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A B S T R A C T

Objective: To compare teacher-reported socio-emotional and behavioral functioning in early-school-age children 
with cochlear implants (CI) versus normal-hearing (NH) peers using the Child Behavior Assessment Scale (CBAS), 
and to test whether group differences persist after adjustment for socioeconomic factors.
Methods: In this cross-sectional study, 80 children aged 5–6 years were enrolled (CI = 40; NH = 40). Teachers 
completed CBAS subscales (Adjustment, Social Anxiety, Rule-breaking Behaviors) and total score. Between-group 
comparisons used Mann–Whitney U tests. ANCOVA on CBAS total adjusted for maternal education, paternal 
education, and household income. Exploratory correlations within the CI group examined age and clinical 
durations.
Results: Compared with NH peers, the CI group showed lower Adjustment (mean ± SD: 61.45 ± 15.46 vs 80.95 
± 6.56; p < .001) and higher Social Anxiety (64.20 ± 13.27 vs 34.28 ± 7.02; p < .001) and Rule-breaking 
Behaviors (113.33 ± 26.77 vs 61.08 ± 15.98; p < .001). CBAS total was higher in the CI group (238.98 ±
48.22) than NH (176.30 ± 17.10; p < .001). In ANCOVA, the CI versus NH effect on CBAS total remained 
significant (F(1,75) = 33.846, p < .001; partial η2 = 0.311), while socioeconomic covariates were not significant. 
Within the CI group, child age correlated positively with Rule-breaking Behaviors (r = 0.331, p = .037).
Conclusions: At school entry children with CI showed higher levels of socio-emotional and behavioral difficulties 
compared to NH peers; however, these findings should be interpreted with caution given the sample size and 
cross-sectional design. The results support routine psychosocial surveillance and targeted supports within CI 
follow-up and school settings.

1. Introduction

Childhood hearing loss is a major public health concern with con
sequences that extend beyond auditory and language development into 
socio-emotional and behavioral domains. Current global estimates 
suggest that over 34 million children worldwide are affected by 
disabling hearing loss, and recent burden analyses indicate that more 
than 97 million children and adolescents under 20 years were affected in 
2021 [1,2].

Behavioral difficulties are consistently reported in deaf and hard-of- 
hearing (DHH) children, with language and attention processes posited 
as key mechanisms linking auditory access to behavior. In preschoolers, 
impaired language and attention robustly predict externalizing and 

internalizing problems; parent–child communication also plays a role 
[3]. A study using the Child Behavior Checklist (CBCL) have shown 
higher rates of emotional and behavioral problems in DHH participants 
compared to their typically developing peers and have highlighted dif
ferences in informants and developmental stages [4].

Psychosocial outcomes are heterogeneous for children with cochlear 
implants (CIs). Prospective cohorts of five-year-olds with CIs or hearing 
aids demonstrate that psychosocial functioning is sensitive to language 
skills and family factors [5]. Long-term follow-ups of early-implanted 
users indicate broad variability, with language and executive functions 
explaining substantial variance in psychosocial status [6]. A systematic 
review concluded that the heterogeneity of study (in terms of measures, 
samples, designs) limits the ability to draw firm conclusions about 
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socio-emotional development in CI users across preschool and school 
ages [7]. Parent–teacher reports often converge at the group level, but 
agreement is modest; poorer speech perception and receptive vocabu
lary are associated with more school behavior problems [8].

Clinical and contextual determinants further nuance these trajec
tories. Cross-sectional data from Mandarin-speaking CI users reveal 
increased CBCL problem scores, which are further associated with 
heightened family stress [9]. Even slight-to-mild hearing loss often 
overlooked relates to more behavioral problems and poorer school 
performance in large samples [10]. Importantly, bilateral versus uni
lateral implantation is linked to better spoken-language outcomes, and 
shorter inter-implant intervals predict stronger language 
growth—factors that may indirectly support psychosocial functioning 
[11,12].

