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Objectives: Auditory processing disorder (APD) is an auditory perception impairment causing 
problems in a child’s learning ability and communication skills. Therefore, the identification 
of this disorder in children is a priority. The prevalence of this disorder in children in Persian-
speaking societies has not yet been widely explored. This project aims to evaluate APD among 
students in Isfahan City, Iran.

Methods: A total of 605 school-aged children (323 girls and 282 boys) were selected from 15 
primary schools in Isfahan City. Multiple auditory processing assessment (MAPA) tests were 
performed. 

Results: A total of 5.57% of girls and 10.63% of boys were suspected to APD. The APD 
prevalence was 7.93%. The male-to-female ratio was 1.9 times.

Discussion: The prevalence reported in this study is consistent with global values. Screening 
for this disorder is vital to reduce adverse effect.
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Highlights 

● A total of 5.57% of girls and 10.63% of boys in Isfahan City were suspected of auditory processing disorder (APD).

● The prevalence of APD among primary students was 7.93% and the male to female ratio was 1.9 times. 

● Given the significant prevalence of APD among students in Isfahan City and its adverse effects, it is crucial to 
implement APD screening programs within the education and healthcare systems.

Plain Language Summary 

APD in children is a problem in understanding speech in crowded conditions, such as school, which can cause 
learning disorders and academic failure. The prevalence of this disorder in the world is reported to be around 2-7% in 
school-age children, although in some studies, it is reported to be more than this amount. This disorder has a prevalence 
of 4-10% in school-age children in different parts of Iran, including Tehran City, Arak City and Azarbaijan. According 
to our study, the prevalence is estimated to be 7.93% in Isfahan City. Given the negative impact of APD on children’s 
learning, education, and communication skills, which ultimately affects their quality of life and can lead to broader 
issues for families and communities alike, it is necessary to implement APD screening programs in education and 
healthcare systems.

Introduction

uditory processing disorder (APD) im-
pacts the brain’s capacity to analyze and 
make sense of auditory information [1]. 
«The British Society of Audiology (BSA) 
described three groups of APD: Develop-

mental type, in which neural developmental delay can 
occur in infancy and is the most common type; acquired 
type, which is shown by the events after birth; and sec-
ondary type, which is evidenced by hearing loss» [2]. 
APD can cause difficulties in various processing aspects, 
affecting communication and learning abilities [3]. In-
dividuals with APD can experience various challenges 
even though they have normal hearing and intelligence. 
The most common complaints are difficulty in speech 
perception in noisy and reverberant situations, inability 
to follow oral commands, attention deficits, and diffi-
culties with oral and written language [4]. Although no 
standardized protocol exists for diagnosing APD, vari-
ous studies have reported different prevalence rates in 
children. According to Chermak and Musiek, approxi-
mately two to three percent of children may exhibit this 
disorder. Additionally, research suggests that the preva-
lence of APD in boys can be up to twice as high as in 
girls [5]. According to a study by Hind, APDs among 
children and adolescents may range from 0.5% to 1% 
of the entire population [5]. Additionally, some studies 
have shown that the prevalence of APD can be as high as 
7% [6]. Several researchers believe that the APD rate can 
increase to 20% when accurate and comprehensive diag-

nostic tests are used [7]. This rate can increase to as high 
as 70% in adults aged >70 years [8]. It has been indicated 
that children with APD can show co-occurring impair-
ments with a prevalence rate of 7-9% [9] and attention 
problems (9%) [10]. Additionally, 2-5% of children with 
APD may also have dyslexia or specific language im-
pairment [11]. 

In real-world and demanding environments, individu-
als with APD often face significant challenges when lis-
tening to complex stimuli, such as speech. This includes 
noisy situations and locations with multiple speakers 
[8, 12]. These conditions can be particularly detrimen-
tal for school-aged children in the classroom, leading to 
various problems, including difficulties with reading and 
language, educational setbacks and emotional and social 
issues [8, 12, 13]. 

