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Abstract:
Background: (Central) auditory processing disorder (C)APD and learning disorders such as
dyslexia are common comorbidities. Furthermore, there is extensive evidence that rehabilitation
of (C)APD disorder might improve reading and phonological skills. Methods: In a
quasi-experimental interventional study assessment pre-therapy and post-therapy was done
using the Arabic dyslexia assessment test and phonological awareness assessment. The children
received the Arabic version of “differential processing training program” as a form of
comprehensive auditory processing disorder training. Results: Children demonstrated better
scores on assessment tools post-therapy. Conclusions: (Central) auditory processing remediation
has an impact on phonological awareness, literacy and hence academic achievement.
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Introduction
Poor performance in one or more of the auditory and temporal skills is a sign of auditory
processing disorder, which is characterized by difficulties with the CNS (Central Nervous System)
perceptually processing auditory information (sound localization and lateralization, auditory
discrimination, auditory pattern recognition, temporal aspects of audition).(1)
One of the most widespread learning disabilities is dyslexia. It is believed to be a disorder with
unclear causes up until today. Theories focus primarily on genetic and neurological factors, as
well as the impact of environmental factors.(2, 3)
Different methods of evaluation were used to assess auditory training for the treatment of
dyslexia. There are only a few reports of effects on reading and spelling ability, despite the fact
that effectiveness with regard to the auditory symptoms was observed.(4-6)
Wether APD can be considered a separate diagnosis is an area of debate due to overlapping
symptoms between APD and other language/learning disorders.(7-9)
Moore et al. (2013) present three hypotheses for the association between APD and other
developmental disorders: (1) The distinction between some disorders is not always possible; more
so than by the symptoms, a child's diagnosis is influenced by the reference route; (2) APD
contributes to SLI and dyslexia; (3) The underlying cause of the various disorders is a more
general neurodevelopmental deficit.(9)
It is postulated that some dyslexic children' reading difficulties are caused by distorted acoustic
perception, and that correcting this deficiency can enhance children' literacy.
The identification of potential precursors to the learning of written language skills in recent years
has drawn particular attention to auditory perception and processing, — in particular
phonological awareness.(10)
Objectives
To determine the impact of (central) auditory processing remediation on literacy and phonological
awareness.

Methods
Study design, setting and participants
In a quasi-experimental interventional study; 26 dyslexic children with central auditory
processing disorder were enrolled after obtaining informed consent from the primary caregiver of
these children. The study was conducted in the outpatient clinic of the Phoniatrics unit;
Alexandria main university hospitals. (C)APD diagnosis was based on behavioral tests and scores
were compared to norms; subnormal values on at least 2 tests was mandatory. Dyslexia diagnosis
was based on an at risk quotient (ARQ) 1 or higher on the Arabic dyslexia assessment test
(ADAT).(11) which includes 11 subtests rapid naming, bead threading, one-minute reading,
two-minute spelling, phonemic segmentation, backward digit span, nonsense passage reading,

Impact of central auditory processing rehabilitation on literacy and phonological awareness skills in dyslexic
children

one-minute writing, semantic fluency and verbal fluency. Subjects received (central) auditory
processing remediation using the Arabic version of the “differential processing training
program”.(12) at a frequency of 1-hour sessions per week for 3 months. Reassessment was done
after therapy using the ADAT.(11)

Statistical analysis
Data were collected and fed to the computer using Statistical Package for Social Science (SPSS)
program for statistical analysis (ver 21).(13) Kolmogorov-Smirnov test of normality revealed
significance in the distribution of the age, other variables were non-normally distributed.(14) Data
were described using minimum, maximum, mean, standard deviation, standard error of the
mean, and 95% CI of the mean.(15) Data were described using minimum, maximum, median, 95%
CI of the median, 25th to 75th percentile and inter-quartile range for non-normally distributed
data. Categorical variables were described using frequency and percentage. Comparisons were
carried out between two studied related non-normally distributed subgroups using Wilcoxon
Signed Ranks test.(16) Accordingly, Box and Whiskers plots were employed. During sample size
calculation, beta error accepted up to 20% with a power of study of 80%. An alpha level was set to
5% with a significance level of 95%. Statistical significance was tested at p value <0.05.(17)
Results
The ages of children ranged from 6.75 to 12.00 years with a mean of 9.74 years and standard
deviation ±1.39 while the male: female ratio was approximately 2:1 1,8 males (69.23%) and 8
females (30.77%) which was consistent with the generally reported over-representation of boys
shown in table (1).
Table (1): Distribution of the studied group according to age and sex

(n=26)
Age (years)
-n

26

- Min. – Max.

