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Abstract

Objectives—Children who are hard of hearing (CHH) have restricted access to acoustic and
linguistic information. Increased audibility provided by hearing aids (HASs) influences language
outcomes, but the advantages of appropriately-fit HAs can only be realized if children wear their
devices on a consistent basis. The purpose of the current paper was to characterize long-term HA
use in CHH, based on parent report measures, and identify factors that influence longitudinal
trends in HA use.

Design—Participants were parents of 290 children with mild to severe hearing loss. At every
visit, parents estimated the average amount of time the child used HAs per day during the week
and on the weekends. Parent reports of daily HA use were analyzed to determine if different
patterns of HA use were observed longitudinally during the study. Independent predictor variables
were then related to longitudinal trends in HA use within three age groups (infant, preschool,
school-age).

Results—On average across multiple visits, parents reported that their children wore their HAs
for 10.63 hours per day (SD = 3.29). Data logging values were lower than parent report measures
(M =8.44, D = 4.06), suggesting that parents overestimated daily HA use. The majority of
children in each age group wore HAs at least 8 hours per day from their first research testing
interval to their last, based on parent-report measures. Maternal education level predicted
longitudinal trends in HA use for infants and school-age CHH. Degree of hearing loss was related
to trends in school-age children only.

Conclusions—The current results indicated that the majority of CHH increased HA use over
time, but a sizable minority demonstrated a low level of use or decreased use in the time period
studied. Maternal education level influenced longitudinal trends in daily HA use. Degree of
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hearing loss influenced trends in school-age children only. Audiologists and early intervention
service providers might aid in improving HA use by providing regular hands-on training with the
HAs and individualized problem-based strategies to address the challenges families experience
with attaining a high level of use. Families may also benefit from practical demonstrations of the
benefits of consistent HA use, such as hearing loss simulations, examples of listening in noise with
and without HAS, or listening to malfunctioning HAs.

INTRODUCTION

One of the goals of this monograph is to explore the concept that consistent access to the
speech spectrum is a prerequisite for successful speech and language development. Children
who are hard of hearing (CHH), by nature of their hearing loss, have restricted access to
acoustic and linguistic information. Recent studies suggest that increased audibility provided
by hearing aids (HAs) influences speech production, grammar and vocabulary outcomes
(Koehlinger et al. 2013; Stiles et al. 2012; Tomblin et al. 2014). Presumably, however, the
advantages of appropriately-fit HAs will only be realized if children wear their devices on a
consistent basis. The ways in which amount of audibility and consistency of HA use accrue
over time may reveal an effect of cumulative linguistic experience on speech and language
development. The purpose of the current paper is to characterize long-term HA use in CHH,
based on parent report, and determine what factors influence consistency of HA use over
time. In subsequent articles in this monograph, we will seek to determine if amount of HA
use influences auditory, speech, and language outcomes of CHH.

Most studies involving CHH have not addressed the contributions of aided audibility or
amount of daily HA use on individual differences in speech perception, speech production,
or language (Davis et al. 1986; Davis et al. 1981; Elfenbein et al. 1994; Fitzpatrick et al.
2011; Sininger et al. 2010). There is compelling evidence for a relationship between aided
audibility and vocabulary skills (Stiles et al. 2012), as well as syntax (Koehlinger et al.
2013), articulation, and global language (Tomblin et al. 2014), but there is less research on
how the amount of daily HA use might influence outcomes. Marnane and Ching (2015)
examined HA use as a categorical variable and reported that the majority of 3 year olds were
consistent users (i.e., more than 8 hours per day). They also found that children who wore
HAs more frequently had higher scores on a parent-report scale of auditory skills, but there
was no significant relationship between amount of HA use and functional outcomes after
controlling for other demographic variables (maternal education level, additional
disabilities). In contrast, other studies indicate that amount of HA use varies substantially
across children who are hard of hearing (Fitzpatrick et al. 2010; Munoz et al. 2014; Walker
et al. 2013; Munoz et al. 2015), when HA use is considered as a continuous variable as
opposed to a categorical variable. Further research is needed to explore the influence of HA
use (measured as a continuous variable) on auditory and language outcomes.

There is also evidence that the amount of HA use varies widely depending on the listening
context, chronological age, and degree of hearing loss of the child, as well as socio-
economic status of the family (Moeller et al. 2009; Walker et al. 2013; Munoz et al. 2015).
Moeller and colleagues (2009) conducted longitudinal interviews with mothers of seven
early-identified infants with mild to moderate hearing loss (age range = 11 to 28.5 months).
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Instead of asking mothers to estimate overall daily HA use, the researchers evaluated
consistency of use with a Likert scale for different situations (e.g., in the car, book sharing,
at the playground, etc.). Results showed that the infants were inconsistent HA users for most
situations prior to two years of age. Only two out of the seven parents were able to establish
early, consistent usage across all contexts. Over time, amount of HA use increased, although
at the oldest age (28.5 months) there were still some situations that parents found
problematic, such as riding in the car. Consistent with the findings of Moeller et al., Munoz
and her colleagues (2014, 2015) have also found that HA management is difficult for
families with younger children, particularly in specific contexts. Munoz et al. (2015)
surveyed 37 families about parent-reported challenges with HA use. Munoz and colleagues
noted wide variation in the amount of hours children wore their HAs, with 32% (n = 11) of
parents reporting that their child wore HAs less than 5 hours per day. Similar to the results
in Moeller et al. (2009), parents also reported that specific situations resulted in difficulty
with HA compliance, including riding in the car, playing outside, or leaving the child in the
care of alternate caregivers.