Therefore, early detection and management of auditory 
impairments are essential to reduce their adverse effects 
on the maturation of the CNS [12]. Auditory processing 
difficulties can negatively impact children’s communi-
cation, educational achievement, and social interactions. 
Given the prevalence of this disorder among young 
people, screening programs, evaluation, rehabilitation, 
and management of APD in school-aged children are 
regarded as a priority in many hearing-related research 
initiatives [14, 15]. 

In Iran, studies investigating the prevalence of APD 
are limited and often use smaller sample sizes than the 
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present study. Additionally, these studies primarily relied 
on tools, such as questionnaires. For instance, a study 
conducted by Jarollahi et al. involved 536 students and 
utilized an APD questionnaire (APDQ) [14]. Ahmadi et 
al. conducted their study on 360 cases using the APDQ 
questionnaire [16] and Moloudi et al. surveyed 396 cases 
using the APDQ questionnaire, speech in noise and dich-
otic digit test (DDT) [17]. This study was conducted to 
conduct a comprehensive survey of APD and estimate its 
prevalence among school-aged children in Isfahan City, 
Iran.

Materials and Methods

An analytical-descriptive study was conducted on pri-
mary school students aged 8-12 in Isfahan City between 
2020 and 2022. This study utilized a cross-sectional 
design with a stratified sampling method based on sex 
and educational level (age). To ensure a representative 
sample, each school was randomly chosen as a cluster 
according to its geographical location on a map of Isfa-
han City. From each school, a single desired class was 
selected using a simple random selection method and 
within each class, students were chosen randomly. A 
total of 637 boys (325) and girls (348) from schools in 
areas 5 and 6 (south of Isfahan City), 12 and 14 (north of 
Isfahan City) and 13 (west of Isfahan City) were exam-
ined based on the sample volume formula ni=(Ni/N)xn, 
considering the restrictions imposed by the coronavirus 
pandemic. 

The inclusion criteria included age 8 to 12 years [18], 
hearing thresholds in 250 to 8000 Hz frequency range 
were 20 dB HL or lower in both ears [18], normal otos-
copy, right-handedness (using the Edinburgh question-
naire) [19], the standard intelligence quotient (IQ) score 
is equal to or better than 85 in the revised Persian version 
of the Wechsler IQ test for children, no background of 
head injury, epilepsy and convulsions and use of anti-
epileptic medication, no history of behavioral disorders 
according to the opinion of relevant experts, not suffer-
ing from attention deficit hyperactivity disorder and au-
tism according to the opinion of teachers and parents, 
monolingualism (Persian speaking with monolingual 
Persian speaking parents), lack of professional music 
experience. The exclusion criteria included reluctance to 
continue cooperation.

Procedure

Students were randomly selected at each age level by 
gender after preparing a geography map of schools and 
selecting schools and classes. Written consent from the 

parents and informed consent from the students were 
obtained before inclusion in the study. A history-taking 
form was completed for all students through interviews 
with parents and teachers and examination of the child’s 
medical records at school. The Edinburgh questionnaire 
was used to assess right-handedness. The Wechsler IQ 
test results were recorded in a school file for all students. 
In cases in which this information was incomplete, the 
student was referred to a psychologist.

Auditory threshold and auditory processing evalu-
ations were conducted in a room with lower than 30 
dBA background noise in schools between 8 AM and 
12 AM. Otoscopic examination (with a Heine mini 
3000 otoscope, Germany) and pure tone audiometric 
test at frequencies of 250 to 8000 Hz (with audiometer 
SA78B, Pejvak Ava, Iran) were performed to check the 
hearing thresholds of the students. The primary assess-
ment stage included children whose preliminary assess-
ment results were consistent. In this study, to identify 
students suspected of APD, the multiple auditory pro-
cessing assessment (MAPA) test battery consisting of 
DDT, pitch pattern sequence test (PPST) and selective 
auditory attention test (mSAAT) was used. MAPA test 
battery reveals a sensitivity of 90% and a specificity of 
100% in diagnosing APD. The criteria for selecting APD 
students involve obtaining a score lower than 2SD from 
the standard value in at least two tests [20]. The norma-
tive data was obtained from the Rezapour [21] and Lotfi 
study [22]. The stimuli were introduced via a laptop and 
Sennheiser HD202 headphones.

