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1. Abstract 

The present study explored the incremental benefits of 

late receipt of a second cochlear implant (CI) by 

examining various aspects of educational, cognitive and 

social-emotional functioning among college-age CI 

users. Secondary analyses were conducted on data from 

seven studies that had compared deaf students who were 

active CI users, deaf students who had never used CIs 

and hearing students; information concerning unilateral 

or bilateral CI use had been collected but was not 

analysed previously. The seven studies provided for 

comparisons on four dozen dimensions including 

executive function, world knowledge, visual-spatial 

ability, academic achievement and quality of life. Ages 

of first/only cochlear implantation did not differ 

significantly in any of the comparisons, nor did the 

groups differ significantly on most of the outcome 

measures across cognitive and social-emotional 

domains. The findings consistently indicated that while 

cognitive and social-emotional differences might be 

apparent between samples of unilateral and bilateral CI 

users during earlier childhood, they were not evident in 

this group of CI users who had reached college-age. 

Limitations of this study related to the nature of the 

participant samples indicate the need for further 

research on long-term benefits of bilateral implantation. 

2. Keywords: Bilateral cochlear implantation; Long-

term outcomes; Cognitive development; Social-

emotional development  

3. Introduction 

With the increasing prevalence of cochlear implant (CI) 

use and particularly implantation during infancy, 

implanting both ears has become more common. In 

countries such as Canada and New Zealand, for 

example, bilateral implantation has become standard 

practice for children with symmetrical severe to 

profound hearing losses [1]. The increasing prevalence 

of CI use also has been associated with an increasing 

volume of research and related literature concerning 

variables that are predictive of language, cognitive and 

social-emotional outcomes following cochlear 

implantation, although evidence with regard to long-

term outcomes remains limited. This study addresses 

one aspect of long-term CI use, the relative impact of 

late receipt of a second CI. In particular, it compared 

functioning in several cognitive and social-emotional 

domains in the current cohort of college students who 

received either unilateral or bilateral CIs as children or 

adolescents. 

A variety of studies has examined potential benefits of 
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pediatric cochlear implantation to auditory- and speech 

and language-related functioning (for a review, see [2]). 

Further, there is now broad support in the literature for 

bilateral implantation providing significantly greater 

benefit to several domains of hearing, speech and 

language relative to unilateral implantation. Those 

benefits are mostly related to sound localization (i.e. 

spatial hearing: [3]) and improved speech perception 

abilities in the presence of background noise [4,5]. 

Bilateral implantation is also associated with better 

expressive and receptive spoken language outcomes 

than unilateral implantation [6,7] (for a review, see [8]). 

The “bilateral advantage” seems to be found regardless 

of length of auditory deprivation, time between 

implants, or ages at implantation, at least among 

children [9,10]. However, in a review of seven studies 

that specifically examined the impact of inter-implant 

interval on various speech and language outcomes, 

results were conflicting; whereas three of the reviewed 

studies reported that a longer inter-implant interval was 

associated with poorer language development and 

speech perception in quiet, four other studies did not 

find such an impact on outcomes [11]. In addition, [12] 

concluded that there is a “critical age” after which the 

receipt of a second implant will not provide significant 

speech perception benefits. Therefore, there is a need to 

look at the potential benefits of a second implantation 

later in life, beyond the usual auditory and speech 

outcomes. 

4. Bilateral Implant Use and Learning and 

Cognition 

Auditory- and speech and language-related variables 

associated with bilateral cochlear implantation are of 

lesser interest for the present purposes than their 

ultimate impact on the higher-level functions involved 

in learning, cognition and behaviour. For example, the 

improvement potentially provided by bilateral implants 

to hearing, auditory localization and greater ease and 

diversity in social interactions would support 

individuals’ attending to or overhearing the speech of 

others that might direct them to the acquisition of new 

knowledge and more advanced problem-solving and 

interpersonal functioning over time [7]. Outside of the 

domains of speech and language, however, research 

concerning possible long-term benefits of bilateral 

implantation is rare. This situation may be related to 

restricted interests, resources and funding of 

investigators who study pediatric cochlear 

implantation, but the resulting lack of information is 

problematic both clinically and theoretically. A review 

by [13], for example, concluded that the early benefits 

to deaf children’s cognition and learning accruing from 

early access to spoken language via CIs like those 

accruing from early access to sign language from deaf 

parents are largely absent by high school and college 

age [14-16]. A review by [17] similarly found age at 

implantation largely unrelated to academic and 

cognitive outcomes of CI users. Across 167 assessments 

in 44 peer-reviewed articles, only about one in five 

analyses yielded evidence of earlier implantation 

providing greater benefits relative to later implantation 

in childhood.  

Like findings with regard to hearing, speech and 

language following bilateral cochlear implantation, 

however, outcomes of pediatric cochlear implantation 

in other domains are quite variable. [18] examined a 

large number of child and family factors associated with 

language, academic achievement and social-emotional 

variables, as reported by parents of 247 children who 

used CIs. Sixty-five of the children (26.3% of the 

sample) had received sequential bilateral CIs. Multiple 

regression analyses using parent report data indicated 

that bilateral CI use was one of several variables 

accounting for significant portions of variance in 

communication skills, social functioning and social 

participation as well as (expected) better academic 

achievement and future life outcomes.  

[19] specifically examined the benefits of bilateral 

versus unilateral CI use on academic outcomes in a 

study involving 44 8-year-old CI users, 34 of whom had 

bilateral CIs. All of the children had used their CIs for 

approximately seven years. Sarant et al. examined the 
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children’s progress in mathematics and literacy as well 

as language development. Across all the academic 

areas, the CI users performed below the levels expected 

of hearing children, although the bilateral CI users 

scored significantly higher than the unilateral users in 

mathematics and written language.  

