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Objectives: This study examined the relationship between working and short-term memory 
performance, and their effects on cochlear implant outcomes (speech perception and speech 
production) in cochlear implanted children aged 7-13 years. The study also compared the 
memory performance of cochlear implanted children with their normal hearing peers.

Methods: Thirty-one cochlear implanted children with a mean age of 121.52 months (~ 10 
years) and SD=19.946 and 31 normal hearing children with a mean age 120.68 months (~ 10 
years) and SD=18.137 participated in this study. Their memory performance was assessed 
by Working Memory Test Battery for Children (1), speech perception was measured by 
Categories of Auditory Performance (2), and their speech production was assessed by Speech 
Intelligibility Rating (3). Finally, the data were analyzed using SPSS through its descriptive 
variables MANOVA and Spearman Correlation Coefficient.

Results: A significant and positive correlation was observed between working memory 
performance and cochlear implant outcomes. In addition, the children using cochlear implants 
had poorer performance compared to their normal hearing peers.

Discussion: This study demonstrated that the memory performance of children using cochlear 
implants has a significant effect on their speech production.
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1. Introduction

earing is one of the superior senses of hu-
mans. Deprivation of hearing will result 
in missing not only the sounds around 
us but also the pleasant and encouraging 
experiences in the social life [4]. Hearing 

impairment affects language development and commu-
nication skills of children, followed by secondary cog-
nitive and social symptoms. Timely measures and early 
actions including rehabilitative and training services at 
lower ages is the best method to minimize the negative ef-
fects of hearing impairment [5]. One of the most impor-
tant problems in rehabilitation for those suffering from 
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hearing impairment is the issue of perception, especially 
auditory perception. Perception is a tool to acknowledge 
the peripheral world. The more complete and precise is 
the perception of human from its world, the more un-
derstanding it gains by his interaction with the world. 
Perception depends on the performances of physiologi-
cal and neurophysiological systems that create a true or 
false mental image of the outside world. These systems 
act as tools for receiving and transferring the various 
types of information [6].

Auditory perception is a part of the perception that 
shows reception of physical motives created by the 
vibration of particles of an object in the material en-
vironment. Perception of rate, frequency, and features 
of sounds conduce recognition of their quantities and 
qualities, as well as their origins and concepts. General-
ly, auditory perception includes speech and non-speech 
sounds. Understanding speech is the best and most com-
plex level of auditory perception that transfers concepts 
to a receiver [7]. The health of the auditory and nervous 
systems and brain affects the perception of received 
messages. Hence, hearing impairments affect auditory 
perception  and speech intelligibility [6]. 

Hence, speech is an essential requirement of social 
life, and one requires fully functional senses as well as 
a rich environment full of speech to learn it. There are 
many prerequisites for gaining full mastery of speech, 
but hearing is the most important one. Therefore, it is 
obvious that the production of speech and its intelligibil-
ity in children is influenced by hearing impairments and 
faults. One of the most important factors for auditory 
perception and speech production is memory. Short-
term memory and working memory are the two impor-
tant parts of cognitive processes focused by many re-
searchers because of their importance. Working memory 
is a system for saving and manipulating data temporarily 
to protect cognitive activities for concurrent processing 
and saving data, whereas short-term memory is defined 
as a system to save trivial data for a short period. Studies 
about memory have attracted a great deal of scientific 
and lab studies in determining cognitive behavior [8].

Reviewing the history of the related literature, Chin et 
al. [9] studied speech intelligibility and prosody produc-
tion in cochlear implanted children. In this study, two 
speech intelligibility tests, Beginner’s Intelligibility Test 
(BIT) and Prosodic Utterance Production (PUP) were 
administered to 15 cochlear implanted children and 10 
children with normal hearing. Percent correct scores 
were higher for intelligibility than for prosody and 
higher for children with normal hearing than for chil-

dren with cochlear implants. Predicative sentences were 
recognized easily rather than the interrogative sentences 
and had the lowest rank in the spectrum. The findings 
suggested that the development of speech intelligibility 
progresses ahead of prosody in the children with cochle-
ar implants and those with normal hearing; however, 
children with normal hearing still perform better than 
those with cochlear implants on measures of intelligibil-
ity and prosody even after accounting for hearing age.

Ibertson et al. [10] studied between speech recogni-
tion, working memory and conversational skills in a 
group of 13 children/adolescents with cochlear implants 
(CIs) between 11 and 19 years of age. They found a 
significant correlation between speech recognition and 
conversation skills. Moreover, the participants with 
better-working memory capacity used more requests for 
confirmation of new information (i.e. made more sugges-
tions of their own) and fewer requests for confirmation 
of already given information compared to the partici-
pants with poorer working memory. It thus seems as if 
both speech recognition and working memory contrib-
ute to conversational skills but in different ways.