DDT

The DDT involves presenting two number pairs (num-
bers 1 to 10 ) simultaneously to each ear of the partici-
pants, who are then instructed to repeat freely recall all 
four digits or in any sequence. A total of 40 patterns are 
presented. Rezapour et al., in a study, presented the nor-
mal range of data for the DDT among Iranian children 
[21].

PPST

Each item in the PPST includes three tonal stimuli with 
two different pitches: one low-frequency tone (880 Hz) 
and one high-frequency tone (1122 Hz). Thirty patterns 
are delivered to each ear. The stimuli were presented at a 
55 dB sensation level (relative to the 1000 hertz thresh-
old). The Lotfi study [22, 23] provides normative data 
for the PPS test in Iranian students.
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Persian monaural selective auditory attention test 
(mSAAT)

Persian mSAAT consists of 25 monosyllabic words 
integrated into a narrative context. The same speaker 
presents the score and competing stimuli, and the signal-
to-noise ratio is set at zero decibel. Normative data for 
Iranian children can be found in studies by Aarabi et al. 
and Ebadi et al. [24-26].

Descriptive statistics (frequency, Mean±SD, an inde-
pendent t-test (to assess the impact of demographic fac-
tors, such as gender, on the test scores), and analysis of 
variance (ANOVA) (to evaluate the difference between 
age groups) were utilized for statistical data analysis.

Results

A total of 673 students participated in the study and 
information from 605 participants was provided accord-
ing to the inclusion criteria. Fifteen schools in 5 regions 
were investigated. The number of female students was 
323(53.4%), and the number of boys was 282(46.6%); 
94 students (15.53%) in the second grade, 120(19.83%) 
in the third grade, 138(22.8%) in the fourth grade, 
142(23.47%) in the fifth and 11(18.34%) in the sixth 
grade. The age range was 10.18±1.37 years for girls and 
10±1.29 for boys. A total of 69.42% of the samples were 
from the west (area 13) and north (areas 12 and 14) of 
Isfahan City. Tables 1 and 2 present the mean scores of 
tests and the number/percentage of students suspected 
of APD by gender, school grade and age. Based on the 
analysis, the two groups of boys and girls were not dif-

ferent in their auditory processing test scores (P>0.05) 
(Table 1). It was found that the difference in the perfor-
mance of students in different educational levels is sta-
tistically significant. In other words, with increasing age 
and educational level, the scores of the tests revealed an 
improvement (P<0.05) (Table 2). A total of 48 students, 
accounting for 7.93%, experienced difficulties in at least 
two of the DDT, PPST and mSAAT tests. Most students 
(35 of 48) exhibited abnormal results in the DDT and 
PPST tests. A total of 13 out of 48 students had difficulty 
in all three tests. The ratio of male to female students 
suspected to have APD was 1.9.

Discussion

This study was conducted to examine APD among 
8-12-year-old students in Isfahan City. This age range 
was chosen for screening due to the lack of a compre-
hensive assessment tool to evaluate auditory processing 
and the potential cognitive limitations and variability in 
responses among children younger than 7. In addition, 
access to school-aged children is more feasible. 

The study found a prevalence rate of 7.93% of APD 
among students in this age group. Of the 605 students 
screened, 48 scored below (2 standard deviations) the 
expected value in at least two tests.