Accordingly, this study (i) compares early–school-age cochlear 
implant users with normal-hearing peers on Rule-breaking behavior, 
adjustment, and social anxiety; and (ii) evaluates whether clinical 

parameters—age at diagnosis and implantation, duration of device/ 
implant use, and implantation laterality (unilateral vs bilateral) and 
family context caregiving arrangement, parental education, and 
household income account for observed differences, with the goal of 
delineating actionable psychosocial risks and protective factors at school 
entry.

2. Materials and methods

2.1. Study design and ethical approval

We conducted a cross-sectional, comparative study of early–school- 
age children with cochlear implants (CIs) and normal-hearing (NH) 
peers. The protocol was approved by the Istanbul Medipol University 
Clinical Research Ethics Committee (27.11.2025; E-10840098- 
202.3.02-7551) prior to any contact with participants. Parents/legal 
guardians provided written informed consent; procedures complied 

Fig. 1. CONSORT flow diagram.
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with national data-protection legislation. Participation was voluntary 
with the right to withdraw at any time.

2.2. Setting

Participants were recruited from rehabilitation and cochlear-implant 
centers in İzmir, İstanbul, and Mardin.

2.3. Participants and eligibility

We enrolled N = 80 children aged 5–6 years: CI users (n = 40) and 
NH controls (n = 40). As depicted in Fig. 1, there were no exclusions or 
withdrawals; all enrolled participants completed assessments and were 
included in analyses.

Inclusion—CI group: age 5–6 years; unilateral or bilateral CI; no 
additional disability beyond hearing loss; routine follow-up at the 
participating center.

2.4. Inclusion—NH group: age 5–6 years; normal hearing and no other 
disability

Exclusion (both groups): documented neurological disease; intel
lectual disability, autism spectrum or other major psychiatric disorder 
under active treatment, current psychotropic medication likely to in
fluence behavior ratings, uncorrected visual impairment, acute inter
current illness on assessment day; for CI users: a history of device failure 
(e.g., coil or cable malfunction, weakened magnet retention, skin or soft- 
tissue complications requiring magnet strength adjustment, internal 
device dysfunction, or other manufacturer-verified technical issues) or 
revision surgery within the 3 months preceding the assessment.

2.5. Informants

Behavioral questionnaires were completed by the children’s pre
school/kindergarten teachers in both groups (CI and NH). Teachers were 
chosen as informants because they observe children in naturalistic peer 
and classroom settings, allowing reliable assessment of socio-emotional 
and behavioral functioning. The demographic information form was 
completed by the parents.

2.6. Measures

2.6.1. Socio-demographic and clinical form
Parents reported child age and sex; caregiving arrangement; parental 

education (mother/father); household income; and CI-specific variables 
(age at diagnosis, age at implantation, duration of device/implant use, 
duration of special-education, implantation laterality [unilateral vs 
bilateral]).

2.6.2. Child Behavior Assessment Scale (CBAS) and scoring
We assessed socio-emotional/behavioral functioning with the Child 

Behavior Assessment Scale (CBAS), a 73-item measure comprising three 
domains Rule-breaking Behavior, Adaptation, and Social Anxiety orig
inally developed and validated in Turkish preschool samples with 
excellent internal consistency (Cronbach’s α = .96, 0.93, 0.88; total 
0.95) [13]. Items are rated on a 5-point Likert scale (1 = Never to 5 =
Always); 21 positively keyed items are reverse-scored prior to aggre
gation. Subscale scores are computed as the sum of their respective 
items, and the total score is the sum across all 73 items (range 73–365), 
with higher scores indicating greater behavioral difficulties.

2.6.3. Procedures
After obtaining ethics committee approval, suitable families were 

contacted through center staff during routine visits. Parents who gave 
consent completed a socio-demographic/clinical form; designated in
formants completed the CBAS. Data were de-identified using study 

identification numbers and stored in password-protected files accessible 
only to the research team.

