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Abstract

Objective: The overall goal of this study was to examine self-reported hearing quality of life 

(QoL) for pediatric cochlear implant (CI) recipients. Three questions were addressed: 1) How do 

children with CIs compare to age-mates with varying degrees of hearing loss (HL) 2) Are there 

differences among children with different bilateral CI device configurations? 3) Are audiological, 

demographic and spoken language factors related to hearing QoL?

Design: One hundred four children (ages 7–11 years) using bimodal devices (CI and hearing aid) 

or bilateral CIs (BCIs) participated. The Hearing Environments and Reflection of Quality of Life 

(HEAR-QL) questionnaire, receptive language and speech perception tests were administered. 

HEAR-QL scores of CI recipients were compared to scores of age-mates with normal hearing 

(NH) and with mild to profound hearing loss HL.

Results: HEAR-QL scores for CI participants were similar to those of children with varying 

degrees of HL, and did not differ based on device configuration. Emotion identification and word 

recognition in noise correlated significantly with HEAR-QL scores for the CI participants.

Discussion: These CI recipients reported that HL poses an obstacle to social participation, 

though no greater than age-mates with lesser degrees of HL. Children with CIs who were better at 

understanding speech in noise and emotional content in speech reported fewer hearing-related 

difficulties on the HEAR-QL.

Conclusions: Noisy situations encountered in everyday educational settings should be addressed 

for children with HL. The link between perception of emotion and hearing-related QoL for CI 

recipients should be further examined.
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Introduction

The benefits of cochlear implants (CI) for children with severe to profound hearing loss 

(HL) are well documented, with several studies reporting that many pediatric CI recipients 

achieve age appropriate spoken language skills (Geers, Brenner, & Tobey, 2011; Niparko et 

al., 2010; Svirsky, Teoh, & Neuburger, 2004). These improvements in auditory and 

communicative skills have resulted in an increasing interest in CI recipients’ subjective 

perception of their social and emotional function, often globally referred to as quality of life 

(QoL) measures. According to the World Health Organization (WHO), QoL assessments 

encompass individuals’ perception of function across a number of physical, psychological 

and social domains (WHO, 1995). QoL assessments generally fall into two broad categories: 

condition specific, developed for specific clinical populations, and generic, developed for a 

broad range of conditions across different medical interventions. Generic health-related QoL 

measures allow for comparisons of different clinical interventions with typical populations 

and across clinical populations. Condition-specific assessments permit comparisons within a 

clinical population and provide nuanced information unique to a particular condition.

Two systematic literature reviews were undertaken to identify the main aspects of QoL that 

have been evaluated for pediatric CI recipients. Additionally, the various tools used to 

quantify QoL and the various factors contributing to QoL were examined (Lin and Niparko, 

2006; Morettin et al., 2013). Assessment questions covered a variety of aspects of QoL, 

including physical and emotional well-being, communication abilities, social function and 

satisfaction with the CI. When using CI-specific questionnaires, parents of CI pediatric 

recipients generally report improvements in sound awareness, speech perception, 

communication skills, social skills and self-confidence (Archbold, Sach, O’neill, Lutman, & 

Gregory, 2008; Huttunen et al., 2009; Kelsay & Tyler, 1996; Nicholas & Geers, 2003). 

When using generic questionnaires, pediatric CI recipients and their parents, generally rate 

QoL on par with age-mates with normal hearing (NH) (Chmiel, Sutton, & Jenkins, 2000; 

Huber, 2005; Loy, Warner-Czyz, Tong, Tobey, & Roland, 2010; Meserole et al., 2014; 

Moog, Geers, Gustus & Brenner, 2011; Nicholas & Geers, 2003; Warner-Czyz, Loy, Roland, 

Tong, & Tobey, 2009).

