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Abstract
Purpose  This study aimed to evaluate attention, memory, and language skills in children with auditory brainstem implants 
and cochlear implants.
Methods  This study included 20 children with auditory brainstem implants (ABI) and 20 cochlear implanted (CI) children 
between the ages of 6 years and 8 years 11 months and their families. “Test of Language Development: Primary (TOLD-P:4)” 
was used to assess language skills, "STROOP Test, Visual-Aural Digit Span (VADS) test, and Cancellation Test" were used 
to evaluate attention and memory skills. In addition, the functional outcomes of hearing skills in daily life were scored by 
“Auditory Behavior in Everyday Life (ABEL) scale”. The significance level was determined as 0.05.
Results  Children with ABI showed lower language skills than children with CI in terms of TOLD-P:4 language test scores, 
STROOP sub-test completion times, and the VADS and Cancellation test scores (p < 0.05). In addition, statistically significant 
correlations were found between language, attention, memory skills, and auditory behavior scale.
Conclusions  This study is one of the limited numbers of studies investigating cognitive processes in children with ABI. Since 
attention and memory are correlated with language skills, it is recommended that the development of cognition should be 
considered in follow-up and intervention approaches of children with ABI and/or CI.
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Introduction

Cochlear implants (CI) are systems used to improve lan-
guage development and hearing performance in children 
with severe/profound hearing loss [1]. Auditory brainstem 
implants (ABI) are essential for hearing and language devel-
opment in situations, where cochlear implantation is con-
traindicated, such as neurofibromatosis type 2 (NF2), coch-
lear nerve deficiency or aplasia, transverse temporal bone 
fracture, and severe inner ear malformations [2]. It is crucial 
to remember that children who receive CIs or ABIs differ 

from one another in a variety of ways, which causes some 
difficulties with language and cognitive performance [3].

Language skills in children with ABI are generally evalu-
ated with closed-set pattern discrimination, word recogni-
tion, and open-set sentence recognition tests [4, 5]. Although 
it is known that children's speech perception develops rap-
idly in CI technology, it is still unclear what factors are 
important for improving speech perception in ABI technol-
ogy [6, 7]. Children with ABI are ready for language devel-
opment and make significant progress when they begin to 
hear, even if they are not in line with their typically devel-
oping peers [8, 9]. Pediatric ABI users have been reported 
to exhibit slow progressive improvement in auditory and 
language skills following ABI activation [10]. Similar stud-
ies revealed that auditory brainstem implantation benefited 
the development of language and auditory perception [2, 
11]. A study conducted on children with unilateral ABI 
reported that there are many variables affecting written lan-
guage skills [12]. The purpose of this literature review is 
to illustrate that previous studies with ABI pediatric users 
have only assessed children on speech perception outcomes, 
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limiting our understanding of language and cognitive skills 
in this population. In addition, the current study differently 
evaluated children using the ABI with language tests and 
cognitive assessment.

It is generally approved that children with ABI may 
develop receptive and expressive language skills, albeit 
more slowly, than children with CI [3, 13]. On the other 
hand, the relationship between language skills and cognitive 
skills such as memory, attention, reasoning, and perceptual 
function has been the subject of research for many years 
[14–16]. The cognitive skills that affect human behavior and 
are essential to effective environmental interaction include 
language, memory, reasoning, imagery, and perceptual func-
tioning [17]. Difficulty or delay in one skill may negatively 
impact a child's total cognitive development, since it is a 
multidimensional process that is connected to the acquisition 
of other skills [18]. Hearing loss is a significant dimension 
that is strongly related to language and cognitive problems. 
Therefore, auditory implants can improve not only language 
skills but also cognitive functions [14]. However, to the 
author's best knowledge, there are limited studies investi-
gating attention and memory skills in children with ABI 
[8, 19, 20]. According to research by Colletti et al., ABI 
significantly improved hearing ability and several cognitive 
characteristics in children who were not good candidates 
for CI. They also recommended against excluding children 
from ABI implantation if they have cochlear or cochlear 
nerve abnormalities and related cognitive deficiencies [19]. 
Although not directly cognitive tests, studies using different 
tests have shown that ABIs improve to some extent speech 
perception and language. Accordingly, the ABI has helped 
to make significant improvements in language, auditory per-
ception, and communication skills [3, 8, 13, 21].