2.6.4. Statistical analysis
All tests were two-tailed (α = .05). Distributional assumptions were 

screened with the Kolmogorov–Smirnov test. Because at least one CBAS 
domain violated normality in groupwise checks, between-group com
parisons (CI vs. NH) for CBAS subscales and total used the Man
n–Whitney U test; we report test statistics and exact p-values 
(nonparametric effect sizes were not reported). For the CBAS total score, 
an ANCOVA adjusted for socioeconomic covariates (maternal education, 
paternal education, household income); we report F, p, and partial η2. 
Within the CI group, exploratory associations with family/SES in
dicators and selected clinical variables were examined using Spearman’s 
ρ where justified by preliminary correlations. A priori power calcula
tions in GPower 3.1 targeted a small-to-moderate effect (Cohen’s d =
0.45) for two-tailed independent-means comparisons (α = .05, power =
0.80, 1:1 allocation), indicating a required total N = 80 (n = 40 per 
group); this sample size was planned and achieved. The t-test family in 
GPower was used as a conservative approximation for the subsequent 
nonparametric analyses.

3. Results

A total of 80 children participated in the study, including 40 in the 
cochlear implant (CI) group and 40 in the normal-hearing (NH) group. 
As shown in Fig. 1, the participant flow involved no exclusions and 
complete case analysis. The mean age was 5.45 ± 0.50 years in the CI 
group and 5.38 ± 0.50 years in the NH group, with no significant dif
ference between groups (p = .498). In the CI group, 65.0 % of partici
pants were male and 35.0 % female, whereas in the NH group, 37.5 % 
were male and 62.5 % female. Bilateral implantation was present in 
82.5 % of the CI group, while 17.5 % had unilateral implantation. 
Regarding caregiving, 72.5 % of CI children were primarily cared for by 
their mothers, 20.0 % by both parents, 5.0 % by their fathers, and 2.5 % 
by a guardian, whereas 87.5 % of NH children were cared for by both 
parents and 12.5 % by their mothers. Educational attainment of mothers 
and fathers was generally lower in the CI group compared with the NH 
group (Table 1).

Within the CI group, the mean age at diagnosis of hearing loss was 
5.75 ± 8.57 months (range 0–30), and the mean age at implantation was 
24.60 ± 11.13 months (range 12–48). The mean duration of CI use was 
39.73 ± 13.90 months (range 8–60), the mean duration of special ed
ucation was 43.35 ± 19.51 months (range 0–78), and the mean duration 
of hearing-aid use was 18.25 ± 16.34 months (range 0–72) (Table 2).

Comparisons of CBAS subscale scores indicated significant group 
differences across all domains (Table 3, Fig. 2). The CI group demon
strated lower Adjustment scores (61.45 ± 15.46) than the NH group 
(80.95 ± 6.56; Z = − 6.014, p < .001), while Social Anxiety scores were 
markedly higher among CI users (64.20 ± 13.27) relative to the NH 
group (34.28 ± 7.02; Z = − 7.188, p < .001). Similarly, Rule-breaking 
Behaviors cores were greater in the CI group (113.33 ± 26.77) 
compared with the NH group (61.08 ± 15.98; Z = − 6.954, p < .001), 
and Total CBAS scores were higher in the CI group (238.98 ± 48.22) 
than in the NH group (176.30 ± 17.10; Z = − 5.814, p < .001).

Correlation analyses performed within the CI group revealed a sig
nificant positive association between age and Rule-breaking Behaviors 
(r = 0.331, p = .037). No significant correlations were observed between 
CBAS scores and age at diagnosis of hearing loss, age at implantation, 
duration of CI use, duration of special education, or duration of hearing- 
aid use (Table 4).

Controlling for socioeconomic covariates (maternal/paternal edu
cation, household income), the group effect on CBAS Total scores 
remained significant, F(1, 75) = 33.846, p < .001, partial η2 = 0.311 (CI 
> NH). None of the covariates were significant—maternal education: F 
= 0.104, p = .748, partial η2 = 0.001; paternal education: F = 1.022, p =
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.315, partial η2 = 0.013; income: F = 0.429, p = .514, partial η2 = 0.006. 
These findings indicate that the unadjusted group difference persists 
after accounting for socioeconomic status (see Table 5).

