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Background and Objectives: Auditory processing (AP) takes place throughout the central 
auditory nervous system. Therefore, to correctly assess auditory processing disorder (APD), it 
is necessary to use a test battery so that each of these tests can evaluate specific auditory skills. 
Therefore, considering the importance of detecting children with APD, the Persian version of the 
multiple auditory processing assessment (MAPA-P) was used in the present study.

Methods: The study method was descriptive-analytical and cross-sectional. A total of 300 children 
aged 9-12 years old in equal numbers in both genders and at any age, from 7 primary schools in Arak 
City, Iran were enrolled. After ensuring the health of children’s peripheral hearing level, to check 
their central auditory system, the MAPA-P test battery was performed on laptops with headphones. 
Analysis of variance (ANOVA) and independent t-test were used to analyze the results. The mean 
scores in each age group were calculated and finally, the prevalence of APD was determined based 
on the cut-off point of the whole test.

Results: The results showed that the mean scores in all 5 tests had a statistically significant 
difference in different age groups (P<0.0001), and the mean scores increased with age. Also, no 
significant difference was observed in the scores of any of the 5 tests between the two genders 
(P>0.05). The prevalence of APD in the school-age population was 5%.

Conclusion: According to the valid results of the MAPA model in many studies, the Persian version 
of this test battery has been introduced as a standardized test battery. In addition to covering the 
three crucial domains of AP, it can easily be used in a calm classroom using a CD-RAM. The results 
of the present study showed that 5% of the children were suspected of APD, which was consistent 
with the results of the other studies.
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Introduction 

entral auditory processing disorder 
(CAPD) can be one of the reasons for 
children’s behavioral-functional prob-
lems, which harms learning, language 
development, communication, and cru-

cial functions related to processing, listening, and un-
derstanding spoken language, especially in challenging 
listening environments, such as the presence of back-
ground noise causing a lot of problems [1-4]. The most 
specific symptoms in children with APD appear when 
they enter school, which include poor listening skills, 
difficulty understanding speech in noisy environments, 
frequent requests to repeat material, difficulty process-
ing rapid speech, and responding inappropriately or late. 
Rapid distraction with environmental stimuli is common 
in these children and they have difficulty in tasks, such 
as following sequential orders, spelling, reading, pro-
nunciation, and learning, accompanied by the inability 
to focus on auditory events and feeling tired after lis-
tening to speech, causing severe educational problems 
for these children in school [1, 5]. These children have 
normal hearing thresholds despite listening and learn-
ing problems related to incomplete processing of audi-
tory information; therefore, they cannot be recognized 
by the peripheral hearing screening program and need 
special evaluations. Also, due to the complex nature of 
this disorder, to evaluate and diagnose it, a test battery 
should be used that is capable of evaluating multiple au-
ditory processes and mechanisms at different levels of 
the central auditory nervous system. In addition to being 
practical and efficient, these tests should have a high cor-
relation and facilitate differential diagnosis. Therefore, a 
single test will not have enough sensitivity to diagnose 
this disorder [6-10].

Using a comprehensive test battery approach to evalu-
ate all auditory processes helps the therapist identify the 

strengths and weaknesses of the individual’s AP. In this 
way, the audiologist should choose valid tests which can 
find a perspective on the existing APD while examining 
different processes and behaviors in the central auditory 
nervous system in different levels. So far, two standard 
test batteries have been introduced under the titles of The 
screening test for auditory processing disorders in chil-
dren (SCAN-C) [11] and multiple auditory processing 
assessment (MAPA) [7] for APD screening in children. 
Studies have shown that APD originates from three do-
mains of auditory processing, i.e. monaural hearing, bin-
aural hearing, and temporal processing, and the MAPA 
model has shown more valid results than the SCAN-C 
model [6, 8, 9]. In the present study, the standard Persian 
version of MAPA (MAPA-P) [12] was used. The set of 
MAPA-P tests includes a monaural-selective auditory at-
tention test (MSAAT) [13], TAP test, pitch pattern test, 
dichotic digits test, and competing sentences test.

Although the prevalence of APD in children is high 
[14, 15], according to the age of the samples, the type 
of used tests, and different methodologies, these results 
are very different so that Schow et al. have estimated the 
percentage of APD 1%-2% and mentioned that if more 
accurate tests are used, its amount may increase [7]. In 
other sources, APD’s prevalence rate was 2% to 5% [9]. 
Or another researcher considered the best approximation 
of the prevalence of APD in the population of school-
aged children to be around 20% [10]. 

Using the APD questionnaire (APDQ), Jarollahi et al 
obtained this rate to be 4.6% in school-aged children in 
Tehran City, Iran [16]. Therefore, considering the high 
prevalence of APD in children and the importance of 
learning, especially in elementary school, which takes 
place through the ears to a significant extent [16-22], 
currently, the diagnosis and treatment of APD, especially 
in children, is one of the priorities of audiology research 
in the world. Therefore, it is necessary to identify chil-

C

 What is “already known” in this topic:

Many studies have been done on the prevalence of APD.

