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the future. Therefore, this study aimed to compare sensory processing skills and perceived
motor competence between three groups of students with specific learning disabilities (reading
and writing disorders, math disorders, and combination disorders).

Materials and Methods: The present study was a cross-sectional descriptive-analytical study.
The participants were 48 children (16 in each group, aged 8-12 years). They were selected
from Chaharmahal and Bakhtiari Province, Iran, by the simple convenience sampling method.
The participants’ sensory processing was measured with sensory profile 2 and their perceived
motor competency with Marsh perceived motor competence questionnaire.

Results: The results showed a significant difference between the three groups in the sensory
sensitivity, low registration sensory patterns and processing of tactile, and body position
senses (P <0.05). However, no significant differences were observed between groups in other
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1. Introduction

ccording to the Diagnostic and Statisti-

cal Manual, the Fifth Edition, the specific

learning disorder (SLD) is diagnosed

when the students perform poorly on stan-

dardized tests for reading, writing, and
math relative to their age, education, and 1Q [1]. These
students often have deficits in information regulation,
visual and auditory perception, memory, and attention,
which leads to problems in talking, writing, reading, ad-
dition, and subtraction, as well as social, emotional, and
motor issues [2, 3]. SLD also leads to disappointment,
low self-esteem, and dropout [4, 5]. According to stud-
ies conducted globally among children, the prevalence
of learning disorders is between 5.3% and 6% [6], and
based on the Silver and Hagin study is 8.2% in male and
4.3% in female students [7]. It is also 10%-20% between
Iranian students based on Jalil Abkenar (2013) study
[8]. In recent years, the prevalence of this disorder in
students has increased by about 38% [9] and seems to
involve several other factors. Children with SLD may
suffer from various cognitive and motor disabilities. But
these defects are different in various dimensions, and one
group of SLD children may suffer more from one defect
(for example, movement) and the other from another
defect (for example, sensory processing). Therefore, it
is imperative to pay attention to the different groups of
SLD and its associated problems in children because
each problem needs specific solutions.

Learning disorders have three essential groups: reading
disorder, math disorder, and written expression disorder
[6]. According to the American Psychiatric Association,
dyslexia is diagnosed when a student, despite his or her
high cognitive ability and effective classroom experi-
ence, has difficulty in recognizing words correctly or
fluently, deciphering and spelling out. Dyscalculia oc-
curs when a student’s numerical information processing,
learning and performing calculations, and mathematical
reasoning are deficient. Finally, in dysgraphia, a person
has difficulty with correct spelling, grammar, marking,
and organizing written expression [1]. In many people
with writing learning disabilities, several abnormal brain
processing functions are involved in auditory language
processing, especially written processing and rapid read-
ing [10, 11], and therefore reading and writing disorders
are commonly seen together.

Some studies suggest that sensory processing may af-
fect SLD, and this problem is seen in different groups of
disorders [12-14]. The findings also show that perceived
motor competence is low in these people. Perception
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and reaction of the individual in the environment depend
on sensory processing and received sensory inputs [15].
According to recent research in Neuropsychology and
Neuroscience, learning disorder is associated with high
and low sensory processing [16]. Sensory processing is
a neural process consisting of three stages: recording,
regulation, and internal organization of sensory inputs.
These activities occur in all organisms and are necessary
for effective learning, comprehension, and function [17].
Based on sensory profile 2, sensory processing includes
the sensory systems (auditory, visual, touch, movement,
body position, and oral sensory processing), sensory
processing patterns (sensory seeking, sensory avoidance,
sensory registration, and sensory sensitivity), and the be-
havioral part (conduct, social-emotional and attentional
responses associated with sensory processing) [18].

If a defect occurs in one or more sensory systems, it has
an adverse effect on developmental, behavioral, emo-
tional, motor, and cognitive abilities, which is known as
sensory processing disorder [19]. This disorder is divid-
ed into three groups: sensory modulation disorder (sen-
sory over-responsivity, sensory under-responsivity, and
sensory seeking), sensory-based motor disorder (postur-
al dysfunction and dyspraxia), and sensory discrimina-
tion disorder [20]. Children with learning disorders have
weak ability to receive and integrate information from
different senses than normal children. It can be due to
two reasons: the inability to transfer information from
one pathway to another perceptual pathway and the in-
ability to integrate two perceptual pathways [21]. These
children show extreme responses to sensory stimuli and
process information differently than normal individuals
[22]. These severe responses in school lead to sensitivity
to sound, congratulation, physical contact, pictures, and
words in books, which is an essential factor in worsening
their learning difficulties [23].