The findings by Moeller et al. (2009) and Munoz et al. (2015) suggest that there are
individual differences in HA use time for young children as a result of the listening context,
which could contribute to variation in speech and language outcomes in children with
hearing loss. One limitation in both studies is that the researchers had to rely on parents as
proxy reporters of HA use, because objective measures were not available at the time of data
collection. Many current HA models now have data logging, a feature built into the HA
which automatically records information about the HAs over time, including average hours
of daily use. Jones and Launer (2011) utilized a database for pediatric HA fittings at
participating clinics, and collected data logging information on approximately 5000
children, ages birth to 19 years. Consistent with the parent report measures in previous
research (Moeller et al. 2009; Munoz et al. 2015) they found that the amount of HA use per
day increased with age. Unlike the results in Moeller et al., the data logging results indicated
that only 10% of children were full-time HA users, defined by Jones and Launer as more
than 12 hours per day. Furthermore, 40% of children used their HAs for 4 hours or less per
day. The average use time for the entire sample was 5.5 hours per day, although there was
wide variation across children. Jones and Feilner (2013) reported on more recent data
collected from the Phonak database. They separated use time based on the ages of the
children, noting that infants and toddlers wore HAs an average of 5.5 hours and school-age
children wore HAs an average of 7 hours per day. These results lend additional support to
the premise that there is considerable variability in the amount of daily HA use in children
with hearing loss. These daily use practices may interact with the level of aided audibility
provided by the HAs, and together these two factors may influence developmental outcomes
of CHH. However, further investigation is needed to support this hypothesis.

Because the data logging information in the Jones and Launer (2011) and Jones and Feilner
(2013) studies were obtained through a confidential patient database, the authors were
unable to describe the demographic characteristics of the children, and therefore, could not
identify child- or family-specific factors that influenced individual differences in average
daily HA use. Such information has clinical value, because it could help direct audiological
and educational counseling practices. Marttila and Karikoski (2006) looked at HA use as a
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dichotomous variable (non-users versus users) and reported that chronological age, degree
of hearing loss, and age at HA fitting influenced whether or not children wore HAs. Munoz
et al. (2014) examined data logging results from a cross-sectional sample of 29 children.
Based on descriptive statistics, they observed that HA use increased with chronological age
and severity of hearing loss. Walker et al. (2013) examined predictive factors of average
daily HA use within a cross-sectional, multi-center sample of 272 CHH, between the ages of
5 months to 7 years, 3 months. Results from a multiple regression analysis showed that
longer daily HA use (based on parent report) was related to older age, poorer hearing, higher
maternal education level, and recruitment site.

One drawback of Jones and Launer (2011), Munoz et al. (2015), and Walker et al. (2013) is
that these studies used cross-sectional data to describe daily HA use. Moeller et al. (2009)
collected longitudinal data on consistency of HA use across different contexts, but it was
with a small number of children (n = 7). Given the trends seen in Moeller et al. (2009) and
Munoz et al. (2014), as well as the significant predictor of age in the Walker et al. (2013)
findings, it is likely that many children start off wearing HA only a few hours a day during
infancy, but increase their amount of HA use during preschool. Alternative trends are also
possible, however: some children may start off wearing their HAs for the majority of the day
and maintain that level of HA use over time. Other children may start off using the HAs
frequently but decrease use over time, perhaps due to the influence of degree of hearing loss.
For example, children with mild degrees of HL may start to identify situations where they
feel they can “get by” without amplification as they get older. All three trends are plausible,
but more importantly, there are different implications for counseling depending on which
pattern children tend to show.

There is limited clinical evidence regarding the influence of HA use on developmental
outcomes. In order to examine the effects of amplification on outcomes, we first need to
understand the longitudinal variations in HA use from infancy to the early school-age years,
as well as the variables that predict trends in longitudinal HA use for individual children.
These lines of research, when considered in combination with the influence of audibility
(McCreery et al., this issue, pp. xxxx) and linguistic input (Ambrose et al., this issue, pp.
xxxX), will allow clinicians and researchers to make more informed evidence-based
decisions on appropriate interventions for families of young children with hearing loss.

The current study addresses the following research questions:

1. What are longitudinal trends in daily HA use among CHH? We predict that most
children will increase HA use over time, based on parent report. We also anticipate
that trends in longitudinal HA use will vary as a function of chronological age at
baseline (i.e., most school-age children will display trends of high HA use over
time, while most infants will display trends of low HA use initially, but increased
HA use over time).

2.  What factors predict trends in daily HA use over time? We predict that greater
degree of hearing loss and higher maternal educational level will be predictive of
greater daily HA use over time. Gender, age at HA fitting, and recruitment site will
not.
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MATERIALS AND METHODS

Participants

Participants were parents of 290 children (133 females) with hearing loss who wore HAs. At
the initial testing visit, the children were between the ages of 5 months and 7 years, 1 month
(M = 39.84 months; SD = 21.58 months). Two hundred and twenty children (75.9%)
referred from their newborn hearing screen. The mean age at confirmation of hearing loss
was 7.34 months (median = 3.0, SD = 12.11) and the mean age at fitting of HAs was 11.20
months (median = 5.75, SD = 14.47) for children who failed the newborn hearing screen.

