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ABSTRACT

IS Auditory processing disorder (APD) tests, based on the deviation of results from standard
benchmarks, can distinguish children suspected of having APD. Some of these tests directly relate to
the ability to discriminate sound pitch, while others may be indirectly affected. Accordingly, this study
investigates the impact of pitch discrimination-based rehabilitation on diagnostic indices of APD tests.
In this study, we selected 19 children suspected of APD who were identified based
on tests of pitch pattern, dichotic digits, and monaural selective auditory attention as the intervention
group. These children received pitch discrimination-based training, for about three months, two to three
sessions a week, each session up to 1 h. After completing the rehabilitation phases, diagnostic tests were
administered again. We also selected 26 children with similar diagnostic criteria for APD as the control
group. No intervention was applied to this group, and after a comparable period to the intervention
group, diagnostic tests were re-administered. The results before and after the interventions were com-
pared within the intervention group and with the 26 children in the control group.

[{EETE The rehabilitation showed significant improvements in the pitch pattern and monaural selec-
tive auditory attention tests. In the monaural selective auditory attention test, significant improvements
were observed in both ears (P=0.001). In the pitch pattern test, effective improvements were also ob-
served for both ears (P=0.001). The effects were such that nearly 37% of children suspected of APD,
based on the diagnostic criteria used in the study, no longer met the criteria for this disorder. Hence,
if the same tests are re-administered to them, these children will be diagnosed as having no auditory
processing disorder.

[T Discrimination-based rehabilitation impacts the results of APD tests. Accordingly, some chil-
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Introduction

ccording to the definition of the American

Speech-Language-Hearing ~ Association

(ASHA), auditory processing disorder

(APD) is a heterogamous problem result-

ing from different auditory processing def-

icits, such as hearing discrimination, audi-
tory pattern recognition, temporal aspects of sounds, and
hearing ability in the presence of competing acoustic
signals [1]. It leads to various symptoms and complaints
in affected populations [2]. In their report on several
deficits in extracting auditory messages and other prob-
lems, Chalfant and Scheffelin (1969) referred to disor-
ders in perceiving the suprasegmental features of speech
and musical aspects of sounds, like pitch, rhythm, and
melody [3]. Children with APD are unable to perceive
pitches and simulate tunes or detect structural deviation
of tunes despite their normal auditory thresholds [4].

Pitch is the perceptual manifestation of sound fre-
quencies and is defined as a perceptual signal that can
classify sounds on a bottom-up scale [5]. However, de-
spite their normal hearing, children with APD cannot
perceive pitches, simulate tunes, or detect the structural
deviations of tunes [4]. Findings have confirmed the
poor pitch perceptions of children with APD. Neverthe-
less, employing efficient approaches to enhancing pitch
discrimination and perception ability has been fruitful
in various functional domains of these children [6]. Mi-
cheyl et al. [7] showed that pitch discrimination-based
training positively impacted speech perception in the
presence of background noises and significantly im-
proved samples’ tone detection in the presence of noise.

Pitch discrimination-based rehabilitative approaches
have yielded positive outcomes, even in the presence of
noise, in many cases, for example, by using hearing aids
or cochlear implants [6, 7]. Hence, pitch discrimination
improvement in children with APD, especially in cases
with pitch discrimination deficits, may strengthen chil-
dren’s perceptions of verbal subsets in the presence of
noise and pitch patterns. An assessment of these abilities
is one aspect of APD diagnostic signs. Can pitch dis-
crimination improvement change the diagnostic results
of APD tests? At present, there are the two following test
sets to evaluate and diagnose APD in children [8]: The
screening test for auditory processing disorder and the
multiple auditory processing assessment (MAPA).

Archives of

Rehabilitation

The purposes of these test sets are the early discovery and
detection of APD in children for timely interventions [9].

In an attempt to prepare a valid behavioral test, Domitz
and Schow presented a set of APD tests for school-age
children, i.e. MAPA, which included five subsets in
three auditory processing domains [9] as follows: Tem-
poral, monaural, and binaural.

Pitch pattern sequence (PPS) and tap tests are in the
temporal domain, and the monaural selective auditory
attention test (nSAAT) examines monaural processing.
Also, the dichotic digit test (DDT) and competing sen-
tence tests are used for dichotic assessments.