Different types of sensory processing disorders are seen
among the three groups of SLD. As shown by Basharp-
our’s (2012) study, based on sensory profile question-
naire 1, the components of tactile sensitivity, sensory
seeking, auditory information filtering, auditory-visual
sensitivity, and the overall score of sensory processing
vary between groups [24]. Therefore, it seems that the
sensory processing disorder in different groups of learn-
ing disorders has different effects on a person’s life. Rec-
ognizing these differences will help therapists identify
the category with the most problems and take action to
help the SLD children.
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Defects in integration and sensory processing are
important factors in motor problems of SLD children
[25]. Based on studies, motor skills defects affect so-
cial skills, adjustment and adaptive skills, physical en-
durance, communicational delay, and development of
language [26]. According to Delacato [2], Kephart [27],
and Barsch [28], one of the main reasons for slow learn-
ing is weak motor competency. Also, in 2006, the In-
ternational Committee of Learning Disorder recognized
defect and delay in motor competence as one of the es-
sential factors in learning disorder assessment [29]. In
these students, proper connections between perception
and movement are not formed during critical periods of
development; thus, the child does not know how to com-
municate between the limbs and their locomotor sys-
tems [2, 30]. It means that the person has low perceived
motor competence, which refers to one’s self-perception
in the face of motor tasks and is directly related to one’s
self-confidence [31]. High perceived motor competence
leads to a positive self-concept in the individual [32].
Students with learning disorders are often characterized
by low adaptability and negative self-concept. They
often suffer from anxiety and lack of self-confidence.
They blame themselves for repeated failures due to low
perceived motor competence [5, 33]. However, the sta-
tus of perceived motor competence is not evident among
the three groups of SLD.

Based on previous studies and theoretical foundations,
the three groups of SLD children have low sensory pro-
cessing and motor competence. However, previous stud-
ies have examined the problems of these three groups to
compare sensory processing in these students. However,
not all components of sensory processing have been ex-
amined, and it is neither clear what kind of deficiency
is most prevalent in each group nor is there any infor-
mation about the perceived motor competence of these
students. Therefore, in this study, we want to compare
the three groups of SLD by considering all components
of sensory processing and perceived motor competence.
Therefore, by conducting this study, it is possible to pre-
dict which group has more problems, and then the thera-
pists can work in a more specialized way.

2. Materials and Methods

The present research is a descriptive, comparative,
cross-sectional study. The research was approved by
Shahid Beheshti University of Medical Sciences, and
the ethical code (IR. SBMU.RETECH.1399.894) was
obtained from the Ethics Committee of this university,
and then informed consent was taken from the students’
parents.
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Study subjects

The study population consisted of 48 students with
SLD that are selected by the simple convenience sam-
pling method. Then, they were divided into 3 groups of
“reading and writing disorders (dictation),” “math dis-
order,” and “composition disorder.” They were referred
to the Learning Disorder Centers of Exceptional Educa-
tion in Chaharmahal and Bakhtiari Province, Iran, in the
academic year 2020-2021. Then, the diagnostic test of
Wechsler intelligence test of exceptional education or-
ganization or Stanford-Binet intelligence test was per-
formed on them. Considering the type I error of 5%, the
type II error of 20% (test power 80%), and the size ef-
fect of 0.48, the sample size was determined using PASS
software v. 11.

The inclusion criteria were as follows: aged 8-12
years, diagnosis of a learning disorder in the form of
reading and writing disorder (dictation), math disorder
and composition disorder based on assessment and stu-
dent educational file, lack of any other disorders such as
attention deficit hyperactivity disorder and developmen-
tal coordination disorder based on student health record
at school, and lack of any vision and hearing problems
based on student health record at school.

