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BACKGROUND: The significance of emotional prosody in social communication is well-established, yet research on emotion perception among 
cochlear implant (CI) users is less extensive. This study aims to explore vocal emotion perception in children using CI and bimodal hearing devices 
and compare them with their normal hearing (NH) peers.

METHODS: The study involved children aged 4-10 years with unilateral CI and contralateral hearing aid (HA), matched with NH peers by gender 
and listening age. Children were selected using snowball sampling for the CI group and purposive sampling for the NH group. Vocal emotion 
perception was assessed for semantically neutral sentences in “happy,” “sad,” and “angry” emotions using a 3 alternate forced choice test.

RESULTS: The NH group demonstrated significantly superior emotion perception (P = .002) compared to the CI group. Both groups accurately 
identified the “happy” emotion. However, the NH group had higher scores for the “angry” emotion compared to the “sad” emotion, while the CI 
group showed better scores for “sad” than “angry” emotion. Bimodal hearing devices improved recognition of “sad”and “angry” emotions, with a 
decrease in confusion percentages. The unbiased hit (Hu) value provided more substantial insight than the hit score.

CONCLUSION: Bimodal hearing devices enhance the perception of “sad” and “angry” vocal emotions compared to using a CI alone, likely due 
to the HA providing the temporal fine structure cues, thereby better representing fundamental frequency variations. Children with unilateral CI 
benefit significantly in the perception of emotions by using a HA in the contralateral ear, aiding in better socio-emotional development.
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INTRODUCTION
Recognition of emotions is crucial for effective human interactions.1 In socio-emotional communication, emotional cues often 
carry more significance than linguistic words.2,3 Spoken sentences not only convey linguistic meaning but also provide valuable 
details such as age, gender, dialect, and emotional states, thereby enriching communication.4 Accurate recognition of vocal emo-
tions relies on both visual and auditory cues, with preferences differing between adults and children. Typically, infants and young 
children show a preference for auditory processing.5,6 However, children with congenital hearing impairment lack this early auditory 
dominance7,8 and face difficulties in perceiving relevant acoustic cues that convey different emotions. Consequently, this leads to 
inadequate development of emotion perception and production skills.9

The most preferred rehabilitation option for children with congenital hearing impairment is to provide them with hearing aids 
(HAs) or cochlear implants (CI). The audibility and perception of sound in children with hearing impairment are influenced by device 
characteristics. Cochlear implant typically preserves the intensity and duration of natural speech but may affect fine structure cues 
like pitch and harmonics.10 Hearing aid can offer access to low-frequency acoustic cues such as fundamental frequency and lower 
harmonics.11,12

In children using both devices, known as bimodal stimulation—CI in one ear and HA in the other—research suggests significant 
improvement in speech perception in noisy environments.13-16 However, conflicting findings exist, with some studies indicating 
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no benefit in speech recognition in noise,17 and others suggesting 
interference from HA, leading to reduced performance in bimodal 
conditions compared to using the CI alone.13,14,18

Emotion perception among CI users has received less attention com-
pared to studies focusing on speech recognition. However, accu-
mulating evidence indicates that children using CI perform poorly 
in emotion identification tasks.19-21 Despite this, there is a dearth of 
studies in the literature investigating how bimodal fitting influences 
the perception of vocal emotions. Whether there is no improvement 
with the addition of HA or if interference occurs due to their use 
remains uncertain. Therefore, the current study was conceptualized 
to address this gap.

Further, preschool-aged children using CI have shown deficiencies 
in emotion identification, even when provided with facial cues.22 
Interestingly, another study reports that by school age, children with 
CI have attained normal facial emotion recognition.23 This suggests 
that accurate facial emotion recognition may depend on auditory 
cues received during early childhood development. Consequently, 
there is a need to explore how a bimodal representation of acoustic 
stimuli might aid in the perception of emotions, particularly in pre-
school-aged children.

