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Abstract

Importance—Hearing loss (HL) in children can be deleterious to their speech and language

development. The standard of practice has been early provision of hearing aids (HAs) to moderate

these effects; however, there have been few empirical studies evaluating the effectiveness of this

practice on speech and language development among children with mild-to-severe HL.

Copyright 2014 American Medical Association. All rights reserved.

Corresponding Author: J. Bruce Tomblin, PhD, Department of Communication Sciences and Disorders, The University of Iowa, 3
WJSHC, Iowa City, IA 52242 (j-tomblin@uiowa.edu).

Author Contributions: Dr Tomblim had full access to all of the data in the study and takes responsibility for the integrity of the data
and the accuracy of the data analysis.
Study concept and design: Tomblin, Oleson, Walker, Moeller.
Acquisition of data: Tomblin, Walker, Moeller.
Analysis and interpretation of data: Tomblin, Oleson, Ambrose.
Drafting of the manuscript: Tomblin, Oleson, Ambrose, Walker.
Critical revision of the manuscript for important intellectual content: Tomblin, Oleson, Walker, Moeller.
Statistical analysis: Tomblin, Oleson.
Obtained funding:Tomblin, Moeller.
Administrative, technical, and material support: Tomblin, Moeller.
Study supervision: Moeller.

Conflict of Interest Disclosures: None reported.

Role of the Sponsor: The funding source had no role in the design and conduct of the study; collection, management, analysis, and
interpretation of the data; preparation, review, or approval of the manuscript; and decision to submit the manuscript for publication.

Additional Contributions: We thank the families and children for their willingness to participate in the study. The families were
reimbursed for participation. We note the important contributions by Marlea O'Brien in project management and the contributions of
colleagues Melody Harrison, Pat Roush, Tom Page, and Shana Jacobs at the University of North Carolina; Connie Ferguson and
Marcia St. Clair, at the University of Iowa; Meredith Spratford, Colleen Fitzgerald, Emilie Sweet, and Lauren Unflat-Berry at the
Boys Town National Research Hospital for recruitment and data collection; and Wendy Fick and Rick Arenas for work on data entry
and database management. (All were staff and therefore paid.)

NIH Public Access
Author Manuscript
JAMA Otolaryngol Head Neck Surg. Author manuscript; available in PMC 2014 June 23.

Published in final edited form as:
JAMA Otolaryngol Head Neck Surg. 2014 May 1; 140(5): 403–409. doi:10.1001/jamaoto.2014.267.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



Objective—To investigate the contributions of aided hearing and duration of HA use to speech

and language outcomes in children with mild-to-severe HL.

Design, Setting, and Participants—An observational cross-sectional design was used to

examine the association of aided hearing levels and length of HA use with levels of speech and

language outcomes. One hundred eighty 3- and 5-year-old children with HL were recruited

through records of Universal Newborn Hearing Screening and referrals from clinical service

providers in the general community in 6 US states.

Interventions—All but 4 children had been fitted with HAs, and measures of aided hearing and

the duration of HA use were obtained.

Main outcomes and measures—Standardized measures of speech and language ability were

obtained.

Results—Measures of the gain in hearing ability for speech provided by the HA were

significantly correlated with levels of speech (ρ179 = 0.20; P = .008) and language: ρ155 = 0.21; P

= .01) ability. These correlations were indicative of modest levels of association between aided

hearing and speech and language outcomes. These benefits were found for children with mild and

moderate-to-severe HL. In addition, the amount of benefit from aided hearing interacted with the

duration of HA experience (Speech: F4,161 = 4.98; P < .001; Language: F4,138 = 2.91; P < .02).

Longer duration of HA experience was most beneficial for children who had the best aided

hearing.

Conclusions and Relevance—The degree of improved hearing provided by HAs was

associated with better speech and language development in children. In addition, the duration of

HA experience interacted with the aided hearing to influence outcomes. These results provide

support for the provision of well-fitted HAs to children with HL. In particular, the findings support

early HA fitting and HA provision to children with mild HL.

