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Abstract

Objective: We aimed to analyse the auditory processing skills of children with developmental dyspraxia
(DD) and verify the potential relationships between DD and central auditory processing disorder.
Methods: 40 children between the ages of 6-8 years, 20 children diagnosed with DD and 20 children
with normal development, were included in the study. After the demographic information forms for
children were filled out, all participants were given a hearing test. To evaluate the auditory processing
skills, filtered words(FW), auditory figured ground (AFG), competing words (CW), and competing
sentence (CS) tests, which are the sub-steps of the SCAN-C test, were applied. Results: The Scan-C
test FW, AFG, CW, CS tests were applied to the groups separately and dichotically for the right and
left ears. The number of correct answers was higher in the normally developing control group. A
statistically significant difference was found between the FW Right; FW Left; CW Right; CW Left
and CS Right; CS Left groups (p<0.05).

Conclusion: A delay experienced at the stages of transmission, processing, and perception of the
incoming stimuli may lead to functional problems such as attention, learning, and motor and psychosocial
effects. To prevent problems to be encountered in the later periods of life, early diagnosis should be
made through appropriate tests, and early intervention is necessary to eliminate problems and prevent
developmental delays. A multidisciplinary team interaction can be useful for an integrated treatment plan.
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INTRODUCTION

Central auditory processing is a function of
the central auditory nervous system. It enables
the perception and interpretation of audible
sounds, and it is responsible for skills such as'?
sound localization and lateralization, auditory
discrimination, auditory pattern recognition,
temporal aspects of audition (distribution,
masking, integration, ordering), and the ability
to identify or recognize degraded or competing
acoustic targets.'® Auditory processing skills
are important for memory, learning, attention,
long-term phonological representation, and other
neurocognitive processes at a higher level.*
Auditory processing occurs along the temporo-
parieto-occipital junction area (the area involving
the Wernicke area in humans) as well as the
superior temporal gyrus (STG) and superior
temporal sulcus (STS). In addition, it occurs in
the prefrontal and orbital regions of the brain as
well as the temporal pole (anterior temporal lobe) .’

The presence of deterioration in auditory
processing skills despite normal hearing and
intelligence levels is described as central auditory
processing disorder (CAPD). CAPD is a deficiency
in the neural processing of auditory stimuli.’ Its
symptoms include difficulty in listening and not
being able to track dialogues by focusing attention
on the speaker, ignoring the speaker due to their
engagement in other activities, sensitivity to sound
or noise, and difficulty in understanding complex
instructions. In addition to these comorbidities,
it may lead to problems in attention, linguistic
development, learning skills, being organized,
and time management.'?

Developmental coordination disorder (DCD)
is a neurodevelopmental disorder that is not
associated with a cognitive impairment, cannot
be explained by an identifiable physical or
neurological disorder, and is characterized
by difficulties in the execution, timing, and
coordination of motor actions.® Recognizing
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the DSM-5 criteria, the definition of DCD is
supported by terms such as “Clumsy Child
Syndrome” and “Developmental Dyspraxia”.’
Developmental dyspraxia (DD) is characterized
by motor learning disorders and negatively affects
activities required for daily living. In general, other
neurodevelopmental and psychiatric disorders
such as specific learning disorders, linguistic
disorders, attention-deficit hyperactivity disorder
(ADHD), and autism spectrum disorder (ASD)
accompany the diagnosis.® In an functional
magnetic resonance imaging study, cerebellum
dysfunction or cerebellar-parietal and low activity
in the cerebellar-prefrontal region junctures
was found to be the cause of DD.? In another
study, the DD group displayed low activity in
the cerebellar-parietal and cerebellar-prefrontal
networks and brain regions associated with visual-
spatial learning.'?

Temporal aspects of hearing are important in
the perception and processing of auditory stimuli
and planning and producing behaviours. Sensory
temporal ability is a prerequisite for controlling
motor coordination.!! Studies have demonstrated
the relationship between auditory processing
difficulties and inadequate motor coordination,
and it has been argued that the underlying cause
of auditory processing, sensory function disorder,
and motor coordination problems is neural
mechanism problems'? and that timing in auditory
processing occurs through interactions between
nervous circuits that involve auditory and motor
systems."?