William and Libert [11] studied the phonological short-
term memory (pSTM) in cochlear-implanted children 
and examined the phonological similarities, work length, 
and lip-reading lines in those children. Their results 
showed that, compared to their age-matched hearing 
controls, cochlear-implanted children exhibited delayed 
development of their pSTM capacity, and exhibited re-
duced effect of phonological similarity and word length.

In a study by Philips et al. [12], 117 cochlear-implant-
ed children in clinics of England, Iran, and Turkey were 
evaluated during a period of 5 years and at different in-
tervals. Significant progress for auditory performance 
and speech intelligibility was reported as measured by 
two tools of Categories of Auditory Performance (CAP) 
and Speech Intelligibility Rating (SIR). The results 
showed that children that were implanted sooner had 
higher scores in both scales.

The results of two other studies by Dawson et al. [13] 
showed that cochlear-implanted children had weaker 
performances in short-term and working memory, but 
they reacted normally to tasks related to visual memory. 
In this study, auditory short-term memory was evaluated 
by tasks with the lowest linguistic requirement. As ex-
pected, children using cochlear implants showed poorer 
sequential short-term memory skills than their normal 
hearing peers for tasks that invited verbal coding. How-
ever, they performed similar to their hearing peers on 
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auditory and visual memory tasks where the stimuli were 
less likely to be encoded verbally. The children using co-
chlear implants did not appear to have a deficit in short-
term memory specific to the auditory modality. The dif-
ference scores (visual minus auditory performance) for 
the implanted children did not differ significantly from 
the difference scores for the normal hearing children.

Stacy et al. [14] studied different factors, including au-
ditory performance, communication skills, educational 
progress, life quality, and cochlear-implanting perfor-
mance, influencing the lives of English children with 
auditory impairments. It was observed that cochlear-
implanted children without other disabilities were better 
than those with auditory damages and side disabilities. 
In many aspects, good performance was associated with 
factors such as age, gender, average auditory perfor-
mance, high-educated parents, and appearance of the 
disorder after the age of 3 years. The children with im-
plants before the age of 5 years, with a minimum of 4 
years passed from the operation, showed good perfor-
mance in all aspects. Generally, the results showed that 
those children that were implanted before the age of 5 
years had better performance in communication skills, 
speaking, education, and life quality.

Calms et al. [15] studied speech perception and speech 
intelligibility in children with auditory damages after co-
chlear-implantation. Sixty-three implanted children with 
pre-lingual deafness and up to 5 years of age participated 
in the study. The implantation was done before the chil-
dren attained 10 years of age. Auditory perceptions were 
evaluated using TEPP1, and speech intelligibilities were 
classified according to the SIR2. The results showed that 
congenitally and prelingually deaf children who received 
cochlear implant before the age of 10 years developed 
speech perception and speech intelligibility abilities.

The closed-set perception progressed quickly and 
seemed to reach a plateau at 5 years post implantation. 
The improvement of open-sentence perception was not 
significant until the first year post implantation. The 
speech intelligibility improved regularly for the first 
five-year post implantation. Different research studies 
showed an improvement post-transplantation in the case 
of children suffering from auditory damages, auditory 
perception, and speech intelligibility. 

However, the relationship between (short-term and 
working) memory performance and auditory perception 

1. Test for the Evaluation of Voice Perception and Production (TEPP)

2. Speech Intelligibility Rating (SIR)

and speech intelligibility was not studied. In addition, the 
performance of short-term memory of cochlear-implant-
ed children was significantly weaker than that in normal 
children. Hence, this research aimed at studying the re-
lationship between auditory perception and speech intel-
ligibility, and working memory and short-term memory 
in cochlear-implanted children.

2. Methods

Methodology

Based on the objective, the research study is an applied 
research. Based on its data collection techniques, it is a non-
experimental, correlational and causal-comparative study.

Statistical population 

The statistical population includes two subgroups:

1) All school-age [7-13] cochlear-implanted children 
who visited Rasul Akram Auditory Center in Tehran be-
tween August 2011 and August 2012.

2) Normal school children in primary schools of region 
6 in Tehran during 2011-2012.

Statistical sample and sampling method

The sample included 31 cochlear-implanted children 
(16 girls and 15 boys). Convenient sampling was used 
to select the children for this study due to the limitations 
of the implant centers. In addition, 31 normal children 
(16 girls and 15 boys) were randomly selected as the 
comparison group in memory performance section. The 
sample inclusion criteria included: deep bilateral pre-lin-
gual hearing drop; passage of at least 3 years (36 months) 
from the implant; normal parents; normal intelligence; no 
side disability (mental backwater, brain paralysis, growth 
learning disorders, behavioral and emotional disorders, 
vision impairments, etc.); and studying in normal pri-
mary schools.