Thus, the theoretical motivation of this research question 
has been the interrelationships between language, cognitive 
skills, and hearing. In short, it can be said that (1) hearing 
and language are at greater risk in ABI users; (2) hearing 
and language are associated with the cognitive develop-
ment of memory and attention; and therefore, (3) children 
with ABIs may be at greater risk for memory and atten-
tion delays because of their hearing and language delays. 
Although there is extensive literature on children with CI 
to explain hypotheses about the mutual effects of language 
and cognitive functioning [14, 22, 23], there is very little 
research on this issue for children with ABI. In addition, it 
is considered very important to have data on children with 
ABI as they are so unique. In the current study, there were 40 
children in each group who were comparable in age, gender, 
family education, and etiology, using 20 bilateral CIs and 
20 bimodal CI-ABIs. While previous studies have mostly 
focused on speech and language tasks, this study assessed 
language as well as cognitive skills, such as attention and 
memory in bimodal CI-ABI users.

The current study aimed to evaluate cognitive skills 
such as attention and memory as well as language skills in 
children using auditory brainstem implants and cochlear 
implants. In addition, it is aimed to contribute to the reha-
bilitation program by researching the strengths/weaknesses 
of children in cognitive function.

Methods

This study was ethically approved by the Non-Interventional 
Clinical Research Ethics Committee with decision number 
2021/13–45. All children and their parents were informed 
about the content of the study and their agreement was 
obtained.

Participants

This study included a total of 40 children, aged 6 years to 
8 years 11 months, 20 bilateral CI users and 20 bimodal 
users (using ABI in one ear and CI in the other ear). The 
inclusion criteria for the study are as follows: (1) age at diag-
nosis of hearing loss and age of onset of hearing aid use were 
less than 6 months, (2) age of the first auditory implantation 
surgery before 2 years, (3) had sequential or simultaneous 
bilateral auditory implant surgery, (4) be maximum 2 years 
between sequential implantations, (5) had at least 3 years of 
regular usage after the activation of the auditory implant, 
(6) be literate (those who could read a standard text in under 
a certain number of seconds were included), (7) a family 
education level of at least high school graduate. Children 
using bilateral CI have no inner ear and/or auditory nerve 
anomalies. During the auditory brainstem implant candidacy 
procedure, additional disabilities in child psychiatry, devel-
opmental pediatrics, neurology, etc. were examined preop-
eratively by experts in routine. Consequently, children with a 
diagnosis of additional disability in cognitive, psychological, 
motor, social and mental development or with syndromic 
hearing loss were excluded from the study.

Evaluation tools

Language, attention, and memory skills were assessed using 
standardized and valid tests. Test of Language Development: 
Primary (TOLD-P:4), The STROOP test, The Visual-Aural 
Digit Span (VADS) test, and The Cancellation test were per-
formed in this order and reverse order. Children were ran-
domly assigned to this or reverse order. No statistically sig-
nificant differences were found between different orders of 
tests to rule out the effect of fatigue (p > 0.05). All tests were 
completed in a single session and lasted approximately 1 h 
depending on the child's cooperation. The children/parents 
have received interventions and evaluations on language, 
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attention, and memory skills during the single session. These 
evaluations are demographical form, Test of Language 
Development: Primary (TOLD-P:4), The STROOP test, 
The Visual-Aural Digit Span (VADS) test, and The Cancel-
lation test. All these evaluation tools were administered by 
a single researcher who had experience and competence in 
these tests.