[4] conducted a study including 30 children with 

bilateral CIs and 20 with unilateral CIs, together with a 

comparison group of 56 hearing children. Lovett et al. 

noted that “the average chronological age of the 

normally-hearing children was similar to the average 

length of time for which the bilaterally- and 

unilaterally-implanted children had used at least one 

implant” (p. 108). The three groups were reported to 

have similar mean “hearing ages” of 54.2 months, 49.6 

months and 48.9 months, respectively, even though the 

hearing children were about 2.5 years younger than the 

two CI groups. The investigators found better sound 

localization and speech perception among the children 

with bilateral CIs, but bilateral and unilateral CI users 

did not differ significantly in parent-reported quality of 

life.  

[20] included bilateral versus unilateral implantation as 

one factor in their study of psychosocial, cognitive and 

language abilities among 159 pediatric CI users, 120 of 

whom used bilateral CIs and 39 of whom used unilateral 

CIs. All received their first or only implants by 3.5 years 

of age and, if they had a second, it was received by 6 

years of age. Psychosocial functioning was evaluated at 

5 and 7 to 8 years of age using the Strengths and 

Difficulties Questionnaire, with subscales tapping 

emotional symptoms, conduct problems, hyperactivity, 

inattention, peer problems and prosocial behaviour. 

Cognitive abilities were evaluated using the Wechsler 

Nonverbal Scale of Ability. In the social domain, parent 

reports indicated that the CI users did not differ 

significantly from hearing peers in any area except 

prosocial behaviour. The latter finding is consistent 

with a number of studies indicating that young deaf 

children and even deaf young adults with CIs (or not) 

are significantly delayed in their development of theory 

of mind, an important foundation of prosocial behaviour 

[21-26]. Use of bilateral CIs, however, was associated 

with better psychosocial functioning, especially among 

children in the Sarant et al. study who received their 

second CI earlier. Interestingly, children with better 

cognitive abilities evidenced greater difficulties with 

regard to peer problems and prosocial behaviour, 

leading to the conclusion that “more intelligent eight-

year-old children were at increased risk of difficulties 

with other children” (p. 778). 

5. The Present Study 

Taken together, the research findings described above 

concerning higher-level language and academic 

outcomes following bilateral cochlear implantation 

generally indicate significant benefits, at least in young 

children. The most notable characteristic of that 

literature, however, might be its paucity, especially 

regarding the impact of inter-implant interval. [7] for 

example, noted that there is only a limited literature on 

academic outcomes among children who are CI users 

and [20] made a similar observation with regard to 

studies of psychosocial functioning among those 

children. Several other investigators further have 

emphasized the lack of research concerning long-term 

outcomes following cochlear implantation more 

generally [17,27-30]. Moreover, those studies that have 

examined long-term outcomes tend to define “long-

term” as only up to 7 years of CI use. Although several 

recent investigations have examined longer CI use by 

examining academic achievement and, to a lesser 

extent, social-emotional functioning among CI users of 

high school and college age (see below), studies of 

longer-term outcomes following bilateral cochlear 

implantation are largely absent [31].  

The present study was aimed at taking a first step 

toward remedying this situation by re-examining data 

from a series of studies that were focused on college 

students who were CI users; although none of those 

studies had considered the possible added value of 

bilateral over unilateral CIs. The studies were drawn 

from a (US) government-funded research program 
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conducted from 2012 to 2018 that investigated 

language, cognition and social-emotional functioning 

among three populations of college students: CI users, 

deaf students who indicated that they had never 

received a CI (henceforth “deaf nonusers”) and hearing 

peers. The students were enrolled across the nine 

colleges of Rochester Institute of Technology (RIT), 

one of which is the National Technical Institute for the 

Deaf (NTID). Deaf and hard-of-hearing students at RIT 

make up approximately 9% of the student body, with 

about half in associate and pre-baccalaureate degree 

programs at NTID and the other half, with hearing 

peers, in baccalaureate and graduate degree programs in 

the other RIT colleges. That distinction was not 

considered in any of the studies described below, but it 

reflects the fact that the deaf participants were drawn 

from a relatively diverse population of college students 

with significant hearing loss (see Marschark & Rosica, 

2021, for a national perspective). For the present 

purposes, only data from active CI users were 

considered. 

Recruitment of students for all studies entailed 

advertising around the university campus and personal 

contacts. Although participants were drawn from the 

same student body over a five-year period, overlap of 

CI users across the various study samples was relatively 

rare. Considering the studies in pairs, there were never 

more than two participants overlapping with the 

exception that two studies described below that 

examined visual-spatial ability and quality of life 

largely included the same participants. That sample was 

part of an all first-year student cohort that was followed 

longitudinally for purposes not relevant here; differing 

sample sizes below were the result of participants’ 

missing sessions for some experiments. Participating 

researchers with different areas of expertise came from 

several universities in five countries. 

Because the focus here is on the impact of the late 

receipt of a second CI, results of the original studies are 

summarized only briefly; details concerning materials 

and methodologies can be obtained from the original 

publications and the Appendix.  

6. General Methodology 

Data evaluated in the present study were drawn directly 

from seven studies that were conducted as part of a 

research program investigating relations among 

language, cognition and social-emotional functioning 

among CI users and deaf nonusers as compared to each 

other and to hearing peers. All of the participants were 

college students enrolled at RIT; over 95% of all 

individuals in the original studies and over 95% of the 

CI users considered here were between 18 and 24 years 

of age. Consistent with recent findings involving deaf 

individuals from high school age through adulthood in 

Europe and North America [14,32,33], both CI users 

and deaf nonusers reported variously using sign 

language and spoken language, with most using both. 

Without any accurate way to assess the quality or the 

extent to which individuals used each of the modalities 

[34], that variable is not considered here. In order to 

ensure that participants understood the task demands, 

however, the experimenters in all the studies were 

certified sign language interpreters with many years’ 

experience working with deaf students at RIT. They 

interacted with deaf participants using both spoken 

language and sign language. All tasks also included 

written instructions and participants were encouraged to 

ask questions for clarification whenever necessary. 