Thus, we hypothesized that children with normal hearing (NH) would 
perform better in vocal emotion perception due to better access 
to acoustic stimuli. Additionally, we hypothesized that adding a HA 
to the contralateral ear would improve vocal emotion perception 
in children with unilateral CI. Therefore, we aimed to (1) compare 
vocal emotion perception between children with NH and those 
with bimodal hearing devices, and (2) understand the perception of 
“happy,” “sad,” and “angry” emotions in children using unilateral CI 
with and without a contralateral HA.

METHODS

Study Population
A standard group comparison and within-subjects research design 
was used. A total of 40 children participated in the study. It consisted 
of 20 children with NH and 20 children with congenital hearing 
impairment. The CI group (mean age: 6.06 ± 1.4 years) included chil-
dren using both CI in one ear and HA in another ear, within the age 
range of 4-10 years. The children were grouped into the CI group if 
they met the following criteria: (1) they had profound hearing impair-
ment in both ears with no malformation of the cochlea or auditory 
nerve, (2) they had been using a stable map in their CI for at least 
1 year, (3) they had no retro-cochlear pathology, such as auditory 

neuropathy spectrum disorders, and (4) they had been using a con-
tralateral HA for more than 4 hours a day and a CI for more than 8 
hours per day.

Prior to the implantation, all these children underwent 2-3 months 
of aural rehabilitation with bilateral HAs. As there was no significant 
improvement in their speech-language skills with HAs, these chil-
dren underwent CI. Various CI models, including Nucleus and Med El, 
were utilized among the children. Children in the CI group received 
2-3 sessions per week of aural rehabilitation.

The NH group consisted of 20 children with NH, aged 3.5-4.5 years 
(mean age: 3.85 ± 0.34 years). The inclusion criteria for the NH group 
were as follows: (1) all children must have air-conduction thresholds 
less than 25 dB HL from 250 to 8000 Hz, and (2) all children must have 
either an “A” or “As” type tympanogram with the presence of acous-
tic reflexes. Purposive sampling was used to select the children in 
the NH group, whereas snowball sampling was used in the CI group. 
Written consent was obtained from the caregivers of all children 
before testing commenced.

Listening age of the children was assessed using the Integrated 
Scales of Development provided in the Cochlear handbook on lis-
ten, learn and talk (2005). This scale summarizes the developmental 
stages related to listening, speech, language, cognitive, and social 
communication. However, for the purpose of the study, only listen-
ing milestones were taken into consideration. The particular listening 
age was chosen only when the child does >75% of the listening tasks 
listed in that particular age interval. To ensure equivalence in terms 
of listening age and gender, a child with matching listening age and 
gender to the CI group was included in the NH group, irrespective of 
their chronological age. In the NH children, the listening age corre-
sponded to the chronological age. The listening age of these children 
ranged between 31-36 months and 43-48 months.

Ethical Approval
Ethical approval for the study was provided by the AIISH Ethical 
Committee, with the approval number and date being No. DOR.9 .1/
Ph .D/SP /872/ 2020- 21, February 08, 2023.

Procedure
The study utilized sentences from the Auditory Perception Test of 
emotions in Kannada,24 which comprised semantically neutral sen-
tences. Originally, this test featured recordings of sentences express-
ing “happy,” “sad,” “neutral,” and “questioning” emotions. However, 
to incorporate the “angry” emotion for the current study, a new set 
of stimuli was recorded. The sentences were audio recorded by an 
adult female native speaker with a good voice and speech. Women 
speakers are generally more emotionally expressive compared to 
male speakers.25 The sentences were recorded in Adobe Audition 
software, using a calibrated unidirectional microphone in a sound-
treated room. The sentences were digitized with a 16-bit analog-to-
digital converter at a sampling frequency of 44,100 Hz. In addition, 
these sentences were normalized to minimize differences in the stim-
ulus energy across the different emotion stimuli. The speaker was 
instructed to modulate the voice to convey different emotions such 
as happy, sad, and angry while uttering the sentences. The recorded 
sentences were given to 3 experienced audiologists and/or speech-
language pathologists (ASLP). The ASLPs were instructed to rate the 

MAIN POINTS

• Vocal perception of “sad” was significantly improved with bimodal 
hearing devices in children.