4. Discussion

This study compared the socio-emotional and behavioral profiles of 
early–school-age children with CI and NH peers. Within this sample, CI 
users displayed significantly greater social anxiety and rule-breaking 
behaviors, along with lower adjustment, resulting in higher CBAS total 
scores compared with NH peers. Importantly, this CI–NH difference 
persisted after adjusting for socioeconomic covariates (ANCOVA; partial 
η2 ≈ 0.31), and the SES terms themselves were non-significant. These 
findings indicate that, even with auditory access provided through 

cochlear implantation, children with CI remain at increased risk for 
behavioral and emotional difficulties at the transition to formal 
schooling.

The findings are consistent with literature documenting heightened 
psychosocial risk among children with hearing loss. The study by Pre
dicting Behavior Problems in Deaf and Hearing Children (2009) 
demonstrated that language delays and attention deficits mediate the 
relationship between hearing status and behavioral problems in young 
children [3]. Similarly, a systematic review on socio-emotional devel
opment in CI children reported mixed but often unfavorable results 
compared to typical peers, especially in domains such as emotion 
regulation and identifying emotional cues [14]. Psychosocial outcomes 
in long-term CI users have also been tied to executive functioning and 
language competence, as shown in studies of prelingually deaf, 
early-implanted cohorts [8]. In some investigations, social-emotional 
profiles among early-implanted children were similar to hearing peers, 
with exceptions in specific domains like prosocial behavior and 
emotional adjustment; bilateral implantation emerged as a predictor of 
better socio-emotional outcomes in those studies [15].

Mechanistically, although we did not assess language or executive 
functioning (EF) in the present study, prior work indicates that language 
acquisition and attentional control are plausible mediators linking 
auditory input to behavioral outcomes. In particular, children with 
greater language delays and attentional difficulties exhibit more 
behavioral problems [3,14], and longitudinal studies report that stron
ger language and EF are associated with better psychosocial adjustment 
in CI users [4,15]. Consistent with this account, our null SES effects 
suggest that distal socioeconomic proxies may explain less variance in 
behavior than proximal language-cognitive pathways; future analyses 
should include direct language/EF measures to test mediation explicitly.

Evidence on device configuration is mixed: some cohorts report that 
bilateral implantation and shorter inter-implant intervals relate to better 
socio-emotional adjustment, but others do not [16]. We observed no 
such associations, likely reflecting limited variability (predominance of 
bilateral users) or the constrained age range of our sample—conditions 
that can mute between-configuration contrasts.

Finally, the broader family context warrants attention. Quantitative 
and qualitative studies show that parental stress is elevated in families of 
children with hearing loss and can shape child behavioral/emotional 
outcomes; social support appears to buffer these effects [17]. Given that 
SES covariates were null in our models, targeted family-focused supports 
(stress management, coaching on communication strategies, linkage to 
school-based resources) may be more actionable levers than distal so
cioeconomic indicators.

In sum, early–school-age CI users showed heightened socio- 
emotional and behavioral difficulties relative to NH peers, and the 
group effect remained after SES adjustment. These data argue that 
rehabilitation should extend beyond audiological targets to routine 

Table 1 
Demographic characteristics of participants.

Variable CI Group (n =
40)

NH peers (n =
40)

Total (N =
80)

p 
value

Age (years), mean 
± SD (min–max)

5.45 ± 0.50 
(5–6)

5.38 ± 0.50 
(5–6)

5.41 ±
0.50 (5–6)

0.498a

Sex, n (%) Male: 26 (65.0) Male: 15 (37.5) Male: 41 
(51.3)

–

Female: 14 
(35.0)

Female: 25 
(62.5)

Female: 39 
(48.7)

Cochlear implant 
laterality, n (%)

Bilateral: 33 
(82.5)

– – –

Unilateral: 7 
(17.5)

Primary 
caregiver, n (%)

Mother: 29 
(72.5) 
Father: 2 (5.0) 
Both parents: 8 
(20.0) 
Guardian: 1 
(2.5)