Test of Language Development: Primary (TOLD-P:4), a 
norm-based test with high validity and reliability developed 
by P.L. Newcomer and D. Hammill, was used to assess lan-
guage skills [24]. The validity and reliability study of the 
test was performed [25]. The TOLD-P:4 is a test applied to 
children between the ages of 4 and 8 years and 11 months. 
It consists of six main subtests: Picture Vocabulary (PV), 
Relational Vocabulary (RV), Word Description [26], Sen-
tence Comprehension (SC), Sentence Repetition (SR), and 
Morpheme Completion (MC). As the name of the test sug-
gests, TOLD-P:4 can evaluate the skills of semantic, syn-
tactic, phonological, and morphological components of a 
language. The number of correct answers in these subtests 
creates the raw scores. The sums of these subtests in dif-
ferent combinations reflect the performance of listening, 
organizing, speaking, grammar, and semantics. According to 
this, it reflects the combined performance of PV + CS = lis-
tening, RV + SR = organizing, WD + MC = speaking, 
SC + SR + MC = grammar, and PV + RV + WD = semantics. 
The sum of all main subtests gives the verbal language score. 
According to TOLD-P:4 index scores, there are hierarchical 
descriptive categories as < 70 (very weak), 70–79 (weak), 
80–89 (below average), 90–110 (average), and 111–120 
(above average). Accordingly, the lower and upper catego-
ries of children's language performance are determined. The 
data relating to the descriptive categories according to norm 
values and the combined performance scores were analyzed 
in this study.

The STROOP test was used to assess the ability to sup-
press a routinized chain of behavior, especially focused 
attention, and to perform an unusual behavior [27]. There 
are four STROOP test cards with color names, colored circle 
shapes, and colored neutral words. There are blue, green, 
red, and yellow color names written in black on the first 
card. On the second card, these words are written in color 
and each word is written in a different color from the color it 
refers to. On the third card, there are colored printed circles. 
On the last card, there are colored neutral words like "as 
much, weak, if, medium". In the first section, the child is 
asked to read the words printed in black on the first card. In 
the second section, child is asked to read the colored printed 
words on the second card. In the third section, the colors of 
the circles are asked to be said. In the fourth section, the 
colors of the neutral words on the fourth card are asked to be 
said. In the last section, which is the most difficult step, it is 
expected to say the colors of the words on the second card. 

Here, the STROOP effect is obtained when the color used in 
the spelling of the word and the color the word expresses are 
different. For example, a Stroop effect is created, as in the 
word "red" written in blue [27–29]. The best performance in 
the test is 0 errors and the number of corrections and com-
pleting the test as soon as possible. The STROOP task was 
presented via the standard original cards of the test. One trial 
was conducted for each condition and completion was timed 
with a stopwatch. Test completion time and error/correction 
numbers were analyzed in this study.

The Visual-Aural Digit Span (VADS) test was used to 
evaluate memory capacity, sensory-motor organization, 
sequencing ability, attention, and/or short-term memory. 
This test, which was created by Koppitz in 1977, its normali-
zation was studied, and it is a standard, valid, and reliable 
test with 0.90 Cronbach's alpha [30, 31]. Even though the 
backward number sequence is generally used for working 
memory evaluation [32], in this study, short-term memory 
skills are mostly evaluated by asking them to repeat in the 
order presented. Thus, the proposed methodology was fol-
lowed in the validity-reliability study of the test [30, 33]. 
We presented the numbers by visually and audibly, then we 
asked participants to repeat numbers by verbally or written 
on one trial. As the person repeats or writes correctly, the 
number of sequences is increased. The maximum number 
of correct repeatable sequence length is recorded as a score. 
The sum of the auditory-verbal, visual-verbal, auditory-writ-
ten, and visual-written subtests is the overall score [30, 33].

The Cancellation test was used to evaluate the partici-
pant's capacity for sustained and selective attention, visual 
and spatial scanning, as well as reaction time [34, 35]. This 
test includes four forms: regular letters, regular shapes, 
irregular letters, and irregular shapes. The person is asked 
to mark all the target letters or shapes in these forms as soon 
as possible. There are 60 target stimuli in each form. The 
color of the pencil is changed every time the child marks 
10 targets, at least six different colored pencils are used for 
this. The benefit of colored pencils is to determine the spatial 
scanning direction of the child. The time to complete the test 
and the number of skipped/mismarked targets were analyzed 
in this study.

