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Purpose: There is ambiguity in the clinical and research
communities regarding whether children with mild bilateral
hearing loss (MBHL) are at risk for delays. The goal of the
current article is to expand the evidence base surrounding
outcomes for the current generation of children with MBHL.
Method: Using independent-samples t tests, we compared
children with MBHL to same-age peers with normal hearing
(NH) on measures of vocabulary, morphological awareness,
listening comprehension, and reading. We completed
regression analyses to explore the foundational linguistic skills
that influenced reading abilities in both groups. For the children
with MBHL, we examined whether hearing aid (HA) dosage
was associated with individual differences in language scores.
Results: Group comparisons indicated that children with
NH significantly outperformed children with MBHL on tests
of morphological awareness and listening comprehension.
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There were no differences in vocabulary size or reading
achievement; however, children with MBHL displayed
significant differences in the factors that accounted for
variability in reading scores compared to children with NH.
HA dosage was significantly associated with variation in
listening comprehension scores, but not vocabulary, reading,
or morphological awareness.
Conclusions: The current results provide evidence that
children with MBHL are at risk for persistent language
deficits by 4th grade, particularly in aspects of language
that involve form. Reading skills in children with MBHL
appear to be commensurate with same-age hearing
peers. Consistent use of well-fit HAs supports listening
comprehension, although the amount of benefit from HAs
may be reduced for children with higher unaided hearing
levels.
Congenital hearing loss is the most common health
condition that can be diagnosed at birth. Children
with mild hearing loss make up approximately

one third of children with hearing loss (Fitzpatrick, Durieux-
Smith, & Whittingham, 2010). While the risks of communi-
cation delays for children with bilateral sensorineural hearing
loss of moderate or greater degree are well established
(Ching et al., 2013), disagreement exists in the field about
whether mild bilateral hearing loss (MBHL; defined here
as better-ear pure-tone average [BEPTA] greater than 15 dB
and less than 45 dB) carries developmental risks. Researchers
have proposed that MBHL represents an overdiagnosis of
hearing loss (Carew et al., 2018), whereas other studies have
shown MBHL can lead to cascading developmental deficits
that affect communication outcomes in early elementary
grades (Walker, Holte, et al., 2015). The primary purpose
of the current study is to expand the evidence base regarding
the developmental risk that may occur in cases of children
with bilateral hearing loss who have substantial amounts of
residual hearing. The secondary purpose is to examine how
hearing aid (HA) dosage (i.e., the combined effect of HA
use and aided and unaided hearing levels) impacts language
and reading outcomes.

There is a fairly extensive literature examining outcomes
of children with MBHL. Studies describing children with
mild hearing loss relative to normative scores on standardized
tests generally show mean language and literacy scores
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within the average range based on normative samples (Blair,
Peterson, & Viehwig, 1985; Đoković et al., 2014; Tomblin,
Oleson, Ambrose, Walker, & Moeller, 2018; Walker, Holte,
et al., 2015), leading one to conclude that MBHL does not
represent a disabling condition. As pointed out in multiple
publications, however, reliance on norm-referenced scores
may overestimate performance for children who are hard of
hearing (Moeller, Tomblin, & OCHL Collaboration, 2015;
Werfel & Douglas, 2017). Thus, many studies have included
a hearing control group, matched on factors such as age,
grade, and/or socioeconomic status (SES), to better charac-
terize outcomes of children with MBHL relative to their
achievement potential (Bess, Dodd-Murphy, & Parker, 1998;
Blair et al., 1985; Carew et al., 2018; Đoković et al., 2014;
Fitzpatrick, Durieux-Smith, Gaboury, Coyle, & Whittingham,
2015; Porter, Sladen, Ampah, Rothpletz, & Bess, 2013;
Wake et al., 2006).

Findings comparing children with MBHL to hearing
peers have been mixed. Several studies have found no differ-
ences between these groups on various outcome measures.
Wake et al. (2006) compared 55 school-age children with
slight or mild hearing loss to a group of age- and IQ-matched
peers and found no significant differences in language or
literacy. None of the children with MBHL used HAs at
the time of testing. Based on these results, Wake et al.
concluded that children with mild hearing loss and normal
intelligence are not adversely affected by reduced auditory
access. Fitzpatrick et al. (2015) examined 24 children with
MBHL and 45 age- and SES-matched children with normal
hearing (NH) at 12, 24, 36, and 48 months. Consistent with
Wake et al., they did not find significant between-groups
differences on parent report language measures. Fitzpatrick
et al. noted that reduced hearing could have a negative
impact on language outcomes, but early identification, inter-
vention, and amplification may minimize or eliminate any
achievement gaps early in development, allowing children
with MBHL to be effectively caught up to peers by school
entry. Fitzpatrick et al. acknowledged, however, that they
lacked a group of children who were later identified and
did not receive intervention, which precluded their ability to
make definitive conclusions regarding the effects of clinical
management on outcomes. Carew et al. (2018) did not find
significant differences between 5- and 8-year-old children
with MBHL who were early identified and hearing peers on
standardized receptive and expressive language measures
after adjusting for SES, English as a second language, sex,
and nonverbal IQ, but their sample only included nine
children with MBHL who were early identified.