Mother: 5 
(12.5) 
Both parents: 
35 (87.5)

– –

Mother’s 
education, n 
(%)

Elementary: 9 
(22.5) 
Middle school: 
13 (32.5) 
High school: 14 
(35.0) 
Associate: 3 
(7.5) 
Bachelor’s: 1 
(2.5)

Middle school: 
4 (10.0) 
High school: 11 
(27.5) 
Associate: 6 
(15.0) 
Bachelor’s: 19 
(47.5)

– –

Father’s 
education, n 
(%)

Elementary: 10 
(25.0)

Elementary: 1 
(2.5)

– –

Middle school: 
9 (22.5)

Middle school: 
2 (5.0)

High school: 14 
(35.0)

High school: 7 
(17.5)

Associate: 3 
(7.5)

Associate: 10 
(25.0)

Bachelor’s: 4 
(10.0)

Bachelor’s: 20 
(50.0)

CI, cochlear implant; NH, normal-hearing; SD, standard deviation; n, number; 
min–max, minimum–maximum; p, p-value.

a Mann–Whitney U test.

Table 2 
Clinical descriptive characteristics of the cochlear implant group (n = 40).

Variable (months) n Mean ± SD Range (Min–Max)

Age at diagnosis of hearing loss 40 5.75 ± 8.57 0–30
Age at cochlear implantation 40 24.60 ± 11.13 12–48
Duration of cochlear implant use 40 39.73 ± 13.90 8–60
Duration of special education 40 43.35 ± 19.51 0–78
Duration of hearing-aid use 40 18.25 ± 16.34 0–72

All values are reported in months.
CI, cochlear implant; SD, standard deviation; n, number; min–max, 
minimum–maximum.

Table 3 
CBAS Subscale Scores: Between-Group Comparisons (Cochlear Implant vs. 
Normal-hearing peers).

Subscale CI group (n = 40) 
Mean ± SD 
(Min–Max)

NH peers (n = 40) 
Mean ± SD 
(Min–Max)

Z p value

Adjustment 61.45 ± 15.46 
(28–93)

80.95 ± 6.56 
(65–91)

− 6.014 <0.001

Social Anxiety 64.20 ± 13.27 
(30–90)

34.28 ± 7.02 
(24–57)

− 7.188 <0.001

Rule-breaking 
Behaviors

113.33 ± 26.77 
(55–162)

61.08 ± 15.98 
(43–127)

− 6.954 <0.001

Total Score 238.98 ± 48.22 
(140–327)

176.30 ± 17.10 
(152–239)

− 5.814 <0 0.001

Between-group comparisons by Mann–Whitney U test. CBAS, Child Behavior 
Assessment Scale; CI, cochlear implant; NH, normal-hearing; SD, standard de
viation; min–max, minimum–maximum; Z, standardized test statistic; p, p- 
value.
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psychosocial surveillance and brief, evidence-based supports, ideally 
integrated within CI follow-up and school settings. Longitudinal, multi- 
informant designs that incorporate direct measures of language, EF, and 
family processes are needed to delineate causal pathways and to 
determine whether the CI–NH gap narrows when proximal abilities 
improve.

5. Limitations

This study has some limitations. First, its cross-sectional design 
prevents conclusions about developmental trajectories or causality; 
longitudinal data would clarify whether the behavioral differences 
observed persist over time. Second, although the overall sample size was 
sufficient for detecting group differences, the distribution within the 
cochlear implant group was uneven, with a predominance of bilateral 
users; a more balanced sample including unilateral and bilateral users 

would have allowed stronger comparisons. Finally, as the study was 
conducted in a single national context, generalizability may be limited.