Finally, the Auditory Behavior in Everyday Life (ABEL) 
scale was performed to assess the reflections of hearing-
related attention, memory, and language skills on daily 
life and parental perceptions of children's auditory behav-
iors. The scale is designed for parents with children aged 
4–14 years who use hearing aids or auditory implants. The 
24-item and 6-point Likert-type (0—Never, 6—Always) 
scale evaluates three basic skills in children with hearing 
loss: Auditory-Verbal, Auditory Awareness, and Social/
Speech Skills. It is a valid, reliable, and standardized test 
with 0.93 Cronbach's alpha, and the overall total scores of 
the questionnaire were analyzed in this study [36–38].
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Statistical analysis

Statistical analyzes were performed using the SPSS soft-
ware version 25. The variables were investigated using his-
tograms and probability plots and Kolmogorov–Smirnov/
Shapiro–Wilk tests to determine whether or not they are nor-
mally distributed. The descriptive analyses were presented 
using mean and standard deviation for normally distributed 
variables and using the median and interquartile range for 
non-normally distributed variables. The TOLD-P:4, the 
STROOP, the VADS, and the Cancellation test scores of 
children with bilateral CI and bimodal CI-ABI were com-
pared with the Student's t test when the values were normally 
distributed, and with the Mann–Whitney U test when the 
values were non-normally distributed. The main hypothesis 
of the study is to investigate whether there is a significant 
difference in language, memory, and attention skills between 
children using bilateral CI and bimodal CI-ABI. In addition, 
it has been mentioned in the previous sections that cognitive 
development is multidimensional and related to language 
skills. Based on this, it was investigated whether there was a 
relationship between language, attention, and memory skills 
of all children. The Pearson test was used to determine cor-
relation coefficients and statistical significance when both 
variables had a normal distribution. When at least one vari-
able has non-normal distribution, the Spearman test was 
performed. Type-1 error level was accepted as 5%.

Results

The mean age of the children in the ABI group (11 girls, 
9 boys) was 7.51 years (SD = 0.70), and it was 7.59 years 
(SD = 0.76) in the CI group (11 girls, 9 boys). There was no 
statistically significant difference between the two groups 
in terms of chronological age (p = 0.736). All children were 
diagnosed with hearing loss before 6 months and started 
using bilateral hearing aids. Table 1 presents the findings 
about the use of hearing aids and implants in children. 
Accordingly, there were no statistically significant differ-
ences between the groups in terms of age at first implanta-
tion and duration of implant use.

Only two children in each group have FM systems, 
although they only periodically use them in a classroom or 
other educational environment. In terms of family education 
level, parents of 9 children in the ABI group have graduate 
degrees from high school and 11 parents have bachelor's 
degrees. Similarly, in the group with CI, 11 parents have 
a graduate degree from high school and 9 of them have a 
bachelor's degree. There was no statistically significant dif-
ference between the groups in terms of family education 
level (p = 0.532).

The children with bilateral cochlear implants performed 
statistically better in TOLD-P:4 scores (see Table 2). Since 
the findings of the grammar and semantics were normally 
distributed, descriptive statistics were presented as mean 
and standard deviation. According to the norm values of 
the test in verbal language performance, two of the children 
with CI were included in the very weak, 12 of them were in 
weak and 6 of them were in below average categories. On 
the other hand, 13 of the children with ABI were in the very 
weak category and 7 of them were in the weak category (see 
Fig. 1). In addition, Fig. 2 shows the mean values of TOLD-
P:4 verbal language scores by groups in a chart.

The findings about the STROOP test completion times 
of the children are presented in Table 3. Accordingly, there 
were statistically significant differences between the children 
using ABI and CI in the STROOP test section 1, section 2, 
and section 5. The children with ABI completed the sections 
in longer times. For example, the median values of time 
for performing the fifth section, which is the most difficult, 
were 122.50 s in the ABI group, while it is 100.50 s in the 
CI group.