It is also important to note that a slight sex difference 
was observed (male/female=1.9). The results indicated 
that the proportion of boys suspected of having APD was 
nearly twice that of girls, consistent with previous global 
reports [7]. The exact global prevalence of APD is not 

Table 1. Mean±SD scores of auditory processing tests for 605 students and number of suspected APD based on gender

AP Tests
Mean±SD/No. (%)

P
Female Male

DDT
Right ear 85.14±8.7 84.59±8.6 0.43

Left ear 78.24±11.9 78.42±15.14 0.87

PPST
Right ear 87.89±12.8 86.85±15.5 0.36

Left ear 86.9±14.54 86.33±16.27 0.62 

mSAAT
Right ear 73.13±18.49 72.08±17.27 0.47

Left ear 74.58±16.85 72.65±15.92 0.14

Suspected APD 18(5.57) 30(10.63)

Abbreviations: APD: Auditory processing disorder; DDT: Dichotic digit test; PPST: Pitch pattern sequence test; mSAAT: Mon-
aural selective auditory attention test.
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well established, but estimates vary widely, from 2% to 
20% [14]. In the United States and the United Kingdom, 
it is estimated to be 2-7% [27]. These numbers indicate 
that APD is a reasonably common issue, highlighting the 
importance of early detection and intervention to provide 
appropriate support for those affected. Based on some 
research projects, the rate of this disorder in school-aged 
children is around 7% [17]. In 1990, Musiek estimated 
that 3%-7% of elementary school students experienced 
learning difficulty, and a significant portion of this group 
also had APD [28]. Geffner’s research using behavioral 
tests found a prevalence of 12% for APD, while Til-
lery reported an even higher prevalence of 20% using 
the behavioral manifested questionnaire [29]. Brewer et 
al. suggested that the APD prevalence may increase to 
10% when comorbidities are considered [30]. Ebadi et 
al. showed a rate of 5% for APD in Arak City, Iran, uti-
lizing a Persian version of the MAPA [26]. Moloudi et al. 
conducted a study in Oshnavieh City, Iran, involving 396 
elementary students. The prevalence of suspected APD 
was 9.8%, according to data obtained from the APDQ, 
DDT, and speech-in-noise tests [17]. Jarollahi et al. used 
the APDQ to investigate the prevalence of APD among 
elementary school students in Tehran City, Iran. Their 
results revealed a prevalence rate of 4.6%, along with a 
boy-to-girl proportion 2.6 [14] .

Undoubtedly, the lack of standardized diagnostic cri-
teria for APD and the use of various diagnostic tests can 
result in differing prevalence rates across studies. Ad-
ditionally, some experts have raised concerns about the 
validity and reliability of specific tests used to diagnose 
APD, which can further complicate the interpretation 
of prevalence rates. Therefore, it is crucial to consider 
the specific diagnostic criteria and methods employed in 
each study when comparing prevalence rates. 

Moreover, it is crucial to consider the possible effect of 
cultural and environmental factors on the prevalence of 
APD in different populations. According to some stud-
ies, using behavioral tests instead of questionnaires can 
provide more accurate information and reduce errors in 
identifying APD [14]. However, the accuracy of diag-
nostic tests can vary based on factors, such as the specif-
ic test used, characteristics of the population being tested 
and expertise of the examiner administering the test. In 
contrast, more accurate diagnostic tests may lead to an 
increased prevalence of APD [7]. It is essential to ensure 
the validity and reliability of diagnostic criteria to pre-
vent overdiagnosis or misdiagnosis. Therefore, appropri-
ate diagnostic tests should be used carefully to accurately 
assess APD’s prevalence alongside clinical observations 
and medical history. 