Research instrumentation

The Categories of Auditory Performance (CAP), a hi-
erarchical scale, was used to evaluate the auditory per-
formance of a child in different real-life situations. CAP 
was developed by Archbold et al. [2] and was revised in 
1998. High inter-rater reliability estimates have produced 
a good reliability in the case of implanted children. This 
scale is an index of eight components from easy to hard. 
This is a valid test and can provide additional support 
for the advantage of cochlear-implant in children. This 
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test was administered to 33 participants from Satemton 
University and was recorded by six films. The results 
showed high reliability The total inter-rater reliability 
was 0.76 with 0.05 level of significance. This scale has 
been translated into different languages. Also, the SIR 
test, was developed by Allen et al. [3] and used to scale 
speech intelligibility. This index was constructed to eval-
uate speeches of children based on five points.

The working memory set was used for evaluating the 
working memory in children. This test was also used to 
measure short-term memory, so that recall of forward 
numbers tests and cubes was considered to measure the 
short-term memory. However, the whole test was admin-
istered to measure the working memory.

Procedure

The sampling was done based on the enrollment crite-
ria. Prior to this, a briefing session was held to describe 
the goals of the research. After obtaining the parental 
consent and reviewing the children’s profiles, CAP was 
performed to ensure their normal intelligence and the ab-
sence of any additional disabilities. Also, SIR was used 
to measure speech intelligibility. Then two short-term 
memories and working memory tests were executed 
(WMTB-C test). Finally, the samples were randomly 
selected from primary schools of region 6 of Tehran (2 
boys’ schools and 2 girls’ schools).

3. Results

With regard to Table 1, the performance of the group 
with auditory impairments was poorer than the normal 
group in memory items. In addition, the mean and SD of 
working memory for cochlear-implanted children were 
53.13 and 8.628, respectively, in comparison to the nor-

mal children with a mean and SD of 68.90 and 10.669, 
respectively. This indicates the weaker performance of 
the cochlear-implanted children. Also, the mean and SD 
for short-term memory of cochlear-implanted children 
was 47.10 and 6.569, respectively, which indicates the 
weaker performance of cochlear-implanted children, 
than normal children with mean and SD of 56.13 and 
6.691, respectively.

Table 2 shows the covariance between the groups. 
Regarding the level of significance, there is no signifi-
cant difference between covariance matrices; therefore, 
Wilks’s Lambda Test is considered suitable.

Since the results in Table 3 are not significant with a 
significance level of 0.05(P>0.05), the homogeneity 
principle is valid for the variances in two groups of hear-
ing damages and normal.

Table 4 shows the Wilks’s multi-variable variance anal-
ysis (MANOVA). This test shows that the two hearing 
damaged and normal groups are significantly different at 
least in one of the dependent variables. 

According to Table 5, we observe that both groups are 
different in all four dependent variables. Finally, to clar-
ify the differences between groups, we referred to Table 
1 and found that the performances of normal children by 
all variables are weaker than those for auditory damages.

MANOVA was performed to find out whether there is 
any difference in memory performances of both groups 
(P=0.001, F=7.683, v=0.650), which indicated a signifi-
cant difference; namely, children with auditory damages 
had weaker memory performances than normal children

Table 1. Mean and standard deviation of working and short-term memory in hearing impaired and normal hearing children.

NSDMeanHearing situation

31
31
62

8.628
10.669
11.306

57.13
68.90
63.02

Hearing impaired
Normal

Total
Working memory score

31
31
62

0.47684
0.64574
0.64222

3.6084
4.0939
3.7873

Hearing impaired
Normal

Total
Working memory span

31
31
62

6.569
6.961
8.111

47.10
56.13
51.61

Hearing impaired
Normal

Total
Short-term memory score

31
31
62

0.54723
0.61870
0.69394

3.8710
4.6290
4.2500

Hearing impaired
Normal

Total
Short-term memory span
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Table 2. Box’s test of equality of covariance matrices.

12.533Box’s M

1.163F

10df1

17211.155df2

0.311Sig.

Table 3. Multivariate tests.

Effect Value F Hypothesis df Error df Sig. Partial eta squared

Deaf normal

Pillai’s trace 0.350 7.683 4.000 57.000 0.001 0.350

Wilks’ lambda 0.650 7.683 4.000 57.000 0.001 0.350

Hotelling’s trace 0.539 7.683 4.000 57.000 0.001 0.350

Roy’s largest root 0.539 7.683 4.000 57.000 0.001 0.350

Table 4. Multivariate tests.