Moreover, the present study did not include several audiological 
indicators that more fully describe CI-related hearing outcomes, such as 
detailed programming (mapping) parameters, aided hearing thresholds, 
speech perception test results, or formal speech–language assessments. 
These measures are routinely used to evaluate how effectively children 
detect and understand speech with their devices, and they may help 
explain individual variability in socio-emotional functioning. Because 
these data were not available for all participants, they could not be 
incorporated into group comparisons or correlation analyses. Future 
studies that integrate complete and standardized audiological datasets 
will be better positioned to clarify how hearing performance with CI 
relates to socio-emotional and behavioral outcomes.

Fig. 2. Comparison of CBAS subscale and total scores between cochlear implant (CI) users and normal-hearing (NH) peers.

Table 4 
Spearman correlations between CBAS scores and clinical/demographic variables in the study group (n = 40).

CBAS Subscale/ 
Total

Age Age at diagnosis of HL 
(months)

Age at implantation 
(months)

Duration of CI use 
(months)

Duration of special education 
(months)

Duration of HA use 
(months)

Adjustment 0.052 
(0.749)

0.089 (0.587) − 0.004 (0.980) 0.042 (0.797) − 0.008 (0.962) 0.069 (0.674)

Social Anxiety 0.057 
(0.729)

− 0.089 (0.585) − 0.096 (0.554) 0.093 (0.569) 0.168 (0.299) 0.040 (0.804)

Rule-breaking 
Behaviors

0.331* 
(0.037)

− 0.027 (0.870) − 0.001 (0.995) 0.229 (0.156) 0.250 (0.120) − 0.219 (0.175)

Total Score 0.196 
(0.226)

− 0.018 (0.913) − 0.025 (0.880) 0.170 (0.296) 0.138 (0.396) − 0.102 (0.531)

Values are Spearman’s rho (r) with p-values in parentheses; *p < .05.
HL, hearing loss; CI, cochlear implant; HA, hearing aid; r, Spearman’s rho; p, p-value; n, number.

Table 5 
ANCOVA results for CBAS Total scores after controlling for socioeconomic covariates.

Predictor df_effect df_error SS (Type III) F p Partial η2

Group (CI vs. NH) 1 75 45,060.940 33.846 < .001 .311
Maternal education 1 75 138.756 0.104 0.748 0.001
Paternal education 1 75 1360.840 1.022 0.315 0.013
Household income 1 75 571.763 0.429 0.514 0.006

CI = Cochlear implant; NH = Normal-hearing peers; CBAS = Child Behavior Assessment Scale; df = degrees of freedom; SS = sum of squares; η2 = eta squared.
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[13] G. Sübaşı, N. Şehirli, Development of the child behavior assessment scale: validity 
and reliability study, Kastamonu Educ. J. 18 (2010) 789–804. URL: https://dergi 
park.org.tr/tr/pub/kefdergi/issue/49056/625864. (Accessed 7 October 2025).

[14] C.H. Wiefferink, C. Rieffe, L. Ketelaar, J.H.M. Frijns, Predicting social functioning 
in children with a cochlear implant and in normal-hearing children: the role of 
emotion regulation, Int. J. Pediatr. Otorhinolaryngol. 76 (2012) 883–889, https:// 
doi.org/10.1016/j.ijporl.2012.02.065.

[15] J.Z. Sarant, D.C. Harris, K.L. Galvin, L.A. Bennet, M. Canagasabey, P.A. Busby, 
Social development in children with early cochlear implants: Nornative 
comparisons and predictive factors, including bilateral Implantation, Ear Hear. 39 
(4) (2018) 770–782, https://doi.org/10.1097/AUD.0000000000000533.

[16] Y. Chen, Y. Li, H. Jia, G. Gu, Z. Wang, Z. Zhang, et al., Simultaneous bilateral 
cochlear implantation in very young children improves adaptability and social 
skills: a prospective cohort study, Ear Hear. 44 (2023) 254–263, https://doi.org/ 
10.1097/AUD.0000000000001277.

[17] D.R. Gunjawate, R. Ravi, C. Driscoll, Stress among parents of children with hearing 
loss and how they deal with it: a systematic review, Int. Arch. Otorhinolaryngol. 27 
(2023) e166–e177, https://doi.org/10.1055/s-0042-1743273.
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