Following different investigations, ASHA (2005)
showed that a single test with three standard deviations
or two tests with two standard deviations below the
mean were suitable for APD diagnosis [1]. However, we
will act based on the guidelines of the American Acad-
emy of Audiology (AAA) in 2010, suggesting two or
more standard deviations below the mean, minimally
for one ear, in two different central behavioral tests for
APD diagnosis [10]. During the diagnostic process, we
administered a subtest of every auditory processing do-
main, selected the needed samples, and entered them
into the study by considering ASHA guidelines (2010)
and benefiting from a valid questionnaire.

Although numerous auditory processing tests have
been designed and formulated, the monaural selective
auditory attention, pitch pattern, and dichotic digit tests
have manifested a sensitivity of 90% and specificity of
100% for APD diagnosis [8].

Accordingly, by compiling a rehabilitative program
based on pitch discrimination in APD-suspected chil-
dren with pitch discrimination deficits according to
MAPA guidelines and DDT, mSAAT, and pitch pattern
test (PPT), we examine the effect of this rehabilitative
process on the diagnostic indices of these tests.

Materials and Methods

This study was designed in the Audiology Department
of the University of Social Welfare and Rehabilitation
Sciences and approved by the secretary of the univer-
sity/regional research Ethics Committee and performed
from 2018 to 2020 on students of Shiraz City, Iran, in
collaboration with the Fars Province Department of
Education. The entire process was explained to the par-
ents before any intervention, and written consent was
obtained from them.

LotfiY, et al. Effects of Pitch Discrimination-based Rehabilitation on Children With APD. RJ. 2024; 25(2):312-335.
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Study participants

All children were selected from primary school stu-
dents in Shiraz City, Iran. As there was no norm for
pitch discrimination in children of the same age, a pilot
study was conducted to obtain the range of pitch dis-
crimination in children with normal hearing based on
previous research under the supervision of a statistical
consultant. Accordingly, 38 male and 37 female partici-
pants at a mean age of 10.59+1.42 years were selected
for this study. All children were within the normal range
regarding hearing and APD assessments. The norm data
of pitch discrimination were obtained through this as-
sessment, which was considered a criterion for children
with APD to enter rehabilitation sessions.

In the trial phase, 19 children at a mean age of
9.87+0.820 years participated in the experimental group.
Of'these participants, 7 were female (37%) and 12(63%)
were male. The control group consisted of 26 children
at a mean age of 9.58+0.705 years, including 15 males
(58%) and 11(42%) females.

Auditory processing disorder assessments
Indicators

The inclusion criteria for all children in the study in-
cluded the following items: Pure tone and speech per-
ception thresholds in audiometric evaluations of 15 dB
or less at frequencies between 250 and 8000 Hz in both
ears and a speech discrimination (perception) score of at
least 92% for both ears; normal function of the middle
ear (tympanogram type A); intelligence score of 85 or
higher in the Persian version of the Leiter test; Persian
monolingual children with Persian monolingual parents;
right-hand dominant; no history of academic music edu-
cation; no history of attention deficit hyperactivity dis-
order, epilepsy, behavioral and developmental disorders,
as well as no history of any medical intervention and
central nervous system problems.

Special indicators were considered for children sus-
pected of auditory processing disorders encompass. In
addition to pure tone thresholds and speech comprehen-
sion in audiometric assessments, with a level of 15 dB
or lower within the frequency range of 250 to 8000 Hz
and a speech discrimination score of at least 92% for
both ears, children with auditory processing disorders
typically encounter challenges in understanding amidst
noise; conversely, deficient speech discrimination in
quiet conditions may indicate neurological damage [10]
in addition to the aforementioned criteria and the follow-
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ing items: Weakness of at least two standard deviations
for at least one ear in a minimum of two subsets of tests
from the multiple assessment set of auditory processing
[9] and the pitch discrimination threshold of at least two
standard deviations higher than the norm values, with a
significance level of P>0.95, for all four notes evaluated
in the research.

Before the study, normal data for the PPS test were ob-
tained from 139 children aged 8 to 12 years (76 females
and 63 males). The criteria of mSAAT, DDT, and speech
in noise tests were also the data obtained from the studies
conducted on the Persian versions of these tests [11-13].

Monaural selective auditory attention test (mSAAT)

mSAAT has been selected from the monaural diagnos-
tic tests of MAPA. Monaural selective auditory atten-
tion is a monaural low-redundancy test used to measure
selective attention skills in children. A child with poor
performance in this test can be expected to experience
difficulties in discriminating speech in the presence of
noise or open background voices.