The number of errors and corrections in the fifth section 
of the STROOP test were also analyzed. Accordingly, the 
median of the error numbers of the children with CI was 0 
and the interquartile range was 1, while the median of the 
error numbers of the children with ABI was 1 and the inter-
quartile range was 2. The median and interquartile range for 
the number of corrections made in the fifth section of the test 
was also 2 and 2 in the CI group, and 3 and 3 in the group 
with ABI, respectively. There were statistically significant 
differences between the groups in terms of error and correc-
tion numbers (p < 0.001).

Table 1   Audiological variables 
of children with ABI and CI

ABI (n = 20) CI (n = 20) p

Median Interquartile 
range

Median Interquartile 
range

Age of hearing loss diagnosis (months) 4.50 3.00 6.00 4.00 0.623
Onset age of hearing aid (months) 6.00 2.00 6.00 3.00 0.190
Age of first implantation (months) 22.00 10.00 18.00 10.00 0.086
Duration of implant usage (months) 68.00 28.00 69.50 34.00 0.336
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The maximum amount of repeatable digit span related 
to the memory skills of children is presented in Table 4. 
Accordingly, statistically significant differences were 
obtained between the groups in the auditory-verbal and 
visual-verbal tests. On the other hand, there were no sta-
tistically significant differences in auditory-written and 
visual-written tests. The mean and standard deviation of the 
VADS total score was 13.30 ± 2.08 in children with CI and 
11.85 ± 1.84 in children with ABI. There was a statistically 
significant difference between the children with CI and ABI 
in terms of VADS total score (p = 0.025).

Statistically significant differences were found between 
children with CI and ABI in terms of completing time of the 
regular letter, regular shape, irregular letter, and irregular 
shape subtests in the Cancellation test (p < 0.005). Typically, 
the children with ABI completed the tests in a long time 
and skipped more targets than their peers with CI. Table 5 
displays the number of incorrectly marked or skipped target 
letters/figures in these tests. Accordingly, no statistically 
significant differences were found between the groups in 
the number of errors in the other subtests, except for the 
irregular shape test errors. Besides, statistically significant 
differences were found between the groups in the number 
of skipped targets.

The ABEL auditory awareness, social/speech skills, and 
overall scores were analyzed. Accordingly, while the ABEL 
general score was 83.05 ± 11.49 in the ABI group, it was 
97.05 ± 9.01 in the CI group. Median–interquartile range of 
ABEL auditory awareness scores were 60–33 and 30.5–49 
in ABI and CI groups, respectively. The median-interquartile 
range of the scores obtained in the social/speaking skills 
questions were 22–17, and 69–57 in the ABI and CI groups, 
respectively. Statistically significant differences were found 
between children with CI and ABI in terms of all the ABEL 
scores (p < 0.001).

The relationships between attention, memory skills, and 
language skills were analyzed by the scores of all partici-
pants. Accordingly, the relationships between the TOLD-P:4 
verbal language score and the STROOP five sections com-
pletion times, VADS scores, and Cancellation test comple-
tion times were investigated (see Table 6). There were statis-
tically significant correlations between the completion times 
of the five sections of the STROOP test and the TOLD-P:4 
verbal language score. These negative relationships were 
strong for sections 1, 2, 3, and 5, and moderate for section 4. 
Focused attention and coping with the STROOP effect are 
associated with verbal language skills. The faster children 
complete the STROOP test, the better their language skills.

Similarly, TOLD-P:4 verbal language scores were posi-
tively significantly related to the VADS scores; low–moder-
ate with auditory-verbal score, moderately with auditory-
written score, and moderate with an overall score. Apart 
from these, no statistically significant correlations were 

Table 2   Index scores of TOLD-P:4 combine performances

*p < 0.05 is statistically significant

TOLD-P:4 scores/Groups ABI CI

Listening
 Median 70.00 79.00
 Interquartile range 21.00 21.00
 n 20 20
 p  < 0.001*

Organizing
 Median 73.00 85.00
 Interquartile range 24.00 18.00
 n 20 20
 p  < 0.001*

Speaking
 Median 67.00 76.00
 Interquartile range 18.00 12.00
 n 20 20
 p  < 0.001*

Grammar
 Mean 70.30 77.25
 Standard deviation 6.45 4.44
 n 20 20
 p  < 0.001*

Semantics
 Mean 71.55 81.25
 Standard deviation 7.22 5.17
 n 20 20
 p  < 0.001*

Verbal language
 Median 68.00 78.00
 Interquartile range 20.00 18.00
 n 20 20
 p  < 0.001*

Fig. 1   Descriptive categories of TOLD-P:4 verbal language
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found between visual-verbal and visual-written scores and 
verbal language skills. The verbal language skills improved 
with greater short-term and working memory.