In contrast to the nonsignificant findings by Wake et al.
(2006), Fitzpatrick et al. (2015), and Carew et al. (2018), other
studies have indicated that mild hearing loss can adversely
affect developmental outcomes. Blair et al. (1985) found
significantly lower scores on standardized academic tests
for children with MBHL in first through fourth grade com-
pared to hearing peers in their classes. Bess et al. (1998)
reported that 37% of children with minimal hearing loss
(MBHL and unilateral hearing loss combined) had failed at
least one grade. In more recent reports, Porter et al. (2013)
18 Language, Speech, and Hearing Services in Schools • Vol. 51 • 17–
showed that children with minimal hearing loss (MBHL
and unilateral hearing loss combined) scored more poorly
on teacher report measures of attention, although there were
no significant differences on vocabulary, auditory compre-
hension, or decoding and reading comprehension measures.
Within the group of school-age children with minimal hearing
loss, later identification of hearing loss and lower maternal
education level were associated with larger psychoeducational
difficulties. Đoković et al. (2014) compared one hundred
forty-four 7- to 12-year-olds with MBHL to an age-matched
group of 160 hearing peers. Children with MBHL were
later identified (after school entry), had not received inter-
vention for their hearing loss, and did not use HAs. The
MBHL group performed significantly lower on standardized
measures of morphosyntax and verbal reasoning but dis-
played no significant differences in vocabulary skills. Finally,
Tomblin, Harrison, et al. (2015) reported that preschoolers
with MBHL were approximately 0.5 SD lower on vocabulary
(combined scores on the Wechsler Preschool and Primary
Scale of Intelligence–Third Edition: Vocabulary subtest
[Wechsler, 2002] and the Comprehensive Assessment of
Spoken Language: Basic Concepts subtest [Carrow-Woolfolk,
1999]) and 1 SD lower on morphosyntax (experimental
morphological elicitation task using probes of bound mor-
phemes, described in Tomblin, Walker, et al., 2015) relative
to an age- and SES-matched group of children with NH.

Only a few well-described, prospective cohorts of
children with MBHL have been reported in the literature,
which would allow for the exploration of the effects of HA
use and aided audibility on language outcomes. The effects
of amplification were specifically examined in a study by
Walker, Holte, et al. (2015), which included thirty-eight
5- and 7-year-olds with MBHL. No hearing control group
was included in the study, but participants were compared
between groups based on consistency of HA use (i.e., full-time
users, part-time users, nonusers). The three groups were
matched on nonverbal IQ and SES. The full-time HA users
achieved significantly higher scores on vocabulary, morpho-
syntax, and phonological awareness measures relative to
the non-HA users, with the largest effect size in the morpho-
syntax domain. One limitation of this study is that it did
not take into account how unaided hearing levels, aided
hearing levels, and amount of HA use interact. Understand-
ing the interactions of these variables is critical, if we are
to understand how children’s access to linguistic input impacts
developmental outcomes.

In the Outcomes of Children With Hearing Loss
(OCHL) study, we have proposed the cumulative linguistic
experience hypothesis to conceptualize the effects of reduced
auditory–linguistic access on language acquisition (Moeller
& Tomblin, 2015). This hypothesis posits that children who
have better unaided hearing and well-fit HAs and wear
HAs during all waking hours should have greater access to
linguistic input. We predict that this consistent access will
lead to richer cumulative language experience, which in turn
facilitates more efficient language learning and less risk of
delay. Tomblin, Harrison, et al. (2015) provide empirical
support for the cumulative linguistic experience hypothesis,
28 • January 2020



in that they showed that aided audibility (after controlling
for unaided hearing) and amount of daily HA use affect
language growth trajectories in children with mild-to-severe
hearing loss. One limitation of this research, however, is
that it did not explore whether the benefits of wearing ampli-
fication diminish or asymptote as unaided hearing levels
approach the normal range of hearing. It also did not examine
the effects of HA dosage—the combined effects of unaided
and aided hearing as well as the amount of HA use—on lan-
guage outcomes and whether increased HA dosage helps
to mitigate delays. Research in child language intervention
suggests that high dosage levels in treatment may not be as
effective for children who show high levels of engagement
or attentiveness, compared to children who are less engaged
or more inattentive (Warren, Fey, & Yoder, 2007). The
same dosage–response principle may apply to children
with hearing loss whose thresholds approach NH levels, but
as of yet, we do not have any evidence to support this
theory. Increased knowledge of the effects of HA dosage
would guide implementation of optimally effective inter-
ventions for professionals who work with children with
hearing loss.

To summarize, reports on the risk of developmental
delays in children with MBHL vary, but there is research
to suggest that a legitimate cause for concern exists. The
lack of significant differences across studies could be due
to test selection: Global language assessments and parent
report measures (Carew et al., 2018; Fitzpatrick et al., 2015;
Wake et al., 2006) may be insensitive to differences between
children with MBHL and children with NH. Results by
Đoković et al. (2014) and Walker, Holte, et al. (2015) indi-
cate that during the preschool and early elementary years,
deficits may be specific to areas of language form (i.e.,
morphology), whereas there appears to be less vulnerability
in language content (i.e., vocabulary). The surface hypothesis
(Leonard, 1989) provides theoretical support for this pattern
of increased risk in aspects of language form. The surface
hypothesis, originally intended to describe deficits in children
with developmental language disorders, proposes that the
acoustic characteristics of English grammatical morphemes
(e.g., short duration and relatively low phonetic substance)
make it difficult for children to learn English morphology.
Results from the longitudinal OCHL study support the
application of the surface hypothesis to preschool-age
children who are hard of hearing (Moeller & Tomblin, 2015;
Tomblin, Harrison, et al., 2015), including children with
MBHL (Walker, Holte, et al., 2015). It is unclear, however,
whether delays in these vulnerable areas of language will
persist over time or have cascading developmental conse-
quences in the elementary years, particularly in terms of
reading achievement.

Far less research has been conducted with respect to
reading outcomes for children with MBHL compared to
other developmental areas. Reading proficiency is of para-
mount concern, however, because of the implications for
long-term academic and vocational success. Porter et al.
(2013) did not find significant differences in decoding and
reading comprehension, but that study combined children
with MBHL and unilateral hearing loss together, resulting
in only 12 children with bilateral HL. Wake et al. (2006)
also did not find deficits in reading, but the majority of their
sample had a slight (15–25 dB HL) hearing loss. Further
research is needed to determine whether children with MBHL
show deficits in areas of grammar, vocabulary, and reading
in later grades or whether they are able to close the achieve-
ment gap after the preschool years (Tomblin, Harrison,
et al., 2015). Another unanswered but related question is
what underlying mechanisms support reading achievement
in children with MBHL. If they are able to achieve reading
levels that are commensurate with their hearing peers (as
indicated by Porter et al., 2013 and Wake et al., 2006), are
they relying on the same skills as children with NH, or do they
show differences in how they achieve reading proficiency?
Identifying fundamental skills that support reading abilities
is important because it provides insight into how we might
approach preliteracy and literacy intervention for different
populations.

