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INTRODUCTION

Hearing is an essential sense which plays a dynamic role in speech and language de-

velopment, communication, and learning. However, children with congenital or early 

onset of hearing loss face challenges in developing and maintaining speech and lan-

guage skills [1]. Hearing loss in children is a hidden disability, if undetected and un-

treated, it can lead to delay in speech and language development, social and emotional 

disturbances, and ultimate academic difficulties [2]. The disabling effects in children 
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arising from hearing loss can be minimized by detecting hear-

ing loss as early as possible and providing early intervention 

through effective aural rehabilitative devices [2]. The selection 

of an appropriate rehabilitative device is a crucial component 

of an aural rehabilitation program. The currently available re-

habilitative devices for children with hearing impairment are 

hearing aid (HA) and surgically implanted cochlear implant 

(CI). CI is presently one of the most considerable, successful, 

and advanced medical prostheses for individuals with hear-

ing loss of severe-to-profound degree who receive limited 

benefit from conventional HAs [3]. 

The process of cochlear implantation provokes much antic-

ipations and expectations in parents in terms of outcomes of 

their children with CI [4]. Hence, there is a need to monitor 

the outcomes of children at every phase of post-implant reha-

bilitation. The outcomes of children with CI can be assessed 

through objective and/or subjective measures. The objective 

measures provide information on the auditory and commu-

nicative performance of children within the highly structured 

acoustic environment under optimum listening conditions 

[5]. One of the subjective ways to evaluate auditory and com-

municative performance involves the administration of in-

ventories and/or questionnaires to provide information on 

the functional performance of children based on observations 

of parents and/or caregivers of a child’s behaviour in real-

world communication environments [6]. In general, parents 

spend most of the time with their children in everyday com-

munication environments. Hence, their reports based on ob-

servations are often more dependable and representative of 

the child’s auditory related behaviour in a real-world commu-

nication environment when compared to objective assess-

ments conducted in the controlled acoustic environments [7].

Several questionnaires and/or inventories have been devel-

oped for evaluating children’s auditory related skills and the 

relative effectiveness of their hearing devices [8]. The neces-

sity of including wider outcome measures, especially the pa-

rental reports while assessing the outcomes of children with 

CI has been emphasized [9-11]. Based on the high grades re-

ceived in a critical review of subjective outcome evaluation 

questionnaires, the Parents’ Evaluation of Aural/Oral Perfor-

mance of Children (PEACH) scale [8] was found one of the 

more appropriate [5]. The PEACH scale focuses on auditory 

related behaviour of toddlers and older children with hearing 

loss ranging from mild to profound degree in terms of how 

they are hearing and communicating with others while using 

hearing devices in everyday communication environments 

[8]. However, the outcomes of children with CI need to be as-

sessed using subjective measures that are suitable for the 

population concerning their linguistic and cultural back-

grounds [12]. Hence, the questionnaires and/or inventories 

developed for the English-speaking population may not be 

appropriate to the Indian population due to the high degree 

of diversity in their linguistic and cultural backgrounds.

Telugu is a Dravidian language spoken predominantly by 

people of Andhra Pradesh and Telangana states of south In-

dia. The ‘Aarogyasri Healthcare Program’ being implemented 

by the government of Andhra Pradesh and Telangana states 

bears the expenditure of the CI program including surgery 

and post-implant rehabilitation services for children placed 

below the poverty line. In addition to the state government 

healthcare scheme, the ‘ADIP Scheme’ being implemented by 

the government of India also offers a similar CI program for 

children falling below the poverty line. This has increased the 

number of children receiving CI in Andhra Pradesh and 

Telangana making them to have one of the largest CI popula-

tions in India [13]. The majority of children who have under-

gone and/or are undergoing cochlear implantation in Andhra 

Pradesh and Telangana states are native speakers of Telugu. 

Shortly, it is probable that the total number of children with CI 

who are native speakers of Telugu will not only continue to 

grow but will grow at an increasing rate. Hence, considering 

the increasing implications of subjective measures in assess-

ing the functional outcomes of children with CI in everyday 

communication environments, and the growing number of 

children with CI in Andhra Pradesh and Telangana who are 

native speakers of Telugu, there is a need to adapt and trans-

late PEACH scale for use in the Telugu language.