Sixty-nine children were identified with hearing loss after the newborn period, due to
passing the newborn hearing screen, not being screened, or lack of follow-up following the
failed newborn hearing screen (one child’s newborn hearing screen status was unknown). Of
those 69 participants, the mean age at confirmation of hearing loss was 28.48 months
(median = 28, SD = 17.15) and the mean age at HA fitting was 31.68 months (median =
30.00, SD = 18.32). Based on a review of medical records and parent report, we were able to
confirm that 30.4% of these later-identified children had a congenital hearing loss and 29%
had a confirmed post-natal onset of hearing loss as a result of structural abnormalities (e.g.,
Enlarged Vestibular Aqueduct Syndrome) or acquired etiologies (e.g., ototoxicity,
meningitis, assisted ventilation). We were unable to determine the onset of hearing loss for
40.6% of the group.

The mean better-ear pure-tone average (BEPTA) for the whole group at the baseline visit
was 48.73 dB HL (SD = 13.48). Sixty-nine participants had a slight/mild hearing loss (16.25
to 39 dB HL), 150 had a moderate hearing loss (40 to 59 dB HL) and 64 had a moderately-
severe/severe hearing loss (60 to 82.50 dB HL) at the baseline visit (7 did not have
audiometric data at the baseline visit). Twelve percent (34/290) presented with a progressive
hearing loss during the course of the study, as determined by more than a 10 dB HL increase
in BEPTA (i.e., decline in thresholds) between the first and last visit. Two hundred eighty-
three children were fitted with wide dynamic range compression HAs and 6 had bone
conduction HAs. One child had wide dynamic range compression HAs at the first visit and
bone conduction HAs at all subsequent visits. Ten children received cochlear implants
subsequent to study enrollment. Only pre-implantation data are included in the current
analysis.

Data collection

As previously described in this monograph (Tomblin et al., this issue, pp. XXX), children
and their families participated in an initial baseline visit, followed by two visits a year for
children under age 2 and one visit a year for children older than 2 years for up to four years,
or until 9 years of age. The number of visits varied across children, depending on their age at
enrollment and time of study completion. At the initial visit, parents completed an intake
interview with an examiner. Intake questions documented demographic characteristics
related to the child and family, including predictor variables incorporated in the present
study (i.e., maternal education level, gender, and age at HA fitting). At every visit, parents
participated in a face-to-face interview regarding HA use. To determine long-term trends in
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HA use, we included data from each visit for parents who completed the HA use
questionnaire at more than one visit (number of observations = 915). Seventy parents
reported on HA use for two visits, 86 for three visits, 100 for four visits, 21 for five visits,
and 2 for six visits.

In addition to parent-report measures of HA use, audiologists obtained data logging
information when possible. Families were unaware that the data logging feature was used
throughout the data collection period, and the results were not shared with parents due to
potentially biasing effects of intervention. In the current analysis, 232 children had at least
one visit in which data logging and parent report measures could be compared. Eighty-four
children had data logging collected at one visit, 107 children had data logging at two visits,
37 had data logging at three visits, and 4 had data logging at four visits.

Hearing aid use questionnaire—As part of each visit, an examiner conducted an
interview with the caregiver pertaining to pediatric HA use (see Walker et al. 2013, for an
example of the HA use questionnaire). Parents estimated the average amount of time the
child used HAs per day during the week and on the weekends. To compare the parent report
estimate to data logging, we calculated a weighted HA use measure in which parents’
estimates of weekday use was multiplied by 0.71 (5/7 days of the week) and weekend use
was multiplied by 0.29 (2/7 days of the week). The two values were then added together.
This weighted measure was used to represent HA use time in all statistical analyses.

Hearing aid datalogging—Audiologists collected values for average use time per day by
connecting the HAs to a HiPro box and using the appropriate HA software to obtain data
logging values. If the values were different between ears, the larger value was included in
data analyses.

Statistical analyses

The experimental design for the two primary research questions in this study was
longitudinal with multiple age cohorts (i.e., infant, preschool, school-age). For our first
research question, investigating HA use over time, we analyzed clusters based on
longitudinal trends in daily HA use. To determine how longitudinal trends tend to cluster,
we examined parent report of HA use at the baseline visit in combination with the amount of
change between the first and the last visit. Ward’s hierarchical clustering (Ward 1963) was
used to determine cluster groupings in the longitudinal HA trends.

In our second research question, we examined which independent predictor variables were
related to longitudinal trends in HA use. To investigate the relationships among the
independent predictor variables and the dependent response variables, we used logistic
regression models. Statistical analyses were conducted by separating children into three
subgroups based on age at baseline visit: infants (6 months to 2 years, n = 80), preschool (2
years to 5 years, n = 134); and school-age (5 years to 7 years, n = 76). Due to low sample
sizes and missing data, univariate analyses were performed within each age group. Logistic
regression was conducted with the continuous independent variables, age at HA fitting and
BEPTA (four-frequency PTA when it was available, three-frequency PTA when it was not).
Fisher’s chi-square tests were conducted with the categorical variables: maternal education
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level, test site, and gender. Because the number of visits differed across children, we also
used Fisher’s exact test to evaluate the effect of number of visits that each participant had
within each of the clusters. We used Cohen’s (1988) criteria to determine effect sizes for the
regression analyses (small = 1.49; medium = 3.45; large = 9).

The independent variables were gender, recruitment site (University of lowa, Boys Town
National Research Hospital, and University of North Carolina-Chapel Hill), maternal
education level, BEPTA, age at HA fitting, and number of visits. Maternal education and
BEPTA were obtained from the baseline visit. The dependent variables consisted of pre-
determined dichotomous categories of longitudinal HA use, based on the results of the
cluster analysis. Due to the large number of maternal education categories collected,
arbitrary nominal levels were introduced in the data analysis. Table 1 displays descriptive
statistics summarizing both the independent and dependent variables that were included in
the regression analysis.