Roland and colleagues (2016) conducted a meta-analysis of four studies utilizing the 

Pediatric Quality of Life Inventory (PedsQL). These studies included children with varying 

degrees of HL and devices. After pooling data across these studies, the authors found 

statistically and clinically significant decreases among school-aged children with HL 

compared to those with NH on domains of school and social functioning. These findings are 

particularly relevant given that education statistics show that the majority of children in the 

United States (US) who are deaf or hard of hearing spend some or all of their day attending 

general education classrooms (US Department of Education Report, 2017). Moreover, 

children with CIs increasingly attend schools in general education environments (as opposed 

to schools for the deaf) by the time they are in elementary school (Geers & Nicholas, 2013; 

Nittrouer, Muir, Tietgens, Moberly, & Lowenstein, 2018). The results by Roland and 

colleagues (2016) suggest that although a majority of children with HL attend general 

education classrooms, many may perceive difficulties functioning in school and social 

activities. Importantly, this review and the two aforementioned reviews focused exclusively 
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on CI-users, highlight the need for well-validated hearing-specific tools that assess QoL 

within the population of children with HL (Lin & Niparko, 2006; Morettin et al., 2013; 

Roland et al., 2016).

Addressing the need for hearing-specific QoL measures, Umansky and colleagues (2011) 

validated a hearing-specific hearing QoL questionnaire on children ranging in age from 7–12 

years old with NH and mild to profound HL. Participants completed two questionnaires; a 

validated pediatric generic quality of life (PedsQL) questionnaire and a hearing-specific 

questionnaire related to hearing environments and reflections on quality of life (HEAR-QL). 

Results from this study revealed that the scores for the HEAR-QL correlated moderately 

with scores for the PedsQL. While scores of children with HL were similar to those of age-

mates with NH on the PedsQL (with the exception of school environments), children with 

HL scored below age-mates with NH on all subscales of the HEAR-QL. There were no 

significant differences in the total HEAR-QL scores for children with different levels of HL. 

Due to the small numbers of CI participants (N=8), their responses were not compared to 

other device groups in the study. Comparisons between children with CIs and other device 

groups may be beneficial since it has been suggested that pediatric CI recipients may have 

concerns related to QoL that are different from children with traditional hearing devices and 

less severe HL (Warner-Czyz, Loy, Tobey, Nakonezny, & Roland, 2011). Thus, having a 

validated hearing-specific QoL assessment may identify challenges children with HL face in 

day-to-day educational and social functioning and identify if there are challenges that are 

unique to children with a particular device or hearing level. Identifying factors associated 

with differences in QoL within a sample of children with HL may be valuable for 

implementing intervention practices that facilitate functioning in general educational 

environments.

Some reports have asserted that validated CI-specific QoL measures may be valuable for 

comparing unilateral CIs to BCIs (Hoffman, Cejas, & Quittner, 2019). One study found that 

BCI use, compared to unilateral CI use, is associated with higher (better) parent ratings on 

CI- specific QoL assessments (Sparreboom, Snik & Mylanus, 2012). Samuel et al. (2016) 

found that parent QoL ratings were similar for children receiving a second (2nd) CI either 

simultaneously or sequentially. Sarant and colleagues (2018) collected parent ratings of 

psychosocial QoL from a sample of 5 year olds and 8 year olds. BCI use was associated 

with fewer difficulties for psychosocial situations compared to unilateral CI use. These 

studies have not examined hearing-related QoL from the child’s perspective. Studies 

specifically related to how children might perceive their hearing function in daily listening 

environments using various bilateral CI device configurations [i.e. use of a CI and HA 

(bimodal devices) versus BCIs received either simultaneously or sequentially] have not been 

reported.

Predictors of QoL Ratings in children with CIs

Associations between QoL for pediatric CI recipients and various demographic and device 

variables have been inconsistent, with much of this variability likely attributable to the 

considerable heterogeneity across study characteristics. Reported QoL often varies with age 

of participants and across assessments (Huber, 2005; Stacey, Fortnum, Barton, & 

Suneel et al. Page 3

Cochlear Implants Int. Author manuscript; available in PMC 2021 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Summerfield, 2006; Warner-Czyz et al., 2009). Some have found that earlier age at CI or 

longer duration of CI use, are associated with positive QoL outcomes (Sach & Barton, 2007; 