This test comprises two 25-word lists presented by a
similar speaker in the presence of a competing story at
a signal-to-noise Ratio of 0 dB [14]. The Persian ver-
sion of this test with a content validity index of 0.88 is
suitably valid for assessing selective attention auditory
skills. The test was performed at the 50 dB HL level sep-
arately for every ear based on the presented guidelines in
the main reference. Speech discrimination tests are per-
formed in the presence of noise or background sounds
to probe auditory closure processing and are specifically
sensitive to deficits in the brain stem with the auditory
cortex [15]. This test is scored based on the child’s cor-
rect responses to a 25-item list.

Dichotic digit test

Such test sets target binaural integration processing
and are sensitive to deficiencies in the brain stem, ce-
rebral cortex, and corpus callosum [15]. Musiek (1983)
examined this test, during which two monosyllabic digit
pairs (one to ten in English, except seven) are presented
to both ears simultaneously [16]. Two digits are pre-
sented to every ear, and ordinal numbers are heard by
two ears at the same time, and the person should repeat
all four digits within 5 s after their presentation. This
method of assessment was first introduced by Broadbent
in 1954 [17]. Digits are presented with a pressure of 50
dB above the sensation level, and the interval between
each digit pair is 0.5 s.

Lotfi Y, et al. Effects of Pitch Discrimination-based Rehabilitation on Children With APD. RJ. 2024; 25(2):312-335.
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Figure 1. Plan of presented stimuli and their timing

The Persian version of this test, presented in 2005,
is administered with Persian digits (1 to 10, except
for 4) [18]. This version was standardized in 2016 for
8-12-year-old children [12]. In this study, we presented
digits at the 50 dB sensation level regarding the speech
perception threshold, and the child should repeat all four
digits. The list included 80 digits, i.e. four per ear. We
estimated the total score of each ear by considering the
number of the stated correct numbers and assigning a
2.5% point per word.

Pitch pattern test

When discussing pitch discrimination-based reha-
bilitation, we should access a pitch performance back-
ground in auditory processing. Pitch as a tool examining
the auditory processing power has been privileged since
1977 [19]. It is a subset of temporal pattern tests of the
auditory processing system [20] and is specifically sen-
sitive to cortical lesions and inter-hemisphere relations
[15]. PPT is one of the most conventional auditory pro-
cessing tests [21] and includes three consecutive tones,
where the frequency of one is different from the other
two [22].

This test was designed for the examination of auditory
complications derived from brain lesions [23]. Chil-
dren’s PPT performance is strongly influenced by tim-
ing guidelines, the number of stimuli, and the response
type needed [24]. In addition, the perception of these
auditory patterns is impacted by the acoustic character-
istics of the stimulus, attention, working memory, and
experience [25]. The child version of this test includes
30 triad tones of either pitch (880 Hz or 1430 Hz).
The duration and the rising/falling time of every tone
presented at the 50 dB HL are 500 ms and 10 ms. The
interval between two consecutive tones is 300 ms, and
the interval between two series of consecutive stimuli is
10 s [26]. In the adult version, which targets ages above
10, two 880 Hz and 1122 Hz frequencies are employed.
The duration and rising/falling time of every tone is 200
ms and 10 ms. The intervals between two tones and two
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series of stimuli are 150 ms and 6 s, respectively [27].
The presented pressure in our research was 50 dB HL,
almost equal to the 70 dB sound pressure level in these
frequencies [22]. Thirty triad series are presented to ev-
ery ear, and the child should explain their pitch patterns.
This test is scored based on the number of correctly-
articulated series.

Pitch discrimination evaluation

The participants were given two notes, starting 1.2 s
apart, to assess the pitch discrimination. The presenta-
tion time of each stimulus was 500+£50 ms (Figure 1).
The sounds were recorded digitally at a sampling rate of
44.1 kHz and a quality of 320 kbps [28]. Sounds were
presented using the Beats Studio 2 headphones by Asus
Lab Top N43J.

A standby image (?) is displayed for one second before
the notes (F#3 and C3) are presented. The duration of
each note is 600 ms, which are presented at intervals of
600 ms. After the second note is presented, the child has
5000 ms to respond. The correct response is shown to
the child only in the process of rehabilitation.

The piano is the most common musical instrument. Its
tones are most frequently used as stimulates in frequen-
cy modulation evaluations to the extent that some of the
researchers use the “absolute piano” phrase instead of
“absolute pitch” [29]. In this study, we also utilized this
instrument for pitch discrimination purposes. We also
began our rehabilitation with the piano.