Analyses described below aimed to evaluate possible 

performance differences between unilateral CI users 

and bilateral users who received their second CIs 

relatively late and with a relatively long inter-implant 

interval [6]. These consisted of t-tests comparing their 

performance on the tasks of interest in each study. Ages 

of their first and second implantations were compared 

in order to be able to control for any significant 

differences in that regard, but as will be evident below, 

such control turned out not to be necessary. Bivariate 

correlational analyses examined relations between 

participants’ test performance and implant 

characteristics: self-reported ages of first and second 

implantation and time between the two implantations. 
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Those data frequently indicate that mean reported ages 

of implantation were relatively late by current 

standards, but they accurately represent characteristics 

of current cohorts of college students who are CI users 

in the United States. Means, standard deviations and 

results of group comparisons (with Cohen’s d effect 

sizes) are presented in a table for each study. Because 

of the possibility that ages of implantation were skewed, 

medians for ages of implantation are provided in the 

text, as are any significant correlations between 

performance and ages at implantation.  

As in most studies concerning long-term outcomes of 

cochlear implantation, the present study does not 

provide (nor had available) any data with regard to the 

auditory benefits received by individual participants 

through unilateral or bilateral CIs. Similarly, familial 

and other demographic information that might provide 

insight into participants’ early language environments 

and CI use was not available to the investigators. Nor 

was information available with regard to why individual 

participants had received bilateral or only unilateral CIs. 

Such information would be particularly important with 

regard to studies of young children, for whom 

environmental factors are playing a key role in language 

and cognitive development before and after cochlear 

implantation [30]. While those factors appear less 

important for young adults [13], the failure to consider 

them along with audiological variables in studies of 

pediatric CI users may be problematic [20,27,35]. 

7. Cognitive and Academic Functioning 

Vocabulary and World Knowledge 

[36] examined knowledge differences among CI users, 

deaf nonusers and hearing peers in six domains: 

vocabulary, world history, geography, occupations of 

famous people, magnitudes of real-world animals and 

objects and the accuracy of non-numerical magnitude 

judgments.  

Vocabulary was assessed using the Peabody Picture 

Vocabulary Test-IV (PPVT). Knowledge of USA 

geography and famous people involved stimulus 

matching (e.g., assigning famous names to professional 

categories). Assessment of historical knowledge 

required ordering historical events on an end-anchored 

timeline.  

Knowledge of real-world magnitudes required 

individuals to provide estimates on various dimensions 

(e.g., the height of a basketball goal, the number of 

apples in a pound), while non-numerical magnitude 

judgments required estimates of objects in a laboratory 

setting (e.g., the circumference of a laboratory wall 

clock).  

Hearing college students outperformed both CI users 

and deaf nonusers, with no significant differences 

between the latter two groups on any task. Age of first 

cochlear implantation was not significantly related to 

performance. 

Participants and results: Participants in the present 

comparisons included 92 CI users, 69 of whom received 

unilateral CIs at a median age of 6.00 years. The 23 

bilateral CI users reported receiving their first CI at a 

median age of 7.00 years and their second CI at a 

median age of 16.00 years.  

The independent sample t-tests comparing the bilateral 

and unilateral CI users indicated no significant 

differences in their performance on any of the six tasks, 

although a large effect size was associated with the 

history task and a medium effect size with the 

geography task (Table 1).  

The two groups also did not differ significantly in the 

ages at which they received their first/only CI. There 

were no significant correlations between age at 

implantation and performance on any of the tasks for 

the unilateral CI group, but ages of both first, r (21) = 

.43, p = .042 and second, r (21) = .42, p = .047, 

implantations were significantly related to the bilateral 

users’ knowledge about the magnitudes of objects and 

animals in the real world. Positive coefficients 

counterintuitively indicated that later implantations 

were associated with higher scores.  

A shorter period between their two implantations also 

was associated with higher scores on the geography 

task, r (21) = -.42, p = .047. 
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Table 1: Mean scores and standard deviations (SD) for CI characteristics and performance on Peabody Picture Vocabulary Test (PPVT) vocabulary 

and world knowledge tasks with t-test results and effect sizes (Cohen’s d).  

    Unilateral Users  Bilateral_Users   

Mean SD Mean SD t (90) d 

Age of first cochlear implantation 8.31 6.18 8.22 5.62 0.06 0.02 

Age of second cochlear implantation    15.59 3.19   

Time between implantations (years)   7.37 4.57   

PPVT Standard scores 81.35 20.49 82.96 23.13 0.32 -0.08 

Famous people (% correct) 0.40 0.19 0.37 0.16 0.69 0.17 

History timeline (% correct) 0.19 0.15 0.14 0.12 1.43 -1.27 

Geography (% correct) 0.76 0.23 0.65 0.27 1.77 0.46 

Real-world magnitudes (% correct) 0.08 0.08 0.10 0.08 0.99 -0.25 

Laboratory estimates (% correct) 0.05 0.07 0.05 0.05 0.28 0.00 

These findings indicate that the vocabulary advantages 

sometimes observed among young children who are 

bilateral CI users when compared to unilateral CI users 

[30] were not found in this sample of college students. 

Among bilateral CI users but not unilateral CI users, 

greater knowledge about the magnitudes of objects and 

animals was associated with later first and second 

implantations. Less time between receiving their two 

CIs was associated with bilateral CI users’ better 

knowledge of USA geography.  

Executive Function and Academic Achievement 

[37 Experiment 1] examined eight aspects of cognitive 

executive function among CI users, deaf nonusers and 

hearing peers as part of a series of studies investigating 

social maturity among deaf and hearing college students 

[see also 38,39] The investigators also obtained college 

entrance scores for the deaf participants. Executive 

function was assessed using the Learning, Executive 

and Attention Functioning (LEAF) scale. Two versions 

of the LEAF were administered: the original self-report 

measure (adapted from a parent-report measure) and 

one with simplified, more accessible language intended 

for use with deaf learners. Only one of the eight scales 

yielded a (small but) significant difference between the 

two versions; and all of the data are combined here, as 

they were in the original study. American College Test 

(ACT) English, mathematics, reading comprehension 

and science subtest scores were available for 55 of the 

CI users, but were not used for analyses in the original 

study. Analyses of LEAF scores indicated that deaf 

students reported significantly more executive function 

difficulties than their hearing peers in several domains, 

but there were no differences between CI users and deaf 

nonusers, nor was age at implantation significantly 

associated with any of those scores.  