Warner-Czyz et al., 2009). Several studies (Huber, 2005; Loy et al., 2010; Nicholas & Geers, 

2003) have found that better speech recognition abilities, particularly when assessed in noise 

(Haukedal, Torkildsen, Lyxell, & Wie, 2018), are associated with better scores on QoL 

assessments. In a departure from using clinical word recognition measures, some studies 

have examined the association between perceived QoL and CI recipients’ ability to identify 

vocal emotions accurately. Schorr and colleagues (2009) found that the ability to identify 

vocal emotions (positive, neutral and negative) was positively associated with self-perceived 

QoL assessments in children with CIs ranging in age from 5–14 years. Geers et al. (2013) 

found that for a group of CI recipients ranging in age from 9–12 years old, well-developed 

social skills, were associated with the ability to recognize vocal emotion as well as 

discriminate among female talkers. More recently, investigators have found that the ability to 

recognize vocal emotion in speech is also positively associated with self-perceived QoL in 

adult CI recipients (Lou, Kern and Pulling, 2018). Since perception of emotion is 

fundamental to the development of social competence and social function in typically 

developing children (Wiefferink, Rieffe, Ketelaar, & Frijns, 2012), it may be a critical 

perceptional skill for optimizing QoL in CI recipients. Prosody differences found in 

emotional content are not preserved well in current CIs (Nakata, Trehub, & Kanda, 2012) 

and children with CIs have poorer perception of emotion than their age-mates with NH 

(Chatterjee et al., 2015; Geers et al., 2013).

Objectives:

The overall aim of this study was to examine self-reported hearing QoL for a group of 

pediatric CI recipients using a validated hearing-specific tool.

Three questions were addressed: 1) How do children with CIs compare to age-mates with 

varying degrees of HL? 2) Are there differences among children with different bilateral CI 

device configurations? 3) Are audiological, demographic and spoken language factors 

related to hearing QoL?

METHODS

Participants

HEAR-QL scores for the 104 CI recipients recruited for this study are compared with those 

obtained in the Umansky et al. (2011) validation study of children (N=115) with a broad 

range of HL. Table 1 summarizes demographic characteristics for both groups.

CI Participants: A total of 104 pediatric participants, ranging in age from 7 to 11 years, 

were recruited from multiple CI centers and private oral schools for the deaf across the 

United States. Participating CI centers and schools identified potential candidates for the 

study and sent letters inviting parents to consider their child’s participation in a study 

examining spoken language skills of children using BCIs or bimodal devices. When they 

brought their children to participate in testing for the study, parents completed case history 

forms detailing their child’s educational history, audiological and family demographics. All 
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children had received some period of spoken language instruction in early intervention (EI) 

programs prior to age three. All children used spoken English as their primary language and 

HL as their primary diagnosis with no significant cognitive deficits reported. Approximately 

71% (N=74) of these children attended private oral schools for pre-school. At the time of 

testing, however, a large percentage of the children (88%, N=91) attended school in a 

general education setting. Maternal education level was calculated in total years of education 

through college or beyond and was categorized into 3 groups: 1- high school (up to 12 

years); 2- college (12–16 years); and 3- post graduate, (> 16 years). All children used two 

devices; bimodal devices or BCIs received sequentially or simultaneously. The average age 

at their first (1st) CI/s was 2 years (SD=1.0). The average age at the 2nd CI for children 

receiving BCIs was 2.9 years old (SD=1.7) and ranged from 0.7 years-7.7 years. All parents 

reported that their children wore their current devices (BCIs or bimodal) consistently.

Validation Study Participants:  A total of 115 children aged 7–12 years old participated 

(35 children with UHL, 45 with BHL and 35 siblings with NH. Parents report laterality 

(UHL vs. BHL) and level (normal hearing, mild to profound HL) of HL. Device use 

(hearing aids (HAs), bone conduction aids, CIs & remote microphone systems) was reported 

by the children, although not all of the children used a device (N= 39), and eight participants 

used CIs [6 unilateral CIs, 1 bimodal and 1BCI].