To understand the underlying factors that contribute
to reading in children with MBHL, we have a large literature
base to draw on that describes reading skills in typically
developing children. Much of that literature is based around
the “simple view” of reading (Gough & Tunmer, 1986),
which conceptualizes reading comprehension as two inter-
dependent aspects: decoding and language comprehension.
During the early elementary years (first to third grade),
reading ability is heavily dependent on decoding, which is
directly influenced by code-based skills (i.e., phonological
awareness, alphabet knowledge, and knowledge of print
concepts). Starting around third grade, however, language
comprehension becomes important for reading achievement.
At this point, linguistic skills (vocabulary, listening com-
prehension) play a direct role in reading comprehension
(Nation & Snowling, 1999; Storch & Whitehurst, 2002).
Metalinguistic skills, such as morphological awareness, also
contribute to reading abilities by mid-elementary grades
(Apel, Wilson-Fowler, Brimo, & Perrin, 2012). Morphological
awareness can be defined as the ability to recognize morpho-
logical structure in words (Apel, 2014; Carlisle, 2000). To
date, however, there have been no investigations looking at
the concurrent influence of vocabulary, listening compre-
hension, and morphological awareness skills on individual
differences in reading for children with MBHL. Given past
research that suggests that children who are hard of hearing
show increased variability in morphological knowledge
relative to vocabulary knowledge (Tomblin, Harrison, et al.,
2015), it is possible that children with MBHL could demon-
strate differences in the factors that account for variance
in reading compared to children with NH, even if end-
point reading outcomes are the same between groups. An
alternative hypothesis is that children with hearing loss,
including children with MBHL, will show delays in reading
acquisition, but the underlying sources that account for
variance in reading will be consistent with children with NH
(qualitative similarity hypothesis; Paul & Lee, 2010). Regard-
less of the prediction, expanding our knowledge regarding
the foundational skills that contribute to literacy will lead to
Walker et al.: Mild Hearing Loss 19



a better understanding of reading development for children
with MBHL and inform clinical and educational practices.

The goal of the current article is to advance the under-
standing of outcomes in the current generation of school-age
children with MBHL to better inform clinical management
practices. In doing so, we will address the following research
questions:

1. Do children with NH outperform children with MBHL
on language and reading measures in fourth grade?

2. What linguistic skills (vocabulary, language compre-
hension, morphological awareness) predict reading
outcomes in children with MBHL and children with
NH in fourth grade?

3. What factors are associated with individual differences
in language and reading measures for children with
MBHL?
Method
Participants

Participants included a subset of children who were
enrolled in a multicenter, prospective, longitudinal study
on outcomes of children who are hard of hearing (OCHL).
Children were recruited from three primary sites: University
of Iowa, Boys Town National Research Hospital, and
University of North Carolina–Chapel Hill. All participants
were required to meet the following criteria to enroll in the
study: (a) spoken English as the primary communication
mode, (b) vision within normal limits (with correction, if
needed), (c) no significant motor or cognitive delays, and
(d) between the ages of 6 months and 7 years at the first
testing visit.

The current study focuses on outcomes of 60 chil-
dren (33 girls, 27 boys) with MBHL (BEPTA greater than
15 dB HL and less than 45 dB HL) and 69 children (39 girls,
30 boys) with NH who received nonverbal IQ, language,
and literacy tests. The average age of the children with MBHL
was 10.38 years, and the average age of the children with
NH was 10.37 years. Table 1 shows demographic information
of the sample. For children with MBHL, the average BEPTA
was 33.40 dB HL (SD = 7.38, range: 18.75–43.75). Fifty-
one children wore bilateral HAs, four wore an HA uni-
laterally, and four children did not use HAs at all. One child
only had HAs available for use at school, but not at home.
Procedure
All study procedures were approved by the institutional

review boards at The University of Iowa, Boys Town Na-
tional Research Hospital, and University of North Carolina–
Chapel Hill. Tomblin, Walker, et al. (2015) describe the
experimental design and procedures for participants in the
OCHL study. Data collection began in 2009. Nonverbal IQ
testing took place during the first 5-year cycle at 4, 5, or
6 years of age. No participants were more than 1.5 SDs
from the average range on nonverbal IQ testing. In 2013,
20 Language, Speech, and Hearing Services in Schools • Vol. 51 • 17–
children were enrolled in the second cycle of the longitudinal
study, Outcomes of School-Age Children Who Are Hard of
Hearing. All Outcomes of School-Age Children Who Are
Hard of Hearing participants were tested as a single cohort
in the summers after second and fourth grade.

Audiologic Assessment
A certified audiologist completed the hearing assessment

at every test visit. Air- and bone-conduction thresholds were
obtained for children with MBHL at 250, 500, 1000, 2000,
4000, 6000, and 8000 Hz. The four-frequency BEPTA was
calculated for subsequent analyses. Children with NH passed
a screening at 20 dB HL at 500, 1000, 2000, and 4000 Hz.

HA Verification and Audibility Measures
HA verification was completed with Audioscan Verifit

speechmapping software (Cole, 2005) using simulated real-ear
measures. Probe-microphone real-ear-to-coupler differences
(Bagatto et al., 2005) were completed prior to HA verification
in a 2-cc coupler. The Speech Intelligibility Index (SII;
ANSI S3.5-1997), a weighted proportion of the amount of
the long-term average speech spectrum audible above the
listener’s thresholds, was calculated using the standard male
carrot passage speech signal (Cox & McDaniel, 1989) at
an average input level (60 or 65 dB SPL). An SII value of
0 indicates that none of the long-term average speech spec-
trum is audible and 1 represents complete audibility. The
better-ear SII at average speech levels was calculated for
subsequent analyses.