Age of implantation which is the age at which a child re-

ceives CI seems to be one of the most important variables to 

predict speech and language outcomes. Although, several 

studies have reported that children who receive CI at a very 

younger age are expected to achieve greater speech and lan-

guage skills than children who receive CI at a later age [10,14-

17], some studies have reported otherwise [18-21]. Therefore, 

still there is nonalignment on whether children who receive 

CI at an earlier age only have greater potential in achieving 

higher linguistic competence than children who receive CI at 

a later age. Hence, the present study aimed to assess and 

compare the auditory and communication skills of children 

with CI as a function of the age at which they received CI us-

ing culturally adapted and translated PEACH scale in Telugu 

language to investigate whether early age of implantation is 
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the main predictor of outcomes of children or whether factors 

such as pre-implant HA usage, duration of post-implant CI 

usage, type of post-implant intervention program and mode 

of communication at educational settings would add advan-

tages for children who received CI in the later age. 

METHODS

Present study constituted three phases. Phase I: adaptation 

and translation of PEACH scale for use in Telugu language; 

Phase II: administration of Telugu PEACH scale on parents of 

children with cochlear implant; Phase III: scoring the re-

sponses of parents to obtain PEACH scores for quiet subscale, 

noise subscale, and combined subscales.

Phase I: Adaptation and Translation of PEACH scale for use 
in Telugu language 

PEACH scale [8] was adapted and translated for use in Telugu 

language to fulfil the aim of present study. An official permis-

sion has been obtained from the concerned author to adapt 

and translate the original scale for use in Telugu language for 

the present study. This scale consists of 13 items including 

two general items, six items related to listening and commu-

nicating in relatively quiet situations, four items related to lis-

tening and communicating in noisy situations, and one item 

on awareness and recognition of environmental sounds.  A 

competent person who is a native speaker of Telugu and well 

versed in English as well reviewed the existing 13 items of the 

original PEACH scale. Few minor modifications to the content 

of the items 1, 2, 3, 7, 10, 11, and 12 were done to ensure the 

linguistic and cultural appropriateness of the concepts. The 

items 4, 5, 6, 8, 9, 13 were found to be linguistically and cultur-

ally appropriate and retained in their original forms. Also, one 

item related to listening and communicating in noisy situa-

tions was newly included in the scale and formed item 14. The 

modified version of the PEACH scale was then reviewed by 

three experienced audiologists to ensure that the content of 

the items was familiar, easy to understand, and culturally ap-

propriate. After necessary corrections made to the modified 

version as suggested by the reviewers, a different person who 

is well versed in English proofread the content of the items in 

the modified version of the PEACH scale.

A ‘back-to-back’ approach was used to translate the PEACH 

scale into Telugu language. The modified version of the 

PEACH scale was translated into Telugu by the same person 

who made modifications to the original version. During the 

process of translation, care was taken on syntactic structure, 

semanticity, familiarity, and ambiguity to maintain the origi-

nal meaning of the content of the items. The translated ver-

sion of the PEACH scale was then reviewed by three different 

experienced audiologists who are native speakers of Telugu 

and necessary corrections were made to the Telugu version as 

suggested by the reviewers. After this, the Telugu version was 

translated back to English by a different person who is well 

versed in both languages. To ensure the accuracy of the trans-

lation, a different person who is well versed in both languages 

reviewed the translated version and made necessary altera-

tions to the content of the Telugu version so that the translated 

version was closest to the original version. Finally, the Telugu 

version was reviewed by six parents of children using hearing 

devices to ensure that the content was easy to understand and 

culturally appropriate.

The final version of the Telugu PEACH scale consisted of 14 

items which include two general items (one item related to 

device usage, one item related to loudness discomfort), six 

items related to listening and communicating in quiet situa-

tions (responds to his/her name in a quiet situation, follows 

simple verbal instructions in a quiet situation, follows stories/

programs/serials on television in quiet situation, initiates/

participates in conversation in a quiet situation, recognizes 

familiar peoples’ voices in a quiet situation, participates in 

conversation on phone in quiet situation), five items related 

to listening and communicating in noisy situations (responds 

to his/her name in a noisy situation, follows simple verbal in-

structions in a noisy situation, initiates/participates in conver-

sations in noisy situations, participates in conversations in 

auto/car/bus/train, participates in conversation on phone in 

noisy situation) and one item related to awareness and recog-

nition of environmental sounds other than voices.