The results of these studies are contradictory.

 What this article adds: 

Many studies have been done on the prevalence of APD. Since the results of these studies regarding the prevalence 
of APD are contradictory; Necessity requires that the prevalence of APD disorder be investigated in different com-
munities and cities
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dren with a kind of APD by adopting a suitable process 
so that the possibility of early rehabilitation intervention 
can be provided to ultimately lead to solving their learn-
ing and academic problems in educational settings [23, 
24]. Considering the influence of demographic charac-
teristics and the availability of the valid Persian version 
of the MAPA test battery, a study was conducted to de-
termine the frequency of APD in children aged 9 to 12 
years in Arak City, Iran.

Materials and Methods

The current study was carried out using a cross-section-
al descriptive-analytical method. After attending school 
and settling in a suitable place in terms of the absence 
of auditory and visual distractions, a class was selected 
completely randomly to evaluate students. Before their 
assessment, the informed consent form was read and 
signed by the parents. A person’s left-handed or right-
handedness was also determined by the Edinburgh ques-
tionnaire. After conducting a short interview to obtain 
the child’s consent and prepare him/her to participate in 
the tests, first, otoscopy examinations were done using 
the Welch Allyn otoscope to check the condition of the 
external auditory canal and tympanic membrane. Then 
tympanoscopy was performed using the HAND TYMP 
device brand REXTON, made in Denmark, to check the 
middle ear as well as using the Pejvak Ava device SA78B 
model for screening audiometry, to check the peripheral 
hearing status of these people. A total of 324 students 
aged 9 to 12 from 7 primary schools in Arak City, Iran 
were included in the study. Twenty-four students were 
excluded from the study due to not meeting the inclusion 
criteria. The inclusion criteria included obtaining normal 
results in the peripheral hearing screening test (PTA) at 
the intensity level of 20dBHL in frequencies from 500 
to 4000 Hz and type A typmanogram -50<TPP1<+50 
(daPa) and 0.3<Ytm2 <1.6 (mmho) in both ears [17], 
having fluent speech without stuttering and declaring co-
operation and not being tired by the child to do the tests.

In the next step, the MAPA-P test battery was used for 
central auditory evaluations with the implementation in-
structions and practice materials that were available in 
the form of a compiled set on a CD [12]. Before perform-
ing each test, its instruction was explained to the individ-
ual, and by using practice items, it was ensured that the 
individual fully understood and correctly performed the 
test. The above tests were performed using a laptop and 
supra-aural headphones, a4TECH HS_800 model. At the 
beginning of each session, the volume of the laptop in 
headphones was controlled at a comfortable hearing lev-

el. Simultaneously with the person’s answer, the answers 
are registered in the “MAPA answer registration form”.

1. TPP: Tympanometric peak pressure

2. Ytm: Admittance at the tympanic membrane

In this study, the mean and standard deviation of each 
age group were used to analyze the descriptive data. 
Then, the normality of the variables was checked us-
ing the Kolmogorov-Smirnov statistical test, after that, 
an independent t-test was used to compare the different 
scores between the two genders. The analysis of vari-
ance (ANOVA) was used to compare the results in dif-
ferent age groups. Data were analyzed using SPSS soft-
ware, version 22.

Results

In this study, 300 students with a Mean±SD of age of 
10.48±1.11 years were examined. Seventy-six children 
(25.3%) were 9 years old, 76 children (25.3%) were 10 
years old, 74 children (24.7%) were 11 years old, and 
74 children (24.7%) were 12 years old. A total of 150 
children (50%) were girls and the others were boys; 289 
children (96.3%) were right-handed and the others were 
left-handed. The results of one-way analysis of variance 
(ANOVA) showed that the mean scores in all five tests 
had statistically significant differences at different ages. 
The results of the post hoc Games-Howell test showed 
that the mean scores increase with age (P<0.0001), Table 
1 presents the results of this part.

Also, the results of the independent t-test showed no 
statistically significant difference in the mean scores in 
any of the five tests in both genders (P>0.05) (Figure 1).

After calculating the mean scores for the tests in each 
age group, according to the statement of ASHA (2005) for 
the necessity of having a cut-off point, based on the cut-off 
point of all five tests in different age groups, the frequency 
of APD was determined. The range of norm values   for the 
percentage of correct answers of five tests of the Persian 
version of the “MAPA” collection, by considering two 
standard deviations below the mean (lower limit of 95% 
confidence limits) for two tests and 3 standard deviations 
below the mean (lower limit of 99% confidence limits) 
for one test was calculated. To interpret the results of the 
tests and identify children suspected of having a central 
auditory processing disorder, according to the statement 
of ASHA (2005), considering at least 3 standard devia-
tions below the mean for one test and at least 2 standard 
deviations below the mean for two tests can be used. 
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The results showed that among 300 children, 15 people 
were suspected of APD. This number made up 5% of the 
sample size, which included six 9-year-old children, four 
10-year-old children, three 11-year-old children, and two 
12-year-old children. Table 2 presents the results.