Participants and results: This study included 66 CI 

users; 27 of them reported using bilateral CIs. The 39 

unilateral CI users reported receiving their CIs at a 

median age of 3.00 years. The bilateral CI users 

reported receiving their first CI at a median age of 4.00 

years and their second CI at a median age of 13.00 

years.  

As can be seen in Table 2, the unilateral and bilateral CI 

users did not differ significantly in the age of receiving 

their first/only CI. Comparisons of two groups’ scores 

on the eight LEAF dimensions of executive function 

also failed to yield any significant differences and all 

effect sizes were small. However, consistent with 

findings of [7] with children, the 23 bilateral CI users 

had obtained significantly higher college entrance 

scores than the 32 unilateral CI users on English, 

reading and mathematics ACT subtests, only the last 

having a relatively large effect size (Table 2). 

Correlation analyses reflected the lack of association 
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between executive function and age at implantation, as no significant coefficients were obtained. 

Table 2: Means and standard deviations (SD) for CI characteristics and executive function scores on the Learning, Executive, and Attention 

Functioning (LEAF) scale (n = 66, df = 64) and American College Test (ACT) college entrance scores (n = 55, df = 53) with t-test results and effect 

sizes (Cohen’s d). 

*p = .001, **p = .01. Note: Higher LEAF scores indicate greater executive function difficulties. 

Visual-Spatial Ability  

[40] empirically examined the frequent assumption that 

deaf individuals and especially those who use sign 

language have better visual-spatial abilities than hearing 

individuals [41]. Visual-spatial abilities in their 

Experiment 1 were tapped using the Spatial Relations 

and Pair Cancellation tasks from the Woodcock-

Johnson III Tests of Cognitive abilities (WJ-III) and an 

embedded figures test. Contrary to expectations but 

consistent with findings of [31] and [42], hearing 

students significantly outperformed both CI users and 

deaf nonusers on the Spatial Relations and embedded 

figures tasks. Hearing students also outperformed the CI 

users and deaf participants, overall, on the Pair 

Cancellation task. Marschark, Spencer, et al. found no 

significant differences in performance between CI users 

and deaf nonusers on any of the tasks [see also, 42,43].  

Participants and Results: Participants included here 

were 52 CI users, including 17 bilateral CI users. 

Among the 35 unilateral CI users, the median age at 

which they reported receiving their CIs was 6.00 years. 

The median age of receiving a first CI among the 

bilateral users was 4.00 years; the median age of 

receiving a second CI was 15.00 years. 

Comparisons of unilateral and bilateral CI users 

indicated that bilateral users significantly outperformed 

the unilateral users on the WJ-III Spatial Relations task, 

yielding a large effect size, but the two groups did not 

differ in performance on the embedded figures task or 

Pair Cancellation task (see Table 3). Correlational 

analyses indicated that earlier implantation among 

unilateral CI users was significantly associated only 

 Unilateral Users Bilateral Users  

Mean SD Mean SD t  d 

Age of first cochlear implantation 4.40 2.84 4.26 2.56 0.84 0.05 

Age of second cochlear implantation    12.70 3.01   

Time between implantations (years)   8.44 2.89   

LEAF       

Comprehension/Conceptual Learning 4.59 2.17 4.78 2.42 0.33 -0.08 

Factual Memory 4.03 2.71 4.44 3.07 0.58 -0.14 

Attention 4.46 2.62 3.63 2.51 1.29 0.33 

Processing Speed 5.62 3.42 4.52 3.20 1.31 0.34 

Visual-Spatial Organization 2.87 2.77 2.30 2.23 0.90 0.23 

Sustained Sequential Processing 3.56 2.27 3.04 2.58 0.88 0.22 

Working Memory 4.64 2.59 4.89 3.48 0.33 -0.08 

Novel Problem Solving 3.56 2.68 3.15 2.78 0.61 0.15 

ACT       

English 13.69 3.34 18.00 5.23 3.73* -1.04 

Mathematics 17.72 3.44 21.04 5.41 2.78** -0.77 

Reading Comprehension 17.41 3.74 20.91 5.55 2.80** -0.78 

Science 18.87 3.47 21.04 5.04 1.89 -0.53 
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with better performance on the Spatial Relations task, r 

(33) = -.42, p = .012.  

With regard to earlier implantation being associated 

with better visual-spatial skills among unilateral users 

but not bilateral users, it is important to note that [40] 

found that across three experiments, visual-spatial skills 

were significantly associated with deaf participants’ 

language abilities, regardless of whether they relied 

primarily on spoken language or sign language. That is, 

while better visual-spatial ability was positively linked 

to stronger sign language skills among signers, it also 

was positively linked to stronger spoken language skills 

among deaf participants who used spoken language 

(most of whom were CI users).  

Table 3: Mean scores and standard deviations (SD) for CI characteristics and visual-spatial task scores with t-test results and effect sizes (Cohen’s d). 

 
Unilateral Users Bilateral Users    

Mean SD Mean SD t df d 

Age of first cochlear implantation 6.90 5.00 4.73 3.68 1.55 49 0.48 

Age of second cochlear implantation    14.38 2.92    

Time between implantations (years)   9.64 4.29    

WJ-III Spatial relations  87.55 8.04 92.98 6.95 2.54* 50 -0.72 

WJ-III Pair cancellation 37.43 13.94 38.72 11.70 0.77 50 -0.09 

Embedded figures 90.39 10.36 92.39 7.49 0.81 50 -0.21 

*p = .011.  

Theory of Mind, Visual-Spatial Reasoning and 

Sequential Processing 

[22] investigated theory of mind in CI users, deaf 

nonusers and hearing college students using tasks 

requiring the understanding of sarcasm and advanced 

false belief (second-order false belief and double bluff). 