Group Comparisons: The CI group and validation study group (Umansky et al., 2011) 

were compared on several demographic variables including age at test, maternal education 

and distribution of gender. A chi-square test of goodness-of-fit revealed that there were no 

significant differences between the groups for maternal education (X2 (3, N = 198) = 5.00, p 

= .13) or gender (X2 (2, N = 218) = .867, p = .35. The average age of the validation group 

and the current CI group was 9.6 years and 9.2 years respectively. Results from Mann-

Whitney test (U = 4538.5, p = .002) revealed a statistically significant effect of age 

(validation group older). While statistically significant, a group difference of ~ 5 months in 

age was not considered clinically meaningful.

Procedures

Children in the CI group attended a one-day test session, which included various speech 

perception and language measures. Testing was conducted by members of the research team 

along with certified audiologists and speech language pathologists at their local CI center or 

school for the deaf.

Hearing Quality of Life: The HEAR-QL is a 26-item questionnaire for children ages 7–

12 and is broken down into three subscales (Environments, Activities, and Feelings): 

Environments: e.g. “Do you have a hard time hearing your friends at recess?” Activities: e.g. 

“Do you play fewer sports or participate in fewer activities than your friends because of your 

hearing?” Feelings: e.g. “Does your hearing loss make you feel different from everyone 

else?” Response choices for each item use a 5-point scale ranging from Never (4) to Almost 

Always (0). Scores are then reverse transformed into a 0–100 scale where higher scores 

indicate a better hearing QoL. A total score is calculated along with scores for each 

individual subscale. Children were instructed to answer the questions as if they were 
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wearing their everyday devices (BCIs or bimodal devices). All participants completed the 

HEAR-QL and received assistance from an audiologist if they needed help reading the 

questions.

Results on the following test battery served as predictors of hearing QoL for the CI-group 

only.

Speech perception test battery:

The Lexical Neighborhood Test (LNT) (Kirk, Pisoni, & Osberger, 1995) monosyllabic open-

set word test was administered using pre-recorded stimuli presented from a computer to a 

loudspeaker placed at 0° azimuth and approximately 1 meter from the child. One fifty-word 

list was presented at 60 dBA in multi-talker background noise (0° azimuth) at a signal to 

noise ratio (SNR) of +8 dB. A percent- correct LNT word score was calculated.

The Emotion Identification task presented pre-recorded sentences spoken by a female talker 

to assess perception of four emotional intentions: Angry, Scared, Happy and Sad (Geers et 

al., 2013). Children listened to 36 semantically neutral sentences with simple vocabulary and 

chose among the four emotions pictured on the computer screen. A percent-correct score 

was calculated.

The Talker Discrimination task presented a subset of pre-recorded sentences from the 

Indiana multi-talker speech database (Bradlow, Torretta, & Pisoni, 1996; Karl & Pisoni, 

1994) spoken by eight female talkers. The child heard two different sentence scripts and 

indicated whether the sentences were spoken by the same person or by different people. A 

total of 32 sentence pairs were presented. A percent-correct score was calculated.

Receptive language test battery

The Clinical Evaluation of Language Fundamentals, fourth edition (CELF-4) (Semel, Wiig, 

& Secord, 2004) was administered to calculate a Receptive Language total score by 

combining the following three subtests: 1) Concepts and Following Directions: evaluates the 

ability to interpret spoken directions of increasing length and complexity (containing 

concepts that require logical operations) and remember names, characteristics and order of 

objects; 2) Word Classes - Receptive: evaluates the ability to understand relationships 

between words that are related by semantic class feature; and 3) Sentence Structure: 

evaluates the ability to interpret spoken sentences of increasing length and syntactic 

complexity.

The Peabody Picture Vocabulary Test- IV (PPVT) (Dunn & Dunn, 2007) was administered 

live voice in an auditory + visual mode and was used as a measure of receptive vocabulary. 

The examiner produced words and asked the child to point to the correct picture in a set of 

four pictures.