There were significant negative correlations between sus-
tained attention skills (Cancellation test scores) and verbal 
language skills as follows: strong with a completion time 
of regular letter test, regular shape test, irregular letter test, 
irregular shape test. Sustainable attention, visual-motor 

synchronization, and selective attention skills are also asso-
ciated with verbal language skills. The faster children can 
perform on the Cancellation test, the better their language 
skills. Finally, with the ABEL overall score; the VADS over-
all score and completion time of the STROOP section 5 were 
moderately statistically significantly related. There were sig-
nificant positive correlations between the verbal language 
score and the total ABEL score, the social/speech skills, 
and the auditory awareness score. In general, the better the 
language-memory-attention skills, the better children's daily 
auditory behavior.

Discussion

This study is one of the limited numbers of studies evaluat-
ing language, attention, and memory skills in children with 
bilateral CI and bimodal CI-ABI. It revealed that language 
and cognitive skills are related and that children with bilat-
eral CI perform better. Especially, children with ABI are one 
of the populations that should be carefully controlled. They 
are influenced by several factors, including hearing loss 
before implantation, difficulty with audiological evaluation, 
different surgical techniques, anatomical and tonotopic char-
acteristics of the implantation site, unfavorable side effects, 
challenges with fitting sessions, and slow rehabilitation 

Fig. 2   Box-plot graph of 
TOLD-P:4 verbal language 
scores

Table 3   Completion time of STROOP tests

*p < 0.05 is statistically significant

Time (seconds)/Groups ABI CI

STROOP section 1
 Median 35.00 28.00
 Interquartile range 21.00 39.00
 n 20 20
 p 0.017*

STROOP section 2
 Mean 39.35 32.00
 Standard deviation 7.10 10.35
 n 20 20
 p 0.013*

STROOP section 3
 Mean 50.10 42.75
 Standard deviation 15.23 12.64
 n 20 20
 p 0.105

STROOP section 4
 Median 71.50 67.50
 Interquartile range 95.00 70.00
 n 20 20
 p 0.297

STROOP section 5
 Median 122.50 100.50
 Interquartile range 140.00 104.00
 n 20 20
 p 0.042*

Table 4   VADS scores of children

*p < 0.05 is statistically significant

ABI (n = 20) CI (n = 20) p

Median Inter-
quartile 
range

Median Inter-
quartile 
range

Auditory-verbal 4.00 2.00 4.00 3.00 0.001*
Visual-verbal 3.00 3.00 3.50 2.00 0.030*
Auditory-written 3.00 2.00 3.00 3.00 0.150
Visual-written 2.00 2.00 2.00 2.00 0.392
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progress [6, 7, 39]. In addition to studies focusing on lan-
guage skills and auditory performance in children with 
ABI [10, 12, 39, 40], attention and memory processes that 
support the development of language skills should also be 
investigated.

Similar to this study, it was stated that auditory percep-
tion and language development are supported by ABI in 
children [4, 6, 8]. On the other hand, their language skills 
fall behind compared to children with CIs, which may be 
due to the difficulties of auditory brainstem implantation in 
terms of surgery, programming, and rehabilitation follow-
up [39]. Thus, while bilateral CIs are very effective, the 
effectiveness of ABIs may be limited. Unlike studies [6, 
8, 19, 39] conducted on children with only ABI, the cur-
rent study provides important findings by including 40 
volunteer children with CI-ABI and bilateral CI who are 
relatively homogeneous in terms of many variables. To the 

best knowledge of the authors, the attention and memory 
skills assessment tools used in the present study were not 
previously applied to children with ABI.