HA Use Measures
During the test visit, the caregiver completed a ques-

tionnaire related to daily HA use (see Walker et al., 2013,
for an example of the HA use questionnaire). Caregivers
estimated average number of hours that the child wore HAs
during the week and weekends, which was calculated as a
weighted HA use measure (weekday use * 0.71 [5/7 days of
the week] plus weekend use * 0.29 [2/7 days of the week]).

Language and Reading Measures
Test protocols were developed to be appropriate for

children utilizing spoken English in fourth grade. The
Woodcock-Johnson Tests of Achievement-III Picture Vocab-
ulary subtest (WJTA-III; Woodcock, McGrew, Mather, &
Schrank, 2001) measures expressive vocabulary via picture
naming. The WJTA-III Understanding Directions subtest
measures listening comprehension. It involves listening to
sequential directions and maintaining the sequence of direc-
tions in response to the examiner’s prompt. Overall reading
abilities were assessed via the Gray Oral Reading Tests–
Fifth Edition (GORT-5; Wiederholt & Bryant, 1992). The
GORT is a timed reading task where the subject is given
instructions to read a passage aloud as quickly and carefully
as possible. After reading the passage, the participant answers
several questions about the passage that are given orally
by the examiner. The GORT yields an oral reading index
that combines fluency and reading comprehension scores.
The Test of Morphological Structure (TMS; Carlisle, 2000)
28 • January 2020



Table 1. Demographic characteristics for children with mild bilateral hearing loss (MBHL) and children with normal hearing (NH).

Variable

Children with MBHL (n = 60) Children with NH (n = 69)

n M (SD) Range n M (SD) Range

Chronological age (years) 60 10.38 (0.35) 9.75–11.52 69 10.37 (0.37) 8.96–11.08
Maternal education level (years) 60 15.65 (2.34) 12–20 66 15.73 (2.97) 8–20
Better-ear PTA (dB HL)a 60 33.40 (7.38) 18.75–43.75 69 < 20
Better-ear unaided SII 58 0.64 (0.18) 0.32–.098 N/A
Better-ear aided SIIb 59 0.88 (0.08) 0.56–0.99 N/A
Age at confirmation (months) 59 27.00 (23.70) 1.00–64.00 N/A
Age at HA fitting (months) 56 32.42 (27.80) 2.00–108.00 N/A
Age at early intervention (months) 36 11.28 (10.31) 1.00–36.00 N/A
Amount of daily HA use (hours) 60 9.74 (4.42) 0–16 N/A

Note. PTA = pure-tone average; SII = Speech Intelligibility Index; N/A = not applicable; HA = hearing aid.
aThe criteria for study enrollment for children who were hard of hearing was better-ear PTA of no better than 25 dB HL. Exceptions were made to
include children with mild high-frequency HL (3-frequency PTA less than 25 dB HL in the better ear, but thresholds greater than 25 dB HL at
3, 4, or 6 kHz). bFor children with MBHL who did not have hearing aids (n = 4), unaided SII is included. For children with hearing aids, aided
SII is included.
assesses morphological awareness of the composition of
inflected and derived words. We used the raw scores from
the Word Derivation subtest, as it has been shown to be
variable in typically developing children. In this cloze pro-
cedure task, the examiner says a target word aloud and
then reads a sentence that is missing the final word. The
participant is expected to change the target word into a
different form that will complete the sentence (i.e., “Farm.
My uncle is a _____. [farmer]). The TMS was administered
orally, and participants’ responses were oral. Items were
scored as correct (1 point) or incorrect (0 points), with a total
of 28 possible points.

Statistical Analyses
For Research Question 1, t tests were used to determine

whether there were significant differences between groups
(children with MBHL and children with NH) on the lan-
guage and literacy measures. Significance levels were set at
α = .05. Cohen’s d was included to report effect sizes. To
control for multiple independent variables and confirm
findings from the t tests, multivariate analysis of variance
(MANOVA) was also conducted. For Research Question 2,
we used a hierarchical linear regression model to explore
associations between predictor variables (i.e., vocabulary,
listening comprehension, and morphological awareness) and
an outcome variable (overall reading ability). For Research
Question 3, we again used linear regression models to ex-
plore associations between predictor variables and lan-
guage outcomes. Outcome variables included vocabulary,
listening comprehension, morphological awareness, and
reading. The predictors included maternal education
level, unaided better-ear SII, and aided better-ear SII.
We also included a variable that we termed HA dosage
which was a combination of HA use and audibility levels
(aided and unaided). This metric can be conceptualized
as a measure of how much daily benefit a child was
receiving from HAs. It was calculated as HA Dosage =
Daily HA Use hoursAided Better-ear SII – (24 – Daily HA Use
hours)Unaided Better-ear SII. In other words, number of hours of
daily HA use is weighted to the power of aided SII (access to
speech with HAs). If SII = 1, the child has full access to the
speech spectrum for that number of hours. This value is sub-
tracted from how often the child does not wear HAs during
the day, weighted to the power of unaided SII (access to
speech without HAs). Essentially, this equation combines the
number of hours of daily HA use with aided and unaided
hearing into one weighted measure of how much auditory ac-
cess a child experiences throughout a 24-hr day. HA dosage
was included in the regression model along with the other
predictor variables.
Results
Outcome Comparisons Between Children
With MBHL and Children With NH
Vocabulary

Children with MBHL (n = 60) demonstrated a mean
standard score of 99.78 (SD = 10.76) on the WJTA Picture
Vocabulary subtest, and children with NH (n = 69) dem-
onstrated a mean standard score of 103.06 (SD = 10.11).
The results of the independent-samples t test were not sig-
nificant, t(127) = 1.78, p = .077, d = 0.31.