Phase II: Administration of Telugu PEACH scale on parents 
of children with cochlear implant  

Telugu PEACH scale was administered on the parents for as-

sessing the auditory and communication skills of children 

with CI in quiet and noisy communication environments 

based on parent’s observations of their child’s behaviour in 

everyday communication environments.

Participants

The parents (N=36) who are primary caregivers of children 

with CI served as participants in the present study. The age of 

parents was in the age range of 30 to 39 years (M=33.22, SD= 
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±2.37). The parents have minimum educational qualification 

of higher secondary education, and the number of years of 

education was in the range of 12 to 17 years (M=14.50, SD= 

±0.76). The age of children with CI was in the range of 8 to 11 

years (M=9.53, SD= ±0.25). The children were equally di-

vided into two groups. Group I (Earlier Implanted Group: EIG) 

consisted of children (N=18) in the age range of 8 to 10 years 

(M=9.1, SD= ±0.24). The age at which these children received 

CI was in the age range of 2 to 3 years (M=2.64, SD= ±0.16). 

The duration of CI usage, i.e., implant age was in the range of 6 

to 7 years (M=6.42, SD= ± 0.18). The duration of pre-implant 

HA usage was in the range of 1 to 1.5 years (M=1.24, SD= 

±0.13). Five of EIG were using bimodal stimulation (i.e., CI in 

one ear and HA in the opposite ear) and remaining were lim-

ited to monaural CI. 

Group II (Later Implanted Group, LIG) consisted of chil-

dren (N= 18) in the age range of 9 to 11 years (M= 9.95, SD=  

±0.25). The age at which these children received CI was in the 

range of 4 to 5 years (M= 4.64, SD= ± 0.21). The duration of CI 

usage, i.e., implant age was in the range of 5 to 6 years (M=  

5.30, SD= ±0.18). The duration of pre-implant HA usage was 

in the range of 2 to 3 years (M= 2.64, SD= ± 0.16). Four of LIG 

were using bimodal stimulation (i.e., CI in one ear and HA in 

the opposite ear) and remaining were limited to monaural CI. 

All these children have attended 4 to 5 years of the post-im-

plant intervention program in an oral mode of communica-

tion and currently attending age-appropriate mainstream ed-

ucation with oral language as a mode of communication. 

None of the children had additional disabilities or associated 

problems. The demographic, audiological, cochlear implant 

and speech processor details of children of EIG and LIG are 

shown in Tables 1 and 2.

Procedure

Telugu PEACH scale was administered on the parents with 

similar guidelines described by Ching & Hill [8]. An interview 

session was arranged with parents to explain the items listed 

in the questionnaire and clarify the doubts of parents (if any) 

with the questionnaire. They were given a period of two weeks 

to observe the auditory and communication behaviour of 

their children concerning each question in everyday commu-

nication environments. They were instructed to record re-

sponses with as many examples as possible for each item in 

the questionnaire. After parents had completed the scale, an-

Table 1. Demographic, Audiological, Cochlear Implant and Speech Processor Information of Participants of EIG (N=18)