In line with this information, we believe that
auditory processing timing deficiencies can also
be the essential features of DD. To elucidate this
relationship, we aimed to analyse the auditory
processing skills of children with DD and verify
the potential relationships between DD and CAPD.

METHODS

The study was evaluated to be suitable in terms
of medical ethics by the Ankara Yildirim Beyazit
University Non-Interventional Clinical Research
Ethics Committee with decision number 10-486.
The children included in the study and their parents
were informed about the purpose and scope of the
study, and written consent forms were obtained
from the children and their parents. The study
was conducted in accordance with the principles
of the Declaration of Helsinki.

Farticipants

Among the children aged 6-9 years who were
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referred to special child and adolescent psychiatry
clinics because of various suspicions by their
families, 20 children (9 girls, 11 boys) who had
no diagnosis and who were found to be developing
normally after examination by the specialist
doctor and 20 children (8 girls, 12 boys) who
were diagnosed with DCD according to DSM-5
criteria after examination were included in the
study. Children were included if they had no
diagnosed hearing loss, no concomitant chronic
illness or additional neurological disability, and
cooperated during testing. Hearing screening and
SCAN-C testing were performed on children
randomly selected by the audiologist at the clinics
they visited.

Based on preliminary data, a G¥Power analysis
was performed, yielding 95% power, a 0.05 error
margin, and an effect size of 1.088. The required
sample size for the study was determined to be
40. Consequently, 20 children diagnosed with
DCD were included in the study group, while
20 children with typical development formed the
control group.

Study protocol

After the demographic information forms for
children were filled out, all participants were
given a hearing test. To evaluate the auditory
processing skills, filtered words, auditory figured
ground, competing words, and competing sentence
tests, which are the sub-steps of the SCAN-C
test, were applied.

Auditory screening

In the school-age hearing screening protocol,
applied in our country, children who hear at
20 dB HL at test frequencies of 500—1000-2000—
4000 Hz in both ears are considered a “Passed”.'

Scan-C

In 1974, Jack Willeford published the SCAN-3
auditory processing test battery for diagnosis. The
batter was revised in the process and split in two as
SCAN-A"® and SCAN-C.' The SCAN-C battery
evaluates children’s auditory processing skills in
the areas of temporal processing, listening in noise,
dichotic listening, and listening to filtered stimuli
(listening to degraded speech) (Keith, 2000). In
the present study, the SCAN-C Turkish Language
Version was used."”

The SCAN-C screening scale consists of
four subtests, including filtered words, auditory
figured ground, competing words, and competing



sentences. In each subtest, the instructions are
given through the recording. Before the test,
children prepare for the test by doing two sample
exercises. Test stimuli were presented at the best
hearing level through supaural headphones in the
best listening conditions.'®

Filtered words (FW): This test evaluates the
child’s ability to understand one-syllable words
as speech stimuli degraded with a low-pass filter
at 1000 Hz.'®

Auditory figure-ground (AFG): This test evaluates
the child’s ability to understand the speech in the
presence of background noise(babble noise) at
+8 dB S/N rate.'

Competing words (CW): This test measures
the child’s ability to understand simultaneous
speech stimuli presented to the left and right
ear (presented as one-syllable word pairs) Both
words are recorded at equal volumes in stereo.
The maximum deviation between word pairs is
+10ms. The child is asked to repeat both words in
the order of reciting. (binaural integration test).'®

Competing sentences (CS): This test is used to
evaluate the child’s ability to understand sentences
presented as irrelevant pairs to the right and left
ears. The sentences are presented simultaneously
at the same volume. The time difference between
the beginning and ending times of both sentences
is no more than + 10 ms. Sometimes, the child
is asked to repeat the sentence they hear through
one ear and ignore the sentence they hear through
the other ear. Sometimes, it can be applied as a
binaural separation test.'®

All subtest words and sentences were voiced
with a comprehensible and clear diction by a
male speaker. Before the presentation of the word
stimuli, “Say” and “The word you will say” were
used as carrier sentences. In the FW, AFG, and
CW subtests, a 4-second interval was given, and in
the CS subtest, a 5-second interval was provided
before moving on to a new stimulus. This interval
provides children between the ages of 5-11 years
with ample time for the response, considering the
attention span by keeping the test time short.'®