The development of effective communication skills is an essential accomplishment of early

childhood. Poor communication abilities at the end of the preschool years have a cascading

effect on social, academic, and later occupational success.1,2 Thus, interventions that protect

children from threats to poor speech and language development have important long-term

effects on the quality of lives of those at risk for poor communication development.3

Hearing loss (HL) during infancy and early childhood serves as a well-understood

contributor to poor speech and language development by restricting a child's access to

speech and language input. This limitation in access can range from minimal in children

with mild HL to nearly complete in children with severe to profound HL, with

accompanying deleterious effects on speech and language development. This has led to

substantial efforts to implement Universal Newborn Hearing Screening programs to identify

HL at birth or soon thereafter and to provide cochlear implants or hearing aids (HAs) along

with speech and language intervention programs.

Although there have been numerous studies of the outcomes of children with HL over the

past century, few have focused specifically on children who are hard of hearing (hereinafter,

HH children; defined as those with better-ear pure-tone averages [PTAs] of 25-75 dB HL).

Most research has grouped these children with those who have severe to profound HL. In
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contrast with the children with severe to profound HL, HH children are unlikely to use sign

language or be considered for cochlear implantation; rather, it is assumed that they have the

ability to acquire spoken language, particularly if provided with clinical intervention,

including HAs and speech and language services. Davis et al4 conducted the first

investigation that focused on HH children. Subsequently, only a handful of additional

studies have been published on the pediatric HH population. In general, these studies

reported depressed speech and language achievement in the HH group as a whole when

compared with age mates with normal hearing (NH); however, in some cases these children

were similar to children with NH.4-13 These studies were all conducted during a time when

the standard of audiologic care for HH children included the fitting of HAs; however, none

of these studies considered whether HA fitting and use influenced the speech and language

outcomes of these children. It is possible that HAs provide benefit for these children's

speech and language development, and, thus, some of the variability across studies is due to

differential HA use in the study population.

The basic function of an HA is to amplify sound to levels well above the listener's threshold

to maximize the amount of the speech spectrum that is available to the HA user; that is, to

improve speech audibility. One of the intended effects of an HA in young children is to

enhance speech and language development. Very recently, Stiles et al14 were the first to

report evidence that children's aided hearing was associated with HH children's language

ability. If HA use does influence speech and language development, we would expect that

early fitting and, thus, also longer HA use, would be associated with better speech and

language development. However, Norbury et al11 and Ching et al13 have reported that the

age at which children with HL received HAs was not associated with speech and language

outcomes. Therefore, at this time, the information regarding the benefit of HA use on speech

and language development in HH children is sparse and mixed.

The current study asked whether there is evidence that the audibility provided by HAs for

children with mild-to-severe HL was associated with variation in speech and language

outcomes in the preschool years. We also asked whether this benefit in aided hearing holds

across levels of HL, as we might predict that children with mild HL have less need for aided

hearing given their milder hearing loss. Finally, we asked whether there is an interaction

between aided hearing audibility and length of HA use.

Methods

The present report is part of a multicenter, longitudinal study of Outcomes of Children with

Hearing Loss conducted by investigators at Boys Town National Research Hospital, the

University of Iowa, and the University of North Carolina–Chapel Hill. This study was

approved by the internal review boards at these 3 cooperating research institutions. Parents

provided written informed consent for their children's participation.

Participants

The children in this study were part of a larger cohort of children recruited at 6 months to 7

years of age who had bilateral HL from several Midwestern and central East Coast states. A

description of the recruitment methods is provided in the Supplement. The current report
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focuses on 180 HH children in this cohort who were evaluated at ages 3 years (n = 74)

and/or 5 years (n = 106) during the study period. Study inclusion criteria were (1) a bilateral

HL (sensorineural, conductive, or mixed) with better-ear 3- or 4-frequency air conduction

PTA (BEPTA) of 25 to 75 dB HL; however, children with HL related to transient etiology,

such as otitis media with effusion, were excluded; (2) sufficient nonverbal cognitive, visual,

and motor skills to perform the speech and language tests; (3) English spoken in the home

by at least 1 primary caregiver; and (4) child use of spoken language. (See eMethods in

Supplement for details of participant recruitment and testing.)

Measures

Audiologic Assessment—Air-conduction and bone-conduction thresholds at 500, 1000,

2000, and 4000 Hz were obtained. If a full audiogram could not be completed, the child's

most recent unaided audiogram was obtained. The BEPTA was calculated from these

audiograms. Middle ear status was measured in all children using tympanometry. Speech

perception via live voice at conversational level was tested in the 3-year-olds using the Early

Speech Perception Test, Standard Version.15 For 5-year-olds, a recorded version of the

Phonetically Balanced Kindergarten list,16 presented at 65 dB SPL, was used.