The ability to disrupt a routinized chain of behav-
ior, especially focused attention, was assessed with the 
STROOP test. Since it is the most difficult task here, the 
ability to read the color names written in different colors 
in the fifth section was included in the analysis. There was 
a significant difference between the two groups in terms of 
completion times in the first, second, and fifth sections of 
the STROOP test and no difference in the third and fourth 
sections may be related to the type of task. The third and 
fourth sections may be relatively easy and familiar tasks 
that do not require high-level processing for both ABI and 
CI users. In addition, the number of errors made in the 
fifth section is detected more in ABI users and this may be 
due to poor focused attention skills, since these children 

Table 5   Number of skipped and 
incorrectly marked targets by 
groups

*p < 0.05 is statistically significant

Number of targets/groups ABI (n = 20) CI (n = 20) p

Median Interquartile 
range

Median Interquartile 
range

Regular letter skipped 8.00 8.00 7.00 6.00 0.027*
Regular letter error 0.00 2.00 0.00 2.00 0.308
Regular shape skipped 10.00 7.00 8.50 5.00 0.001*
Regular shape error 0.00 2.00 0.00 2.00 0.591
Irregular letter skipped 12.00 11.00 9.00 11.00  < 0.001*
Irregular letter error 0.00 2.00 0.00 2.00 0.680
Irregular shape skipped 12.50 7.00 10.00 5.00  < 0.001*
Irregular shape error 2.00 3.00 0.50 2.00  < 0.001*

Table 6   Correlations between TOLD-P:4 and STROOP, VADS, Cancellation test scores

r correlation coefficient
*p < 0.05 is statistically significant

TOLD-P:4/STROOP 
completion times

STROOP 1 STROOP 2 STROOP 3 STROOP 4 STROOP 5

r − 0.698 − 0.722 − 0.610 − 0.514 − 0.671
p  < 0.001*  < 0.001*  < 0.001*  < 0.001*  < 0.001*
N 40 40 40 40 40

TOLD-P:4/VADS scores Auditory-verbal Auditory-written Visual-verbal Visual-written Overall

r 0.380 0.409 0.426 0.412 0.135
p 0.016* 0.009* 0.006* 0.066 0.516
N 40 40 40 40 40

TOLD-P:4/cancellation 
completion times

Regular letter test Regular shape test Irregular letter test Irregular shape test

r − 0.744 − 0.679 − 0.750 − 0.775
p  < 0.001*  < 0.001*  < 0.001*  < 0.001*  < 0.001*
N 40 40 40 40 40
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divided their cognitive resources [20] more for hearing-
related tasks.

Likewise, the differences between the two groups in all 
subsections in the Cancellation test, which specifically meas-
ures selective attention and sustained attention skills, are 
consistent with other findings. The differences between the 
two groups in terms of visual and spatial scanning and/or 
perception of visual selectivity and visual-motor synchroni-
zation skills measured by the Cancellation test may be due to 
the weaker sustained attention skills of children with ABI. 
Similarly the current study, it was revealed that children 
using ABI need more development in terms of memory and 
attention processes [9]. In addition, Sennaroğlu et al. stated 
that attention deficit hyperactivity disorder; mild mental 
retardation and vision problems accompanying hearing loss 
may cause language development delays in children using 
ABI [41].

Furthermore, the current study determined that children 
had more difficulties in the VADS subtests which required 
auditory stimulation and verbal response, that is, in tasks 
which hearing and language skills were predominantly used. 
The study by Colletti et al. in children using ABI clearly 
showed that improvement in auditory perception provides a 
significant development in cognitive skills. They also noted 
that children with cochlea and/or cochlear nerve malforma-
tions along with cognitive deficits should not be excluded 
from ABI [19]. There were no statistically significant dif-
ferences between the two groups in the auditory-written 
and visual-written scores in the VADS tests. This situation 
can be explained by the common difficulties of both groups 
in their ability to express themselves in writing while stor-
ing and processing information for a short time. It has been 
previously reported that not only verbal communication but 
also visual elements such as visual cues, gestures and facial 
expressions, and sign language are at the forefront in the 
communication of children with ABI [6, 42]. Similar scores 
on the VADS visual subtests may be explained by the simi-
larity of ABI users to their peers with CI, thanks to the use 
of visual elements and cross-model reorganization.