Listening Comprehension
Children in the MBHL group (n = 59) demonstrated

a mean standard score of 97.59 (SD = 12.64) on the WJTA
Understanding Directions subtest, and children in the NH
group (n = 69) demonstrated a mean standard score of
104.70 (SD = 12.59). The results of the independent-samples
t test were significant, t(126) = 3.18, p = .002, d = 0.56.
Figure 1 displays the distribution of the Understanding
Directions standard scores for both groups.

Morphological Awareness
Children with MBHL (n = 58) demonstrated a mean

raw score of 16.64 (SD = 5.27) out of 28 possible on the
Walker et al.: Mild Hearing Loss 21



Figure 1. Box plots of Woodcock-Johnson Tests of Achievement
(WJTA) Understanding Directions standard scores (SS) for children
with mild hearing loss (left) and children with normal hearing (right).
The central lines represent the median values, the filled circles
represent the mean values, and the box limits are the 25th and
75th percentiles. The lower and upper fences are the 5th and 95th
percentiles. Open circles represent outliers. The hatched area
represents the average range for the normative sample.
TMS, and children with NH (n = 69) demonstrated a mean
standard score of 18.84 (SD = 4.78). The results of the
independent-samples t test were significant, t(125) = 2.47,
p = .015, d = 0.44. Figure 2 displays the distribution of scores
for both groups.
Figure 2. Box plots of Test of Morphological Structure raw scores
for children with mild hearing loss (left) and children with normal
hearing (right). The central lines represent the median values, the
filled circles represent the mean values, and the box limits are the
25th and 75th percentiles. The lower and upper fences are the 5th
and 95th percentiles.
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Reading
Children with MBHL (n = 59) demonstrated a mean

standard score of 93.36 (SD = 13.58) on the GORT Oral
Reading Index. Children with NH (n = 69) demonstrated a
mean standard score of 94.91 (SD = 12.25). The results of
the independent-samples t test were not significant, t(126) =
0.68, p = .497, d = 0.12.

Table 2 displays means, standard deviations, and results
of t tests for the four outcome measures. We also conducted
a MANOVA to adjust for multiple independent variables
and correlations between variables. Results were consistent
with the t tests. The overall MANOVA was significant,
F(4, 120) = 4.02, p = .004, partial η2 = .118. Follow-up
tests of between-subjects effects for individual measures indi-
cated significant group differences for listening comprehension
(p = .002) and morphological awareness (p = .016) and no
significant differences in vocabulary and reading outcomes.

Linguistic Predictors of Reading Outcomes in
Children With MBHL and Children With NH

Listening comprehension, vocabulary, and morpho-
logical awareness were entered as predictors, with overall
reading skills as the dependent variable (see Table 3). The
model for children with MBHL was significant, F(3, 52) =
25.04, p < .0001, R2 = .59. Morphological awareness and
vocabulary were both significant and accounted for unique
variance. Morphological awareness accounted for the greatest
amount of variance (β = 0.53, p < .001), followed by vocab-
ulary (β = 0.29, p = .023). Listening comprehension was
not a significant predictor in the model.

The model for children with NH was also significant,
F(3, 65) = 42.31, p < .0001, R2 = .66. In contrast to the
children with MBHL, vocabulary and listening comprehen-
sion were significant predictors. Vocabulary accounted for
the greatest amount of variance (β = 0.52, p < .001), followed
by listening comprehension (β = 0.38, p < .001). Morpho-
logical awareness was not a significant predictor in the model.

Child- and Family-Specific Predictors of Language
Outcomes for Children With MBHL

Maternal education level, better-ear unaided SII,
better-ear aided SII, HA dosage, and the interaction
between HA dosage and better-ear unaided SII were
entered into the model (see Table 4). We included the inter-
action to determine whether higher levels of unaided
hearing resulted in less of an effect of HA dosage on out-
comes. For vocabulary, better-ear unaided SII was the
only variable that was significant after controlling for the
other factors (β = 0.49, p = .031), indicating that better un-
aided hearing was associated with a larger vocabulary
size. For listening comprehension, HA dosage and the in-
teraction between HA dosage and unaided better-ear SII
were both significant (β = 1.53, p = .044, and β = −1.39, p =
.045, respectively). These results indicate that increased
HA dosage resulted in higher listening comprehension scores.
However, the interaction suggests that, as unaided hearing
28 • January 2020



Table 2. Summary statistics of outcome measures for children with mild bilateral hearing loss (MBHL) and children
with normal hearing (NH).

Outcome variable

MBHL NH Between groups

M (SD) M (SD) d p

WJTA Picture Vocabulary SS 99.78 (10.76) 103.06 (10.11) 0.31 .077
WJTA Understanding Directions SS 97.59 (12.64) 104.70 (12.59) 0.56 .002*
Test of Morphological Awareness raw score 16.64 (5.27) 18.84 (4.78) 0.44 .015*
GORT Oral Reading Index SS 93.36 (13.58) 94.91 (12.25) 0.12 .497

Note. WJTA = Woodcock-Johnson Tests of Achievement; SS = standard score; GORT = Gray Oral Reading Tests.