• Using bimodal hearing devices led to a reduction in the percentage 
of confusions between different emotions.

• Improvement with HA may be due to the better representation 
of fundamental frequency variation, even with limited residual 
hearing.

• Unbiased hit score offers more valuable insight than the hit score.
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appropriateness of the recorded sentences to the emotion tagged, 
on a 3-point scale (1: very appropriate, 2: fairly appropriate, and 3: 
not appropriate). Based on their ratings, only the sentences that were 
rated “very appropriate” by at least 2 out of 3 were included in the 
test (10 items) and practice items (5 items).

Before the formal testing, a practice session involved 5 sentences to 
familiarize children with the speaker’s voice, speaking style, and the 
testing protocol. Both groups received three 20-minutes practice ses-
sions. Feedback was provided during the practice session only. The 
child was made to sit at a distance of 1 m from a loudspeaker placed 
at 0° Azimuth. The sentences were played from a laptop through a 
calibrated audiometer at 50 dB HL. Three emojis representing happy, 
sad, and angry emotions were displayed. The task employed a three-
Alternative Forced Choice (3AFC) paradigm wherein the child was 
expected to point to the appropriate emoji based on the emotion 
perceived. A score of “1” was given for accurate identification and 
“0” for incorrect identification. In cases of incorrect identification, the 
author recorded the specific emotion that led to the confusion using 
a confusion matrix.

In the CI group, the assessment involved utilizing the CI at the rec-
ommended settings and a trial BTE hearing aid with a fitting range 
of 60-110 dB HL in the contralateral ear with their custom ear mold. 
Children in the CI group were tested in both CI alone and CI with HA 
conditions. On the other hand, children in the NH group were tested 
binaurally.

Statistical Analysis
Comparison of within-subject and across-subject datasets was con-
ducted using the Statistical Package for the Social Sciences (SPSS), 
version 20. Various tests, including multifactor analysis of variance, 
were employed to analyze differences in F0 and other parameters in 
the acoustic analysis of sentences expressing different emotions. The 
Mann−Whitney U-test and the Wilcoxon signed-rank test were used 
to assess differences in emotion perception between the CI and NH 
groups, as well as between the CI alone and the CI with HA condi-
tions, respectively.

RESULTS
The children in the CI group received their implants at ages ranging 
from 3.6 to 5.10 years, with an average age of 4.25 years (SD: 1.13 
years). The implant age of the children varied from 1 to 2.75 years 
(mean age: 1.65 ± 0.7 years). The average aided thresholds in the CI 
alone condition were 29.09 ± 2.18 dB HL for low frequencies (250, 
500, and 750 Hz), 25.35 ± 2.26 dB HL for mid-frequencies (1000, 1500, 
2000 Hz), and 23.70 ± 3.30 dB HL for high frequencies (3000, 4000, 
6000, and 8000 Hz). Aided thresholds in the CI and HA condition 
were similar for mid and high frequencies. However, for low frequen-
cies, the mean threshold was 27.58 ± 1.09 dB HL. This difference in 
mean threshold for low frequencies was not statistically significant 
(P = .082) across CI alone and CI and HA.

Acoustic Analysis of Sentences with Different Emotions
The acoustic analysis of the sentences was performed using the Praat 
Software package.26 A total of 10 recordings for each emotion were 
analyzed to calculate the mean F0, F0 range, and mean intensity. 
As inferred from Table 1, the mean F0 and its range were high for 
the “angry” and “happy” emotions and low for the “sad” emotion. 

Additionally, the intensity for the “angry” emotion was higher than 
for the “sad” emotion.