Stimulus intensity was adjusted to the sound pressure
level of 67-68dB. The provided sounds were in biphasic
and simultaneous mode. At the same time as presenting
the first note, a red circle with the number 1 inserted in
the middle was shown to the children, and at the same
time as presenting the second note, a blue square with
the number 2 inserted in the middle was shown to them.
They were taught to identify the higher note after hear-
ing the second sound. Following the presentation of two

LotfiY, et al. Effects of Pitch Discrimination-based Rehabilitation on Children With APD. RJ. 2024; 25(2):312-335.
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Figure 2. Flowchart of determining pitch discrimination threshold in children for the four notes used in the study

notes, the child had 5 s to respond. In case of receiving
no response, the respective couple would be removed
from the statistical calculations. They could select the
desired note by referring to the color, shape, number, or
order of the notes. Pairs were presented randomly, and
evaluations started from an octave distance. Similar re-
search suggests that the rate of pitch discrimination in
individuals without any musical training is less than one
octave (Figure 2) [30].

The minimum distance threshold is based on semi-
tone, the level at which children can answer two sets of
ten (out of three sets) correctly at a rate of at least %80
(P=0.05). This criterion is not available by diminishing
the distance of one semitone.

Thresholds were rated for four notes as follows: [F#3]
at 185 Hz, [C4] at 262 Hz, [E4] at 330 Hz, and [G4] at
391 Hz. These sets of notes were designed digitally with
a uniform temporal envelope based on the middle note
of piano C (262 Hz), and the octave surrounding middle
C is the most common octave among the prototypical

frequency ranges for Western musical instruments and
sung voice [31].

Rehabilitation process

A semitone below the threshold was used for thresh-
olds below one octave to perform rehabilitation. An oc-
tave below the threshold was used for cases above one
octave, and thus rehabilitation began.

First, as in the evaluation stage, two notes were sent
in a row. After the presentation, the correct answer was
determined and shown to the children. This process was
repeated up to ten times, and then the next step, i.e. the
evaluation of the effect of training, was started.

The impact of the rehabilitation process was examined
in the end. In cases of not obtaining 80% of the pitch dis-
crimination, the rehabilitation process was repeated for
the same pair of notes, and assessments were performed
again. If the assessment were successful, the distance
was diminished by one semitone for those below one
octave and by one octave for those above one octave.

Lotfi Y, et al. Effects of Pitch Discrimination-based Rehabilitation on Children With APD. RJ. 2024; 25(2):312-335.
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Table 1. Comparing the experimental and control groups in their pre- and post-rehabilitation pitch pattern test results

MeanSD
Variable Group P np2
Before After
Test 54.42+9.10 87.60+8.38
Right ear <0.001 0.839
Control 54.09+7.27 57.31+7.27
Pitch pattern sequence
Test 51.76+6.61 84.40+8.38
Left ear <0.001 0.852
Control 53.33+7.27 55.50+6.03

*Covariance test.

Then, the process was repeated. Rehabilitation sessions
lasted 40 min to a maximum of 50 min.

To evaluate the effect of sound Timbre on the discrimi-
nation ability, based on the classification of instruments
[28, 32] and according to the difficulty of the pitch dis-
crimination of the device [32, 33], the rehabilitation
steps were continued using guitar, violin, flute, and key-
board.

Altogether, one 40- to 50-min session for each note
of each musical instrument was held, and a total of 20
rehabilitation sessions were held continuously two to a
maximum of three sessions per week. These sessions
lasted up to three months for each child.

Post-rehabilitation evaluations

The pre-rehabilitation assessments were repeated after
the end of the rehabilitation period. After at least another
month, these assessments were repeated. The children
in the control group were thoroughly re-evaluated three
months after the first evaluations.

Statistical methods

The figures represent percentages computed for every
test on each ear. The covariance test was used to esti-
mate the pre- and post-rehabilitation outcomes statisti-
cally. The Mann-Whitney test was used to compare the
results of the pitch discrimination rate after rehabilita-
tion in children with APD and normal values. All analy-
ses were run in the SPSS software, version 22.

Results

This study was conducted on 45 children with APD,
including 7 females and 12 males with a mean age of
9.87+0.820 years in the experimental group and 11
females and 15 males with a mean age of 9.58+0.705
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years in the control group. The Shapiro-Wilk test
showed that the age distribution of control (P=0.716)
and test (P=0.987) groups had a normal distribution. The
Leven test showed that the age data had equal variance
(P=0.938). The independent t-test also showed that the
mean age of the two groups did not differ significantly
(P=0.158). The chi-square test showed that the ratio of
male to female participants was not statistically different
(P=0.712).