Raw scores for the above two tests were converted to a standard score relative to the age-

appropriate normative group, where the mean is set at 100 with a SD of 15.
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Analysis

Total and subscale scores on the HEAR-QL were not normally distributed for some groups, 

therefore, nonparametric tests were used in all group comparisons. Due to multiple 

comparisons, a Bonferroni adjusted alpha level of .019 per test (.05/3) was used. 

Comparisons on speech perception and language measures were conducted for the three CI 

groups using Analysis of Variance (ANOVA). Correlation analyses were used to examine the 

association between the various demographic, audiologic and spoken language variables and 

HEAR-QL scores.

RESULTS

HEAR-QL scores for NH, UHL, BHL & CI Groups

The boxplots in Figure 1 show HEAR-QL Total and subscale scores for the NH, UHL and 

BHL and CI groups respectively. Mean Total scores were 98, 75, 69 and 68 respectively. A 

Kruskal-Wallis test revealed a significant effect for group for the Total scores [(χ2(3)= 

78.77, p<.001, with a mean rank score of 180.0 for the NH group, 102.3 for the UHL group, 

88.9 for the BHL group and 79.4 for the CI group]. Post-hoc pairwise comparisons (Mann-

Whitney U) revealed that the score for the NH group was significantly higher than the CI 

group (U = 63.00, p < 0.001). There were no significant differences in Total scores between 

the CI group and the BHL or UHL groups (U values: 1831 and 906 respectively; p values: .

37 and .04 respectively).

The pattern of results on the subscales were the same as on the Total scores with the CI 

group scoring lower than the NH group for the Environments (U = 77.5, p < 0.001) Feelings 

(U = 253.5, p < 0.001) and Activities subscales (U = 432.0, p < 0.001). There were no 

significant differences scores between the CI group and BHL or UHL group for the 

Environments (U values: 2156.5 and 1413 respectively; p values: .58 and .08) nor the 

Feelings subscales (U values: 1948 and 969 respectively; p values: .58 and .04). There were 

significant differences, however, in the Activities scores between the CI group and the BHL 

and UHL groups (U values: 1626 and 888 respectively; p values: .01 and .001).

The mean scores for the CI, BHL and UHL groups ranged from 81–94 for the Activities 

subscale. Higher scores on the Activities subscales indicate children reported that their HL is 

less likely to prevent them from participating in sports and social activities. Scores for all 3 

groups for the Environments and Feelings subscales were overall lower (62–78). Lower 

scores on the Environments subscale indicate more difficulty listening in various challenging 

listening environments and lower scores on the Feelings subscale indicate more negative 

emotions such as anxiety and nervousness related to HL.

Within-CI Group Comparisons

Table 2 summarizes the audiologic variables for the three CI groups tested in the current 

study (bimodal, sequential and simultaneous BCIs). The groups did not differ significantly 

for age at 1st HA or unaided pre-implant PTA (F values 1.18 and 1.3 respectively; p values .

27 and .31 respectively). They did differ, however, in age at 1st CI; the simultaneous BCI 
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group received their 1st CI significantly earlier than the bimodal and sequential BCI groups 

(F=10.63, p<.001).

The boxplots in Figure 2 show the Total HEAR-QL scores for the bimodal group, sequential 

and simultaneous BCI groups (mean scores 67–71). A Kruskal-Wallis test revealed that there 

was not a statistically significant difference in HEAR-QL Total scores among the device 

groups, [(χ2(2)= 2.34, p = .310], with a mean rank score of 52.3 for the Bimodal group, 49.8 

for the Sequential CI group and 61.8 for the Simultaneous CI group. Mean group scores on 

the three subscales for the bimodal, sequential and simultaneous BCI groups respectively 

were as follows: Activities, 80, 79 & 88; Feelings, 68, 67 & 75; Environment, 61, 61, & 69. 

Results for the three subscales revealed no statistically significant differences among groups 

(p values: .15, .21 & .07 respectively).