Theory of mind refers to individuals’ understanding that 

people have thoughts, wants and beliefs that influence 

their interpersonal behaviour, an ability that normally 

develops with increasing complexity across age groups, 

languages and cultures. Delays in theory of mind 

development frequently seen among deaf children and 

other populations have led to a conversational account 

of theory of mind development (and its delay) in terms 

of the nature and amount of social communication 

experienced by children directly (conversationally) and 

indirectly (via overhearing). Both likely would be 

enhanced by CI use, but bilateral CIs might be expected 

to be particularly facilitative insofar as auditory 

localization would indicate the directions of relevant 

speakers, thus helping to clarify intentions from context 

and facial expressions [19].  

Given the visual-spatial and sequential cognitive 

processes likely to be involved in being able to perform 

their sarcasm and advanced belief tasks, [22] also 

employed tasks tapping those abilities. The former was 

assessed using the WJ-III Spatial Relations task. As 

noted earlier, visual-spatial skill typically is expected to 

be greater among deaf individuals than hearing 

individuals and among deaf sign language users than 

deaf spoken language users. The General Ability 

Measure for Adults (GAMA) Sequence’s subtask was 

used to evaluate sequential processing ability, typically 

expected to be greater among hearing then deaf 

individuals [44]. Consistent with previous studies of 

theory of mind among deaf and hearing children 

[21,23,25], [22] found that the deaf college students 

scored significantly below hearing participants on all 

three theory of mind tasks. They also performed 

significantly more poorly than hearing participants on 

the visual-spatial [31,40,42] and sequential-processing 

tasks. CI users and deaf nonusers did not differ 

significantly from each other on any of the three theory 

of mind tasks, nor did they differ on the visual-spatial 

or sequential processing tasks. 

Participants and results: Participants included 46 CI 

users, including 14 bilateral CI users. Among the 32 

unilateral CI users, the median age at which they 
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reported receiving their CIs was 4.00 years. The median 

age of receiving a first CI among the bilateral users was 

7.50 years; the median age of receiving a second CI was 

16.00 years.  

Comparisons of the unilateral and bilateral CI users’ 

performance on the three theory of mind tasks, the 

visual-spatial task and the sequential processing task, all 

failed to indicate significant differences (see Table 4). 

The two samples also did not differ in the age of their 

first implantation. Correlational analyses indicated that 

consistent with the study discussed just previously, 

unilateral CI users who received their CIs earlier 

performed better only on the Spatial Relations task, r 

(30) = -.41, p = .021. Among the bilateral users, there 

were no significant correlations with age at 

implantation.  

Table 4: Mean scores and standard deviations (SD) for CI characteristics and performance on theory of mind, visual-spatial, and General Ability 

Measure for Adults (GAMA) sequential processing tasks with t-test results and effect sizes (Cohen’s d). 

 
Unilateral Users Bilateral Users   

Mean SD Mean SD t (44) d 

Age of first cochlear implantation 6.41 5.01 7.12 4.56 0.45 -0.15 

Age of second cochlear implantation    14.79 2.94   

Time between implantations (years)   7.68 4.92   

Sarcasm understanding 0.60 0.32 0.62 0.34 0.23 -0.06 

Double bluff understanding 0.58 0.38 0.61 0.29 0.25 -0.09 

Second-order false belief understanding 0.33 0.35 0.39 0.29 0.61 -0.18 

Spatial Relations score 0.75 0.13 0.74 0.14 0.11 0.08 

GAMA Sequences score 0.52 0.16 0.56 0.09 0.93 -0.29 

 

In short, although it is reasonable to expect that use of 

bilateral CIs would allow users to be more involved in 

conversations about others' mental states relative to use 

of unilateral CIs [19], having bilateral CIs was not 

found to be associated with theory of mind performance 

in the present study. Nor did the unilateral and bilateral 

CI users differ in the visual-spatial or sequential 

processing abilities that [22] argued were involved in 

performing their theory of mind tasks. As can be seen 

in Table 4, all effect sizes were small. Age at 

implantation was negatively related to Spatial Relations 

scores among unilateral users, but positively related to 

age of first implantation among bilateral users.  

Interim Summary: Cognitive and Academic 

Functioning 

Summarizing results from the several cognitive and 

academic dimensions evaluated above, bilateral CI 

users were found to have achieved higher college 

entrance scores than unilateral users, perhaps related to 

their having better speech reception abilities relative to 

unilateral CI users [40].  

They also scored higher than unilateral CI users on the 

WJ-III Spatial Relations task, but no differences were 

obtained between the two groups in 22 other 

comparisons involving various cognitive domains (p < 

.01, by sign test).  

The unilateral CI and bilateral CI groups did not differ 

in the mean ages at which they received their only/first 

CI in any of the studies.  

Taken together, these results suggest that if cognitive 

differences existed between these unilateral and 

bilateral CI users as children, they were largely absent 

by the time they reached college age.  

8. Social Emotional Functioning 

Personality Traits 

A study in the social-emotional domain, conducted by 

[32], used the HEXACO-60 to examine six dimensions 

of personality and the Generalized-Efficacy (GSE) 

scale to examine perceived self-efficacy among CI 

users, deaf nonusers and hearing students. Hearing 



10 Volume 3 (1): 2021 J ENT Care Otolaryngol Res 
 

students scored higher on the HEXACO-60 

Conscientiousness scale (i.e., reported being more 

conscientious) than either CI users or deaf nonusers and 

higher on the Openness to Experience scale than CI 

users.  

They also scored higher on self-efficacy compared to 

deaf nonusers. CI users and nonusers did not differ 

significantly from each other on any of the dimensions 

examined.  

Participants and results: Participants completing the 

HEXACO-60 included 104 CI users, 64 of whom had 

received their unilateral CIs at a median age of 4.00 

years. The 40 individuals who reported being bilateral 

CI users received their first CIs at a median age of 6.00 

and their second CIs at a median age of 15.00 years. A 

convenience subsample of 47 of the CI users, including 

26 unilateral users (median age at implantation = 4.00 

years) and 21 bilateral users (median age at first 

implantation = 6.00; median age at second implantation 

= 15.00), also completed the GSE.  

As can be seen in Table 5, comparisons of the unilateral 

and bilateral CI users indicated that they did not differ 

significantly in the age at which they received their 

only/first CI.  

