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Highlights

e Significant effect of cognitive rehabilitation (CR) on behavioral problems of children with hearing impairment.

e CR positively affected the emotional self-regulation (ESR) of children with hearing impairment.

e Children with hearing impairment show better relationship skills after CR sessions.

Plain Language Summary

Children with hearing impairment experience some behavioral problems and weak ESR. In this article, CR was used
in 24 children with hearing impairment. The results showed that the CR program has a significant effect on behavioral
problems and ESR of children with hearing impairment (P<0.05).

Introduction

dequate sensory stimuli and typical

sensory reception are necessary for the

complete development of neural activ-

ity (Kral et al., 2016). Hearing impair-

ment is one of the most frequent sensory
deficits (Lieu et al., 2020). Sensorineural hearing loss is
the most common type of hearing impairment, impact-
ing 1 to 2 out of every 1000 newborns and 1 in 1000
adolescents. Children experiencing hearing impairment
encounter challenges in fostering communication skills,
comprehending others’ feelings and thoughts, and self-
regulation. Consequently, they struggle to form strong
bonds with peers, leading to limited social interactions
and low emotional management (Morgan et al., 2021).
The medical treatment of childhood hearing loss in-
cludes hearing aids, cochlear or brainstem implants,
enhancement of signal-to-noise ratio in educational en-
vironments, speech therapy, and the utilization of sign
language (Brennan & Bally, 2007).

Hearing impairment places a child in a challenging po-
sition between the hearing and deaf communities, lead-
ing to more significant behavioral issues in children with
hearing impairment than their hearing peers (Korver et
al., 2017).

A relationship exists between internalizing behaviors
and hearing impairment in children that may continue
even after cochlear implantation. Behavioral issues, such
as conduct disorders, hyperactivity, and difficulties with
emotional and executive functions in people with hearing
impairment may stem from inadequate language devel-
opment (Bigler et al., 2019). While individuals with hear-
ing impairment are at a higher risk of developing behav-
ioral issues, including elevated aggression, psychopathic

traits, oppositional defiant disorder, and other behavioral
disorders, some may also experience depression.(Yigider
et al., 2020). Individuals with hearing impairment often
have a heightened risk of depression, which can poten-
tially lead to suicidal ideation (Adigun, 2017).

Emotional self-regulation (ESR) pertains to compre-
hending, adapting, and conveying emotions (Doma-
radzka & Fajkowska, 2018). Individuals with hearing
impairment articulate their social and emotional encoun-
ters related to hearing loss using terms, such as adverse
outcomes, feeling overwhelmed socially, fatigue, be-
reavement, exclusion, identity influence, emotional dis-
tress, frustration, sorrow, anxiety, isolation, and feelings
of being burdensome (Bennett et al., 2022). Pensacola
et al. reported that participants with hearing loss scored
higher on alexithymia and lower for positive relation-
ships. However, no significant differences were observed
in emotional regulation between deaf adults and those
with typical hearing (Pefiacoba et al., 2020). Adults ex-
periencing hearing impairment encounter challenges in
recognizing emotions, resulting in lower scores in facial
emotion discrimination, cognitive empathy, and tasks in-
volving naming expressions, particularly the expression
of fear (Martins et al., 2019). Since a significant and direct
correlation is observed between emotional regulation and
adaptive environmental behaviors, people with hearing
loss show less adaptive behaviors when dealing with the
environment because they have problems regulating emo-
tions (Hintermair et al., 2013). On the other hand, one of
the crucial components of cognition is emotion regulation
(Mabhrogi et al., 2021), therefore, if we can improve emo-
tion regulation in hearing-impaired children by improv-
ing cognitive components, their behavioral problems may
also decrease. Cognitive rehabilitation (CR) therapy sig-
nificantly reduces cognitive failures and improves emo-
tion regulation (Franco-Martin et al., 2020).
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CR aims to identify and tackle individual requirements
and objectives, which may involve employing new
knowledge or compensatory techniques, such as utiliz-
ing memory aids (Bahar-Fuchs et al., 2013). The meta-
analysis results indicate that computer-based CR can be
an effective method for cognitive recovery (Nie et al.,
2022). Darvishi reported that motored-based CR can im-
prove neuropsychological and orientation in nonverbal
learning children (Darvishi et al., 2020). The research
results showed that computer-based cognitive training
enhances working memory (Oba et al., 2013), execu-
tive function, verbal memory, and attention in individu-
als with cochlear implants (Bansal, 2014). A systematic
review study reported that the effect of cognitive train-
ing in improving cognition for adults with hearing loss is
very low (Lawrence et al., 2018).