Speech Intelligibility Index—The Speech Intelligibility Index (SII)17 represents the

amount of the speech signal that is available to a listener. The SII ranges from 0 to 1, where

0 indicates that none of the speech spectrum is audible and 1 indicates that all of the speech

spectrum can be heard. In the present study, unaided SII values were computed based on the

child's unaided pure-tone thresholds and an input of 65 dB sound pressure level (SPL).

Similarly, aided SII values were computed using measures of the amplified signal provided

by the HA at the ear drum with an input of 65 dB SPL. (See eMethods in Supplement for

details of SII measurement, ear canal measurement, and HA fitting.)

Speech and Language Measures—Speech sound production at ages 3 and 5 years was

measured with the Goldman-Fristoe Test of Articulation 2 (GFTA-2).18 This measure

provides an age-adjusted, norm-referenced score (mean [SD], 100 [15]) reflecting the child's

ability to acceptably produce English consonants. Receptive and expressive language at age

3 years was measured using parental report from the Vineland Adaptive Behavior Scales

(VABS)19 and a direct assessment using the Comprehensive Assessment of Spoken

Language (CASL).20 Receptive and expressive language at age 5 years was measured using

the Peabody Picture Vocabulary Test, Fourth Edition (PPVT-4)21 and the Preschool

Language Assessment Instrument, Second Edition (PLAI-2).22 These are widely used

measures of children's ability to understand and produce words and sentences. Although

different measures of language were used at the 2 age levels, prior research has shown that

measures such as these reflect a common single trait,23 and therefore it should be possible to

form a single common measure of language ability spanning the 2 age groups. Thus, we

used a principal components analysis at each age level; consistent with findings in the prior

literature we observed that all language subtests at each age loaded on a single language

component.
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At each age level, a Composite Language score was computed scaled in z-score units based

on the norms for each test. Because the measures differed across the 2 age levels, we also

needed to show that they were comparable. Fortunately, 33 children had been tested at both

ages. Results showed that these children's Composite Language scores at ages 3 and 5 years

were highly correlated (ρ = 0.80; n = 33; P < .001). Thus, we had evidence that language

ability could be represented by a single Composite Language score regardless of the age

level of the child. The use of Composite Language scores has the benefit of greater

reliability owing to multiple measures and the elimination of multiple hypothesis tests based

on correlated data. The Composite Language scores for the 33 children who participated at

both age levels were included only in the 5-year-old group in the subsequent analyses. Also,

because some children did not have the full complement of language measures in their age

battery, no Composite Language score could be calculated for these children. This resulted

in a loss of 25 children for the Composite Language measure.

Results

The demographic characteristics of the study participants are provided in Table 1 for the

mild (26-45 dB HL) and moderate-to-severe (>45 dB HL) categories. Three children in the

5-year-old group had BEPTAs greater than 75 dB HL (76, 83, and 87 dB HL); however, in

each case their BEPTA was below 76 dB HL prior to 5 years of age. All but 4 children had

been fitted with HAs. For these children who did not wear HAs, aided SII was equal to

unaided SII. With unpaired, 2-tailed t test, there were no significant differences between the

mild and the moderate-to-severe groups with respect to their age at HA fitting: (t165 = 1.34;

P = .18) or maternal education level (χ2
4 = 1.18; P = .88). Normal results for tympanograms

in at least 1 ear or open pressure-equalizing tubes were found in 90% of the children. The

rate of progressive HL, defined as a 10-dB difference between earliest and most recent

BEPTA, was 12%, with 4% unknown owing to only 1 test.

Table 2 shows the speech sound production scores, according to unaided hearing level. At

each age level, the measure of speech sound production (GFTA-2) showed the children with

mild HL to have, on average, better speech skills than the children with moderate-to-severe

HL. When the 2 age groups were combined, children with mild HL had a mean (SD) score

of 95.36 (15.01) on the GFTA-2, whereas the moderate-to-severe group averaged 86.60

(18.04). This difference was significant (t178 = 3.45; P < .001). The mean (SD) score for

children with NH is expected to be 100 (15). Thus, the children with moderate-to-severe HL

were on average 1 SD below that of children with NH.