Study questionnaires
Sensory profile 2 (children form)

This questionnaire is a standardized tool for measuring
children’s sensory processing abilities at home and com-
munity, which was designed and developed by Dunn in
2014. It can be used for the age range of 3-14 years [34].
The questionnaire is scored on a 5-point Likert scale (al-
most always, often, sometimes, rarely, seldom) and has
different sections (sensory seeking, sensory sensitivity,
sensory avoidance, sensory registration, auditory pro-
cessing, visual processing, touch processing, movement
processing, body position processing, oral processing,
conduct, social-emotional and attentional responses
associated with sensory processing). The tool has five
cut-off points that include “much less than others,” “less
than others,” “similar to others,” “more than others,” and
“much more than others.” The scores are calculated for
each section separately, each with its points [34]. Shah-
bazi prepared the Persian version of this questionnaire
in 2021, and the alpha coefficient for different parts of
this test was in the range of 0.67-0.91, and the intra-class
correlation coefficient was in the range of 0.72-0.95, in-
dicating very good stability of scores in the first and sec-
ond positions [35].

99 ¢C
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Marsh perceived motor competence questionnaire

Marsh prepared this questionnaire in 1992 to measure
the self-perception of girls aged 8-12 years [36]. Bahram
and Shafizadeh evaluated its reliability in Iran in 2004
[37], which was 0.73. Also, the content validity ratio and
content validity index of the items were calculated to be
> 87% and > 75%, respectively. This questionnaire has
9 questions, with scores from 1 to 5, with 1 indicating
the lowest perceived motor competence and 5 indicating
the highest. Its total score ranges between 9 and 45. The
tool measures children’s and adolescents’ perceived mo-
tor competence [37].

Data analysis

Raw data were extracted for statistical operations.
First, the normality of data distribution was demonstrat-
ed using the Kolmogorov-Smirnov test. Then, an analy-
sis of covariance (ANCOVA) was used to compare the
three groups after eliminating the differences and adjust-
ing the confounding effect of the age variable. In the next
step, the Tukey method was used to compare different
variables between groups in pairs.

3. Results

The Kolmogorov-Smirnov test showed that the data
have a normal distribution (P> 0.05). The mean and stan-
dard deviation of the age of the three groups of reading
and writing (dictation), mathematics, and composition
are presented in Table 1.
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According to the ANOVA test results, there was a sig-
nificant difference between the three groups regarding
age (P=0.000, F=12.178). Therefore, ANCOVA was
used to eliminate these differences and adjust for the
confounding effect of age.

In this study, we considered sensory processing, senso-
ry systems, and patterns of sensory and behavioral parts.
The sensory systems include auditory, visual, touch,
movement, body position, and oral processing. Sensory
patterns included sensory seeking, sensory avoiding,
sensory sensitivity, and sensory registration and the be-
havioral part included conduct, social-emotional and at-
tentional responses associated with sensory processing.
Based on the results of the ANCOVA test in the sensory
part, there was a significant difference between the three
groups in touch processing (P=0.002, F=7.288) and body
position processing (P=0.010, F=5.147). But the differ-
ences in auditory processing (P=0.113, F=2.291), visual
processing (P=0.190, F=1.725), movement process-
ing (P=0.596, F=0.523), and oral processing (P=0.084,
F=2.623) were not significant.

Also, in terms of sensory patterns, there was a sig-
nificant difference between the three groups in sensory
sensitivity (P=0.012, F=4.889) and sensory registration
(P=0.003, F=6.757). But no significant differences were
observed in sensory seeking (P=0.293, F=1.260) and
sensory avoidance (P=0.056, F=3.079). In the behavior-
al part, none of the variables including conduct respons-
es related to sensory processing (P=0.241, F=1.469),
social-emotional responses related to sensory process-
ing (P=0.105, F=2.370) and attention responses related

Comparison of variables with significant differences between groups
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Table 1. Mean+SD of subjects’ age (y) in all groups

Journal of

Modern Rehabilitation

Learning Disorder Group Mean1SD
Reading and writing (dictation) 8.20+0.566
Mathematic 9.81+1.109
Composition 9.50+1.155

to sensory processing (P=0.073, F=2.781) showed no
significant differences between the three groups. Also,
no significant difference was observed between the three

groups in the perceived motor competence variable
(P=0.921, F=0.082).