Statistical analysis

Statistical analysis was performed using SPSS
version 26.0 software (IBM Corp.; Armonk,
NY, USA). Sample size was determined using
G*Power version 3.1 software (with parameters:

correlation of interest pH1 = 0.5, o error rate =
0.05, power = 0.95). For descriptive statistics,
percentages were used for categorical variables.
Means + standard deviations were used for
descriptive statistics of variables. Histograms
and bell curves were used to assess whether
the data followed a normal distribution. When
comparing paired samples, the t-test was used to
compare normally distributed data. Student’s t-test
or Mann-Whitney U test was used to compare
two groups. A p-value of 0.05 was considered
statistically significant.

RESULTS

The study included 40 children with an average
age of 7.55+0.73 of these, 20 children diagnosed
with dyspraxia (8 girls, 12 boys) constituted the
study group, and 20 normally developing children
(9 girls, 11 boys) constituted the control group. In
our study, stronger and more original groups were
created by minimizing the factors that would affect
the evaluation results. Demographic information
of the children is shown in Table 1.

The Scan-C test FW, AFG, CW, CS tests were
applied to the groups separately and dichotically
for the right and left ears. The number of correct
answers was higher in the normally developing
control group. A statistically significant difference
was found between the FW Right; FW Left; CW
Right; CW Left and CS Right; CS Left groups
(p<0.05) (Table 2).

DISCUSSION

It has been stated in the literature that the
socioeconomic status of the family affects
exposure to the stimuli and leads to differences
in the results due to the effect of age on neuronal
maturation. Considering this information, the
groups were homogenously distributed in terms
of age, socioeconomic status, and gender.

The accurate processing of the senses arising
from the environment, or our bodies affects
all developmental areas. Any problem in the
neural transmission and cortical and subcortical
processing of the stimuli coming to the body may
lead to differences in the child’s behaviours.'®

When there is a problem in the processing
of the auditory stimuli at the upper centres
despite a healthy hearing system, problems
are experienced such as not understanding the
direction of the sound, tracking the speaker
and communicating, temporal organization
of incoming stimuli (analysing, masking,
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Table 1: Comparison of groups according to their demographic information
Study Group Control Group p
Age (vear) Mean+ SD 7.55+0.61 7.61x0.84
gely (Min-Max) (6-9) (6-9) 0,82
Female (n) 8 (%40) 9 (%45)
Gender Male (n) 12 (%60) 11 (%55) 0,825
socioeconomic High (n) 7(%35) 6 (%30)
status Medium (n) 7 (%35) 8 (%40) 0,732
Low (n) 6 (%30) 5 (%25)

integration, and sequencing), distinguishing the
background noise, understanding, and following.
Therefore, this situation experienced at an early
period negatively affects the child’s memory,
learning, attention, speech, and other higher-level
neurocognitive processes.

Even if there are no comorbid physical and
neurological problems in the developmental
coordination disorder, problems in motor skills,
coordination, and timing are experienced. This
situation negatively affects the child’s learning
and behaviours in social environments."

Temporal organization is one of the basic
requirements for cognitively processing and
interpreting the stimuli and transforming them
into perceptions. In studies conducted, it has been
demonstrated that CAPD and DD may result from
a similar neural mechanism at the cortical level.”?
However, in the literature review, no study was
encountered in which the auditory processing
skills of children with DD were evaluated. In line
with our objective to elucidate this relationship,
it was determined that there was a significant
difference between the auditory processing skills
of children with dyspraxia compared to the control
group with normal development. Particularly,