*Significance with α level = .05.
levels increase, there is less of an influence of HA dosage
on listening comprehension. Figure 3 provides a visual
display of this interaction. HA dosage is presented on the x-
axis; a negative HA dosage indicates that the child is
getting less benefit from HAs (either due to minimal use
or lower SII), and a positive HA dosage indicates that
the child is getting more benefit from HAs. In the figure,
the circles represent unaided SII (larger circles = higher
unaided SII). The three regression lines represent the 25th,
50th, and 75th percentiles of unaided SII. As unaided SII
decreases, HAs have more of an impact on listening com-
prehension, as shown by the steeper regression line. With mor-
phological awareness, none of the predictors was significant,
but unaided SII approached significance (β = 0.41, p = .073).
With reading, none of the predictors was significant, but
HA dosage and the interaction of HA dosage and unaided
hearing approached significance (β = 1.54, p = .078, and β =
−1.36, p = .076, respectively).
Discussion
The primary goal of the current study was to determine

whether children with MBHL demonstrate deficits in lan-
guage and reading outcomes by the mid-elementary grades.
We also explored key linguistic and metalinguistic factors
that account for individual differences in reading abilities
in children with MBHL compared to children with NH.
Finally, we sought to establish whether HA dosage affects
functional outcomes in a sample of children with significant
Table 3. Summary of linear regression analysis for reading ou
standard score) with the mild bilateral hearing loss (MBHL) gr

Predictor variables

MBHL

B B (SE)

WJTA Picture Vocabulary SS 0.36 0.16 2.
WJTA Understanding Directions SS 0.03 0.13 0.
TMS raw score 1.36 0.33 4.

Note. B = unstandardized coefficient; B (SE) = unstandardi
Johnson Tests of Achievement; SS = standard score; TMS =

*Significance with α level = .05.
residual hearing. The results are consistent with the notion
that children with MBHL show delays in specific aspects
of language. Further, higher HA dosage (measured via a
weighted metric of aided and unaided SII and hours of daily
HA use) appears to support listening comprehension for
children with MBHL.

Language and Reading Outcomes
All participants were tested the summer after fourth

grade. Although this is past the period in which primary
language skills are being established, the mid-elementary
years are still critical to academic and vocational success
(Nippold, 2016). Research shows that language acquisition
continues during this time, although changes in vocabulary
and grammar skills may be more subtle (Nippold, 1993,
1995). Importantly, fourth grade is the point at which chil-
dren transition from learning how to read to reading to learn
(i.e., using their reading skills to acquire new vocabulary,
advanced morphosyntax, and derivational morphology). In
conjunction with this transition, academic instruction begins
to shift toward decontextualized language in the classroom,
making it increasingly difficult for children with weak lan-
guage skills to meet the demands of academic settings. Most
of the studies examining outcomes of children with MBHL
have examined earlier stages of language development
(Carew et al., 2018; Fitzpatrick et al., 2015; Porter et al., 2013;
Tomblin, Harrison, et al., 2015; Walker, Holte, et al., 2015).
Thus, we are limited in our understanding of later language
and reading skills in the current generation of children with
tcomes (Gray Oral Reading Tests Oral Reading Index
oup and the normal hearing (NH) group.

NH

t p B B (SE) t p

34 .023* 0.63 0.13 4.97 < .001*
23 .823 0.37 0.09 4.17 < .001*
11 < .001* 0.06 0.27 0.23 .815

zed coefficient standard error; WJTA = Woodcock-
Test of Morphological Awareness.
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Table 4. Summary of linear regression analysis for vocabulary, listening comprehension, morphological awareness, and
reading outcomes for the mild bilateral hearing loss (MBHL) group.

WJTA Picture Vocabulary standard score

Predictors B B (SE) t p

HA dosage 1.83 1.27 1.45 .15
Better-ear unaided SII 29.15 13.09 2.23 .03*
Better-ear aided SII −14.81 23.78 −0.62 .53
Maternal education level: high school or less 3.08 4.79 0.64 .52
Maternal education level: vocational/some college −5.69 3.77 −1.51 .14
Maternal education level: college 0.76 3.75 0.20 .84
HA dosage × Better-ear unaided SII −1.69 1.53 −1.11 .27

WJTA Understanding Directions standard score

B B (SE) t p

HA dosage 3.20 1.55 2.07 .04*
Better-ear unaided SII 25.94 16.14 1.61 .11
Better-ear aided SII −23.85 28.98 −0.82 .41
Maternal education level: high school or less 1.07 5.95 0.18 .86
Maternal education level: vocational/some college −1.82 4.69 −0.39 .70
Maternal education level: college 0.26 4.68 0.06 .96
HA dosage × Better-ear unaided SII −3.84 1.87 −2.06 .05*

Test of Morphological Structure raw score

B B (SE) t p

HA dosage 1.00 0.64 1.57 .13
Better-ear unaided SII 12.11 6.61 1.83 .07
Better-ear aided SII −6.44 11.97 −0.54 .59
Maternal education level: high school or less 0.20 2.42 0.08 .93
Maternal education level: vocational/some college −3.58 1.97 −1.82 .08
Maternal education level: college −0.54 1.90 −0.28 .78
HA dosage × Better-ear unaided SII −0.99 0.77 −1.28 .21

Gray Oral Reading Tests Oral Reading Index

B B (SE) t p

HA dosage 2.54 1.41 −1.80 .08
Better-ear unaided SII 21.48 17.44 1.23 .22
Better-ear aided SII −39.15 38.09 −1.03 .31
Maternal education level: high school or less −2.81 5.06 −0.56 .58
Maternal education level: vocational/some college −5.89 4.26 −1.38 .17
Maternal education level: college −4.76 4.08 −1.17 .25
HA dosage × Better-ear unaided SII −2.81 1.55 −1.82 .08

Note. WJTA = Woodcock-Johnson Tests of Achievement; B = unstandardized coefficient; B(SE) = unstandardized
coefficient standard error; SII = Speech Intelligibility Index.

*Significance with α level = .05.
MBHL. A major contribution of the current article is that
it helps to fill this gap in our knowledge.