Table 2 presents the results of the Tukey test for the
variables whose differences were significant. As is evi-
dent in the variables of touch processing (P=0.001) and
body position processing (P=0.008), the differences are
significant between the two groups of mathematics and
reading and writing (dictation).

Also, in terms of sensory processing patterns, the
sensory sensitivity (P=0.010) and sensory registration
(P=0.002) variables are significantly different between
the two groups of mathematics and reading and writing
(dictation) (Figure 1).

JMR

According to Figure 1, in the sensory systems, process-
ing the two senses of body position and touch, and in
the patterns of sensory processing, the two patterns of
sensory sensitivity and low sensory registration are seen
more in the mathematical group and less in the reading
and writing group (dictation).

4. Discussion

This study aimed to compare sensory processing and
perceived motor competence among three groups of stu-
dents with SLD (reading and writing, math, and compo-
sition).

The results of the present study showed that in sensory
systems, the two senses of touch and body position pro-
cessing, and in the sensory patterns processing, sensory
registration and sensory sensitivity are significantly dif-
ferent between the three groups of reading and writing

Table 2. Tukey test results for comparison between the three groups

Dependent Variable Disorder 1

Disorder 2 MD SE Sig.

Reading and writing (dictation)

disorder 12.438  3.283 0.001
Mathematics Disorder
Touch processing Composition disorder 7.563 3.283 0.066
Reading and writing(dictation) Composition disorder 4875 3283 0308
disorder
Reading anji\;vor;ggf (dictation) 3138 2611 0008
Mathematics Disorder
Body position processing Composition disorder 2.563 2.611 0.592
iy a”g.w”t'“g(d'“atm") Composition disorder 5625 2611  0.090
isorder
Reading anﬂi\;\g;ng (dictation) 16.875 5475 0.010
Mathematic Disorder
Sensory sensitivity Composition disorder 5.938 5.475 0.529
Reading a”‘;.‘””t'”g (dictation) Composition disorder 10938 5475 0.124
isorder
Reading antcjﬁ\;vor;zgf (dictation) 19 5261 0.002
Mathematic Disorder
Sensory registration Composition disorder 12.625 5.261 0.053
Reading and writing {dictation) Composition disorder 6375 5261 0453
disorder
Abbreviations: MD, median; Sig., significance. JVIR
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(dictation), mathematics, and composition. These vari-
ables were seen more in the group of mathematical dis-
order than in the group of composition disorder and in
the group of composition disorder were more than in
the group of reading and writing (dictation) disorder. Of
course, the differences between mathematics and read-
ing and writing (dictation) groups are significant, and the
variances among composition and other groups are not.
Also, in the behavioral part of sensory processing and
perceived motor competence, no significant difference
was observed between the three groups.

So far, few studies have compared cognitive, physical,
and psychological variables between different types of
learning disorders. However, such studies focus their
interventions on the specific problem in each disorder
and may result in faster and more valuable results. In this
regard, Basharpour et al. (2012) compared sensory pro-
cessing between the three groups of reading and writing
disorders, mathematics, and composition. They reported
a significant difference between the three groups con-
sistent with the present study. However, in their study,
touch sensitivity was higher in the reading and writing
disorder group and lower in the mathematical group than
in the other two groups. Auditory information filter and
visual/auditory sensitivity were also significantly lower
in the reading and writing disorder group than in the
mathematic disorder group. However, in our study, the
processing of touch and body position senses and the
pattern of sensory registration were less in the reading
and writing (dictation) group and more in the mathemati-
cal group than in the other two groups. These differences
can be attributed to cultural differences in the study pop-
ulations or measurement tools [24].

The tactile system plays a vital role in physical, mental,
and emotional behaviors, and tactile processing is neces-
sary not only for visual differentiation, motor planning,
and body awareness but also for academic learning,
emotional security, and social skills [38]. Process discre-
tion and low response in the sense of touch cause the per-
son to experience low body awareness and are unaware
of the touch until the tactile stimulation is severe. This
condition causes physical harm to self, other people, and
animals without realizing it [38]. Body position process-
ing also requires a proprioceptive sense, which its func-
tion is to increase the body’s awareness of motor control
and motor planning. This sense helps us trust our bodies
and feel safe and comfortable [38]. Improper proprio-
ceptive processing causes a person to have difficulty in
touch, balance, body and mouth movements, and to rely
on objects and people or deal with them constantly due to
incoherence. It also has dyspraxia and is more attached to
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familiar tasks, and avoids new challenges [38]. Somato-
sensory systems, especially tactile and proprioception,
help perform movements, and interaction of the tactile
system with movement affects movement control [39].