Since hearing impairment is linked to higher levels of
mental distress, it can impact daily functioning and over-
all health (Dalton et al., 2003), interventions are required
to reduce some behavioral issues in children with hear-
ing impairment to improve psychological functioning.
Due to the lack of agreement on the effectiveness of CR
on the mental health of children with hearing impairment
and the lack of research about the effectiveness of CR
on behavioral problems of children with hearing impair-
ment in Iran, this study was conducted to determine the
effectiveness of CR programs on behavioral problems
and ESR in children with hearing impairment.

Materials and Methods

The present research was a quasi-experimental study
with a pre-test-post-test design and a control group. The
study samples included 24 girls with hearing impair-
ments aged 7 to 11 years living in Yazd City, Iran. They
were randomly chosen using a convenience sampling
method from children with hearing impairment refer-
ring to Naghmeh Clinic. A clinic audiologist assessed
the level of hearing impairment of these children. Then
the children were randomly split into two groups of 12
(intervention and control). The inclusion criteria in-
cluded an age range from 7 to 11 years, a diagnosis of
mild (hearing loss of 20 to 40 decibels) and moderate
hearing impairment (hearing loss of 41 to 60 decibels)
as assessed by an audiologist, no mental disability based
on the children’s Wechsler test (score above 70) and
no epilepsy or seizure. The exclusion criteria included
cochlear implants, incomplete questionnaires, and non-
participation in training sessions. Before beginning the
research, the objective and process were presented to all

participants. The mothers of the children in the sample
group were present to cooperate in completing the chil-
dren’s questionnaires in the research.

The intervention group underwent 10 sessions of a CR
program based on Samuel (2008) and Nazarboland et al.
(2019)., CR protocol. In this research, two protocols de-
veloped in Iran and abroad have been used to make them
more suitable for Iranian children with hearing loss.
Experts have checked the validity of this protocol. The
CR package is an educational protocol based on Cap-
tain’s log cognitive trainer. This protocol helps improve
memory, attention, perception, reasoning, planning, and
emotional management. Although this protocol can be
used with computers, in our research, this protocol was
used for children based on computers and play with toys
concerning ethical issues. After the end of the study, CR
treatment was also performed for the control group.

Table 1 presents the educational content of the sessions.
Each meeting lasted 90 minutes (two sessions every
week). Since the children had hearing impairment, most
of the exercises were based on images and games and
emojis to regulate emotions. The control group did not
receive the treatment.

Conners’ parent rating scale (CPRS)

The CPRS is a widely recognized tool in research and
clinical practice for collecting parents’ observations on
behavioral issues in children. The parent form has 48
items that parents fill out. Parents use the Likert scale
to fill each item, and the answering spectrum starts with
0 (not true at all, never, or barely) to 3 (entirely true,
mostly, almost always). Subscales of Conner’s test in-
clude cognitive problems, oppositional, hyperactive-
impulsivity, anxiety-shy, perfectionism, social problems,
and psychosomatic (Conners et al., 1998). The test reli-
ability was reported between 0.41 to 0.57 for all scales
(Gianarris et al., 2001). Factor analysis of this question-
naire in Iran showed four factors, including conduct
problems, social problems, anxiety-shy, and psycho-
somatic problems. External problems are conduct and
social problems. Internal problems include anxiety-shy
and psychosomatic. In Iran, the validity and reliability
of questionnaire for the re-test method was 0.58. Also
the Cronbach o method, the coefficient of internal con-
sistency of this questionnaire was 0/73 (Shahaeian et al.,
2007). The Cronbach a was 0.75 in this research. Parents
completed the questionnaire for their children.
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Table 1. Content and objective of the CR program