Table 2 also contains a summary of the individual language scores and composite scores

grouped by level of HL and age group. When the composite scores were combined over the

age groups, children with mild HL had a mean (SD) score of 0.26 (0.87), whereas children

with moderate-to-severe HL had an average score of −0.08 (0.97). This difference was

significant (t154 = 2.23; P = .03). Recall that these mean values are in z-score units, and.

thus. the overall language performance of these children is similar to that expected for

children with NH.
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The results described herein demonstrate that the degree of unaided hearing based on the

BEPTA is associated with speech and language development. However, most of these

children spend at least a portion of their waking hours wearing HAs, which we hypothesized

would result in improved speech and language above and beyond their unaided hearing.

Thus, it was necessary to compute a measure of the degree to which each child's hearing was

improved by HAs beyond their unaided hearing. The degree to which HAs can provide

improved SII is constrained by the severity of the HL. Figure 1 shows the unaided and aided

SII. As shown in Figure 1, both aided and unaided SII among the children in this study were

associated with unaided PTA. Furthermore, aided and unaided SII were also correlated (r =

0.66; n = 167 children; P < .001). Thus, it was necessary to control for each child's unaided

SII in order to examine the unique effect of aided hearing. We accomplished this by

removing the variance of unaided SII that was shared with aided SII using a linear

regression method and as a result created a residual aided SII (rSII) that was independent of

unaided SII. Specifically, using a piece-wise regression method we found that the

relationship between aided and unaided SII was nonlinear and was better modeled by 2

linear functions: 1 below an unaided SII of 0.16 and 1 above this cut point. Thus, to test for

the unique effects of aided hearing, we created rSII scores by regressing children's unaided

SII onto their aided SII, using 1 of 2 linear functions: 1 for children with unaided SIIs at or

above 0.16 and 1 for those below 0.16. The residual variance produced by these regressions

formed the rSII and was used to reflect the audible hearing provided by the HA independent

of unaided hearing (see Supplement for method details).

Association of Aided SII With Improved Speech and Language Development

We tested the association of rSII with speech and language by correlating it with the

GFTA-2 and the Composite Language scores obtained at either 3 or 5 years of age. Because

the data were not normally distributed, a Spearman rank order correlation (Spearman ρ) was

used. The correlation of rSII with GFTA-2 was significant (ρ179 = 0.20; P = .008). The

correlation of rSII with the Composite Language was significant (ρ155 = 0.21; P = .01).

Thus, the audibility provided by HAs to preschool children with HL is significantly

associated with their speech and language development.

Benefits From Aided SII for Mild and Moderate-to-Severe HL

The analysis described herein tested the effects of aided SII across the whole group of

children with HL. The data in Table 2 show that the speech and language outcomes of

children with mild HL were generally better than those of children with moderate-to-severe

HL. Thus, we examined whether the effect of rSII on speech and language differed between

the mild vs moderate-to-severe groups. In this case, we used a general linear model to test

whether the degree of HL (mild vs moderate to severe) interacted with the association of

rSII with GFTA-2 and Composite Language. Figure 2 shows the linear relationships of

GFTA-2 and Composite Language and rSII for the 2 groups. As can be seen in Figure 2, for

both measures, the slopes were similar, and the results of a test for an interaction were not

significant (Composite Language F1, 151 = 0.01; P = .90; GFTA-2 F1, 175 = 1.05; P = .31).

Therefore, aided audibility had a similar relationship with speech and language development

for children with mild and moderate-to-severe HL.
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Benefits From Aided SII With Longer HA Use

The findings described in the previous subsection showed that the improved audibility

provided by HAs is associated with improved development of speech and language and that

this effect is seen across the range of HL from mild to severe. Thus, variation in the

magnitude of rSII can be viewed as 1 form of dose. This dose can also vary over time based

on the length of time the child has been wearing HAs. Furthermore, this duration effect can

be expected to interact with the rSII dose.

To test this hypothesis, we asked whether speech and language outcomes were associated

with length of HA use and, more specifically, whether length of use interacted with rSII.

Because the relationships of length of HA use with speech and language outcomes were not

linear, we partitioned length of HA use into 4 quartile bins. In this analysis, we also

controlled for mother's educational level because this variable was weakly associated with

the age at which the children received HAs and was moderately associated with speech and

language development. We also controlled for the age of the child at testing to adjust length

of use for the child's age. We conducted a general linear model wherein the language

composite and GFTA-2 measures were associated with the number of months of HA use and

the interaction of months of HA use and aided rSII, while controlling for mother's

educational level and child's age at testing.