Comparisons of the two samples also indicated no 

significant differences on any of the six HEXACO-60 

personality dimensions or on the GSE.  

A correlational analysis indicated that among both 

unilateral and bilateral CI users, earlier implantation 

was associated with greater Emotionality (i.e., 

experiencing more stress and more emotional 

dependence), r (62) = -.29, p = .02 and r (38) = -.33, p 

= .04, respectively.  

Among bilateral CI users, a longer time between their 

two implantations also was associated with greater 

Emotionality, r (38) = .36, p = .02 and receiving their 

second CI later was associated with greater 

Conscientiousness, r (38) = .48, p = .002. 

Although receiving a second CI later was associated 

with greater Conscientiousness, there was no overall 

difference between the unilateral and bilateral CI 

groups on that dimension or any other.  

The present results thus indicated little difference in 

personality between the unilateral and bilateral CI users, 

at least on the several dimensions examined here.  

As can be seen in Table 5, all of the effect sizes were 

small and half of the differences favoured the unilateral 

CI users. 

Table 5: Means and standard deviations (SD) for CI characteristics and scores on HEXACO-60 (n = 104, df = 102) and GSE (n = 47, df = 45) 

personality assessments with t-test results and effect sizes (Cohen’s d). 

 
Unilateral Users Bilateral_Users   

Mean SD Mean SD t  d 

Age of first cochlear implantation 6.51 5.23 6.69 4.48 0.17 -0.04 

Age of second cochlear implantation    14.48 3.71   

Time between implantations (years)   7.70 4.24   

HEXACO-60       

Honesty-humility 33.86 5.01 32.18 5.41 1.21 0.33 

Emotionality 31.86 5.79 30.98 6.09 0.74 0.15 

Extroversion 33.22 5.66 34.00 5.71 0.68 -0.14 

Agreeableness  33.59 4.57 32.98 5.05 0.64 0.13 

Conscientiousness 32.80 4.59 33.98 5.49 1.18 -0.24 

Openness to experience 33.08 5.09 32.50 4.86 0.57 0.12 

Self-efficacy (GSE) 2.96 0.43 3.09 0.42 0.86 -0.31 

 

Acculturation and Social Dominance 

[45] investigated social dominance orientations (SDO) 

among CI users and deaf nonusers and the extent to 

which they saw themselves as having deaf or hearing 
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cultural identities. The SDO7 was used to examine 

attitudes toward social dominance and egalitarianism 

and the Deaf Acculturation Scale (DAS) was used to 

assess deaf and hearing cultural affiliations. Analysis of 

SDO7 scores indicated that when language orientation 

(sign language versus spoken language) was controlled, 

there were no differences in social dominance or 

egalitarian orientations among groups of CI users, deaf 

nonusers and their hearing peers. Not surprisingly, deaf 

individuals scored higher on a deaf identity scale than 

hearing individuals and hearing individuals scored 

higher than deaf individuals on a hearing identity scale, 

but the CI users and deaf nonusers did not differ 

significantly on either dimension. 

Participants and results: This study included 61 CI 

users, 19 of whom used bilateral CIs. The 42 unilateral 

CI users reported receiving their CIs at a median age of 

4.25 years. The bilateral CI users reported receiving 

their first CIs at a median age of 5.00 years and their 

second CIs at a median age of 15.00 years. The 

unilateral and bilateral CI users did not differ 

significantly on either of the SDO7 scales (social 

dominance or egalitarianism) or on either of the DAS 

scales (deaf identity, hearing identity) (Table 6).  

Table 6: Mean scores and standard deviations (SD) for CI characteristics and scores on Social Dominance Orientation (SDO) scores and Deaf 

Acculturation Scale (DAS) scores with t-test results and effect sizes (Cohen’s d). 

    Unilateral Users Bilateral Users   

Mean SD Mean SD t (59) d 

Age of first cochlear implantation 6.81 5.64 5.68 3.41 0.80 0.23 

Age of second cochlear implantation    14.10 4.23   

Time between implantations (years)   8.42 4.14   

SDO – social dominance  3.50 0.80 3.53 0.47 0.10 -0.04 

SDO – egalitarianism  3.10 0.85 3.29 0.51 0.90 -0.25 

DAS Deaf acculturation 3.32 0.79 3.03 0.64 1.43 0.40 

DAS Hearing acculturation 3.58 0.52 3.41 0.54 1.21 0.33 

 

Among both unilateral and bilateral CI users, there were 

no significant correlations between age at implantation 

and any of the DAS or SDO7 scales. In short, use of 

unilateral versus bilateral CIs by college students in this 

study was not associated with distinctions of cultural 

identity or social dominance orientations. This 

conclusion is reflected by the lack of statistically 

significant differences between the two groups and the 

small effect sizes seen in Table 6.  

Quality of Life 

[46] examined quality of life among CI users, deaf 

nonusers and hearing college students over their first 

year of university using the Youth Quality of Life – 

Deaf and Hard-of-Hearing (YQoL-DHH) inventory and 

deaf and hearing acculturation, using the DAS. The 

YQoL-DHH is a self-report measure consisting of three 

subscales relating to perceived stigmatization with 

regard to hearing loss, social participation and self-

acceptance/advocacy. Consistent with the results of 

[45] described earlier, DAS scores in [46] indicated that 

deaf nonusers had greater senses of deaf identity than 

CI users, but the two groups did not differ in their 

degree of hearing identity. With regard to quality of life, 

consistent with previous studies by the developers of the 

YQoL-DHH [47-49], [46] found that scores on the three 

YQoL-DHH subscales did not differ significantly 

between CI users and nonusers.  

Participants and Results: Participants in the present 

study included 51 CI users, 16 of whom were bilateral 

CI users. The 35 unilateral CI users had a median 

reported age at which they received their CIs of 6.00 

years. The bilateral users reported a median age of 

receiving their first CI at 4.00 years and a median age 

of receiving a second CI at 15.00 years. 