Table 2. Mean±SD scores of auditory processing tests and number of suspected APD based on school grades and age

School Grades and Age

P
AP Tests

Mean±SD/No. (%)

2nd
94 3rd

120 4th
138 5th

142
6th

111
8 y94 9 y121 10 y137 11 y140 12 y113

DDT
Right ear 78.87±9.3 82.97±8.6 84.59±8.02 87.48±7.29 89.18±6.67 <0.001

Left ear 64.41±12.51 74.52±11.85 79.43±10.89 83±11.65 86.87±10.56 <0.001

PPST
Right ear 78.29±18.1 86.19±15.25 87.86±11.22 91.24±10.6 91.18±12.61 <0.001

Left ear 76.89±20.76 85.38±15.51 86.81±12.69 91.16±11.54 90.53±13.18 <0.001

mSAAT
Right ear 61.36±15.84 67.33±17.87 71.53±16.6 80.8±15.17 79.8±17.53 <0.001

Left ear 61.77±15.21 68.41±17 74.93±14.94 79.68±12.75 80.07±15.8 <0.001

Suspected APD
Grades 8(8.51) 11(9.16) 13(9.42) 7(4.92) 9(8.1) -

Age 8(8.51) 12(10) 12(8.7) 5(3.52) 11(10) -

Abbreviations: APD: Auditory processing disorder; DDT: Dichotic digit test; PPST: Pitch pattern sequence test; mSAAT: Mon-
aural selective auditory attention test.
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The current study employed three behavioral tests from 
MAPA test batteries: DDT, PPST and mSAAT. These 
tests demonstrated a strong ability to identify APD in 
children with 90% sensitivity and 100% specificity. 
These tests are efficient in accurately detecting APD in 
children [24, 27]. Screening studies for APD are essen-
tial to provide audiologists with the information needed 
to establish criteria for central auditory processing tests. 
Additionally, these studies offer valuable insights for 
policymakers, enabling them to implement effective and 
timely measures in the healthcare system. In audiology, 
diagnosing and treating APD has become a priority re-
search area for children. Consequently, identifying indi-
viduals at risk of APD through screening is extremely 
valuable. This approach ensures that children receive 
early intervention and appropriate treatment, which can 
significantly enhance their communication skills, lan-
guage development, and academic performance. Specif-
ically, the current study found that performance in three 
auditory skills, dichotic processing, temporal processing, 
and speech understanding in noise, improved with age 
among children aged 8-12 years. No difference was ob-
served in auditory processing scores between girls and 
boys, suggesting that the way sounds are processed may 
not be influenced by sex. It is also crucial to consider the 
influence of age when examining auditory processing 
because it can impact the results. 

In 2017, Mattsson’s study of children from Norway 
aged 7-12 years revealed no substantial discrepancies 
in results between boys and girls. However, it observed 
an age-related effect in most assessments, except for the 
gaps in noise and binaural masking level differences 
tests. Specifically, performance in tests assessing dich-
otic digits, pitch patterns, and speech in noise improved 
with age. As a result, the study found that performance 
improved and the variability of scores decreased with 
age, indicating the growth and development of central 
auditory processing pathway. Additionally, this project 
showed that the maturation period for specific processes, 
such as frequency pattern recognition, may extend be-
yond 12 [31].

Conclusion

This study estimated the APD prevalence among 
8-12-year-old students in Isfahan City at 7.93%. Giv-
en the negative impact of APD on children’s learning, 
education and communication skills, which ultimately 
affects their quality of life and can lead to broader is-
sues for families and communities alike, it is necessary 
to implement APD screening programs in education and 
healthcare systems. This will facilitate more accurate di-

agnosis of APD and related disorders, as well as provide 
treatment solutions to those affected.

Limitations

One of the primary limitations of this research project 
was the insufficient cooperation of students. This result-
ed in a group of participants not cooperating until the end 
of the tests, resulting in their exclusion from the study. 
Furthermore, we faced difficulties and restrictions when 
entering school and obtaining permission to implement 
the project, which prolonged its implementation. Due to 
these limitations, we cannot consider the sample size of 
boys to be twice that of girls. In future studies, the sam-
ple size of boys should be double that of girls according 
to the reported prevalence.
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