Sessions Purpose Content
1 Introduction Explaining the structure and purpose
2 Improving memory Memorizing photo essays, memorizing faces (face reminder game)
3 Improving memory and selective Memorizing shapes by division and categorization, memorizing word
attention, emotional management lists by division and categorization
4 Improving thought and speech, Organizing sentences, associations of ideas, analogizing, completing
planning. crossword puzzles
5 Improving \{|5|on-spat|al perception, Adjusting symbols, memorizing schemas
emotional management
6 Improving emotional management and Finding words in the word list based on a picture (to improve selective
concentration attention), counting odd numbers
. Finding a destination on a map, putting pictures in the correct box
Emotional management, problem- . - ) : -
7 ) 2 ! (thoughts and selective attention simultaneously), making sequential
solving, cognitive avoidance -2 o . -
decisions for a rescue team (decision-making and problem-solving)
3 Improving planning and problem- Numbering pictures to make a story, finding potential reasons for
solving, cognitive avoidance different situations (problem-solving)
9 Improving emotional regulation Photos related to recognizing emotions and facial gestures
10 Improving skills Retrospective drills, conducting post-test, and exiting from the research

CR: Cognitive rehabilitation.

The ESRQ includes 20 items, each rated on a 5-point
Likert scale, where five represents “completely true
about me” and one signifies “never true about me.” The
possible scores range from 20 to 100. After translation
and back-translation, psychology experts, to ensure both
validity and content validity, reviewed the questionnaire,
which was confirmed. This questionnaire assesses three
key components or sub-scales, secrecy, compromise,
and tolerance, with 5, 7, and 8 items assigned to each.
Cronbach’s a reliability for the sub-scales of secrecy,
compromise, and tolerance were calculated at 0.70,
0.68, and 0.50, with an overall reliability of 0.81. Ad-
ditionally, indicator validity was satisfactory (Hofmann
& Kashdan, 2010). In Iran, reliability and validity scores
were reported as 0.70, 0.75, and 0.50 for the sub-scales,
with an overall reliability of 0.81 (Karashki, 2013). In
the present study, Cronbach’s a. values for secrecy, com-
promise, and tolerance were 0.72, 0.7, and 0.69, respec-
tively, and 0.76. For this research, parents filled out the
questionnaire on behalf of their children.

The experimental group’s participants performed two
sessions every week and underwent 10 CR therapy ses-
sions. Each meeting lasted 90 minutes. Since the chil-
dren had hearing impairment, most of the exercises were

based on images and games and emojis to regulate emo-
tions. The control group did not receive the treatment.
Table 1 presents the educational content of the sessions.

Results

Twenty-four girls aged between 7 and 11 (mean
age=9.1743.32 years) with hearing impairment par-
ticipated in the study. Their mean hearing score was
54.65 dB. All participants utilized hearing aids; none
underwent cochlear implantation. Table 2 presents the
demographic characteristics of the subjects. The study
found no significant difference in the speech levels of the
children. Only three children over three years old experi-
enced hearing disability and used hearing aids.

Table 3 presents the Mean+SD of the behavioral prob-
lems and ESR.

As shown in Table 3, the mean scores of behavioral prob-
lems in the intervention group decreased after the treat-
ment and the scores of ESR increased after treatment. We
use ANCOVA to search more about these observed dif-
ferences. Before testing the hypothesis, the Kolmogorov-
Smirnov test was utilized to examine the normality of
scores for both variables, and the non-significance vari-
ables showed that their distribution was normal (P>0.05).
According to Levine’s test and the non-significance of all
variables, the assumption of the equality of inter-group
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Table 2. Demographic characteristics of children with hearing impairment

Variables Group Characteristic F Mean
Experimental group 7-11 17 10.13
Children’s age (y)
Control group 8-11 13 10.53
Experimental group Mild to moderate 19 51.67 dB
Degree of hearing loss
Control group Moderate to moderate 10 57.14 dB
Experimental group 1to 10 years 12
Duration of hearing aid/Cl use
Control group 1to 10 years 18

Abbreviations: CI: Cochlear implant.

variances for behavioral problems was also met (P<005,
F=8.2), and self-emotional regulation (P<0.05, F=10.3).
Also, the condition of variance-covariance material was
established based on Box’s M test, which was insignifi-
cant for all variables (Box’s M=4.17, F=1.12). To evaluate
whether there are statistically significant differences be-
tween the experimental and control groups, we employ a
multivariate analysis of covariance (MANCOVA).