This model showed that the interaction of aided rSII and length of HA use was significant

for both GFTA-2 (F4, 161 = 4.98; P < .001) and language (F4, 138 = 2.91; P < .02). The main

effect of length of HA use was not significant for either speech or language. Table 3 shows

the linear association between aided rSII and GFTA-2 and Composite Language for each

quartile of length of use. For both GFTA-2 and Composite Language, the children in the

highest quartile of use showed significant associations between aided rSII and both speech

and language, whereas the children in the 2 lowest quartiles of use showed weaker and

nonsignificant associations. These data then support the hypothesis that longer use of HAs in

children provides the greatest benefit from aided hearing on speech and language

development. The fact that the β coefficients shown in Table 3 were all positive indicates

that greater length of use in combination with higher rSII values are associated with better

speech and language outcomes, that is, that length of use and rSII have a multiplicative

relationship with speech and language outcomes.

Discussion

Principal Findings

Hearing loss compromises one's ability to understand spoken language, but HL in children

has the added effect of limiting children's ability to learn speech and language. This effect of

HL on speech and language development has been shown in several studies.4-8,10-12 In

children, HAs should moderate the effect of HL on speech and language development.

Currently, HA fitting is a part of the standard of care for children with HL; however, there

has been little empirical evidence demonstrating whether improved hearing provided by

HAs is associated with improved speech and language development for children who are

HH. Thus, we hypothesized that improved audibility provided by the HA use would provide

Tomblin et al. Page 7

JAMA Otolaryngol Head Neck Surg. Author manuscript; available in PMC 2014 June 23.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



children with greater opportunities to successfully perceive and thus learn the speech and

language patterns of their community. This prediction was supported by the findings that the

degree of HA benefit, as measured by aided SII after adjusting for the unaided hearing

(rSII), was associated with variations in speech and language abilities. The strength of these

associations approached moderate levels. We would contend that even these modest effects

are likely to have important long-term cumulative effects owing to the importance of

language abilities during the school years.

Given that children with mild HL have more usable unaided hearing than children with

moderately severe HL, we might expect that the benefits of HAs would be less for these

children. This conjecture, however, was not supported in this sample. The benefits from

HAs were similar for children with mild and moderate-to-severe degrees of HL. This may be

due to the fact that HAs can usually provide children with mild HL with high levels of

audibility, whereas they tend to provide more modest audibility for children with severe HL.

However, for children with greater degrees of HL, the amount of gain, albeit limited in some

cases, provides audibility that is not available without the HA.

If HAs provide benefit for speech and language development, we expected that this would

also be reflected in the length of time the child had been fitted with the HA. This prediction

was recently questioned by findings that children with mild-to-severe HL did not differ in

speech and language development according to when they received their HAs.11,13 Indeed,

our data also showed that the simple main effect of length of HA use was not associated

with speech or language outcome; however, when length of HA use and rSII were examined

jointly, we saw that, among children with longer HA use, audibility provided by the HA

became more reliably associated with better outcomes. We should note that in this study, the

length of HA use is confounded with the age of initial HA fitting. Thus, these benefits may

be due to either the length of use or the early receipt of HAs.

Implications for Clinical Management of Pediatric HL

Numerous studies have shown that speech and language development during the preschool

years plays a vital role in the success of children in school and later life. This study shows

that early provision of HAs to children with mild to severe HL is likely to result in better

speech and language development, particularly when the child receives good audibility from

HAs and has had a longer opportunity to wear the HA. Hence, early HA fitting is supported.

This study showed that that these benefits extend to children with mild HL. Many of these

children are not likely to be identified and fitted with HAs. These data would suggest that

research should systematically examine the degree to which these children's speech and

language is negatively influenced by this lack of HA provision and use. Finally, we should

acknowledge that the degree of audibility will be determined, in part, by the quality of the

HA fit within the constraints of the HL.

Conclusions

This study underscores the importance of not only providing HAs to children, but also

insuring that HAs provide an optimal level of audibility.
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Refer to Web version on PubMed Central for supplementary material.

Acknowledgments

Funding/Support: This study was funded by National Institutes of Health/National Institute on Deafness and Other
Communication Disorders grant RO1 DC009560-03.