Descriptive HA use data

On average, parents reported that their children wore their HAs for 10.78 hours per day
during the week (SD = 3.26) and 10.24 hours per day during the weekends (SD = 3.68). The
weighted sum of weekday and weekend use was 10.63 hours per day (SD = 3.29). Data
logging indicated 8.44 hours per day (SD = 4.06). These values are longitudinal and include
repeated measures, in that there are multiple data points for individual children across visits.
Descriptively, the values are slightly higher than the data reported in Walker et al. (2013)
(10.48 hours for weekday use, 9.96 hours for weekend use, and 8.2 hours for data logging),
which may reflect the inclusion of later visits and an increase in data from older children in
the current analysis. Figure 1 displays the distributions in the parent-report measure for HA
use and data logging (with repeated measures for both parent-report and data logging
measures). It is apparent from the figure that the median amounts of HA use increased with
age, as reported on parent measures and through data logging measures. This trend supports
our prediction that HA use will increase over time.

Figure 2 displays the mean and median values for hours of use, per age group, based on data
logging values from the first visit in which data logging was obtained (i.e., no repeated
measures). Data logging results indicated that infants (i.e., children with visits between 6
months and 2 years of age) wore HAs an average of 4.36 hours per day (SD = 3.17),
preschoolers (i.e., children with visits between 2 and 4 years of age) wore HAs an average of
7.57 hours per day (SD = 4.32), and school-age children (i.e., children with visits between 5
and 9 years of age) wore HAs an average of 10.15 hours per day (SD = 3.33). Figure 3
displays the percentage of children who were routine HA users and limited HA users, based
on data logging. We defined routine use as 8 hours or more per day, based on the fact that
infants generally sleep an average of 14 hours, which decreases to an average of 10 hours for
9 year olds (Iglowstein et al. 2003). We also took into account times during the day when it
is unlikely children would be wearing HAs (e.g., swimming, bath, getting dressed). We
acknowledge that this value associated with “routine” is arbitrary and 8 hours per day should
not be considered full-time or optimal use for children. We defined limited HA use as less
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than 4 hours per day, using the rationale that such low use is inconsistent with best practice
recommendations for young children who use HAs.

Relationships between parent report measures and data logging: cross-sectional analysis

To examine the relationship between parent report measures and data logging, we compared
data from the first visit in which both measures were collected (n = 232). Thus, the analysis
in this section is cross-sectional rather than longitudinal, to avoid having to account for
multiple visits with individual participants. Using a Pearson correlation coefficient, there
was a statistically significant correlation between parent report measures and data logging (r
=0.71, p<.001). This correlation was consistent with the relationship between parent-report
measures and data logging described in Walker et al. (2013), in which parent report of HA
use and data logging showed a significant correlation of 0.76. The correlation between
parent report and data logging was generally consistent across age groups (infants: n =34, r
=0.69, p<.001; preschool: n =98, r = 0.62, p < .001; school-age: n =100, r =0.61, p=.
001).

The mean difference between parent report measures and data logging was 2.34 hours (SD =
3.04) for all participants. When children were separated based on age, infants had a mean
difference between parent report measures and data logging of 2.43 hours (SD = 2.45),
preschoolers had a mean difference of 2.53 hours (SD = 3.36), and school-age children had a
mean difference of 2.13 hours (SD = 2.90). In total, 81% of parents overestimated the
amount of time their child wore their HAs, and 19% were accurate or underestimated HA
use. Again, this is consistent with the cross-sectional findings in Walker et al. (2013), in
which the average overestimation was 2.6 hours (n = 133, SD = 2.52) and 84% of parents
overestimated daily HA use. Taken together, the correlational data and mean differences
between data logging and parent report data suggest that the majority of parents
overestimate HA use, but the relative difference between parents’ estimations and data
logging is consistent across children.

To better understand differences between parent report measures and data logging, we
examined 95% confidence intervals for data logging given increasing amounts of HA use
reported by parents for the whole group. If a parent reported five hours of daily use, the
model estimated data logged time was 3.60 hours with a 95% confidence interval between
2.87 and 4.32 hours. If a parent reported 10 hours of daily use, the estimated data logged
time was 7.74 hours with a 95% confidence interval of 7.35 to 8.13 hours. If a parent
reported fifteen hours of daily use, the estimated data logged time was 11.88 hours with a
95% confidence interval from 11.27 to 12.49 hours.

We conducted a multiple linear regression analysis to determine what factors predicted the
amount of overestimation between parent report of HA use and data logging values.
Independent variables included maternal education level, child’s chronological age,
recruitment site, gender, and BEPTA. The dependent variable was the difference between
parent report of HA use and data logging value at the first visit in which parent report and
data logging were both available (n = 232). Only BEPTA was a significant predictor of
overestimation (B = —.14, p = .03). Parents of children with better hearing were more likely
to overestimate HA use compared to parents of children with poorer hearing. These results
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were inconsistent with results in Walker et al. (2013), in which chronological age was the
only significant predictor of the amount of overestimation in parent report (i.e., parents of
younger children tended to overestimate more than parents of older children). This
discrepancy may be related to the addition of more children with mild hearing loss in the
current data set (54 children, compared to 24 children in the mild hearing loss range in
Walker et al. 2013). Parents of children with mild hearing loss may be less aware of how
often their child is wearing HAs on a daily basis, perhaps because there are circumstances in
which these children do not wear amplification consistently (e.g., after school, on the
weekends).