The pitch discrimination data were compared between
the experimental group and normal data using the Mann-
Whitney U test. Post-rehabilitation evaluation data
showed a significant improvement in the rate of pitch
discrimination in the experimental group compared to
normal values (P<0.001) (Figure 3).

The right-side indicators on the chart (Figure 3) depict
the pitch discrimination values obtained for the four
notes evaluated in the normative study (75 children).
The left-side indicators represent the average pitch dis-
crimination in the children of the test group after the in-
tervention (19 children).

Improvements in children’s pitch discrimination ca-
pacity made their PPT outperformance (Table 1) more
expected, which was realized based on estimations.

However, another aspect of the assessment included
the mSAAT test, i.e. discriminating verbal concepts in
the presence of a background speech. mSAAT is a type
of speech perception test administered in the presence of
background noise. The assessment indicated significant
improvement in speech discrimination in the presence
of background noise after the effective process of pitch
discrimination-based rehabilitation (Table 2).

The last test of this series was DDT, which is subsumed
under binaural tests and requires the child to process ev-

LotfiY, et al. Effects of Pitch Discrimination-based Rehabilitation on Children With APD. RJ. 2024; 25(2):312-335.
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Figure 3. Mean values of pitch discrimination based on the subsequent step after rehabilitation in the test group, in addition to the

norm values acquired from the pitch evaluation group

ery ear’s stimulant separately and retrieve the different
speeches of two ears. The statistical analysis of the re-
sults before and after the pitch discrimination-based re-
habilitation illustrated no statistical improvement in this
test set (Table 3).

Discussion

The effects of pitch discrimination-based rehabilita-
tion on pitch pattern test results

In a systematic study, Apfelstadt (1984) examined the
effects of melodic perception training on pitch discrimi-
nation and discovered no signs of pitch discrimination
improvement in samples. However, the training led to
explicit and significant improvement in pitch pattern
singing [34]. Table 1 demonstrates that the intervention
and rehabilitative process has positively and directly
influenced PPT outcomes in children with APD. The
children’s ears were positively impacted by the rehabili-
tation and showed significant improvements (P<0.001).
The PPT scores of all intervened children fell into or
above the estimated normal range (Figure 4). Hence,
the first achievement of the pitch discrimination-based
intervention was eliminating one of the APD indices in

these children. Accordingly, many of these children did
not manifest an index of APD in any of their ears after
pitch discrimination-based rehabilitation.

The effect of pitch discrimination-based rehabilitation
on the monaural selective auditory attention test out-
comes

According to Table 2, the discrimination percentage
of mSAAT has significantly improved after the reha-
bilitation (P<0.001). As previously mentioned, this test
comprises 25-word lists expressed by the speaker in the
presence of a competing story in the signal-to-noise ra-
tio of 0 dB [14]. The presence of a similar speaker as
a background and confounding noise and the target
speech can engender a dual challenge for speech dis-
crimination in the presence of background noise: First,
similar to other tests, the child should discriminate the
target speech from the background speech, and, second,
both speeches are presented by a single speaker with a
base sound pattern.

One of the theories that rationalize the enhancement in
musicians’ speech comprehension amid noise is percep-
tual anchoring [35]. Perceptual anchoring denotes inter-

Lotfi Y, et al. Effects of Pitch Discrimination-based Rehabilitation on Children With APD. RJ. 2024; 25(2):312-335.
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Table 2. Comparing the experimental and control groups in their pre and post-rehabilitation mSAAT results

Mean+SD
Variable Group P n?
Before After
Test 70.95+9.10 88.63+5.21
Right ear <0.001 0.669
Control 69.08+8.36 74.4616.80
mMSAAT
Test 70.53+8.35 89.05+6.23
Left ear <0.001 0.668
Control 71.85+7.11 75.54+6.23
Archives of
*Covariance test. Rehabilitation

mSAAT: Monaural selective auditory attention test.

nal and consistent capabilities that develop in response
to repetitive stimuli. For example, in tasks involving fre-
quency discrimination, maintaining an unaltered refer-
ence tone yields superior thresholds in comparison to a
continuously changing reference tone [36]. An argument
advocating the advantage of perceptual anchoring posits
that a stable reference tone contributes to the cultivation
of heightened perceptual stability, facilitating the detec-
tion of the test tone and consequently refining perceptual
discrimination [37]. The ability to establish perceptual
anchoring in the speaker’s speech, augmenting pitch dis-
crimination, is deemed pivotal for ameliorating the un-
derstanding of the target signal amidst background noise
[38]. After the amelioration in pitch discrimination re-
sulting from rehabilitation in children, this phenomenon
can streamline the tracking of a stable and specific target
sound amid background noise, leading to an augmenta-
tion in their speech comprehension scores.