Table 4 presents the results of a MANCOVA conducted
to assess the impact of a CR program on three dependent
variables. All four tests statistics indicate statistically
significant differences between the experimental and
control groups (P<0.0001). The large values of Pillai’s

Trace, Wilks’ Lambda, Hotelling’s trace, and Roy’s larg-
est root confirm the robustness of the results. The partial
eta squared value of 0.814 suggests that the CR program
can explain a substantial proportion of the variability in
the dependent variables. The results of multivariate anal-
ysis of covariance (ANCOVA) were designed to assess
the impact of CR programs on three dependent variables,
internal problems, external problems, and ESR.

The results of Table 5 showed CR significantly enhanc-
es internal problems (P<0.05, F=43.12, Eta=0.89), ex-
ternal problems (P<0.05, F=32.18, Eta=0.67), and ESR
(P<0.05, F=44.05, Eta=0.67), as evidenced by the high F
and effect sizes across all measured variables.

Table 3. Descriptive statistics of behavioral problems and emotional self-regulation

Variables Stage Group MeantSD Min Max

Experiment 58.58+2.179 55 62

Pre-test
Control 57.08+£2.678 52 60

Internal problems

Experiment 50.42+3.502 49 59

Post-test
Control 57.5243.705 49 61
Experiment 49.92+4.699 45 62

Pre-test
Control 54.5+7.868 45 67

External problems

Experiment 35.33+5.279 47 68

Post-test
Control 52.58+7.403 45 67
Experiment 49.92+4.699 45 52

Pre-test
. Control 54.5+7.868 45 51

Emotional self-

regulation Experiment 55.336.679 47 60

Post-test
Control 52.58+7.403 45 52
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Table 4. The results of multivariate analysis of covariance

Effect Value F Hypothesis df Erros df Sig. r|p2
Pillai’s Trace 0.814 54.857 3 66 0.0001 0.814
Wilks” Lambda 0.186 54.857 3 66 0.0001 0.814
Hoteling’s Trace 4.389 54.857 3 66 0.0001 0.814
Roy’s Largest Root 4.389 54.857 3 66 0.0001 0.814

Discussion

The current research was conducted to investigate the
effect of CR programs on the behavioral and emotional
self-regulating problems of children with hearing im-
pairment. Hearing impairment is common worldwide,
and diagnosing and intervening before six months of
age ensures normal language development, regardless
of the severity of the hearing loss (Yoshinaga-Itano et
al., 2020). This study supports the concept that manag-
ing behavioral problems in children with hearing impair-
ment is improved after performing CR therapy. The cur-
rent study’s results are not consistent with the results of
Lawrence et al. (2018), that reported CR has a low effect
on improving cognition in adults with hearing impair-
ment. Still, these results are consistent with the results
of Bansal (2014), which reflected cognitive training

Table 5. Covariance analysis on the effect of program of CR

has a modest positive effect on executive function and
working memory skills in adults with cochlear implants
(Bansal, 2014). Similarly, some studies showed that
teaching CR orally and auditory leads to improved learn-
ing, attention, and memory for individuals with hearing
impairments (Amani et al., 2017).

In explaining the results of this study, it can be sug-
gested that CR training aids in fostering awareness of
emotions and their regulation among children with hear-
ing impairment. Emotion regulation plays a pivotal role
in mental well-being and influences an individual’s re-
sponse to various stimuli (O’Connor et al., 2018). When
children with hearing impairment learn to connect with
their emotions and talk about them with some strategies
like playing with toys, they can manage their emotions,
experience less anxiety, and have high self-regulation