Discussion

The present study was conducted to identify children 
suspected of APD in the school population aged 9-12 
years using the Persian version of the MAPA. According 
to the results obtained, in all five tests, the mean scores in 
different age groups had a significant difference and in-
creased with increasing age (P=0.0001). Also, no signifi-
cant difference was observed between the mean scores 
of the two genders.

In research using the MAPA tests on 8-11-year-old 
school children, it was shown that by increasing age, 
the mean scores in all tests and both genders increased 
[6], which is consistent with the findings of the pres-
ent study. Conlin also used the MAPA tests to evaluate 
children aged 9-13 years. The results of this study also 
showed that the mean scores increased with increasing 
age [21], which was consistent with the results of the 
present study.

According to Table 1, the mean scores in all 5 tests in 
both genders increased with age. These results were not 
far from expected, because with the maturation of the 
auditory system and the development of the cerebral 
hemispheres and interhemispheric pathways along with 
the growth of the child, as well as the improvement of au-
ditory attention and memory with age, the auditory pro-

Table 1. The Mean±SD and minimum normal scores in the five subtests of the Persian version of the MAPA by age group in percentage 
(n=300)

Mean±SD
Age (y)

CST (Left)CST (Right)DDT
(Left)

DDT
(Right)PPTTap TestmSAAT

(Left)
mSAAT
(Right)

39.8±8.5
22.8*

14.3**

47.8±10.1
27.6*

17.6**

72.8±11.4
50*

38.6**

81.6±12.4
56.8*

44.4**

58.6±13.5
31.6*

18.1**

81.1±11.4
58.3*

46.9**

82.8±10.8
61.4*

50.7**

82.5±13.1
56.3*

43.2**

9 (n=76)

43.9±9.6
24.7*

15.1**

49.7±10.8
28.1*

17.3**

76.2±10.5
55.2*

44.7**

84.2±11
62.2*

51.2**

59.4±13.7
32*

18.3**

82.4±11.3
59.8*

48.5**

85.8±11.1
63.8*

52.8**

85.2±12.3
61.2*

43.2**

10 (n=76)

48.8±8.7
31.4*

22.7**

54.4±10.6
33.2*

22.6**

84.8±9.7
62.4*

52.7**

89.3±10.1
69.1*

59**

62.7±13.6
40.5*

26.9**

84.0±10.6
62.8*

52.2**

91.6±8.5
74.6*

66.1**

91.9±8.4)
75.2*

66.8**

11 (n=74)

54.0±9.5
35*

25.5**

58.6±10.3
38*

27.7**

86.1±9.5
66*

56.5**

90.3±10.1
70.1*

60**

63.2±13
41.2*

25.2**

87.7±8.9
69.9*

61**

92.9±8.6
75.7*

67.1**

93.3±8.9
75.2*

66.3**

12 (n=74)

Abbreviations: mSAAT: Monaural selective auditory attention Test; TAP: Tap test; PP: Pitch patterns; DD: Dichotic digits; CS: Competing 
sentences.

*-2 SD, **-3 SD.

Table 2. Frequency and percentage of central auditory processing disorder in the 9-12 years old students in Arak City, Iran

Age (y) No. (%) No. 

9 6(7.9) 76

10 4(5.3) 76

11 3(4) 74

12 2(2.7) 74

Total 15(5) 300
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cessing functions of people will improve. This improve-
ment with age leads to an increase in test scores [22]. 

In the current study, after calculating the mean scores 
of the tests in each age group, according to the statement 
of ASHA (2005), the cut-off point was determined for all 
five tests and in different age groups. According to the 
results, among the 300 children, 15 children were sus-
pected of APD. This number makes up 5% of the total 
sample size. According to the American Speech-Lan-
guage-Hearing Association (ASHA) statement (2005), 
criteria of at least 3 standard deviations below the mean 
for one test and 2 standard deviations below the mean for 
two tests were used to diagnose APD [1].

The minimum prevalence of APD in school-age chil-
dren was 2%-3%, and it has been emphasized that if 
more accurate tests are used, this amount may increase 
[7]. In some texts, the prevalence of this disorder in 
school-age children is mentioned to be 5% [19, 20]. 
Also, some studies have mentioned the real value of this 
disorder as 7% [9]. According to Katz et al, the best es-
timate of the prevalence of central auditory processing 
disorder in school-age children is about 20% [20]. The 
prevalence of the current study was consistent with most 
studies [7, 20].