Relationships between parent report measures and data logging over time: longitudinal

To determine whether or not trends in parent report hours of use would be consistent with
trends in data logging, we examined results for 38 children (16 infant, 14 preschool, 8
school-age) who had data logging and parent report measures at both their first baseline visit
and last visit. We conducted a two-sample paired t-test to assess the differences between
parent report and data logging for their baseline scores and change scores (difference
between baseline and last visit). There was a significant difference between the baseline
scores for parent report and data logging hours (p < .001), which is expected given the mean
differences presented in the descriptive data for the whole group of children. Paired t-tests
did not indicate a significant difference in the change values over time (p = .15). In other
words, the difference between hours of use at the baseline visit compared to the final visit
was similar between parent report measures and data logging. Thus, parent report data
showed the same relative trends as data logging over time.

Research question 1: What are longitudinal trends in HA use?

For the current longitudinal cluster analysis (question 1) and the subsequent logistic
regression analysis (question 2), we relied on parent report measures rather than data
logging. Although objective data logging measures may have been preferable, such an
analysis would have been limited due to the lower number of repeated measures for data
logging, particularly for children with three or more visits (41 children had data logging at
three or more visits, compared to 209 children with parent report data). Furthermore, the
correlation between data logging and parent report was strong and the relative trends were
similar over time. Given the much larger number of participants with long-term parent
report data compared to data logging, parent report of HA use allowed us to examine long-
term trends with sufficient power to conduct regression analyses.

For question 1, we predicted that longitudinal trends in HA use might vary as a function of
chronological age at baseline. To further investigate that prediction, children were separated
into three groups by age at the baseline visit: infant, preschool, and school-age. Data from
each age group were clustered based on the amount of HA use at the initial visit (high, low)
and direction of growth between the initial and final visit (increasing, decreasing, no
change). Because participants varied in the number of visits, final visits did cross into the
older age groups for some participants (i.e., a child might start the study at 2 years of age
and be followed over four visits so that their final visit was at 6 years of age). In these cases,
the age cohort was based on the child’s age at the start of the study. We arbitrarily divided
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higher and lower amounts of HA use at 8 hours, using the rationale stated earlier in this
manuscript.

For longitudinal HA use, infants were clustered into categories of 1) high daily use
increasing over time, 2) high daily use decreasing over time, 3) low daily HA use increasing
over time and 4) low daily use decreasing over time (see Table 2 and Figure 4). Children in
the first group (high-increase) made up 42% of the group, whereas 22% showed the high-
decreasing trend. Both of these groups showed an early pattern of high HA use, even though
they showed different trajectories in HA use over time. These two groups were combined for
the statistical analysis, because of their similar amounts of long-term HA use. There was a
subgroup of infants who were low HA users, but increased their use with time (27%).
Finally, there was a group of infants (10%) who showed low amounts of HA use at baseline,
and remained low users over time. The latter two groups were analyzed separately, because
they demonstrated different patterns of use over time.

Preschoolers were clustered into groups that were similar to the infants: 1) high daily use
increasing over time, 2) high daily use decreasing over time, 3) low daily use increasing
over time, and 4) low daily use decreasing over time (see Table 2 and Figure 4). When the
high-increase and high-decrease clusters are combined, 79% of the preschool-age children
could be viewed as wearing their HAs more than 8 hours per day over time. Again, these
two groups were combined for the logistic regression, because both trends represented high
HA use from the baseline to the final visit. Eleven percent wore HAs at low levels at the first
visit, but increased use time by their last visit, while 10% demonstrated low amounts of HA
use over time. Like the infants, the latter two groups were analyzed separately.

Data for school-age children clustered into slightly different longitudinal trends compared to
the infants and preschoolers. One trend included children who demonstrated high daily HA
use initially, which increased over time, while another trend included children with high
daily HA use and no change over time (see Table 2 and Figure 4). These two groups were
combined, because both trends represented high HA use from the baseline to the final visit.
Together, these groups made up 84% of the school-age children. Six children displayed high
HA use initially, but decreased daily use over time. Another six children displayed low HA
use initially, and increased use by the final visit, but still not to a level that would be
considered high level of HA use based on the average amount of daily use for school-age
children (M = 11.49). These two groups were also combined, because both trends
represented low usage over time. Together, these two groups made up 16% of the school-
age children.

By examining parent-report of HA use as a function of age, the majority of children in each
age group wore HAs more than 8 hours per day from their first OCHL study visit to their
last. As predicted, the percentage of children in this particular cluster increased with age,
from 64% of the infants to 84% of the school-age group. Interestingly, even though there
was no overlap in participants across the three groups, the percentage of children who
demonstrated low HA use over time was fairly constant across the three age groups (10% in
the infant and preschool groups; 16% in the school-age group). These data suggest that there
is a fairly constant percentage of children who maintain low HA use as they get older.
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Research Question 2: What factors predict trends in longitudinal HA use?

Because chronological age did appear to influence longitudinal HA patterns, both in the
trends that were displayed and the percent of children who fell into those clusters, we used
regression analyses within each age group, as opposed to combining the entire group. This
allowed us to identify the factors that predict which children fell into the longitudinal cluster
groups, as a function of age.