Participant Gender CA AI IA PI-HA Implant SP SPS MS

EIG-1 Female 8 y 11 m 2 y 6 m 6 y 5 m 1 y 1 m CI24RECA CP810 ACE Monaural

EIG-2 Female 8 y 10 m 2 y 6 m 6 y 4 m 1 y 2 m CI24RECA CP910 ACE Bimodal

EIG-3 Female 9 y 7 m 2 y 10 m 6 y 9 m 1 y 5 m CI24RECA Freedom ACE Monaural

EIG-4 Male 8 y 11 m 2 y 6 m 6 y 5 m 1 y 3 m CI24RECA CP810 ACE Monaural

EIG-5 Male  9 y 3 m 2 y 8 m 6 y 7 m 1 y 2 m CI24RECA CP910 ACE Bimodal

EIG-6 Female 9 y 4 m 2 y 7 m 6 y 9 m 1 y 1 m CI24RECA CP810 ACE Bimodal

EIG-7 Male 9 y 5 m 2 y 8 m 6 y 2 m 1 y 5 m CI24RECA CP910 ACE Monaural

EIG-8 Female 9 y 2 m 2 y 9 m 6 y 5 m 1 y 2 m CI24RECA CP810 ACE Monaural

EIG-9 Female 9 y 5 m 2 y 11 m 6 y 6 m 1 y 6 m CI24RECA CP910 ACE Monaural

EIG-10 Male 9 y 3 m 2 y 11 m 6 y 4 m 1 y 4 m CI24RECA Freedom ACE Monaural

EIG-11 Female 9 y 1 m 2 y 10 m 6 y 3 m 1 y 5 m CI24RECA CP910 ACE Bimodal

EIG-12 Female 8 y 11 m 2 y 9 m 6 y 2 m 1 y 3 m CI24RECA Freedom ACE Monaural

EIG-13 Male 9 y 3 m 2 y 8 m 6 y 7 m 1 y 2 m CI24RECA CP910 ACE Monaural

EIG-14 Female 8 y 11 m 2 y 6 m 6 y 5 m 1 y 2 m CI24RECA CP810 ACE Monaural

EIG-15 Male 8 y 9 m 2 y 6 m 6 y 3 m 1 y 1 m CI24RECA Freedom ACE Bimodal

EIG-16 Male  8 y 11 m 2 y 7 m 6 y 4 m 1 y 4 m CI24RECA Freedom ACE Monaural

EIG-17 Female 8 y 11 m 2 y 4 m 6 y 7 m 1 y 1 m CI24RECA CP910 ACE Monaural

EIG-18 Female 8 y 11 m 2 y 7 m 6 y 4 m 1 y 3 m CI24RECA Freedom ACE Monaural

CA: Chronological Age; AI: Age of Implantation; IA: Implant Age; PI-HA: Pre-Implant Hearing Aid Usage; SP: Speech Processor; SPS: Speech Processing 
Strategy; MS: Mode of Stimulation; ACE: Advanced Combination Encoder.
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other structured interview session was arranged with parents 

to review the responses given by the parents. After reviewing 

the responses with them in this interview session, the authors 

further asked questions to parents for clarification of unclear 

examples reported by them. When the authors were not satis-

fied even after clarification with parents or if parents felt that 

they were still doubtful on some of the questions and re-

sponses, they were further allowed to clarify their doubts. Af-

ter providing clarification to parents’ doubts, they were further 

given another week to observe the auditory and communica-

tion behaviour of their children and record them with as 

many examples as possible. The clarification helped to in-

crease the accuracy and number of response behaviours. The 

scale was administered twice on eight parents (EIG = 4 and 

LIG = 4) to check test-to-retest reliability of the Telugu PEACH 

scale.

Phase III: Scoring the responses of parents to obtain PEACH 
score and analysis of obtained data

Scoring the responses 

The authors scored each item on the basis of responses given 

by parents on a five-point rating scale in the range between 0 

and 4 as described by Ching & Hill [8]. The ratings were never, 

seldom, sometimes, often and always, and assigned scores of 

0, 1, 2, 3, and 4 respectively. An item was assigned a score of 

zero if no examples were provided by parents or if the child did 

not demonstrate any auditory and communicative response. 

A score of 1 was assigned if one or two examples were pro-

vided or if the parents reported that the child demonstrated 

auditory and communicative behaviour for 25% of the time. A 

score of 2 was assigned if three or four examples were pro-

vided or if the parents reported that the child demonstrated 

auditory and communicative behaviour for 50% of the time. A 

score of 3 was assigned if five or six examples were provided or 

if the parents reported that the child demonstrated auditory 

and communicative behaviour for 75% of the time. A maxi-

mum score of 4 was assigned if more than six examples were 

provided or if the parents reported that the child demon-

strated the auditory and communicative behaviour for more 

than 75% of the time. The scores obtained for items 3, 4, 7, 8, 

11, and 12 were combined to derive performance score for 

communication in a quiet environment (PEACH score for 

quiet subscale) and the scores obtained for items 5, 6, 9, 10, 13, 

and 14 were combined to derive performance score for com-

Table 2. Demographic, Audiological, Cochlear Implant and Speech Processor Information of Participants of LIG (N=18)

