired
students: 1974 and 1983. In: Schildroth AN, Karchmer MA, eds. Deaf
Children in America. Boston, MA: College-Hill Press; 1986:161-206

15. Holt JA. Stanford Achievement Test-8th edition: reading comprehen-
sion subgroup results. Am Ann Deaf Ref Iss. 1993;138:172-175

16. Quigley SP. Environment and communication in the language devel-
opment of deaf children. In: Bradford 1J, Hardy WG, eds. Hearing and
Hearing Impairment. New York, NY: Grune and Stratton; 1979:287-298

17. Elssmann S, Matkin N, Sabo M. Early identification of congenital sen-
sorineural hearing impairment. Hearing ]. 1987,40:13-17

18. McFarland WH, Simmons FB. The importance of early intervention
with severe childhood deafness. Pediafr Anw. 1980;9:13-19

1170 LANGUAGE OF EARLY- AND LATER-IDENTIFIED CHILDREN WITH HEARING LOSS
Copyright © 1999. All rights reserved.



23.

24.

27.

30.

31.

. Mehl AL, Thomson V. Newborn hearing screening: the great omission.

Pediatrics. 1998;101(1). URL: http://www.pediatrics.org/cgi/content/
full/101/1/e4

. Ross M. Implications of delay in detection and management of deafness.

Volta Rev. 1990;92:69-79

. American Academy of Pediairics. American Academy of Pediatrics

Joint Committee on Infant Hearing 1994 position staternent. Pediatrics.
1995;95:1

. US Department of Health and Human Services. Healthy People 2000.

Public Flealth Service, DITHS Publication No. 91-50213: Washington,
DC: US Government Printing Office; 1990

NIH Consensus Statement. Identification of Hearing Impairment in infants
and Young Children. Bethesda, MD: NIH; 1993;11:1-24

American Academy of Audiology. American Academy of Audiolegy
position statement: early identification of hearing loss in children. Au-
diology Today. 1988;1:1--2

25. Bess FlI, Paradise fl. Universal screening for infant hearing

impairment: not simple, not risk-free, not necessarily beneficial, and not
presently justified. Pediatrics. 1994;93:330-334

. White S], White REC. The effects of hearing status of the family and age

of intervention on receptive and expressive oral language skills in
hearing-impaired infants. In: Levitt H, McGarr NS, Geffner D, eds.
Development of Language and Communication Skills in Ilearing-impaired
Children. ASHA Monogr. 1987;26:9-24

Musselman CR, Wilsor AK, Lindsay P11 Effects of early intervention
or: hearing impaired children. Except Child. 1988;55:222-228

. Robinshaw HM. Farly intervention for hearing impairment: differences

in the timing of commuricative and linguistic development. Br | Audiol.
1995;29:315-334

29. Apuzzo MI., Yoshinaga-ltano C. Harly identification of infants with

significant hearing loss and the Minnesota Child Development Inventory.
Semin Hear. 1995;16:124-137

Moeller MP. Early intervention-of hearing loss in children. Presented at
the Fourth International Symposium on Childhood Deafress; October
9--13, 1996, Kiawah Island, 5C

Stredler-Brown A, Yoshinaga-Ttano C. F. A. M. I. L. Y assessment: a
multidisciplinary evaluation tool. In: Roush J, Matkin N, eds. Infants and
Toddlers With Hearing Loss. Baitimore, MD: York Press; 1994:133~161

36.

37.

38.

39.

40.

41.

42.

43.

44,

. Calhour ). A Comparison of Two Methods of Evaluating Play in Toddlers.

Ft Collins, CO: Colorado State University; 1987. Thesis

. Ireton H, Thwing E. The Minnesota Child Development Inventory. Minne-

apolis, MN: University of Minnesota; 1974

. Eisert DC, Spector S, Shankaran 5, Taigenbaum D, Szego E. Mothers’

reports of their low birth weight infants” subsequent development on
the Minnesota Child Development Inventory. [ Pediatr Psychol. 1980;5:
353-364

. Chaffee CA, Cunningham CE, Secord-Gilbert M, Elbard H, Richards J.

Screening effectiveness of the Minnesota Child Development Inventory
expressive and receptive language scales: sensitivity, specificity, and
predictive value. Psychological Assessment: A journal of Consulting and
Clinical Psychology. 1990;2:80--85

Gottfried AW, Guerin D, Spencer JE, Meyer C. Validity of Minnesota
Child Development Inventory in screening young children’s developmen-
tal status. [ Pediatr Psychol. 1984;9:219-230

Tomblin JB, Shonrock CM, Hardy JC. The concurrent validity of the
Minnesote Child Development Inventory as a measure of young children’s
language development. | Speech Hear Dis. 1989,54:101-105

Fenson L, Dale P, Reznick J, et al. MacArthur Communicatioe Development
Inventories: User’s Guide and Technical Manual. San Diego, CA: Singular
Publications; 1993

Shepard N, Davis JM, Gorga MP, Stelmachowicz PG. Characteristics of
hearing-impaired children in the public schools: part i—demographic
data. | Speech Hear Dis. 1981;46:123-129

Watson BU, Sullivan P, Teare J, Thompson R. Intellectual evaluation. In:
Osberger, MJ, ed. Language and Learning Skills of Hearing-Impuaived Chil-
dren. ASHA Monogr. 1986;23:32-37

Pappas DG. A study of the high-risk registry for sensorineural hearing
loss. Arch of Otolaryngol Head Neck Surg. 1983;91:41--44

Mauk GW, White KR, Mortensen LB, Behrens TR, The effectiveness of
screening programs based on high-risk characteristics in early identifi-
cation of hearing loss. Ear Hear. 1991;12:312-319

Stein L. On the real age of identification of congenital hearing loss.
Audiology Today. 1995;7:10-11

Harrison M, Roush J. Age of suspicion, identification, and intervention
for infants and young children with hearing loss: a national study. Ear
Hear. 1996;17:55-62

ORPHAN FACTORY PLANNED

Plans to treat HIV-infected women only during pregnancy and not afterwards
were attacked as far too limited . . . Many of the mothers may soon die of AIDS, the
critics said, and the United Nations (UN) plan will create an orphan factory.

Altman LK. UN plans to treat 30,000 FIV-infected pregnant women. New York Times. June 30, 1998
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