References

1. Tomblin, JB. Adolescent outcomes of SLI. In: Norbury, C.; Tomblin, JB.; Bishop, DVM., editors.
Understanding Developmental Language Impairment. London, England: Psychology Press; 2008. p.
93-114.

2. Catts HW, Fey ME, Tomblin JB, Zhang X. A longitudinal investigation of reading outcomes in
children with language impairments. J Speech Lang Hear Res. 2002; 45(6):1142–1157. [PubMed:
12546484]

3. Ruben RJ. Redefining the survival of the fittest: communication disorders in the 21st century.
Laryngoscope. 2000; 110(2, pt 1):241–245. [PubMed: 10680923]

4. Davis JM, Elfenbein J, Schum R, Bentler RA. Effects of mild and moderate hearing impairments on
language, educational, and psychosocial behavior of children. J Speech Hear Disord. 1986; 51(1):
53–62. [PubMed: 3945060]

5. Delage H, Tuller L. Language development and mild-to-moderate hearing loss: does language
normalize with age? J Speech Lang Hear Res. 2007; 50(5):1300–1313. [PubMed: 17905913]

6. Briscoe J, Bishop DVM, Norbury CF. Phonological processing, language, and literacy: a
comparison of children with mild-to-moderate sensorineural hearing loss and those with specific
language impairment. J Child Psychol Psychiatry. 2001; 42(3):329–340. [PubMed: 11321202]

7. Elfenbein JL, Hardin-Jones MA, Davis JM. Oral communication skills of children who are hard of
hearing. J Speech Hear Res. 1994; 37(1):216–226. [PubMed: 8170125]

8. Gilbertson M, Kamhi AG. Novel word learning in children with hearing impairment. J Speech Hear
Res. 1995; 38(3):630–642. [PubMed: 7674656]

9. Fitzpatrick EM, Crawford L, Ni A, Durieux-Smith A. A descriptive analysis of language and speech
skills in 4- to 5-yr-old children with hearing loss. Ear Hear. 2011; 32(5):605–616. [PubMed:
21415757]

10. Moeller MP, McCleary E, Putman C, Tyler-Krings A, Hoover B, Stelmachowicz P. Longitudinal
development of phonology and morphology in children with late-identified mild-moderate
sensorineural hearing loss. Ear Hear. 2010; 31(5):625–635. [PubMed: 20548239]

11. Norbury CF, Bishop DVM, Briscoe J. Production of English finite verb morphology: a comparison
of SLI and mild-moderate hearing impairment. J Speech Lang Hear Res. 2001; 44(1):165–178.
[PubMed: 11218100]

12. Wake M, Poulakis Z, Hughes EK, Carey-Sargeant C, Rickards FW. Hearing impairment: a
population study of age at diagnosis, severity, and language outcomes at 7-8 years. Arch Dis
Child. 2005; 90(3):238–244. [PubMed: 15723906]

13. Ching TY, Dillon H, Marnane V, et al. Outcomes of early- and late-identified children at 3 years of
age: findings from a prospective population-based study. Ear Hear. 2013; 34(5):535–552.
[PubMed: 23462376]

14. Stiles DJ, McGregor KK, Bentler RA. Vocabulary and working memory in children fitted with
hearing aids. J Speech Lang Hear Res. 2012; 55(1):154–167. [PubMed: 22199188]

15. Moog, JS.; Geers, AE. Early Speech Perception Test. St Louis, MO; Central Institute for the Deaf;
1990.

16. Haskins, H. A Phonetically Balanced Test of Speech Discrimination for Children. Evanston, IL:
Northwestern University; 1949.

Tomblin et al. Page 9

JAMA Otolaryngol Head Neck Surg. Author manuscript; available in PMC 2014 June 23.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



17. Ansi, A. S3. 5-1997, Methods for the Calculation of the Speech Intelligibility Index. New York,
NY: American National Standards Institute; 1997.

18. Goldman, R.; Fristoe, M. Goldman-Fristoe Test of Articulation 2. Circle Pines, MN: American
Guidance Service Inc; 1999.