Participant Gender CA AI IA PI-HA Implant SP SPS MS

LIG-1 Male 9 y 8 m 4 y 5 m 5 y 3 m 2y 7 m CI24RECA Freedom ACE Monaural

LIG-2 Female 9 y 10 m 4 y 3 m 5 y 7 m 2y 1 m CI24RECA CP910 ACE Monaural

LIG-3 Female 10 y 1 m 4 y 4 m 5 y 9 m 2y 2 m CI24RECA CP810 ACE Monaural 

LIG-4 Male 9 y 10 m 4 y 6 m 5 y 4 m 2y 8 m CI24RECA CP910 ACE Monaural

LIG-5 Female 10 y 1 m 4 y 8 m 5 y 5 m 3 y 1 m CI24RECA CP810 ACE Monaural

LIG-6 Male 9 y 10 m 4 y 5 m 5 y 5 m 2y 9 m CI24RECA CP910 ACE Monaural

LIG-7 Male 10 y 1 m 4 y 8 m 5 y 5 m 3 y 1 m CI24RECA CP810 ACE Monaural

LIG-8 Female 9 y 11 m 4 y 7 m 5 y 4 m 3 y 1 m CI24RECA CP810 ACE Bimodal

LIG-9 Female 9 y 11 m 4 y 9 m 5 y 2 m 3 y 1 m CI24RECA CP810 ACE Monaural

LIG-10 Female 9 y 8 m 4 y 3 m 5 y 5 m 2y 2 m CI24RECA Freedom ACE Monaural

LIG-11 Female 9 y 11 m 4 y 10 m 5 y 1 m 3 y 1 m CI24RECA Freedom ACE Bimodal

LIG-12 Male 10 y 2 m 4 y 9 m 5 y 5 m 3 y 1 m CI24RECA CP910 ACE Monaural

LIG-13 Male 9 y 2 m 4 y 7 m 5 y 2 m 2y 4 m CI24RECA CP810 ACE Bimodal

LIG-14 Female 9 y 11 m 4 y 9 m 5 y 2 m 2y 9 m CI24RECA CP810 ACE Monaural

LIG-15 Male 10 y 2 m 4 y 8 m 5 y 6 m 3 y 1 m CI24RECA CP910 ACE Monaural

LIG-16 Female 10 y 3 m 4 y 11 m 5 y 4 m 2 y 5 m CI24RECA Freedom ACE Monaural

LIG-17 Male 9 y 11 m 4 y 10 m 5 y 1 m 2 y 4 m CI24RECA CP910 ACE Bimodal

LIG-18 Female 10 y 1 m 4 y 11 m 5 y 2 m 2 y 9 m CI24RECA Freedom ACE Monaural

CA: Chronological Age; AI: Age of Implantation; IA: Implant Age; PI-HA: Pre-Implant Hearing Aid Usage; SP: Speech Processor; SPS: Speech Processing 
Strategy; MS: Mode of Stimulation; ACE: Advanced Combination Encoder. 
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munication in a noisy environment (PEACH score for noise 

subscale) for each child of EIG and LIG. Finally, the two sub-

scale scores were summed to derive an overall performance 

score (overall PEACH score). The obtained scores of each sub-

ject were then converted into percentage PEACH scores (%).

Analysis of data

Mean PEACH scores (%) obtained by participants of each 

group, i.e., EIG, LIG, and combined group (CG) for each sub-

scale, i.e., quiet subscale, noise subscale, and overall score 

were calculated. The mean PEACH scores (%) were subjected 

to independent sample t-test in order to find out significant 

difference in the auditory and communication skills between 

participants of EIG and LIG for each subscale, i.e., quiet sub-

scale, noise subscale, and overall score separately. The data 

were further subjected to one-way ANOVA in order to find out 

significant difference in the auditory and communicative per-

formance of participants of each group, i.e., EIG, LIG and CG 

separately among quiet subscale score, noise subscale score, 

and overall score.   

RESULTS

The results of Pearson’s correlation coefficient revealed no 

significant difference in PEACH scores for quiet subscale, 

noise subscale, and combined subscale (overall score) when 

the Telugu PEACH scale was re-administered on a total of 

eight parents (EIG = 4 and LIG = 4) showing a high test-to-re-

Figure 1. PEACH scores (%) for quiet subscale, noise subscale, and overall score obtained by each participant of EIG.

 Quiet score   Noise score   Overall score

EIG-1 EIG-2 EIG-3 EIG-4 EIG-5 EIG-6 EIG-7 EIG-8 EIG-9 EIG-10 EIG-11 EIG-12 EIG-13 EIG-14 EIG-15 EIG-16 EIG-17 EIG-18
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Figure 2. PEACH scores (%) for quiet subscale, noise subscale, and overall score obtained by each participant of LIG.