Sares (2017) investigated the relationships of pitch
processing and time with tonal stimuli and speech and
specifically referred to the link between attention and
pitch and temporal discrimination capacities. This re-
search argued that musicianship could not be directly

associated with attention by itself; rather, music-tied
training could impact direct and indirect attention posi-
tively [39]. Thus, we conclude that pitch discrimination
training can raise and improve the child’s attention and
concentration in the auditory process. This attentional
improvement can pave the way for speech perception in
mSSAT in the presence of noise. As a result of this inter-
vention, the right-ear mSAAT results of almost 37% of
children with deficits more than two standard deviations
from normal values did not fall into this range, and the
left-ear results of about 78% of similar cases were also
not in the described deficiency range.

Hence, the rehabilitative benefits and pitch discrimina-
tion improvements can influence mSAAT results and in-
crease its score due to the raised attention derived from
pitch discrimination rehabilitation (Figure 4).

The effect of pitch discrimination-based rehabilitation
on dichotic digit test results

Following two effective outcomes of the pitch dis-
crimination-based rehabilitation in the PPT and mSAAT
tests, we found no impact of this intervention on the

Table 3. Comparing the experimental and control groups in their pre- and post-rehabilitation dichotic digit test results

Mean+SD
Variable Group P n?
Before After
Test 62.37+£13.86 66.50+9.23
Right ear 0.643 0.002
Control 64.42+11.56 68.65+10.52
Dichotic digits
Test 48.03+16.89 57.87+12.59
Left ear 0.293 0.083
Control 53.08+14.89 59.52+12.92

*Covariance test.
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Figure 4. Comparing the results of the PPT, mSAAT, and DDT before and after the intervention in the left and right ears for the

control and test groups

DDT results (Table 3). Accordingly, the pitch discrim-
ination-based rehabilitation brought about significant

improvement in the DDT outcomes neither for the right
(P=0.643) nor for the left ear (P=0.239).

The justification for this finding is the separate pro-
cessing paths of these two sets, i.e. pitch discrimination
and DDT tests follow two different processing paths in
the auditory system. As previously mentioned, DDT is
sensitive to deficiencies in the brain stem, cerebral cor-
tex, and corpus callosum, while PPT is sensitive to corti-
cal lesions and inter-hemisphere relations [15]. Thus, the
pitch discrimination path is separate from the dichotic
digit processing path, and expecting that pitch discrimi-
nation improvements can directly influence individuals’
retrieval of dichotic digits is not supported and rationally
accepted (Figure 4).

Pitch discrimination-based rehabilitation and diag-
nostic auditory processing disorder indices

The comparison of the post-rehabilitation data showed
that 7 intervened children (three girls and four boys)
were no longer classified into the group of children sus-

pected of APD. None of the seven children manifested a
drop of two standard deviations, minimally for one ear,
in two administered tests after the pitch discrimination-
based rehabilitation. Perhaps, the claim of APD removal
in these children is unimaginable; yet, the least achieve-
ment of this rehabilitation is that the diagnostic criterion
for the presence of APD based on MAPA tests cannot be
imagined for about 37%, i.e. over one-third, according
to the guidelines of the ASHA (2010) [9]. This means
that if these children are assessed by DDT, mSAAT,
and PPT tests with a confirmed sensitivity of 90% and
specificity of 100% for APD diagnosis [9], they are not
classified as APD children according to AAA guidelines
if their indices are two standard deviations below the
mean, minimally for one ear, in two tests.

Conclusion

Pitch discrimination-based rehabilitation differently
impacts MAPA subtests. However, the outcomes re-
vealed salient improvements in some of these tests. The
effect of this intervention was to the extent that over one-

Lotfi Y, et al. Effects of Pitch Discrimination-based Rehabilitation on Children With APD. RJ. 2024; 25(2):312-335.
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third of the children suspected of APD were no longer
classified into the APD group based on the employed
criteria in this research.
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18. Content-Validity Index (CVI)
19. Auditory Closure
20. Corpus Callosum
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22, Working Memory

23, Hearing Level

24, Rising and Falling Time
25. Sound Pressure Level
26. Co - Variance
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29, Perceptual Anchoring
30. Musisianship
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28. Melodic Perception
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