Sig.df2df1F

0.5016010.459Working memory score

0.2106011.606Working memory span

0.8286010.047Short-term memory score

0.8506010.036Short-term memory span

Table 5. Tests of between-subjects effects.

Source Dependent variable Type III sum of 
squares Df Mean 

square F Sig. Partial eta 
squared

Deaf normal

Working Memory score 2148.790 1 2148.790 22.826 0.001 0.276
Short-term Memory 

score 1264.516 1 1264.516 27.608 0.001 0.315

Working Memory span 5.829 1 5.829 18.092 0.001 0.232
Short-term Memory 

span 8.907 1 8.907 26.111 0.001 0.303

Table 6. Spearman’s rho correlation.

Short-term memory 
span

Short-term memory 
score

Working memory 
spanWorking memory score
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310.0010.681310.0010.675310.0010.641310.0010.727Auditory per-
ception

310.0010.705310.0010.840310.0010.677310.0010.859Speech intel-
ligibility
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According to Table 6, the relationship between audi-
tory perception with working memory and short-term 
memory is significant by P=0.001. Also, the relationship 
between speech intelligibility with working memory and 
short-term memory is significant by P=0.001.

As you see, there is a positive and significant relation 
between the scores of memory and auditory perception 
and between memory and speech intelligibility that re-
fers to the auditory perception and speech intelligibility 
scores to increase with an increase in memory scores.

4. Discussion

Auditory skills that have grown by implanting may af-
fect abilities of children in learning words and semantics 
of grammatical structures. Language growth of children 
with auditory damages is an important step to develop ed-
ucational and life facilities for them [5]. In addition, it can 
be said that the route to language production naturally re-
quires memorizing and ordering linguistic data. This data 
includes a broad spectrum of levels including message 
level (intentions of the speaker), words in expression, 
expressions in sentences, and productive movements for 
speech execution. Language production needs interac-
tion of all representation levels that engages in working 
memory [18]. One step of speech production is encod-
ing phonemes, in which a word is determined as the pho-
neme sequence for production. This process is the middle 
step between word selection and its production. Studies 
in encoding phonemes indicate that some findings are 
compatible with the performance of active memory. The 
analysis of speech errors also showed that many recurrent 
phenomena that relate to phonemic encoding are used for 
saving data in working memory. For example, probabil-
ity of occurrence of speech errors in similar phonemes is 
more than when there are no similar phonemes.

One of the limitations of this study is that the instru-
mentation was not normalized. Another limitation is 
unsuitability of some sub-tests for working memories 
of children with auditory damages, which necessarily 
caused deletion of these sub-tests. The small size of the 
sample also affects the generalization of findings. Nev-
ertheless, some limitations come from its design, time, 
and location. Therefore, it is proposed to conduct other 
research studies in this area in three forms:

• Complete replication (duplicate research by this re-
searcher).

• Real replication (duplicate research by others using 
these scales).

• Systematic replication (duplicate research on another 
population with other scales).

5. Conclusion

Since low-hearing affects language growth and com-
munication skills of children by creating communication 
problems and social and cognitive symptoms, the goal 
of this research was to study the relationship between 
working and short-term memories with auditory percep-
tion and speech intelligibility in cochlear-implanted chil-
dren. Another goal of this research was to compare the 
status of working and short-term memories between the 
cochlear-implanted and normal children.

The results showed that cochlear-implanted children 
had weaker performance in working memory and short-
term memory than the normal children. These results are 
compatible with those of Akbarlu [6] William and Libert 
[11], and Dawson et al. [13]. Working memory and short-
term memory were found to be compatible in cochlear-
implanted and normal children. Implanting in lower ages 
brings about the improvement of working and short-term 
memories in those without implantation; however, they 
cannot be compared with normal children due to their 
implant age and use of rest of their hearing sense. Has-
sanzadeh et al. [16] studied the role of age on auditory 
perception of cochlear-implanted children and found that 
the lower the age at operation, the better was the auditory 
perception and speech intelligibility. Researchers and 
physicians believed that although implanting affected the 
promotion of speech intelligence and cognitive growth, it 
is advisable to do the operation in lower ages.

The results of the current research showed that there 
was a positive and significant relationship between audi-
tory perception and working and short-term memories of 
cochlear-implanted children. Also, there was a positive 
and significant relationship between speech intelligibili-
ty and working and short-term memories of cochlear-im-
planted children. These findings are compatible with the 
results of Ibertson et al. [10], Philips et al. [12], Dawson 
et al. [13], and Burkhoder et al. [17]. It can be said that 
although the growth levels of auditory skills in cochlear-
implanted children are different, there is a background 
for creation of production patterns.
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