 Quiet score   Noise score   Overall score
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test reliability. Figures 1 and 2 show mean PEACH scores (%) 

for quiet subscale, noise subscale, and combined subscale 

(overall score) of each participant of EIG and LIG. Figure 3 

shows mean PEACH scores (%) between participants of EIG 

and LIG for quiet subscale, noise subscale, and combined 

subscale (overall score). The results of the independent sam-

ple t-test revealed that there was no statistically significant dif-

ference (p> 0.05) in auditory and communication skills in 

terms of mean PEACH scores (%) between participants of EIG 

and LIG for quiet subscale score, noise subscale score, and 

overall score (Table 3).

Figure 4 shows mean PEACH scores (%) among quiet sub-

Figure 3. PEACH scores (%) for quiet subscale, noise subscale, and overall score obtained by participants of EIG and LIG.
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Table 3. Independent sample t test results showing comparison between EIG and LIG for quiet subscale score, noise subscale score overall score 

Comparison of mean PEACH scores 
between EIG and LIG

Equality of variance t-test of equality of means

F Sig t df Sig 
(2-tailed) MD SE

95% CI

Lower Upper

Quiet Equal Variances Assumed 0.394 0.534 0.329 34 0.744 0.23166 0.7040 -1.19908 1.66242

Equal Variances not Assumed 0.329 33.988 0.744 0.23166 0.7040 -1.19910 1.66244

Noise Equal Variances Assumed 0.163 0.689 0.188 34 0.852 0.23111 1.2307 -2.270113 2.73233

Equal Variances not Assumed 0.188 33.967 0.852 0.23111 1.2307 -2.270202 2.73242

Overall Equal Variances Assumed 0.013 0.911 0.247 34 0.806 0.23138 0.9369 -1.672721 2.13549

Equal Variances not Assumed 0.247 33.984 0.806 0.23138 0.9369 -1.672753 2.13553

MD: Mean Difference; SE: Standard Error; CI: Confidence Interval.

Figure 4. PEACH scores (%) for quiet subscale, noise subscale score, and overall score obtained by participants of EIG, LIG, and CG.

 Quiet score   Noise score   Overall score
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scale, noise subscale, and combined subscale (overall score) 

for participants of EIG and LIG. The results of one-way 

ANOVA revealed that there was a statistically significant dif-

ference (p< 0.05) between and within mean PEACH scores 

(%) for participants of EIG, LIG, and CG. The participants of 

EIG, LIG, and CG obtained a lower mean PEACH score (%) for 

noise subscale as compared to quiet subscale and overall 

score (Table 4). When the data were further subjected to LSD 

posthoc analysis, the results revealed that there was a statisti-

cally significant difference (p< 0.05) between quiet subscale 

score and noise subscale score, quiet subscale score and over-

all score, and noise subscale score and overall score (Table 5).

DISCUSSION

A systematic way of evaluating the outcomes of children with 

CI is an important aspect at every phase of post cochlear im-

plantation rehabilitation. Considering the growing number of 

children with CI in southern states of India who are native 

speakers of Telugu, we have adapted and translated PEACH 

scale in Telugu, and administered on parents intending to as-

sess and compare the auditory and communication skills of 

children as a function of the age at which they received CI. 

The results revealed no significant difference in auditory and 

communication skills in terms of mean PEACH scores be-

tween children of EIG and LIG for quiet subscale, noise sub-

scale, and combined subscales (overall score). The findings of 

the present study suggest that the age at which the child re-

ceived CI did not appear to be a major contributing factor in 

predicting the auditory and communication skills of children 

up to 5 years of age. A similar argument was made by Geers et 

al. [18] who have reported that children who received CI in 

the age range of 2 to 3 years of did not appear to achieve sig-

nificantly greater communicative competence as compared 

to children who received CI in the age range of 4 to 5 years. 