Tablo 2: Comparison of Scan-C between groups

simultaneous different stimuli were given to
both ears in dichotic tests such as CW and CS,
and a significant difference was observed in the
binaural integration skills. Binaural integration
evaluations provide information about the brain
stem, cortical lesions, and corpus callosum.!® They
specifically focus on temporal analysis skills.
Temporal analysis refers to the skill of noticing the
temporal difference between the acoustic stimuli
or the gap between auditory stimuli.”® Deficits
in temporal analysis can result in difficulties in
the listener’s recognizing fast-changing speech
sounds, distinguishing them, and interpreting the
auditory message.?' We think that as children with
DD experience problems in temporal analysis
at the brain stem level, they cannot learn motor
skills and experience behavioural problems.
Asinthe FW subtest which yielded a difference,
single-ear low-component speech tests evaluate
the skill of complementing the lost component
in diminishing signals. The tests in this category
cover the skill of complementing the missing
components in the stimuli heard.”> When this
skill does not develop, the child will experience
difficulties in understanding low or distorted
sounds and will not be able to interpret them.

95% confidence

interval
Study Group Control Group Min Max lower upper p
FW Right 3.33+0.84 4.61+1.33 2.00 8.00 -2.03 -0.52 0.02*
FW Left 2.50+0.85 4.22+1.80 1.00 7.00 -1.67 0.223 .034*
AFG Right 7.55+0.78 7.41x1.46 5.00 9.00 -0.68 0.91 778
AFG Sol 7.22x1.16 7.88+0.96 5.00 9.00 -1.37 0.038 .063
CW Right 1.77+1.16 2.61+1.62 .00 5.00 -0.78 1.12 0.03*
CW Left 1.16+0.78 3.95+2.26 .00 8.00 -2.03 0.25 012*
CS Right 1.44+0.85 2.48+1.08 .00 3.00 -0.21 1.16 .018*
CS Left 0.61x0.60 1.66+0.97 .00 3.00 -0.62 0.49 .038*

Independent t test, p<0.05, mean; Mann Whitney U test, min-max
FW, filtered words; AFG, auditory figure-ground; CW, competing words; CS. competing sentences
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After some time, problems in attention skills and
therefore in learning can be observed. We believe
that delays in learning activities among children
with DD are a harbinger of poor performance.

When activity performances are delayed due
to the delays in skills that need to be learned for
participation in life, advanced motor development
slows down.? The decrease in the level of
participation in life may affect the child’s internal
emotional experiences and have a negative impact
on self-confidence development. Considering
this, early diagnosis and intervention are of great
importance. We would like to emphasize that
delays in learning should be recognized at an early
period, and interventions to prevent the difficulties
to be experienced in activity performance levels
should be supported. Identifying the exact cause
of the existing delay in learning and adopting
a multidisciplinary approach by determining
the comorbid factors will facilitate process
management.

It is known that motor effects and coordination
difficulties of children and young individuals
with DD can expose them to various secondary
stress factors, which may lead to poor mental
health over time.”* In studies conducted, these
secondary effects were exemplified as peer
bullying, disrupted social skills, and decreased
social behaviors.”® We believe that situations such
as short attention span, inability to maintain a
conversation, and not understanding speeches in
acrowded environment in individuals with CAPD
trigger secondary effects observed in children with
DD.

Not to confuse them with neurodevelopmental
disorders (ADHD, autism) that show similar
findings and symptoms, children should be
evaluated in detail with a multidisciplinary
approach and personal intervention programs
should be prepared for children. Evaluating
auditory processing skills in children with DD is
also important in terms of identifying the source
of the difficulties experienced by children and
organizing personal intervention programs, as
well as improving their communication skills and
quality of life.

A limitation of the present study is that the
motor skills of children with DD were not
evaluated in detail. As CAPD was determined
in % 45 of the children with DD participating in
our study, language and speech skills of children
with DD can be evaluated in future studies.

In conclusion, child development occurs
through the holistic processing of stimuli from
both the environment and the individual’s

internal systems. Delays in the transmission,
processing, and perception of these stimuli can
lead to functional issues such as challenges in
attention, learning, motor skills, and psychosocial
development. At this point, early intervention
strategies are critically important for supporting
the child’s development. Examples of such
strategies include auditory rehabilitation, sensory
integration therapies, and play-based interventions
to enhance the child’s interaction with their
environment, as well as family education programs
to actively involve parents in the process. We
emphasize the importance of a multidisciplinary
team approach to adopting a holistic perspective
on child development.
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