Infants—The first analysis of infants combined the start high-increasing group with the
start high-decreasing group (based on the rationale that both groups showed a trend of more
than 8 hours of HA use over time). This combined start high group was compared to the
start low-increasing group. Pairwise comparisons for maternal education levels revealed
significant differences between levels, with large effect sizes (i.e., odds ratios). The odds of
being in the start low-increasing group instead of the start high group were 9 times higher
for mothers with a high school diploma compared to mothers with some college education
or mothers with a post-graduate degree (OR =8.99, p=0.03; OR =9.01, p=0.04,
respectively), and 18 times higher for mothers with a high school degree compared to
mothers with a bachelor’s degree (OR = 18.15, p = 0.01). Table 3 displays a summary of
significant variables and odds ratios for the infant cohort. There were no other significant
pairwise comparisons in maternal education level (p > 0.05). Recruitment site, age at HA
fitting, gender, BEPTA, and number of visits were not significant predictors of cluster
groups (all p-values > 0.18).

The second analysis of infants compared the start low-increasing group to the start low-
decreasing group. No factors predicted which children fell into these groups, possibly due to
small sample sizes (n = 8 for children in the start low-decrease group and n = 19 for children
in the start low-increase group).

Preschool—The first analysis of the preschool group combined the start high-increasing
cluster with the start high-decreasing cluster, following the same rationale used with the
infants. This combined start high group was compared to the start low-increasing cluster.
None of the predictor variables were significant (all p-values > 0.07).

The second analysis compared the start low-increasing group with the start low-decreasing
group. There were no significant predictors of group membership between these two
comparisons, except for the number of visits (p < 0.01). The low decreasing group had
fewer overall visits than the low increasing group. All of the preschool children in the low
decreasing group had two or three visits while the majority of the low increasing group had
four visits. This resulted in a greater proportion of children who were 5 years or older (79%)
in the low increasing group at the last visit compared to the low decreasing group (33%).
Thus, it is possible that if we had been able to continue following the children in the low
decreasing group, the trends may have reversed upon school entry.

School-age—For school-age children, we combined the start high-increasing group with
the start high-no change group. This group represented routine HA users who wore HAS
more than 8 hours per day over time. We also combined the start low-increasing group with
the start high-decreasing group. This group represented low HA users over time. These two
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groups were then compared to one another. Maternal education level was a significant
predictor of group (p = 0.05), with large effect sizes. Children whose mothers had a
bachelor’s degree were approximately 14 times more likely to be routine users, compared to
mothers who had some college education (OR = 13.89, p = 0.04). Children whose mothers
had a post-graduate degree were 20 times more likely to be in routine users, compared to
mothers with some college education (OR =19.96, p = 0.02). No other pairwise
comparisons were significant for maternal education level. BEPTA was also a significant
predictor of cluster group (OR = 1.10, p = 0.02), with small effect sizes. In other words,
children with better hearing were more likely to use HAs less frequently over time, while
children with poorer hearing were more likely to be in clusters using HAs 8 hours or more
over time. Age at HA fitting, recruitment site, gender, and number of visits were not
significant predictors of cluster group (all p values > 0.36). Table 3 summarizes the
significant results from the regression analyses.

In summary, the results of the regression analysis indicate that maternal education level is a
significant predictor of longitudinal trends in HA use for infants and school-age CHH. None
of the variables were significant predictors for preschool-age children, but the present
findings appear to have been influenced by the number of visits per cluster for the
preschoolers. Degree of HL was a significant predictor of longitudinal HA use trends for
elementary school-age children only.

DISCUSSION

The primary goals of the current study were to describe longitudinal trends in HA use and
examine the factors that influenced longitudinal trends. Results showed that CHH vary in
the amount of time they wear HAs, which is consistent with previous findings from the
OCHL cohort and others (Moeller et al. 2009; Munoz et al. 2014; Munoz et al. 2015; Walker
et al. 2013). Specific factors appeared to influence long-term trends in HA use, but
interestingly, these predictors differed depending on the age range in question.

Research question #1: What are longitudinal trends in daily HA use?

The results for our first research question were consistent with our predictions. We expected
to see most of the children show a pattern of increasing HA use over time and the results
supported this hypothesis. Many of the children within each of the three age cohorts were
routine HA users who wore HAs 8 hours per day or more to start with and maintained that
level of use over time. It should be acknowledged that these data may be an overestimation
of the percentage of children who might be considered routine HA users, because it was
based on parent report data rather than data logging. An important future direction for this
line of research will be to investigate longitudinal trends in HA use using data logging as an
objective measure of use time.

Not surprisingly, the infant group demonstrated the smallest percentage of children who
wore HAs more than 8 hours per day over time (64%). Although this still represents a
majority of the infants, a substantial minority (36%) of parents reported very limited HA
use, at least initially. It is encouraging to note, however, that 27% of the infants showed a
trend of moving from limited to more routine HA use with age. This cluster within the infant
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age group is important to recognize, because it shows families that it is possible to overcome
challenges to HA use for CHH during the infant and toddler years. These findings highlight
a need for continued support for families who are dealing with HA compliance issues in
young children. In our previous work, parents recounted child-related challenges as causes
for less-than-optimal hearing aid use consistency, although the report of these challenges
decreases by age 2 years (Walker et al. 2013). Munoz et al. (2014) investigated the issue of
child-related challenges in more detail, and reported that parents had concerns about losing
the HAs in public places or when the child was in the care of others. Furthermore, because
individual differences in language abilities are greater for younger children than older
children (Fenson et al. 2000), parents of infants may not see the benefit of wearing HAs as
readily as parents of children who are older. Nevertheless, it is important for service
providers to remind parents of infants of the cumulative nature of the benefit of HA use.
Parents who report that they are confident in their ability to manage their child’s HAs also
perceive that their child wears their device more often and feel that they are more involved
in their child’s development of speech and language, compared to parents who report
feelings of low self-efficacy with regards to HA management (Desjardin 2005).
Audiologists and early intervention service providers might aid in improving HA use
consistency, especially for families with low socioeconomic status, by providing regular
hands-on training with the HAs or providing a parent-parent mentor. Families may also
benefit from practical demonstrations of the benefits of consistent HA use, such as hearing
loss simulations, examples of listening in noise with and without HAs, or listening with
malfunctioning HAs. To date, however, there is no evidence-based research to indicate what
strategies are most effective for improving HA compliance in young children. Future
research might explore the efficiency of different counseling practices in improving HA
compliance in infants, for audiologists, speech-language pathologists, and early
interventionists.