Also, Moog & Geers [22] reported from their study that chil-

dren who achieved the best auditory skills were those who 

were implanted by 4.5 years of age, and children who achieved 

the best auditory skills developed language skills that corre-

sponded or exceeded those of their normal-hearing age 

mates. Furthermore, it was reported that children with aver-

age learning ability who received CI at or before 5 years of age 

have greater potential to express and comprehend spoken 

Table 5. LSD post-hoc multiple comparison of mean PEACH scores (%) among quiet subscale, noise subscale and overall score for participants of EIG, LIG and 
CG 

Group
Subscale 

MD (I-J) SE Sig
95% CI

I J Lower bond Upper bond

EIG Quiet Noise 6.251111* 0.97153 0.000 4.30067 8.20156

Overall 3.125556* 0.97153 0.002 1.17511 5.07600

Noise Overall -3.125556* 0.97153 0.002 -5.07600 -1.17511

LIG Quiet Noise 6.250556* 0.99078 0.000 4.26147 8.23964

Overall 3.125278* 0.99078 0.003 1.13619 5.11437

Noise Overall -3.125278* 0.99078 0.003 -5.11437 -1.13619

CG Quiet Noise 6.250833* 0.68439 0.000 4.89380 7.60786

Overall 3.125417* 0.68439 0.000 1.76839 4.48245

Noise Overall -3.125417* 0.68439 0.000 -4.48245 -1.76839

The mean difference is significant at the 0.05 level. 
MD: Mean Difference; SE: Standard Error; CI: Confidence Interval.

Table 4. One-way ANOVA results showing comparison between and within 
mean PEACH score (%) among quiet subscale, noise subscale and overall 
score for children of EIG, LIG and CG 

Group Sum of 
Squares df Mean 

Square F Sig

EIG Between Groups 351.688 2 175.844 20.700 0.000

Within Groups 433.244 51 8.495

Total 784.932 53

LIG Between Groups 351.625 2 175.813 19.900 0.000

Within Groups 450.581 51 8.835

Total 802.206 53

CG Between Groups 703.313 2 351.656 41.709 0.000

Within Groups 885.271 105 8.431

Total 1,588.584 107
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language at levels that are comparable with a similar-age peer 

group with normal hearing [18]. Hence, it can be inferred 

from the findings of the present study that children who re-

ceive CI up to the age of 5 years achieve similar auditory and 

communication skills irrespective of the age at which they re-

ceive CI.    

While, several studies have reported that children who re-

ceive CI at a very younger age are expected to attain superior 

speech and language skills than children who receive CI at a 

later age [10,16,17], there was no significant difference noticed 

in terms of auditory and communicative performance be-

tween children who received CI in the age range of 2 to 3 years 

(EIG) and children who received CI in the age range of 4 to 5 

years (LIG) in the present study. Although the children of LIG 

received CI in the age range of 4 to 5 years, they had 2 to 3 

years of pre-implant intervention with HAs, in addition to 5 to 

6 years of post-implant CI use. The pre-implant intervention 

with HAs might provide children with advantages of early au-

ditory stimulation and serve as a bridge to offer some amount 

of auditory access to speech and language until they receive 

CI [23,24]. There has been rapid and continuous progress in 

the CI technology in terms of the electrode array, speech cod-

ing strategies as well as surgical procedures to implant elec-

trodes to improve auditory speech perception [25,26]. Hence, 

following implantation, the dramatic increase in access to au-

ditory speech perception offered through modern CI devices 

might result in overall improvements in auditory develop-

ment [27,28]. Further, with increased duration of CI use, chil-

dren develop more access to auditory speech perception to 

gain greater improvements in auditory performance and de-

velop receptive and expressive language skills across time 

[14,15,20,29,30]. Studies have also reported that children with 

CI achieved speech, language, and communication levels 

similar to their age-matched peers with normal hearing after 

up to 5 years of CI use [18,20].

Studies have reported that intervention with an oral mode 

of communication method that emphasizes the use of speech 

and audition skills during communication provided a signifi-

cant advantage for both spoken and total language skills [14, 

18,20,31,32). In addition to pre-implant hearing with HAs and 

post-implant CI use, children of LIG in the present study have 

undergone 4 to 5 years of post-implant intervention in an oral 

mode of communication method, and are currently attending 

age-appropriate mainstream education with oral language as 

the main mode of communication. Hence, although, children 

of LIG would have displayed a gap in their auditory and com-

municative skills compared to children of EIG at the time of 

implantation, the pre-implant HA usage [23,24], advances in 

CI technology [25,26], longer duration of post-implant CI us-

age [20,30], intervention in an oral mode of communication 

[31,32] might have likely supported LIG to develop auditory 

and communication skills at par with EIG in the present 

study. Hence, there was no significant difference perceived in 

auditory and communicative performance between children 

of EIG and LIG in terms of mean PEACH scores for quiet sub-

scale, noise subscale, and overall score in the present study.