Since the data for mean F0 (P = .20), F0 range (P = .19), mean inten-
sity (P = .13), and intensity range (P = .47) were normally distributed, a 
multifactor analysis of variance was employed. Subsequent post hoc 
tests were conducted (when indicated) to make pairwise compari-
sons among multiple groups (happy–sad, happy–angry, sad–angry). 
The mean F0 and mean intensity were significantly different across 
the 3 emotions (F (2,11) = 12.866, P = .03, partial ŋ2 = 0.38). Further, 
pairwise comparisons revealed that the mean F0 of the “angry” emo-
tion was significantly different from that of the “happy” and “sad” 
emotions. In addition, the F0 range was larger for the “angry” emo-
tion compared to the others. However, mean intensity differences 
within the sentences were statistically significant only between the 
“sad” and “angry” emotions.

Vocal Emotion Recognition
The Shapiro–Wilk’s test of normality was used to assess the data dis-
tribution. The emotion perception scores did not follow a normal dis-
tribution (P < .05); therefore, a Mann–Whitney U-test was conducted.

Comparison Between Cochlear Implant Group and Normal 
Hearing Group
To address the primary objective of the study, the emotion percep-
tion scores of the CI group, under both CI and HA conditions, were 
compared with those of the NH group. As predicted, the performance 
of vocal emotion perception was significantly superior in the NH 
group compared to the CI group for “happy” (U = 180.00, |Z| = 4.42, 
P = .01), “sad” (U = 167.00, |Z| = 3.78, P = .002), and “angry” (U =182.00, 
|Z| = 4.50, P = .02) emotions.

It is noteworthy that both groups recognized the “happy” emotion 
with high accuracy among other emotions. Additionally, children in 
the CI group had better scores for “sad” emotion followed by “angry,” 
whereas the NH group recognized “angry” better than “sad.” The 
median and interquartile range obtained by the CI group in CI alone 
and CI with HA conditions, as well as the NH group, are provided in 
Figure 1.

Comparison Between Cochlear Implant Alone and Cochlear 
Implant and Hearing Aid
A within-group comparison was conducted using the Wilcoxon 
signed-rank test, chosen due to the non-normal distribution of the 
dataset. Significant differences were observed in emotion percep-
tion scores for “sad” (Z = –3.30, P = .00) and “angry” (Z = –2.23, P = .02) 
between the CI alone and CI with HA conditions. However, no sig-
nificant difference in scores for “happy” emotion perception was 
observed between CI alone and CI with HA conditions (Z = –1.34, 
P = .18).

Table 1. Mean and Standard Deviation of Fundamental Frequency and 
Intensity

 
Mean F0 ± SD 

(Hz)
F0 Range (Hz)

Mean Intensity 
± SD (dB)

Intensity 
Range (dB)

Happy 248.93 ± 35.52 155.04-332.98 73.68 ± 1.85 31.55-59.23

Sad 220.83 ± 12.33 177.8-234.8 72.46 ± 2.36 33.16-43.94

Angry 288.82 ± 36.16 231.61-435.1 75.39 ± 1.67 33.12-53.32



J Int Adv Otol 2024; 20(5): 383-389

386

To provide greater insight into the patterns of error in the judgment 
of emotions, confusion matrices were constructed for both groups 
(Table 2).

The percentage of confusions primarily occurred between “happy” 
and “angry,” whereas the least confusion was observed among “sad”–
”happy” and “sad”–”angry” emotions. Additionally, the percentage of 
confusion was reduced in the CI and HA condition compared to the 
CI alone condition. The NH group exhibited significant confusions 
primarily between “sad” and “angry,” with the least confusion among 
“happy” and “angry.”

Unbiased hit (Hu) values27 were calculated to ensure that recognition 
accuracy remained unaffected by factors such as response guessing 
or response bias for all 3 emotions in the CI alone and CI with HA 
conditions in the CI group and the NH group.