As in the current study, it is important to note that chil-
dren with ABI show significant development in selective 
visual/spatial attention, memory, and multisensory executive 
functions with the auditory input [4, 14]. On the contrary, a 
child with hearing loss has difficulty coding the information, 
because he/she cannot receive the auditory stimulus with all 
its acoustic properties. Since the child receives incomplete 
and/or distorted stimuli, he/she cannot sustain attention, 
has difficulties in working memory performance related to 
encoding and learning pathways may be negatively affected. 
Thus, the current study is important in terms of being help-
ful in the follow-up and intervention processes of children 
with ABI and guiding the experts working on this issue. This 
study emphasized that cognitive skills, such as short-term 

memory, working memory, sustained attention, and selec-
tive attention, which are closely related to the development 
of language skills, should also be developed.

Children with auditory implants have difficulties in pro-
viding joint attention in changing conditions, using selective 
attention skills toward the target sound source, and focusing. 
This situation can be predicted from the answers given by 
the parents to the questions about listening environments 
encountered in daily life in the ABEL subsections. Since 
children cannot fully receive the auditory stimulus, they may 
be more distracted and separated from the communication's 
context and the target speaker. Daily life hearing perfor-
mance is closely related to language, attention, and memory 
skills. On the other hand, there are a limited number of stud-
ies evaluating daily life hearing performance and quality of 
life in ABI users. Similar to current findings, it was revealed 
that people's quality of life improves significantly with ABI 
[43].

The study's limitations include the variety of implant 
models, processing techniques, and hearing loss etiologies. 
Because few studies have investigated language, attention, 
and memory skills as well as hearing quality in children 
with ABI, there are limitations in how the findings can be 
discussed. Furthermore, since the intelligence of children 
with auditory implants, including general fluid intelligence, 
is routinely assessed in a multidisciplinary approach in the 
preoperative evaluation, the children's general fluid intel-
ligence was not tested separately in this study. As a result, it 
is impossible to determine whether the differences between 
the groups were caused by variations in the particular cog-
nitive domains tested, or by general cognitive differences 
between these two populations. Finally, children who have 
bilateral CI and bimodal CI-ABI were included in this study. 
According to the experience of the authors, it is suggested 
that children with only ABI may experience difficulties in 
cooperating with the tests, depending on their developmen-
tal level, but it is recommended to be investigated. Future 
studies with similar evaluations for bilateral ABI users are 
needed.

Besides, the absence of additional disabilities in the chil-
dren with ABI included in the current study and the homo-
geneity in terms of implant age, duration of deafness, etc. 
are the remarkable points of the study. The sample size of 
40 children ensures homogeneity across the groups in these 
categories, which is another positive aspect. To the best of 
the authors' knowledge, it is the only study in the current 
literature that uses the VADS and The Cancellation, the 
STROOP tests, and a scale for daily living hearing perfor-
mance in children with ABI. Shortly, this study is significant 
and distinctive, since there is a lack of information on the 
cognitive outcomes of children with ABIs. The investigation 
of cognitive/language outcomes following ABI, the study's 
focus on children aged 6 years to 8 years 11 months, and the 
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study's relatively high sample size for the demographic and 
age range under study are its strong points.

Conclusion

This study revealed that children with bilateral CI had better 
performance than children with bimodal CI-ABI in school-
age language skills, selective attention, focused attention, 
sustained attention, visuospatial perception and visual-motor 
synchronization, short-term memory, and working memory, 
and daily life hearing performance. This may be due to the 
limited effectiveness of the ABI compared to the CI. The 
intervention and follow procedures should be considered the 
strengths and weaknesses in cognitive skills, such as atten-
tion and memory, as well as the language and communica-
tion skills of children with ABI.
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