Although the performance of children of EIG and LIG was 

similar in quiet and noisy communication environments, on 

average, both groups achieved significantly lower auditory 

and communicative performance in noisy communication 

environments as compared to quite communication environ-

ment. The poor representation of low-frequency pitch infor-

mation [33] and limited spectral and temporal resolution [34] 

provided by implants might account for the poor performance 

in noisy communication environments. Providing binaural 

hearing is a vital component of aural rehabilitation as it helps 

to understand speech better in noisy listening environments 

and localize a sound source. However, most of the children 

who participated in the present study are limited to monaural 

CI. Hence, these children would not have availed the advan-

tages of binaural hearing. Although binaural HA fitting has 

been a traditional practice while dealing with individuals with 

bilateral hearing impairment, monaural stimulation is com-

monly associated with cochlear implantation. This is espe-

cially common in the developing world like India due to fi-

nancial barriers to opt for bilateral cochlear implantation [35]. 

Therefore, children with monaural CI are not only limited to 

the method of hearing (limitations of electrical stimulation 

provided by CI) but also with monaural hearing [13]. 

From the findings of the present study, it can be sum-

marised that the translated and adapted PEACH scale can be 

considered a clinically feasible subjective tool for use in 

Telugu language in assessing the auditory and communica-

tive performance of children with CI. Unlike many other sub-

jective measures which require parents to just respond in 

terms of ‘presence’ or ‘absence’ of auditory behaviour of their 

children on checklists, the PEACH scale provides parents an 

opportunity to observe their children in everyday communi-

cation environments and note down as many responses of 

auditory and communicative behaviour of their children 

freely instead of restricting their responses to each item in the 

questionnaire. Additionally, there is flexibility in conducting 
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another structured interview after completion of a question-

naire that gives an added opportunity for clinicians to review 

the responses, and also for parents to clarify their doubts on 

questions/responses in increasing the accuracy of response 

behaviour of their children. The measures of the PEACH scale 

can be valuable in monitoring the progress of children with CI 

at every stage of post-implant rehabilitation.

Besides, the findings of the present study highlight the sig-

nificance of pre-implant HA usage, longer duration of post-

implant CI usage, and oral mode of communication as an in-

tervention method, in addition to the significance of advances 

in modern CI devices in achieving auditory and communica-

tive performance among children who received CI in the later 

age. The findings of the present study furthermore, highlight 

the need for binaural hearing for children with CI to improve 

auditory and communicative performance in noisy commu-

nication environments. Hence, finance being the major con-

cern in developing country like India for opting bilateral CI, a 

least-expensive and non-invasive method, i.e., bimodal stim-

ulation can be an option for children who are limited to mon-

aural CI to achieve some of the benefits of binaural hearing. 

However, we could not compare auditory and communicative 

performance of children with CI between monaural (CI 

alone) and bimodal (CI+HA) listening conditions due to lim-

ited number of children (EIG = 5; LIG = 4) with bimodal stimu-

lation in the present study. Hence, highlights need for further 

study to assess the auditory and communication skills of chil-

dren with CI as function of mode stimulation, i.e., monaural 

stimulation and bimodal stimulation using Telugu PEACH 

scale. Finally, the measures of the PEACH scale in combina-

tion with objective measures are worthwhile in obtaining 

more precise information on auditory and communicative 

performance, otherwise also in complimenting and validating 

the findings obtained from objective measures.

CONCLUSIONS 

The findings of the present study revealed that the age at which 

the children received CI did not seem to be a major contribu-

tor in predicting the auditory and communicative perfor-

mance. The variables such as pre-implant HA usage, longer 

duration of post-implant CI usage, oral mode of the post-im-

plant intervention program, and oral mode of communication 

at educational setting, in addition to advances in CI technol-

ogy, would add advantages for children who received CI in the 

later age. Despite superior performance in quiet communica-

tion environments, the presence of background noise contin-

ued to degrade the auditory and communicative performance 

of children of both groups. Hence, highlights the need for bilat-

eral and/or bimodal stimulation to achieve some of the bene-

fits of binaural hearing. The translated and adapted PEACH 

scale can be considered a clinically feasible tool for use in 

Telugu language in obtaining comprehensive information on 

the functional auditory and communicative performance of 

children with CI. Further research needs to be carried out to 

establish norms for a larger sample of children with normal 

hearing and children using hearing devices such as HAs and 

CIs, and other assistive listening devices.
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