The current findings also indicate that a fairly stable percentage of infant, preschool and
school-age children maintained lower HA use over time (10 to 16% across the age cohorts),
even though the participants in these age cohorts did not overlap. This may be an
underestimation of the proportion of children with low levels of HA use over the long term,
as the analyses were performed with parent report data compared to data logging, and parent
report has been found to regularly overestimate data logging values. Bearing this in mind,
these results indicate a need for support and continued counseling by service providers
regarding the importance of consistent device use, even after children have worn HAs for
several years. In this context, a discussion of the results of data logging (currently available
in most HA models) with parents and children could play a role in counseling efforts during
regular intervention visits. It is also likely to be helpful to continue to discuss context-
specific barriers to HA use with parents. For example, as children enter late-elementary and
middle school, they may be less inclined to wear HAs in social settings. Children may
encounter challenges when they are in situations where they must wear a helmet (e.g., bike
riding, sports). The current data set only includes children in the early elementary school
years; therefore, it is unclear what potential barriers may arise as children get older. We are
continuing to follow this cohort of children into later elementary grades to explore this issue
in a renewal of the original OCHL grant.
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Research question #2: What factors predict trends in daily HA use over time?

We hypothesized that two factors — poorer hearing and higher maternal education level —
would predict more consistent HA use over time. We based the first two predictions on
findings from our previous research (Walker et al. 2013), in which BEPTA and maternal
education level were significant predictors of amount of daily HA use.

Our predictions were correct, in that degree of HL and maternal education level both
influenced parent-reported trends in HA use over time. We did not predict that these
variables would have a different effect depending on the age of the child, although this
finding is not surprising. Maternal education level was a significant predictor for the
youngest age group and the oldest age group: infants and school-age children whose mothers
had more education were more likely to start off wearing the HAs more than 8 hours per
day, and maintain that level of use over time, while children whose mothers had less
education tended to fall into a pattern of low initial HA use, increasing with time. Within the
preschool group, however, maternal education level did not influence trends in HA use. This
may be due to the fact that by this age, parents and children, regardless of socioeconomic
status, have had sufficient time to appreciate the level of benefit the child receives from
amplification, or be more cognizant of lack of progress in speech and language skills. At this
stage in development, family-specific factors such as maternal education level may start to
play less of a role in the amount of daily HA use (Walker et al. 2013), although it is not clear
from the present analysis if child-specific factors play more of a role.

With school-age children, both maternal education level and severity of hearing loss
appeared to play a role in higher versus lower levels of HA use. This shift in influential
factors over time is practical information for service providers because it highlights a change
in emphasis of counseling, depending on the age of the child. It is also important to note that
the school-age children with more severe degrees of hearing loss tended to be more routine
HA users, whereas children with milder degrees of hearing loss tended to show less regular
HA use. The influence of degree of hearing loss is consistent with our previous findings
(Walker et al. 2013). In that study, children with BEPTAs of more than 50 dB HL wore HAS
more often than children with BEPTA of less than 50 dB HL, based on ratings of
consistency of use both in public and at school. Fitzpatrick et al. (2010) also reported
decreased HA use in children with mild hearing loss. They examined a population-based,
retrospective chart review of 255 children with mild or unilateral hearing loss and found that
less than two-thirds of those children wore amplification on a regular basis. An older study
by Vesterager and Parving (1995) also found more frequent HA use (>8 hours per day) in
children with severe hearing loss compared to mild hearing loss. In the present study, trends
in HA use were not influenced by degree of hearing loss in the preschool-age group,
whereas the school-age cohort did show such an effect. It is possible that there is less
oversight for HA use as children with mild hearing loss enter elementary grades. It is also
possible that school-age children with mild hearing loss (and their parents) may begin to
identify situations in which they feel they do not need amplification, such as on the
weekends, after school, or in social settings. It is unclear what effect limited HA use has on
functional outcomes for school-age children with mild hearing loss or unilateral loss, given
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their significant amount of residual hearing. Future directions should address this gap in the
research literature.

Limitations and Future Directions

Although this is the first paper to examine longitudinal trends in HA use in a large sample of
CHH, there are several limitations that should be highlighted. Potentially, progression of
hearing loss could be a factor that contributes to increased HA use, given the finding that
poorer hearing relates to increased HA use (Munoz et al. 2014; Walker et al. 2013). We did
not examine progression of hearing loss as a predictor of trends in HA use, however, due to
the low number of children who demonstrated a significant decline in thresholds from the
first to last visit. Dividing the low number of children with progressive hearing loss into age
groups would further decrease statistical power and limit interpretability of results. Future
studies could include a closer examination of children with progressive hearing loss, to
determine trends in HA use within this specific population.

Another limitation is that the cluster analysis and logistic regression relied on parent report
measures of HA use, rather than the objective information supplied by data logging, because
the sample had an insufficient amount of data logging across all visits. This paper clearly
demonstrates that most parents overestimate the amount of time their child wears HAs
compared to data logging. Objective data logging measures would appear to be preferable
when recording amount of daily HA use. Future research should incorporate data logging
measures in investigations of longitudinal HA use, and whenever possible, audiologists and
related professionals should rely on data logging as a measure of daily HA use.