Variable to Assess the Impact

of CR Source Variation Sum of Squares df Mean of Squares F Sig. Effect Size
Pre-test 651.304 1 651.304 39.14 0.0001 0.69
Group 84.23 1 84.23 43.12 0.0001 0.89
Internal problems
Error 46.91 21 2.237
Total 32140 24
Pre-test 551.55 1 551.55 19.23  0.0001 0.59
Group 98.5 1 98.5 32.18 0.0001 0.67
External problems
Error 329 21 1.56
Total 3678 24
Pre-test 201.3 1 201.3 26.12 0.0001 0.58
Group 44.051 1 44.051 34.57 0.0001 0.67
Emotional self-regulation
Error 11.42 21 0.541
Total 4231 24
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of emotions. In the context of children’s externaliz-
ing behaviors, poor emotion regulation and inattention
emerged as significant predictors (Hill et al., 20006).
Conversely, providing children with hearing impairment
opportunities to engage in group discussions and interac-
tions can enhance their social skills. Consequently, this
improvement in social skills may facilitate their emo-
tions management compared to previous proficiency
levels (Goldenberg et al., 2016).

Furthermore, children in CR sessions acquire cognitive
strategies to regulate their emotions, including cognitive
avoidance. Cognitive avoidance involves techniques,
such as downplaying the significance of stressors or
redirecting focus toward positive thoughts, which can
effectively regulate internal stress. Avoidance strategies
are negatively associated with depression in children and
adolescents (Goldenberg et al., 2016). One objective of
CR training is to enhance working memory capacity. A
correlation is observed between working memory profi-
ciency and the self-regulation of emotions (Schmeichel
et al., 2008). Therefore, when the capacity of working
memory of deaf children increases through cognitive
training, they can use emotion regulation strategies bet-
ter than in the past in situations that utilize cognitive re-
sources, such as cognitive evaluation and positive reap-
praisal.

In elucidating the results of the current study, CR
therapy can be an effective intervention for addressing
behavioral issues in children with hearing impairment.
According to a study by Schorr et al. (2005), CR therapy
improves cognitive skills, such as attention, memory,
and problem-solving, which are often compromised in
children with hearing impairments. These improvements
can lead to better self-regulation and reduced impulsiv-
ity, ultimately decreasing behavioral problems. Also,
CR can improve inhibition and self-control. Although
executive function and cognitive control are not synony-
mous with self-regulation, they represent the top-down
components of self-regulation at the cognitive level
(Nigg, 2017). Therefore, when children with hearing im-
pairment did the inhibition training, it became easier for
them to manage their behaviors. By improving behavior
inhibition, the rate of aggression and hyperactivity in
children with hearing impairment is reduced. Cognitive
training aims to target and improve the cognitive defi-
cits believed to be at the core of ADHD. (Castellanos et
al., 2006). The internal behaviors, such as anxiety and
depression are reduced in children with hearing impair-
ment in this research. This is consistent with the results
of Rahmanian et al. (2018). A crucial relationship ex-
ists between anxiety and executive functions (Sohlberg

& Mateer, 2001). As children with hearing impairment
learn to concentrate their attention on alternative stimuli,
they may potentially experience reduced anxiety levels.

In this study, children with hearing impairment learn
to pay attention to behaviors related to their emotions.
Therefore this training enhances ESR and modifies the
behaviors. Cognitive training reduces violence and ag-
gression in children with hearing impairment. The ef-
fects of cognitive training may be associated with im-
provements in problem-solving and increased ability to
develop alternative strategies. CR programs are struc-
tured educational and cognitive measures that empha-
size behavioral and attentional problems and improve
remembering daily activities (Bansal, 2014). Since a
CR program includes homework and exercises focus-
ing on executive function skills, along with educational
guidelines for doing this homework; therefore, it is not
surprising that a CR program may help alleviate specific
behavioral issues in children with hearing impairments.

This study has several limitations that should be ac-
knowledged before extending its results. One of the sig-
nificant limitations is that only children with hearing im-
pairments from Yazd City were included in the sample.
Consequently, the result cannot be generalized to other
regions and nations. In addition, we cannot control the
social-cultural differences in children and their families.
Finally, we do not have any questions that are adapted
for people with hearing impairment. For future studies,
it is suggested that computer-based CR for children with
hearing impairment be used.

Conclusion

The present study demonstrated that CR interventions
effectively reduce behavioral problems and increase
hearing impaired children’s ESR. Therefore, planning an
educational program of CR is vital in improving chil-
dren’s behavioral and emotional problems and can be
used in schools and rehabilitation centers for children
with hearing impairment.
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