6.75-12.00

- Mean ± SD

9.74±1.39

- SEM
- 95% CI of the mean

0.27
9.18-10.30

Sex
- Male

18 (69.23%)

- Female

8 (30.77%)

n: number of patients
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Min-Max: Minimum to Maximum
SD: Standard deviation
SEM: Standard error of the mean
CI: Confidence interval
*: Statistically significant (p<0.05)
NS: Statistically not significant (p> 0.05)

The analysis of the data revealed statistically significant decrease of the ARQ of ADAT with a
median of 1.90 and an IQR of 0.70 pre-therapy and a median of 1.25 with IQR of 0.88 post-therapy
(p<0 .001) shown in table (2).

Table (2):

Comparison between ARQ of ADAT pre-therapy and post- therapy in the studied group

DPTP
ADAT

(n=26)

ARQ (Pre)
-

n

26

-

Min. – Max.

-

Median

-

95% CI of the median

1.70-2.20

-

Percentile 25th – Percentile 75th

1.50-2.20

1.00-3.00
1.90

ARQ (Post)
-

n

26

-

Min. – Max.

-

Median

-

95% CI of the median

-

Percentile 25 – Percentile 75

0.40-2.70
1.25
th

0.90-1.50
th

Test of significance
p value

0.80-1.60
Z(WSR)=4.471
p<0.001*

n: number of patients
Min-Max: Minimum to Maximum
CI: Confidence interval
WSR: Z test of Wilcoxon Signed Ranks Test
*: Statistically significant (p<0.05)
NS: Statistically not significant (p>0.05)

Subtests of the ADAT showed statistically significant improvement when pre-therapy and
post-therapy scores were compared with p< 0 .001 in all subtests demonstrated in fig. 1.
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Figure (1): Box and whisker graph of Scale of Sub-tests of ADAT pre and post-therapy, the thick line in
the middle of the box represents the median, the box represents the inter-quartile range (from 25th to 75th
percentiles), the whiskers represents the minimum and maximum after excluding outliers (circles)
Number(s) attached to the circle indicate(s) patient serial number in the original master table.

PAA scores showed statistically significant difference with a median of 74.50 and an IQR of 38
pre-therapy and a median of 96 with IQR of 23 post-therapy (p<0 .001) shown in table (3).
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Table (3): Comparison between PAA scores pre-therapy and post- therapy in the studied group

PAA

DPTP
(n=26)
PAA (Pre)
-

n

26

-

Min. – Max.

-

Median

-

95% CI of the median

-

Percentile 25 – Percentile 75

32.00-105.00
74.50
th

60.00-90.00
th

56.00-94.00

PAA (Post)
-

n

-

Min. – Max.

-

Median

-

95% CI of the median

-

Percentile 25 – Percentile 75

Test of significance
p value

26
45.00-105.00
96.00
th

85.00-105.00
th

82.00-105.00
Z(WSR)=4.109
p<0.001*

Discussion
The positive results of the current study demonstrated by the improvement in reading and
phonological awareness can be explained by improved speed, auditory processing and
speech-sound discrimination.
The addition of rapid auditory processing training can significantly boost the effectiveness and
speed of language and phonologically-based interventions, which is perhaps the most exciting
finding of the most recent neurophysiologic and neuroimaging studies. This is because auditory
processing, language, and reading impairment are neurologically intertwined.(18)
Improvements in reading skills directly accountable to auditory training and language
interventions with acoustically modified speech were studied by Temple and colleagues in two
studies implemented using functional magnetic imaging, (fMRI) with a follow-up study by Gaab
and colleagues (2007) looking at changes in rapid temporal processing in relation reading effects
among children with dyslexia.(19) It was observed that despite no direct reading intervention, the
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dyslexic group showed significant improvements in language and reading after only 6 weeks of
this combined auditory processing and language training. The finding that reading decoding
scores, which are directly correlated with phonemic awareness skills, improved from one
standard deviation below the mean before training to within normal limits after training was
particularly intriguing. (20)
Several studies using auditory processing interventions in language- and reading-impaired
children have shown improvements in a variety of cognitive domains, most notably reading, after
treatment aimed at increasing auditory processing speed and speech-sound discrimination, which
is consistent with the findings of our current study.(21-24)
Contrastingly, Strehlow et al. reported that the capacity to improve phonological awareness after
training for auditory processing impairment did not translate to reading performance.(25)
The study had several limitations such as the lack of a control group which would have added
a better insight about the effect of training on literacy, and follow up to determine the long term
effects and maintenance of results.
Conclusions
Auditory processing skill training has positive effects on phonological awareness and reading
achievement and is an accepted form of therapy for dyslexic children.
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