19. Sparrow, S.; Cicchetti, D.; Balla, D. Vineland Adaptive Behavior Scales. 2nd. San Antonio, TX:
Pearson; 2005.

20. Carrow-Woolfolk, E. Comprehensive Assessment of Spoken Language. Torrance, CA: Western
Psychological Services; 1999.

21. Dunn, LM.; Dunn, LM. Peabody Picture Vocabulary Test. Vol. 3. Circle Pines, MN: American
Guidance Service; 1997.

22. Blank, M.; Rose, SA.; Berlin, LJ. Preschool Language Assessment Instrument. 2nd. Austin, TX:
Pro-Ed; 2003.

23. Tomblin JB, Zhang X. The dimensionality of language ability in school-age children. J Speech
Lang Hear Res. 2006; 49(6):1193–1208. [PubMed: 17197490]

Tomblin et al. Page 10

JAMA Otolaryngol Head Neck Surg. Author manuscript; available in PMC 2014 June 23.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



Figure 1. Participants' Speech Intelligibility Index (SII) as a Function of Unaided, Better-Ear 4-
Frequency Pure-Tone Average (PTA)
Unaided SII (filled circles) and aided SII (open circles) for all research participants as a

function of their unaided better-ear 4-frequency PTA. HL indicates hearing loss.
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Figure 2. The Relationship Between Residualized Speech Intelligibility Index (rSII) and Speech
and Language Achievement
A, The linear relationship between rSII and speech sound production ability (Goldman-

Fristoe Test of Articulation 2 [GFTA-2]). B, Language ability for children with mild or

moderate-to-severe hearing loss (HL). The rSII is a measure of the aided SII with unaided

SII partialled out. Solid lines indicate mild HL; dashed lines indicate moderate-to-severe

HL.
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Table 1
Characteristics of Children With Mild and Moderate-to-Severe Hearing Loss (HL)

Characteristic Mild HL (PTA = 25-45 dB) Moderate-to-Severe HL (PTA>45 dB)

Children, No. 76 104

Males, % 55 51

Age at test, mean (SD), mo 51.48 (12.20) 50.88 (11.84)

Mother's educational level, %

 <High school 4 6

 High school 14 13

 Postsecondary 30 32

 Bachelor's degree 29 23

Post bachelor's degree 22 26

HA users 74 102

Speech perception

 ESP, at 3 y, raw score 22.03 (5.17) 19.53 (7.79)

 PBK at 5 y, % 82.00 (13.60) 75.46 (18.58)

Age at HA fitting, mean (SD), mo 17.20 (18.29) 13.41 (14.66)

Duration of HA use, mean (SD), mo 34.52 (18.09) 37.51 (15.91)

Abbreviations: ESP, Early Speech Perception Test; HA, hearing aid; PBK, Phonetically Balanced Kindergarten list; PTA, pure-tone average.
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Table 2
Measures of Language and Speech at Either 3 or 5 Years of Age and Language and

Speech for the Combined Age Groupsa

Domain Test Mild HL Moderate-to-Severe HL

Age Level, 3 y

Language CASL Basic 100.70 (14.1) (n = 30) 93.07 (22.21) (n = 42)

CASL Syntax 90.84 (12.65) (n = 30) 84.48 (13.89) (n = 40)

CASL Pragmatics 96.23 (14.44) (n = 30) 90.18 (16.98) (n = 40)

VABS Communication 99.50 (12.82) (n = 22) 94.72 (15.17) (n = 37)

Composite Language score 0.22 (0.89) (n = 45) −0.15 (0.94) (n = 27)

Speech GFTA-2 93.00 (12.97) (n = 30) 83.20 (19.04) (n = 44)

Age Level, 5 y

Language PPVT-4 104.60 (15.14) (n = 45) 97.78 (16.22) (n = 58)

PLAI Receptive 10.76 (3.08) (n = 46) 9.65 (2.95) (n = 57)

PLAI Expressive 10.91 (3.63) (n = 46) 9.47 (2.95) (n = 57)

Composite score 0.22 (0.89) (n = 45) −0.15 (0.93) (n = 55)

Speech GFTA-2 96.91 (16.15) (n = 46) 89.10 (17.0) (n = 60)

Abbreviations: CASL, Comprehensive Assessment of Spoken Language; GFTA, Goldman-Fristoe Test of Articulation 2; HL, hearing loss;
PLAI-2, Preschool Language Assessment Instrument, Second Edition; PPVT-4, Peabody Picture Vocabulary Test, Fourth Edition; VABS,
Vineland Adaptive Behavior Scales.

a
Data are given as mean (SD) with sample sizes.
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