Hu for happy
a

(a+b+c) (a+d+g)

2

‘ ’�
�

Where “a” represents the number of correct identifications of “happy,” 
“b” stands for the number of identifications of “happy” as “sad,” “c” 
denotes the number of identifications of “happy” as “angry,” “d” repre-
sents the number of identifications of “sad” as “happy,” and “g” signi-
fies the number of identifications of “angry” as “happy.” Similarly, Hu 
values are calculated across other emotions such as “sad” and “angry.”

The Wilcoxon signed-rank test revealed that the Hu value is sig-
nificantly different across CI and CI and HA conditions for “happy” 
(Z = −2.97, P = .03), “sad” (Z = −3.49, P = .00), and “angry” (Z = −3.15, 

P = .00). The increase in Hu value from the CI alone condition to the 
CI and HA condition across all emotions suggests that adding a HA in 
the contralateral ear improves the accuracy of identifying the target 
emotion (Table 3).

DISCUSSION
The current study evaluated vocal emotion perception in children 
using unilateral CI with and without a contralateral HA, compared to 
the performance of children in the NH group.

Comparison of Normal Hearing Group Versus Cochlear Group
The NH group displayed superiority in understanding different emo-
tions with greater accuracy than the CI group. This finding is in line 
with several studies conducted in the past.9,19,20 Although the chil-
dren in both groups have similar listening ages, the superior per-
formance of NH children can be attributed to their greater access 
to acoustic features such as fundamental frequency (F0) variations, 
intensity, and duration. These features are often compromised in 

Figure 1. Box plot depicting emotion scores for (A) NH group, (B) CI group in CI alone condition, and (C) CI group in CI and HA condition. It shows median, first 
quartile, and third quartile.

Table 2. Average Perceptual Confusion Matrices were Constructed. The Value in it Represents Percentage of Responses. Bold Numbers Indicate a Match 
Between Intended Emotion and Given Reponse.

 

CI Group NH Group

CI Alone
Response (%)

CI and HA
Response (%)

Binaural
Response (%)

Happy Sad Angry Happy Sad Angry Happy Sad Angry

Target Happy 61.04 6.09 32.06 67.90 6.06 26.04 90.15 2.45 7.40

Sad 44.76 34.04 21.02 38.23 55.71 10.78 6.94 75.43 19.63

Angry 55.05 18.42 36.63 44.23 12.85 42.92 15.81 2.69 81.50

CI, cochlear implant; HA, hearing aid.

Table 3. Average Hit and Unbiased Hit Rate Represented Percent of 
Responses

 

Happy Sad Angry

Responses (%)

H Hu H Hu H Hu

CI alone 61.04 23.38 34.04 11.98 36.63 11.31

CI and HA 67.90 30.65 55.71 27.79 42.92 23.39

NH group 90.15 72.14 75.43 69.68 81.50 60.92

 H, average hit; Hu, unbiased hit rate.
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children using hearing devices, which can lead to reduced clarity in 
vocal emotion perception. The acoustic features that are essential for 
emotion perception are F0 variations, followed by intensity, and the 
least reliable is duration.28

Apart from pitch cues, the intensity differences among different 
emotions would help in recognizing the target emotions. However, 
normalizing these intensity differences across stimuli poses a chal-
lenge for the CI group.9 As a result, CI children are forced to rely on 
pitch distinctions for emotion perception. However, due to the poor 
spectral resolution of their devices (CI and HA), the CI group performs 
inferiorly to the NH group.

Further, previous studies indicate that 6-month-old infants can dis-
criminate changes in auditory temporal characteristics but not in 
visual stimuli, highlighting the early auditory dominance by this 
age.7,8 Despite both the NH and CI groups having the same listen-
ing age, the NH group likely benefits from early auditory stimulation 
since birth, which leads to superior vocal emotion perception. In con-
trast, children in the CI group face challenges due to congenital hear-
ing impairment and delayed intervention with devices like HA or CI, 
which exacerbates differences between the 2 groups.