Overall, between-groups data showed a profile of
differential risk for children with MBHL. Between-groups
differences in vocabulary size did not reach significance,
suggesting that language content may be a relative strength,
although variability in performance and deficits are still
possible. In contrast to vocabulary, the MBHL group dem-
onstrated significant delays in listening comprehension
(which taps into working memory, receptive grammar, and
vocabulary) and specific aspects of language form, with
lower scores on a measure of morphological awareness. This
trend toward vulnerability in morphosyntax is consistent
24 Language, Speech, and Hearing Services in Schools • Vol. 51 • 17–
with the cumulative linguistic experience hypothesis described
by Moeller and Tomblin (2015). This hypothesis proposes
that development of specific language domains (morpho-
syntax, phonology) depends on good auditory access to the
phonetic structure of the linguistic input. Hearing loss, even
in the mild range, reduces the consistency of exposure to
morphemes. This is especially true for perceptually subtle
grammatical morphology (morphemes with /s/, /z/, or /t/) or
in cases where learning is taking place in acoustically de-
graded situations (i.e., virtually all classroom settings). The
results from the current study add to the growing literature
base that suggests children who are hard of hearing are at
risk for delays in morphological development (Hansson,
28 • January 2020



Figure 3. Standard scores on the Woodcock-Johnson Tests of
Achievement (WJTA) Understanding Directions subtest as a function
of the HA dosage with different levels of unaided Speech Intelligibility
Index (SII).
Sahlén, & Mäki-Torkko, 2007; Koehlinger, Van Horne, &
Moeller, 2013; McGuckian & Henry, 2007).

To the best of our knowledge, this is the first study to
examine performance on a test of morphological awareness
for children who are hard of hearing, although it has been
studied in children with cochlear implants (Apel & Masterson,
2015). We focused specifically on derivational morphology
skills (i.e., deriving a word such as farmer from farm) because
these skills show rapid growth starting around fourth grade
(Tyler & Nagy, 1989). These skills have also been shown to
contribute unique variance to reading comprehension, spelling,
and decoding (Carlisle, 2000; Wolter, Wood, & D’zatko,
2009). Based on the surface hypothesis (Leonard, 1989) and
the cumulative linguistic experience hypothesis, we would
predict that children with MBHL would have difficulty
with derivational morphology, which could be a source of
individual differences in reading scores. The current results
support that prediction and highlight the possible need for
clinical intervention for children with mild hearing loss who
are struggling in the morphological domain. In educational
and speech-language pathology settings, morphological
awareness has received less attention than other metalinguistic
skills such as phonemic awareness (Apel, 2014; Apel et al.,
2012), but these findings show that children with MBHL may
need additional assessment and support in this area.

A further prediction of the cumulative linguistic ex-
perience hypothesis is that language content will be less
impacted by hearing loss than language form. The basis of
this prediction stems from the rationale that vocabulary
acquisition will not rely as heavily on fidelity of phonetic
perception as morphology, and lexical cues are more redun-
dant and salient than phonetic cues in the input. The results
of the current study support this prediction, in that we did
not see any significant delays in vocabulary for the fourth
graders with MBHL. We acknowledge a limitation of the
current study is that we only included a measure of vocabu-
lary breadth and not vocabulary depth. The WJTA Picture
Vocabulary task asks the child to name pictures as they are
presented to him or her. Most standardized vocabulary
tests only involve word recognition or naming (i.e., vocabu-
lary breadth). These tasks measure surface-level knowledge
but do not tap into how much children know about words
(i.e., vocabulary depth). As children enter secondary grades,
deeper vocabulary knowledge leads to better reading com-
prehension (Nation & Snowling, 1999; Ouellette, 2006; Paul
& Gustafson, 1991). Recent research from the OCHL study
suggests that, by the end of third grade, children with mild
to severe hearing loss may be closing the gap with same-
age hearing peers in terms of vocabulary breadth, but not
vocabulary depth (Walker, Redfern, & Oleson, 2019).
Unfortunately, we did not have any measures of vocabulary
depth in the period analyzed in the current study, and
vocabulary depth measures often tend to be overlooked in
favor of vocabulary size measures in clinical and educational
settings. Future research should explore whether children
with MBHL have less in-depth knowledge of vocabulary,
as seen in children whose hearing loss ranges from mild to
severe, as opposed to only examining vocabulary breadth.

Linguistic Predictors of Reading Outcomes
On the global reading measure, the MBHL group

showed commensurate performance to NH peers, suggesting
that there were no quantitative differences on a composite
measure of reading fluency and comprehension. On the
other hand, the regression analysis showed differences be-
tween groups in the underlying factors that predict reading
outcomes. Higher reading scores were associated with
stronger vocabulary and listening comprehension skills
for the children with NH, with morphological awareness
not contributing to individual differences in reading. In
contrast, morphological awareness accounted for the major-
ity of the variance in reading scores for the children with
MBHL. Thus, the two groups appeared to demonstrate
unique pathways to achieving success in reading. This finding
is in contrast to the prediction that children with hearing
loss will use similar strategies in reading acquisition as CNH,
but with a slower developmental trajectory (Paul & Lee,
2010). We speculate that, because the children with MBHL
demonstrated great variability in morphological awareness,
this factor may have weighed more heavily on reading
outcomes for the group with hearing loss than the group
with NH, over and above the influence of vocabulary and
listening comprehension. The clinical implications of this
finding are that educators and speech-language pathologists
should be aware of the risk of morphological deficits in this
population and the influence that it has on reading outcomes.
It is also important to note that the apparent weaknesses
in morphology for the children with MBHL were not enough
to lead to significant global reading deficits on a group level;
however, it could affect later reading achievement or writing.
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Examining writing skills is beyond the scope of the current
study, but future directions should explore writing in children
with mild hearing loss, including spelling and different genres
of written expression (narratives, expository writing, and
persuasive writing).