Variables associated with HEAR-QL scores for CI recipients

Correlational analyses were conducted to examine associations between HEAR-QL Total 

scores and various demographic, audiologic, speech perception and spoken language 

measures. Table 3 shows the scores for the total group and the three CI device groups for the 

language and speech perception measures. Standard scores on the CELF and PPVT range 

from 93–103 and are within one SD of the normative mean for typically-hearing age-mates 

(i.e., 85–115) for the total and individual groups. No significant differences were found 

among the three groups for either language measure (F values: 1.53 and 1.35; p values: .22 

and .26 for the CELF and PPVT respectively). As with the language measures there were no 

significant differences among groups for speech perception measures (F values: 1.53–2.0; p 

values: .13-.15). The mean LNT in noise score for the total and individual groups ranged 

from 61–68% and the scores for the emotion and talker discrimination ranged from 67–85%.

None of the demographic/audiologic variables (age at test, maternal education, age at 1st 

HA, age at 1st CI) are significantly correlated with the Total HEAR-QL score (r values: .07 

- .07; p values: .42 - .49). Table 4 shows correlations between the speech perception/

language scores and the Total HEAR-QL score. The LNT in noise and the emotion 

identification scores show significant correlations (r values: .24 and .25; p = .011) with the 

Total HEAR-QL score. No other correlations are significant (r values: .05 - .17; p values: .

08-.56).

DISCUSSION

The overall aim of this study was to examine self-reported hearing QoL of pediatric CI 

recipients using a validated hearing-specific questionnaire on children with a wide range of 

HL and devices.

1. HEAR-QL scores from children with HL compared to children with NH.

Previous research using generic QoL questionnaires have found that results for children with 

CIs are generally on par with age-mates with NH (Chmiel, Sutton, & Jenkins, 2000; Geers et 

al, 2003; Huber, 2005; Loy et al., 2010; Meserole et al., 2014; Warner-Czyz et al., 2009). 

Similarly, Umansky et al., (2011) showed that scores for the generic PedsQL did not differ 

significantly for children with HL and age-mates with NH. There were significant group 
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differences, however, on the HEAR-QL. Administering the HEAR-QL to the current group 

of pediatric CI recipients enabled us to examine how these children rate various aspects of 

hearing related to participation, function and feelings in everyday situations compared to 

children with a range of HL.

Consistent with other CI studies, (Geers & Nicholas, 2013; Nittrouer, Muir, Tietgens, 

Moberly, & Lowenstein, 2018) the majority (88%) of these CI participants reported 

attending elementary school in a general education setting. Thus, these CI recipients listen 

and learn in environments with age-mates with NH, as well as those with less severe HLs. 

Children with CIs reported that their HL interfered with listening in certain environments 

(e.g., recess or sports), interfered with their participation in some activities (e.g., parties) and 

made them feel shy when meeting new people. They rated their hearing QoL similarly to 

children with varying degrees of HL regardless of degree, configuration, or devices used 

with the exception of lower ratings on the Activities subscale. Compared to the children with 

less severe HL, the majority of these children with CIs spent their early pre-school years in 

oral schools for the deaf and likely entered general education later. Nevertheless, the 

children with less severe HL reported feeling socially affected by HL, even though they 

presumably had better residual hearing and more time to acclimate to general education 

environments.

All groups of children with HL reported that their HL made them less likely to participate in 

school activities such as recess or sports. The children with CIs reported these difficulties 

even though most of them achieved spoken language skills on par with their age-mates with 

NH. This finding suggests that considering normal language levels sufficient for successful 

placement in general education classrooms does not mean that continued accommodation to 

HL is no longer necessary. Thus, new approaches should be implemented which address the 

needs of children with HL and their ability to function in daily activities.

2. HEAR-QL scores among children with different CI device configurations

Binaural hearing abilities are thought to facilitate effective communication and socialization 

in complex listening environments. Since children with severe to profound HL are often 

candidates for BCI, there has been a growing interest in examining QoL in BCI recipients.

For this group of CI recipients, bilateral input, through BCIs or bimodal devices, resulted in 

similar self-perceived hearing-related QoL. These comparisons were not between unilateral 

and bilateral device use, but instead they were between different bilateral devices. Consistent 

with parent ratings from the Samuels et al. (2016) study, results from the current study 

suggest that children rate their hearing QoL similarly, regardless of the configuration or 

timing of BCI.