Comparison of Cochlear Implant Alone Versus Cochlear Implant 
and Hearing Aid
Adding a HA to the contralateral ear of the CI resulted in enhanced 
performance. The observed benefits could be explained by the HA’s 
transmission of lower-frequency acoustic information. This is par-
ticularly beneficial because CI alone often has limitations in pro-
cessing low-frequency sounds due to constraints in electrode array 
insertion.30

Additionally, CI is limited by its speech coding strategies, which pri-
marily represent the envelope of the acoustic signal. On the contrary, 
HA provides information on temporal fine structure cues,31 which is 
crucial for vocal emotion perception. Together, the combination of CI 
and HA facilitates the integration of both envelope and fine structure 
cues, thereby improving vocal emotion perception.

Nevertheless, the increase in scores under bimodal conditions did 
not match the performance of children in the NH group. This is pos-
sibly because the CI children in our study may not have had sufficient 
acoustic bandwidth and sensitivity to detect additional voice cues.32 
Dorman et al33 found that bimodal benefits for speech perception in 
quiet were greater for individuals with mild (0-40 dB HL) or moder-
ate (41-60 dB HL) hearing loss at low frequencies, compared to those 
with more severe hearing loss (>60 dB HL), indicating the influence 
of residual hearing. Our study cohorts in the CI group had mean 
unaided pure tone thresholds greater than 80 dB HL at 500, 1000, 
and 2000 Hz. This indicates that children in the CI group had insuf-
ficient residual hearing to achieve the same significant advantages 
as children with NH.13

Comparison of Vocal Emotion Perception: Happy, Sad, and Angry
Both groups demonstrated a high rate of identification for “happy,” 
which could be attributed to greater variations in intensity within 
stimuli compared to “sad” and “angry.” On the other hand, the CI 
group encountered challenges in perceiving the “angry” emotion. 
This could be linked to rapid F0 variations in a sentence during the 

expression of the “angry” emotion, which might not be well repre-
sented with either the CI device (CI alone condition) or HA (CI and HA 
condition). These findings contradict previous research, which sug-
gests that significant variations in F0 and high intensity could assist 
children with CI in recognizing “angry” emotions.1,4 Considering 
broad inter-subject variability in the study population, it is impera-
tive to validate the current results with a larger study sample.

Additionally, the confusion patterns observed among CI children for 
the target emotions were largely congruent with those reported in 
prior research.34 The children in the CI group had fewer confusions 
between the “sad” and “angry” emotions than with other combi-
nations, likely due to the intensity differences between these emo-
tions.4,35 This argument is substantiated through the acoustic analysis 
of emotion sentences which showed statistically significant differ-
ences in mean intensity between “sad” and “angry.” Moreover, CI chil-
dren exhibited increased confusion between “happy” and “angry,” 
which can be attributed to acoustic differences primarily in mean F0. 
The reduced spectral resolution in the CI group may hinder their abil-
ity to distinguish these F0 variations between the 2 emotions.35

The findings of the current study also indicate improved scores in 
identifying the emotion “sad” under the CI and HA conditions. This 
enhancement is likely due to the significantly lower intensity of the 
emotion “sad” compared to other emotions, making it acoustically 
more salient and easier to distinguish.36 The “sad” emotion was char-
acterized by the lowest mean intensity, mean F0 values, and F0 varia-
tion ranges, emphasizing its distinctiveness from the “happy” and 
“angry”targets.34

Thus, children in the CI group relied on intensity cues rather than 
spectral variations to perceive emotions, consistent with previous 
findings.34,36 Additionally, the HA in the contralateral ear may have fur-
ther enhanced their ability to differentiate intensity changes within 
sentences among different emotions. The HA not only improved 
vocal emotion perception but also decreased the number of confu-
sions and increased the accuracy in identifying target emotions, as 
evidenced by the Hu value.