In the examination of the educational histories of 15 
children suspected of APD, it was found that 11 of them 
had a history of learning disorder and were under special 

training for this disorder. In other words, 73.3% of the 
children suspected of APD were children whose learn-
ing disorders were reported. Also, the examination of 
the central processing monitoring questionnaire that was 
completed by the parents of these children showed that 
the academic performance of these children was report-
ed to be poor. In other studies, the prevalence of APD in 
children with learning disabilities has been reported to 
be 30%-50% in studies [17, 23-25], and Tillery reported 
it to be 80% [26]. The results of the present study also 
showed that the frequency of children suspected of APD 
is higher in children with learning disabilities, which is 
consistent with Tillery’s results [26].

Conclusion

Based on the findings of the present study, the clini-
cal capability of the Persian version of MAPA, includ-
ing 5 subtests in three main domains of central auditory 
processing, can be used as a valid model to evaluate the 
central auditory system in 9-12-year-old school-aged 
children in both boys and girls. In addition, its non-inva-
siveness and low cost facilitate the clinical application of 
this test battery. The frequency of APD in the population 
of school children aged 9-12 years in Arak City was 5%. 
To further validate MAPA-P, it is suggested to conduct 
similar studies in other age groups, different cities, and 
also in other disorders, such as children with learning 
disability, autism spectrum disorder, etc.

Figure 1. Comparison of mean scores of 5 tests in both genders (n=300)
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Abbreviations: mSAAT, monaural selective auditory attention Test; TAP, tap test; PP, pitch patterns; DD, dichotic digits; CS, 
competing sentences. 
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مقاله پژوهشی

شناسایی اختلال پردازش شنوایی در جمعیت کودکان مدرسه رو شهر اراک با استفاده 
")MAPA( از نسخه فارسی "مجموعه آزمون ارزیابی های چندگانه پردازش شنوایی

مقدمه پردازش شنوایی در کل مسیر سیستم عصبی شنوایی صورت می گیرد. بنابراین برای ارزیابی صحیح اختلال پردازش شنوایی 
می بایست از مجموعه آزمون استفاده شود، بطوریکه هریک از آزمون ها بتوانند مهارت های شنوایی خاصی را بررسی کنند. به این منظور، 
باتوجه به اهمیت شناسایی کودکان دارای اختلال پرازش شنوایی، در مطالعه حاضر ازنسخه فارسی معتبر مجموعه آزمون ارزیابی های  

چندگانه پردازش شنوایی، استفاده شد.
مواد و روش ها این پژوهش مقطعی، توصیفی-تحلیلی بود. 300 کودک مدرسه رو 12-9  ساله، به تعداد مساوی در دو جنس و در 
هرمقطع سنی، از 7 مدرسه ابتدایی شهر اراک وارد مطالعه شدند. با اطمینان از سلامت شنوایی محیطی، بررسی سیستم شنوایی مرکزی 
آنان با نسخه فارسی MAPA بوسیله لپ تاپ و هدفون انجام شد. آزمونهای آنالیز واریانس یکطرفه و t مستقل برای تجزیه و تحلیل نتایج 
استفاده شدند. میانگین امتیازات آزمون ها در هر رده سنی محاسبه و نهایتاً،  درصد فراوانی اختلال پردازش شنوایی براساس نقطه برش 

کل مجموعه آزمون تعیین شد.
یافته ها نتایج ANOVA نشان داد که میانگین امتیاز در هر 5 آزمون، در مقاطع مختلف سنی اختلاف معنادار آماری داشتند )P<0/0001( و 
میانگین امتیازات با افزایش سن، افزایش نشان داد. همچنین نتایج آزمون t مستقل نشان داد که میانگین امتیازات در هیچیک از 5 آزمون، 

و در دو جنس اختلاف معنادار نداشت )P>0/05(. فراوانی اختلال پردازش شنوایی در جمعیت کودکان مدرسه رو 5 درصد بدست آمد
نتیجه گیری با توجه به نتایج معتبرالگوی MAPA درمطالعات متعدد، این مجموعه آزمون استاندارد و کارآمد معرفی گردیده است، علاوه 
براین که سه حیطه مهم از پردازش شنوایی را پوشش میدهد، به راحتی با استفاده از CD، در کلاس درس نیز قابل استفاده است. مطالعه 
حاضر نشان داد که 5 درصد کودکان مورد مطالعه مشکوک به اختلال پردازش شنوایی بودند که با نتایج سایر مطالعات همخوانی داشت.

کلیدواژه ها: 
سیستم عصبی مرکزی 

شنوایی– اختلال 
پردازش شنوایی 

– کودکان مدرسه 
رو- مجموعه آزمونهای 

ارزیابی پردازش شنوایی 
)MAPA(
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