3. Variables associated with HEAR-QL scores in children with CIs.

A number of variables were explored as potential factors contributing to HEAR-QL ratings. 

Age at test, maternal education, age at HA and age at CI were not related to hearing QoL. 

One might assume that a greater proficiency with understanding spoken language would 

allow for improved communication and possibly higher perceived functional benefits for a 

variety of school and social activities. Notably, neither receptive language nor vocabulary 
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were associated with HEAR-QL scores for this group of CI recipients. Only two of the 

speech perception measures, word recognition in noise and emotion identification, correlated 

significantly with HEAR-QL scores. Many of the questions on the HEAR-QL are related to 

listening in noisy environments so the relationship to word recognition in noise may be 

expected. The current study, along with two studies conducted on pediatric CI recipients 

(Schorr et al. 2009; Geers et al. 2013), and one on adults CI recipients (Lou et al. 2018), 

suggest that the ability to perceive the nuances of speaker emotions may be related to 

positive social outcomes for CI recipients. These results are consistent with a body of 

literature asserting that emotional understanding has significance for communication skills 

and social development later on in childhood (Cutting & Dunn, 1999; Dunn, Brown, 

&Beardsall, 1991; Dunn, Brown, & Maguire, 1995). In addition to clinical word recognition 

tests, tests of emotion perception may be helpful in identifying children who are more likely 

to struggle in certain school and social activities. More recently, music training was found to 

result in improved perception of vocal emotion for pediatric CI recipients (Good et al. 2017). 

Thus, the possibility of rehabilitation targeting improvement in emotion perception should 

be explored.

CONCLUSION

The results of this study show that these children with BCIs and bimodal devices rate their 

overall hearing QoL similarly to children with a wide range of HL. All HL groups reported 

more difficulty in hearing-related situations than their age mates with NH. There were no 

differences in ratings among bilateral device groups (BCIs received simultaneously or 

sequentially, or bimodal devices). The ability to listen in noise and to recognize vocal 

emotion were associated with higher HEAR-QL scores. School environments need to 

accommodate children with HL by reducing ambient noise wherever possible. The link 

between emotion perception and QoL deserves further study along with methods for 

improving the extent to which CIs convey cues to spoken emotional content. Future 

directions should include an exploration of additional factors that may be associated with 

QoL, such as fatigue, ability to self-advocate and personality. These areas may offer 

guidance for facilitating function in everyday social and educational settings.
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Figure 1. 
Box-plots for HEAR-QL scores for the Activities, Environments, Feelings and Total Score 

for NH; Normal Hearing, UHL; Unilateral Hearing Loss, BHL; Bilateral Hearing Loss; 

BHL and CI; Cochlear Implant groups. The limits of the box represent the lower and upper 

quartile of the distribution and the horizontal line through the box represents the median. 

Whiskers represent the minimum and maximum scores in the distribution, excluding 

outliers. Open-circle outliers are values between 1.5 and 3 interquartile ranges (IQR) from 

the end of a box; asterisk outliers are values more than 3 IQRs from the end of a box. 

Significant differences (p<.019) between the CI group and the HL groups are shown above 

each plot.
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Figure 2. 
Box-plots for the Total HEAR-QL scores for the Bimodal, Sequential and Simultaneous 

BCIs. The limits of the box represent the lower and upper quartile of the distribution and the 

horizontal line through the box represents the median. Open-circle outliers are values 

between 1.5 and 3 interquartile ranges from the end of a box.
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Table 1:

Validation and CI Group Demographics

Age (Years) Mean SD Minimum Maximum N

 Validation Group 9.65 1.58 7 12 115

 CI Group  9.02* 1.28 6.75 11.32 104

Maternal Education DNR High School College Post-Graduate

 Validation Group 3 15 49 27
94

+

 CI Group 0 18 47 39 104

Gender Male Female

 Validation Group 52 62
114

+

 CI Group 54 50 104

CI; Cochlear Implant, SD; standard deviation, DNR; Did Not Respond,

*
CI group is significantly younger than the Validation group (p=.002),

+
some demographic data for the validation group was missing, N; Total Number of Participants.
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Table 2.