Conversely, children in the NH group showed minimal confusion 
between “happy” and “sad,” but greater confusion between “angry” 
and “sad,” indicating a reliance on pitch cues and/or spectral varia-
tions rather than intensity cues.35 Overall, these findings highlight a 
distinct pattern in vocal emotion perception between the CI and NH 
groups, emphasizing their differing reliance on spectral and tempo-
ral cues. Future research could investigate the relative importance of 
spectral and temporal cues with increasing age among CI children, 
using a longitudinal approach.

On the contrary, Meister and colleagues37 found that CI users per-
formed poorly in identifying the stressed syllable. This means that 
CI users are incapable of using intensity cues which are naturally 
present9 unlike the NH group. However, in another study by Hopyan 
et al,19 it was reported that CI users relied on tempo cues rather than 
the crucial pitch cues associated with musical emotion to make the 
distinction between “happy” and “sad”. The conflicting results across 
studies are due to the heterogeneity within the CI population. The 
diversity among our CI children arises from factors such as the age 
at implantation, implant age, manufacturer differences in CI devices, 
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and aural rehabilitation. These elements may impact the perception 
of vocal emotions, and subsequent research can comprehensively 
examine the influence of each factor individually.

Confounding Factors in Vocal Emotion Perception
The age at which children receive a CI can greatly influence their 
vocal emotion perception. In a study, the authors reported that 
the optimal age for CI to fully develop emotional comprehension 
is 18 months,38 which is slightly higher than the 12 months recom-
mended for language skills development. They noted that this 
development predominantly involves the right hemisphere, crucial 
for emotion development, which dominates the processing of non-
verbal emotional cues during the first 2 years. After this period, the 
balance between hemispheres shifts, making oral language more 
significant.38

Furthermore, it is well established that there exists a sensitive period 
of 3.5 years for the functional development of central auditory path-
ways.39 Since our study cohorts were implanted after 3.5 years of age, 
the results cannot be extrapolated to the children implanted earlier, 
i.e., before this sensitive period. Accordingly, this prolonged sound 
deprivation prior to CI could explain the observed discrepancies in 
vocal emotion perception among the CI and NH groups.

Strengths and Limitations
We utilized Hu values as an additional measure to assess emotion 
perception, ensuring accuracy independent of potential influences 
such as response guessing or bias. This method proved invaluable in 
quantifying the impact of using HA in conjunction with unilateral CI. 
Another strength of our study is the inclusion of a NH group matched 
for listening age, facilitating a direct comparison of the potential bin-
aural benefits achievable with CI and HA.

Similar to other studies involving CI users, the external validity of the 
results must be justified by several methodological considerations. 
These include a smaller sample size and the reliance on snowball 
sampling, which may introduce bias and limit the generalizability of 
findings to the broader population. Further, our CI children exhibit 
significant variability in terms of age at implantation (3.6-5.10 years) 
and duration of implant use (1-2.75 years), which could again con-
strain the applicability of results. To improve the reliability of the find-
ings, future research could benefit from increasing the sample size 
in each subgroup based on age at implantation, considering differ-
ences in device manufacturers and their speech coding strategies, all 
of which could potentially impact the outcomes of the study.

CONCLUSION
In conclusion, the study findings indicate that the NH group demon-
strated superior performance in vocal emotion perception compared 
to the CI group. Children in the CI group face a disadvantage due to 
their congenital hearing impairment, and the rehabilitative options 
provided by hearing devices do not fully replicate the functional-
ity of a normal ear. Hence, advancements in technology may offer 
promising strategies in the near future to accurately represent the 
fundamental frequency variation of speech signals. However, in the 
current scenario, using a HA in the contralateral ear could provide 
access to low-frequency information and their fine structure, poten-
tially improving emotion perception and thereby enhancing socio-
emotional development.
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