Since writing is a mechanical act, measuring the motor
system predicts dictation ability [40] and two proprio-
ception and vestibular senses are necessary for optimal
movement. Also, the writing skill needs visual percep-
tion, memory, visual-motor coordination, body position
sense, proper physical strength, and eye-hand integration
[41]. It is noteworthy that reading learning has a strong
relationship with writing ability [42]. The reading per-
formance also requires visual attention and visual pro-
cessing, and teaching visual perception skills improves
the reading performance of dyslexic students [43, 44]. It
can now be said that the set of skills of visual perception,
perception of body position, necessary strength, and skill
of hand and eye-hand integration requires the integra-
tion of senses, including touch, visual, proprioception,
and vestibular. Because of the defects in these senses, in
the group with reading and writing (dictation) disorders,
the decrease in touch processing and body position was
more than in the other two groups with disorders.

Since the composition group has a set of reading and
writing (dictation) and mathematic disorders, there are
more problems than the group with a mathematic dis-
order in terms of situational responses, muscles tone
adjustment, eye movements, crossing the midline of the
body, coordination, and discrimination of the two sides
of the body, growth and movement coordination and
considering that the set of these capabilities requires the
integration of the three underlying senses of vestibular,
proprioception, and tactile [45]. So, predictably, the pro-
cessing of touch and body position in the mathematical
disorder group is more than in the composition group,
but the difference is not significant.

Low sensory registration in people with reading and
writing (dictation) disorders compared to the other two
groups can be attributed to the high sensory threshold
and inactivity of the person’s response, which is asso-
ciated with a slow response that requires more time to
respond [46]. In fact, with a decrease in sensory registra-
tion, the level of arousal is much more fluctuating than
normal and has severe oscillations toward over-responsi-
bility or under-responsibility [47]. Because of this prob-
lem, a student with reading and writing (dictation) disor-
der often seems inattentive in the classroom and needs
intense stimulus to become aware of the environment,
such as the teacher’s loud noise or hitting the desk and
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blackboard or teacher’s touch that causes consciousness
along with increasing anxiety [48].

Students with a combination of two or three learning
disorders have poor memory and attention ability [49],
and given that low sensory registration along with high
sensory threshold and lack of attention to stimulus, the
composition group that has a set of mathematic, reading,
and writing (dictation) disorders, shows a lower rate of
sensory registration than the group with mathematic dis-
orders. However, the difference is not remarkable.

Sensory sensitivity was another different processing
pattern between the three groups, which was observed
more in the mathematic disorder group and less in the
reading and writing disorder group. According to Dunn’s
4-factor model, people with a mathematics disorder have
a low sensory threshold that makes them more vulnera-
ble to stimuli and causes them to react more and become
more aroused. Therefore, these people tend to pay atten-
tion to any environmental stimuli in the classroom and
lose their focus with the least amount of stimuli. These
results are interpreted so that in these students, with in-
creasing sensory sensitivity, emotional self-regulation
is faced with difficulty and lack of response inhibition
leads to anxiety and depression [50].

It is noteworthy that math disorder is associated with
selective attention [51]. People with this disorder have
fundamental problems in cases such as verbal problem
solving, recognizing obvious information in problems,
using self-regulatory and monitoring strategies, and
maintaining attention until the end of the task [52]. Se-
lective attention refers to two aspects, focusing on one
source of information and ignoring others [53]. It should
be noted that high sensory sensitivity causes distraction
because the sensory threshold is low, and any stimulus,
even with low intensity, draws attention and reduces the
focus ability. That is why the composition group with a
set of math, reading, and writing disorders, experiences
a higher degree of sensory sensitivity than the group with
reading and writing (dictation) disorder; of course, it is
not considerable.