Hearing variables for the CI group

Age 1st HA (months) N Mean SD Minimum Maximum

Bimodal 21 12.7 10.2 1 29

Sequential CIs 64 10.0 7.9 1 27

Simultaneous CIs 18 8.6 6.7 2 22

Total 103* 10.3 8.3 1 29

Age 1st CI (years)**

Bimodal 21 2.77 1.05 1.03 4.54

Sequential CIs 64 2.07 1.08 0.67 4.50

Simultaneous CIs 19 1.32 0.48 0.70 2.23

Total 104 2.08 1.08 .67 4.54

Unaided PTA pre-CI

Bimodal 21 91.2 19.9 37 125

Sequential CIs 64 99.7 14.4 65 125

Simultaneous CIs 19 104.8 15.0 72 125

Total 104 92.4 18.3 45 125

Age 2nd CI (years)

Sequential CIs 64 3.39 1.69 0.69 7.72

Simultaneous CIs 19 1.32 0.48 0.70 2.23

Total 83 2.91 1.73 0.69 7.72

CI; Cochlear Implant, HA; Hearing Aid, SD; standard deviation,

*
one child was never fit with a HA, PTA; pure-tone average .5, 1, 2 kHz (dB HL) for the first implant ear,

**
; significantly different p< .05, BE; Better Ear’ N; Total Number of Participants
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Table 3.

Speech Perception and Language Scores for the CI Groups

CELF-SS N Mean SD Minimum Maximum

 Bimodal 21 100.9 16.2 64 134

 Sequential CIs 64 93.4 17.4 52 122

 Simultaneous CIs 19 96.7 18.3 60 122

 Total 104 95.5 17.4 52 134

PPVT-SS

 Bimodal 21 103.0 19.3 71 146

 Sequential CIs 64 96.5 17.0 56 151

 Simultaneous CIs 19 102.6 24.9 71 160

 Total 104 98.9 19.2 56 160

LNT in Noise

 Bimodal 21 61.4 15.5 26 86

 Sequential CIs 64 67.9 13.2 30 92

 Simultaneous CIs 19 68.3 10.7 48 82

 Total 104 66.7 13.4 26 92

Emotion Identification

 Bimodal 21 84.7 12.6 47.2 100

 Sequential CIs 64 75.1 20.7 22.2 100

 Simultaneous CIs 19 76.6 20.6 19.4 100

 Total 104 77.3 19.5 19.4 100

Talker Discrimination

 Bimodal 21 70.1 10.9 40.6 90.6

 Sequential CIs 64 69.5 11.5 43.8 87.5

 Simultaneous CIs 19 67.1 11.8 46.9 84.4

 Total 104 69.2 11.4 40.6 90.6

CI; Cochlear Implant, SD; standard deviation, SS; standard score, CELF; Clinical Evaluation of Language Fundamentals, PPVT; Peabody Picture 
Vocabulary Test, LNT; Lexical Neighborhood Test
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Table 4.

Correlations between HEAR-QL and spoken language outcomes for CI participants.

HEAR-QL

HEAR-QL Pearson r 1

Sig. (2-tailed)

N 104

PPVT SS Pearson r 0.056

Sig. (2-tailed) 0.575

N 104

CELF SS Pearson r 0.167

Sig. (2-tailed) 0.090

N 104

LNT in Noise Pearson r .241*

Sig. (2-tailed) 0.014

N 104

Talker Discrim Pearson r 0.143

Sig. (2-tailed) 0.147

N 104

Emotion ID Pearson r .248*

Sig. (2-tailed) 0.011

N 104

HEAR-QL; Hearing Environments and Reflections on Quality of Life, PPVT;

Peabody Picture Vocabulary Test, CELF; Clinical Evaluation of Functional Language,

LNT; Lexical Neighborhood Test, Discrim; Discrimination,

ID; Identification, Sig.; Significance,

N; Total Number of Particpants,

*.
Significant at the 0.05 level (2-tailed).
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