A third limitation is that we are unable to ascertain the effects of intervention (e.g.,
audiology, speech-language pathology, early intervention) on HA use. We collected online
surveys from the children’s managing audiologists, speech-language pathologists, and
teachers of the deaf/hard of hearing, but we did not query the service providers about their
general strategies with regards to HA compliance. We also did not contact children’s
educational audiologists, who may have been able to provide additional information
regarding HA compliance issues. Thus, we were unable to determine how intervention
influences daily HA use, or how specific service providers may influence HA compliance in
the pediatric population. Future research should address intervention strategies for
counseling parents about HA use, particularly those families who are struggling with HA
compliance.

Finally, a fourth limitation is that families in the OCHL study volunteered to participate in
this longitudinal project. Like many longitudinal samples, this sample tended to be biased
towards higher socioeconomic status and was not representative of income or educational
status of the US population as a whole. This suggests the possibility that our findings of a
strong effect of maternal education levels on longitudinal HA use actually underestimate
these influences in the greater population. There remains a need for more research on
alternative counseling and support strategies for families of diverse economic backgrounds,
as the present findings suggest that current approaches may not be working well for less-
advantaged families.
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Summary

In 2007, the Joint Committee on Infant Hearing (2007) advocated for more research directed
towards improving the effectiveness of intervention for children with hearing loss. One
logical area of research is to identify malleable factors that may influence developmental
outcomes. Malleable factors include any family- or child-specific variables that are
amenable to change as part of intervention. In many previous studies, researchers focused on
factors such as age at identification, age at amplification, or type of intervention. In this
article, we focused on HA use time as a malleable factor, an issue that has received little
attention in past research. Results indicated that the majority of CHH increase HA use over
time, but a sizable minority remain limited users and some actually decrease usage over
time. Family-specific variables influenced trends in longitudinal HA use in younger children
(i.e., maternal education level) and child-specific variables influenced trends in longitudinal
HA use in school-age children (i.e., degree of hearing loss). Another article in this
monograph examines the influence of longitudinal HA use on language outcomes. As shown
in this subsequent article (Tomblin et al. this issue, pp. xxxx), children with greater amounts
of HA use achieve better developmental outcomes, due to enhanced cumulative linguistic
experience.
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Figure 1.
Box plot of amount of HA use based on data logging and parent report over time. The

central lines represent the median values and the box limits are the 251 and 75t percentiles.
The lower fence is from the 10 to 25™ percentile and the upper fence is from the 75 to 90t
percentile. The circles represent outliers at the upper and lower 10t percentiles.
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Figure 2.
Box plot of data logging measures by age group. The central lines represent the median

values, the black dots are the mean values, and the box limits are the 25t and 75t
percentiles. The lower fence is from the 10 to 25™ percentile and the upper fence is from the
75 to 90t percentile.
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Figure 3.
Percentage of children who were limited HA users vs routine HA users based on data

logging values, separated by age groups.
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Average trend plots of four clusters from first to last visit, based on parent report of daily
HA use within the three age cohorts (infant, preschool, school-age).
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Infant, preschool, and school-age groups: Means (SDs) of initial hours of HA use and change in HA use
between first and last visit (based on parent report measures), categorized by clusters over time.

Table 2

Infant Cluster Initial Mean (SD) ChangeMean (SD) n %
Start High Increase 8.69 (1.23) 1.94(1.4) 33 649%
0
Start High Decrease 11.79 (1.09) -3.05 (2.69) 17
Start Low Increase 3.75(2.15) 6.46 (2.22) 21 2%
Start Low Decrease 5.32 (0.95) -1.31(2.34) 8 10%
Preschool Cluster Initial Mean (SD) ChangeMean (SD) n
Start High Increase 10.67 (1.14) 2.12 (0.94) 41 0%
0
Start High Decrease 12.7 (1.1) -0.97 (1.71) 58
Start Low Increase 6.33(3.18) 6.39 (2.54) 14 11%
Start Low Decrease 6.72 (2.65) -0.87 (1.89) 12 10%
School age Cluster Initial Mean (SD) ChangeMean (SD) n
Start High Increase 10.55 (1.6) 2.19 (2.03) 20 84%
Start High Non Increase 13.04 (1.18) 0(1.16) 43
Start High Decrease 11.14 (2.94) -6.2 (2.12) 6 6
16%
Start Low Increase 3.77 (1.75) 3.06 (3.98) 6
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Table 3

Summary of significant results in logistic regression analyses.

Infant School-age

Predictor Variables Oddsratio (pvalue) Oddsratio (p value)
Maternal education level

HS vs some college? 8.99 (.03)

HS vs post-graduate 9.01 (.04)

HS vs bachelor’s degree2 18.15(.02)

Some college vs bachelor’s degree? 13.89 (.04)

Some college vs post-graduate? 19.96 (.02)
BEPTA

Better hearing vs poorer hearing? 1.10 (.02)

Note: HS = high school degree or less; BEPTA = better-ear pure-tone average;

aPairwise comparison of infants in the start low-increasing cluster to infants in the consistent HA use cluster, with infants in the start low-
increasing group more likely to be have mothers with less education;

Pairwise comparison of school-age children in the inconsistent HA cluster to school-age children in the consistent HA cluster, with inconsistent
users more likely to have better hearing and mothers with less education.

Ear Hear. Author manuscript; available in PMC 2016 November 01.