Clinical Predictors of Language Outcomes
An important finding from this study is that increased

HA dosage appears to support listening comprehension. A
persistent challenge when trying to measure the benefit of
HA use in children with MBHL is that even when they
receive well-fit amplification, they may not use them on a
consistent basis (Walker, McCreery, et al., 2015; Walker
et al., 2013). Furthermore, amount of HA use is confounded
with unaided hearing levels, in that children with less access
to speech wear HAs more often than children with more
access. Here, we developed a metric that would combine
hours of HA use with aided and unaided audibility levels,
which we termed HA dosage. The purpose of this index
was to consolidate how much auditory access children with
HAs were getting with how often they were wearing the
HAs throughout the day; in other words, a measure of
“cumulative linguistic experience.” The results from a linear
regression analysis indicated that higher amounts of HA
dosage are significantly associated with better listening
comprehension scores. We also saw a significant interac-
tion between HA dosage and unaided SII, suggesting that
the benefits of HAs may plateau for children with higher
levels of unaided SII. The current data align with recent
evidence from McCreery et al. (2020), which suggested that
an unaided SII of greater than 0.80 may indicate resilience
in language acquisition for children with hearing loss. Read-
ing scores approached significance levels with HA dosage,
as did the interaction between HA dosage and unaided SII.
Vocabulary and morphological awareness were not signifi-
cantly associated with HA dosage, although there was
a positive correlation between vocabulary size and unaided
hearing levels. We interpret these data as evidence that
HAs, when worn consistently, are an effective intervention
strategy for children with MBHL. However, the effective-
ness of this form of treatment may decrease for children
with very slight degrees of hearing loss.

Clinical Implications
HA candidacy protocols for children with MBHL

historically have recommended amplification only after
evidence of developmental delays has been documented. This
“failure-based” approach (Winiger, Alexander, & Diefendorf,
2016) is the result of a lack of evidence-based HA candidacy
criteria and the fact that commonly used speech and lan-
guage assessments may lack sensitivity for the types of deficits
experienced by children with MBHL. As described above, a
critical finding from the current study is that children with
MBHL are at risk for delays in language form, particularly
morphology. Combined with the findings from our previous
research (Walker, Holte, et al., 2015), these deficits appear
26 Language, Speech, and Hearing Services in Schools • Vol. 51 • 17–
to persist at least into mid-elementary grades. Thus, morpho-
syntax and morphological awareness should be carefully
examined in children with MBHL, as this domain may be
an early clinical indicator for identifying which children with
MBHL would benefit from increased use of amplification
and additional support services.

Another take-home message from this study is the
importance of using aided and unaided audibility levels to
determine whether children will benefit from HAs. Current
HA candidacy criteria are typically based on audiometric
thresholds or estimates of thresholds from auditory brain-
stem responses, which do not take into account the effects
of ear canal acoustics on threshold measures. Although
children with MBHL are to be considered candidates for
HAs under the American Academy of Audiology (2013)
Clinical Practice Guidelines for Pediatric Amplification, no
discrete cutoff for candidacy is provided. Using unaided
SII measures rather than the dB HL audiogram may help
to standardize recommendations among audiologists and
identify which children are at risk for language delays
(McCreery et al., 2020). Additional work is needed to
examine how the unaided SII could be employed as a clinical
criterion for amplification in children with MBHL.

Limitations
Given the lack of evidence regarding the effects of

mild degrees of hearing loss on communication development,
this study has important clinical implications for service
delivery in this population. At the same time, there are sev-
eral limitations that should be acknowledged. As we have
described in several articles (e.g., Tomblin, Walker, et al.,
2015), the OCHL cohort consisted of a well-defined, tightly
controlled sample of children with hearing loss. We excluded
children with additional disabilities or children who were
learning spoken English as a second language to isolate the
effects of hearing loss on speech, language, and listening
outcomes. As a result, findings from the current study may
not apply to the general population of children with MBHL.
In addition, the OCHL cohort was biased toward higher
SES levels compared to the U.S. population as a whole, a
trend that is common in longitudinal volunteer research
(Holden, Rosenberg, Barker, Tuhrim, & Brenner, 1993). We
attempted to control for this SES confound by including an
age-matched sample of children with NH, who were recruited
from the same zip codes as the children with hearing loss.
Nevertheless, the participants with hearing loss in this study
may represent a “best case” scenario, in that most of the
children came from economically advantaged backgrounds
with access to high-quality intervention and education.

Another limitation of this study is that our outcome
measures consisted primarily of decontextualized, standard-
ized language tests. Use of these end-state measures does
not allow for examination of language processing in real
time. Furthermore, these tests may not be sensitive to the
unique vulnerabilities of children who are hard of hearing,
especially with respect to high-frequency verb and noun
morphology (Blaiser & Shannahan, 2018; Koehlinger et al.,
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2013; Koehlinger, Van Horne, Oleson, McCreery, & Moeller,
2015). The vocabulary measure, in particular, only assessed
surface-level lexical knowledge. As children grow older, the
ability to use vocabulary flexibly and efficiently plays a
large role in reading comprehension and academic success.
Future research should explore lexical–semantic organization
and activation. An exception to standardized tests in the
current test battery was the TMS, which is an experimental
measure designed to assess metalinguistic awareness of de-
rived morphological forms. Other metalinguistic skills, such
as orthographic awareness, have also been shown to be
associated with reading development in typically developing
children (Apel et al., 2012), but these skills have received
little to no attention in the literature on children who are
hard of hearing. Future studies should include multiple
measures of metalinguistic knowledge, as they may serve as
important targets in intervention and educational instruction.
Conclusions
This study demonstrated that children with MBHL

show persistent deficits in aspects of language form into
the mid-elementary grades. Vocabulary size and reading
skills appear to be age-appropriate by fourth grade; however,
the factors that are associated with success in reading may
be different between children with MBHL and children with
NH. Consistent HA use appears to be an effective interven-
tion approach for this population, although the benefits of
this approach may diminish with higher unaided hearing
levels. Finally, this study provides important evidence for
professionals and parents that, although the needs of children
with MBHL should not be underestimated, we can still
expect them to achieve language and reading outcomes that
are on par with their hearing peers.
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