12 Volume 3 (1): 2021 J ENT Care Otolaryngol Res 
 

Table 7 reflects the finding that, consistent with 

findings of [4] in their study of quality of life among 

deaf children with unilateral and bilateral CIs, there 

were no significant differences between the college-age 

unilateral and the bilateral CI users here on any of the 

three YQoL-DHH subscales. In contrast to findings 

from analysing the data of [45] above, however, 

unilateral CI users scored significantly higher in deaf 

identity than bilateral users, yielding a large effect size. 

Correlational analyses yielded no significant 

coefficients between any CI characteristics and YQoL-

DHH subscales for either unilateral or bilateral CI users. 

Similar analyses involving DAS scores indicated that 

among the bilateral users, earlier implantation of their 

first CIs was associated with greater hearing identity, r 

(14) = -.54, p = .037. There were no significant 

correlations between deaf and hearing identity scores 

and age at implantation among the unilateral CI users. 

Table 7: Mean scores and standard deviations (SD) for CI characteristics and Youth Quality of Life – Deaf and Hard-of-Hearing (YQoL-DHH) scores 

and Deaf Acculturation Scale (DAS) scores with t-test results and effect sizes (Cohen’s d). 

 Unilateral Users Bilateral_Users    

Mean SD Mean SD t  df d 

Age of first cochlear implantation 6.90 5.00 5.39 4.49 1.76 49 0.32 

Age of second cochlear implantation    14.47 2.85    

Time between implantations (years)   9.08 4.77    

YQoL-DHH Stigmatization  111.23 15.37 114.88 12.82 0.85 49 -0.26 

YQoL-DHH Social participation 28.51 18.08 26.82 14.57 0.34 49 0.10 

YQoL-DHH Self-acceptance/advocacy      51.97 18.32 48.76 19.59 0.58 49 0.18 

DAS Deaf acculturation  3.19 0.73 2.64 0.62 2.55* 45 0.81 

DAS Hearing acculturation 3.46 0.55 3.77 0.51 1.88 46 -0.59 

*p = .011. 

The above results extend previous findings in 

suggesting that not only does the YQoL-DHH fail to 

distinguish CI users and deaf nonusers on dimensions 

frequently described as important for quality of life 

among deaf individuals (e.g., mainstream versus 

schools for the deaf, use of sign language; [47,48]), but 

its quality-of-life subscales also are unrelated to 

unilateral versus bilateral CI use or age at implantation 

among deaf college students.  

Interim Summary: Social-Emotional Functioning 

Taken together, these and other findings described 

earlier suggest that while self-reports and parental 

reports of children who have received CIs indicate 

greater quality of life after implantation, any such 

effects appear to be diminished or eliminated by college 

age in this late-implanted with large inter-implant 

interval population. More narrowly, any advantages 

gained from bilateral CI use that affect quality of life 

among pediatric CI users also appear absent by early 

adulthood, at least among these college students. Across 

the 16 dimensions on which college-age unilateral and 

bilateral CI users were compared, above, only one 

yielded a significant difference (p <.01, by sign test). 

9. Discussion 

The present study sought to examine the possible added 

value in several cognitive and social-emotional domains 

of bilateral CIs among college students who had 

received their second implants after relatively long 

inter-implant intervals. The investigation was 

motivated in part by increasing awareness that auditory 

deprivation (i.e., hearing loss) and auditory restoration 

(e.g., through cochlear implantation) and have 

widespread effects on brain development, with 

cascading effects in a variety of neuropsychological 

domains [50-52].  

This study used previously unanalysed data drawn from 

seven published investigations involving deaf college 

students who were CI users to examine possible 
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differences between unilateral and bilateral CI use as 

well as ages of implantation and length of time between 

implantations for the bilateral CI users. College student 

CI users’ cognitive/academic performance was 

examined on assessments of vocabulary and real-world 

knowledge, magnitude estimation ability, executive 

function, academic achievement, visual-spatial and 

sequential processing and advanced theory of mind 

understanding. Social-emotional domains examined 

included dimensions of personality, social dominance 

orientation, acculturation and quality of life. Taken 

together, the results of these outcome studies indicated 

that within this population: 

1. Age at first (or only) implantation was not 

associated with significantly better outcomes on most 

assessments. Calculation of a weighted, mean effect 

size (Cohen’s d) across the seven studies yielded only a 

“small” effect of 0.12.  

2. Bilateral implantation yielded few significant 

benefits when compared with unilateral implantation on 

these tasks. The similar calculation of a weighted, mean 

effect size (Cohen’s d) across the seven studies yielded 

a “small” effect of -0.12.  

These findings were obtained against the backdrop of 

some recently published evidence regarding the impact 

of longer inter-implant intervals and the late receipt of 

a second CI (CI2) on speech perception skills and on the 

continued use of CI2 later in life. [12] found that none 

of the 9 children who received their second CI after the 

age of 15 had “satisfactory” speech perception scores. 

[53] found higher rates of CI2 non-use with the 

lengthening of inter-implant interval in 56 bilaterally 

implanted young adults (mean age at first CI was 5.8 

years and mean age at second CI was 14.7 years). 

Similarly, to the Low and colleagues’ study, the 

participants in the present study received both CIs at 

relatively late ages. Rather than being seen only as a 

limitation, the investigation of this cohort provides new 

information of clinical and theoretical interest. The 

bilateral CI users who participated in these studies are, 

to date, among the oldest deaf “children” whose 

outcomes have been examined in the literature. It may 

be that, at least by the time they reach their adolescent 

and young adult years, other factors are more important 

in predicting their outcomes than age at CI or whether 

they are using one or two CIs. In addition to the myriad 

of individual and demographic factors likely to affect 

various aspects of development after cochlear 

implantation (e.g., family socioeconomic status, 

exposure to linguistic and social diversity, educational 

programming; [13,19,17,27]), the environments, 

expectations and skills of older CI users (and nonusers) 

are far more complex than those among younger 

children. This situation may be a primary reason for 

early academic/cognitive benefits found among 

pediatric CI users largely disappearing by high school 

and college age [14-16,46]. In that context, it is 

interesting that [37] failed to find significant differences 

in college entrance examinations between CI users and 

deaf nonusers and yet the analyses described above 

indicated that within their sample of CI users, bilateral 

users scored significantly higher on three out of four 

ACT subtests, including English and Reading 

Comprehension. Given the expectations of parents and 

professionals with regard to academic outcomes for 

both unilateral and bilateral CI users, this issue is well 

worthy of further study. 