The lack of differences in variables such as auditory,
visual, movement, and oral processing and sensory seek-
ing and avoidance patterns between the three groups
indicates that sensory processing problems are similar
in some factors in all three groups, and programs and
interventions should be considered due to the differenc-
es raised in the above for all three groups. On the other
hand, perceived motor competence was another variable
considered in this study, and the results showed no dif-
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ference between the three groups. According to studies
[54], learning disorder is associated with low motor com-
petence, and based on the study results, which did not
show a significant difference between the three groups of
disorders, perceived motor competence is a major prob-
lem in people with a learning disorder that needs special
attention in all groups. Motor competence, whether real
or perceived, is related to cognitive, psychological, and
physical factors, and according to Stoden (2008) [55]
and Harter’s (1996) [56] models, motor competence by
promoting one’s self-esteem leads to activity continuing
that is helpful for health, avoiding obesity and isolation,
and most importantly for a better understanding of the
situation and perception of movement. It can be said that
improving motor competence helps a person perceive
the situation and perform the right movement, which re-
quires proper sensory processing. In this regard, motor
competence and sensory processing are related, and per-
haps trying to improve motor competence will improve
sensory processing in these people, because the correct
image of a person of ability and competence, puts the
person in the right position to make decisions, focus, re-
ceive the right sense and attention and finally the appro-
priate sensory processing, which is suitable for problem
solving of people with learning disorder.

Therefore, it is better to use a set of sensory integration
interventions in the group with reading and writing (dic-
tation) disorder to improve touch processing and body
position and increase sensory registration to reduce their
learning difficulties.

In general, among children with SLD, there is a de-
crease in tactile processing and body position and a low
sensory registration pattern in the group with reading
and writing (dictation) disorders, which strongly affects
the performance of these people. Also, often a high rate
of stimuli, especially tactile and proprioception stimuli,
are needed in the form of sensory integration interven-
tions to achieve good physical and motor control and
better learning. In addition to specific sensorimotor in-
terventions to promote the specific problems of each dis-
order, combined interventions to promote other factors,
especially perceived motor competence, help reduce the
problems of children with a learning disorder.

The strength of this study is comparing sensory pro-
cessing and perceived motor competence between the
three groups of SLD. As a result, motor or other inter-
ventions require particular expertise for each disorder,
and even different groups of a disorder in various items
require special interventions to reinforce a particular
problem. One of the limitations of this study was that
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the instrument used to measure sensory processing was
sent to parents. Therefore, participants may have dif-
ficulty understanding the questions, but by constantly
calling and explaining each item, the researchers tried to
solve this problem. Due to the epidemic situation and the
prevalence of COVID-19 disease, access to the samples
was difficult. Therefore, it was impossible to match the
groups regarding gender, age, demographic variables,
socioeconomic classes, and parent-related variables. We
also tried to eliminate the differences between the groups
by using appropriate statistical tests. Finally, because the
specific sample was selected from Chaharmahal and
Bakhtiari Province, and there may be specific cultural
differences, the generalization of the results to other geo-
graphical areas should be made with caution.

Other limitations that should be considered in future
studies are the type of learning disorder. The absence of
other disorders was determined based on the informa-
tion in the educational file, but it is better to use specific
tests in future studies to diagnose these cases. The study
should be performed in the broader population and lon-
gitudinally for several years to achieve better and more
accurate results. Given that students often show reading
and writing (dictation) disorders together and individu-
als with separate writing (dictation) disorders did not
reach the quorum for research, it is suggested that the
sensory processing of students with writing (dictation)
disorders be measured separately. It is also suggested to
study and compare the sensory processing abilities of the
two groups of girls and boys in other sections as well
as in the population of students with visual and hearing
impairments.

In general, the results of this study show that learning
disorders in different items have various problems in
sensory processing, which requires particular interven-
tions for each disorder. Also, considering that there is
no significant difference between the groups in motor
competence, it needs to be reinforced in all groups of
learning disorders, and this issue is related to motor in-
terventions. Because motor competence shows the most
variability with motor interventions, and motor compe-
tence is related to various cognitive, physical, and psy-
chological factors, other problems may be solved with
motor interventions. However, this result comes from
the heart of this fundamental study, which must be con-
firmed by experimental research.
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