Beyond the greater linguistic, cognitive and 

environmental demands on deaf youth as they move 

from the primary school years to the secondary school 

years, a further possible explanation for the lack of 

significant age at implantation effects in the present 

study and others involving language and cognitive 

abilities among high school and college students is that 

cochlear implantation may have occurred too late to 

confer significant benefits for either unilateral or 

bilateral users. In the terms of [51], late implantation 

and concomitant auditory deprivation alters 

connectivity within brain centers serving higher-order 

neurocognitive functions; [54]) emphasized the 

decreasing cortical plasticity with longer periods of 

auditory deprivation. Yet, the typically confounded 
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effects of language deprivation and duration of CI use 

remain to be distinguished. It is also likely that a 

relatively low level of benefit, in terms of access to 

auditory information, could be expected from CI use in 

such a late-implanted population. Similarly, earlier-

implanted children who receive more benefit from their 

devices (and/or language exposure) and have better 

neural auditory pathways, might experience better 

quality of life as a function of improved “downstream” 

language, cognitive and social-emotional functioning. 

While the late implantation among participants in the 

studies described here are a limitation on the present 

investigation, it is the reality for many CI users and the 

present findings thus are of clinical as well as theoretical 

significance. 

If the first CI a child receives does not provide a great 

deal of benefit to speech perception and language 

development for the reasons given above, giving a late, 

second device to teenagers likely would provide only a 

relatively low level of benefit to audition rather than 

true binaural listening and the listening benefits in noise 

conferred by it. Unfortunately, we do not know about 

the speech perception abilities of the participants of the 

present studies, a frequent limitation of studies 

involving older CI users. If it is the case that many of 

these individuals did not receive significant listening 

benefits from either of their CIs and do not therefore 

receive the benefits of binaural hearing, we would not 

expect to see significant differences in outcomes 

between the unilateral and bilateral users, particularly 

given that some of the areas assessed in these studies 

may be more highly influenced by other factors than 

hearing (e.g., intelligence, reading ability, maternal 

sensitivity).  

As mentioned previously, there is considerable 

evidence that early bilateral cochlear implantation can 

facilitate very good speech perception abilities in most 

children with severe to profound hearing losses and can 

also support positive language, academic and other 

outcomes. It also should be noted that for many of the 

studies reporting such positive outcomes, the children 

often had highly supportive and well-educated families 

who used spoken communication. While the significant 

and positive impact of these factors on speech and 

language outcomes has been well-documented 

[7,19,39], research into their longer-term impact in 

cognitive, social-emotional and academic domains is 

just beginning.  

In addition to many of the students in the current study 

being implanted late by current standards, factors such 

as device usage, speech perception benefit, family 

characteristics, the presence of additional disabilities, 

mode of communication and interventions received 

were unknown. Information on initial adjustment and 

device use has been shown to be predictive of later 

success and outcomes (see [15,55]), but is rarely 

considered in studies of functioning in other domains, 

even in children. Given what is known clinically about 

the difficulties experienced by many older children in 

accepting and using their CIs, it also may be the case 

that some of the students in the current study were not 

consistent users of their devices as children, even if they 

are as college students. These unknown factors and 

other as yet unidentified factors that may apply to older 

CI users and not to younger ones could have contributed 

to the outcomes reported here. It is therefore not 

possible to determine the extent to which the outcomes 

reported in this study were affected by relatively late 

implantation. Nevertheless, the lack of significant 

correlations between first and second ages of 

implantation and performance in the various domains 

assessed here suggest that age at implantation is 

unlikely to be a unitary, dominant predictor of 

psychological functioning by young adulthood. Despite 

the above limitations, this study is one of the first to 

examine the effects of bilateral cochlear implantation in 

teenagers and young adults regarding cognitive, 

academic and social-emotional functioning.  

10. Summary and Conclusion 

The findings of this study highlight the many questions 

that remain unanswered with regard to what will 

facilitate the best possible outcomes for children with 
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CIs. The current, scant published evidence, together 

with the results of this investigation, suggest that we do 

not know the extent to which the factors that promote 

better outcomes for younger children are relevant to 

adolescents and young adults, particularly given the 

enormous differences in their environments, skills and 

what is expected of older students in terms of their 

linguistic, social-emotional and academic competence. 

The significant reduction in professional educational 

support services given to secondary and older students 

compared with younger students appears to be in 

response to the belief that if early-implanted children 

with CIs are professionally supported in their early 

intervention and elementary school years and they 

achieve age-appropriate language, they are then 

equipped to learn for themselves in their later 

educational years. However, much of the evidence for 

these older students’ poorer academic outcomes than 

their hearing peers suggests otherwise [37,16,56].  

The question of the extent to which bilateral CIs 

facilitate significantly better outcomes for older 

children, adolescents and young adults currently 

remains unanswered. There is an urgent need for further 

long-term (and longer-term) empirical studies that 

follow children from implantation throughout the 

school years in order to answer not only this question, 

but also to identify other factors that can assist these 

children to develop their full potential. In the meantime, 

a continued high level of educational support for older 

children with CIs appears to be strongly recommended.  

Notes 

1. There also is a notable lack of research concerning language 

outcomes following unilateral or bilateral cochlear implantation 

among adolescents and young adults, presumably because of the 

number of factors affecting that domain beyond those operative 

during childhood. 

2. Because the initial studies were aimed at comparing CI users and 

deaf nonusers, no efforts had been made to equate the numbers of 

unilateral and bilateral CI users. Several studies in the larger project 

that included fewer than 14 bilateral CI users are not discussed here. 

3. [37] collected social maturity data from a subset of the original 

participants in a second, follow-up experiment. Smaller samples in 

the follow-up experiment and missing data combined to result in 

samples too small to be included for the present purposes, but the 

bilateral and unilateral CI groups did not differ in the frequency with 

which they reported engaging in positive and negative behaviours.  
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