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ABSTRACT

Purpose: Mathematics is a complex subject that includes language, quantity, and space. Students
Article info: :  with dyscalculia have difficulty in learning and memorizing numbers, they cannot remember the
Received: 05 May 2022 :  basic facts related to numbers, and they are slow and inaccurate in calculating. This research aims
Accepted: 17 May 2022 :  to investigate yoga therapy as a supplement in the management of students with dyscalculia in
Available Online: 01 Apr 2023 Tabriz city, Iran.

Methods: This study is a randomized clinical trial;. a total of 30 male students were initially
allocated to either a yoga group (YG, n=15), who underwent a 8-week yoga exercise program,
or to a control group (CG, n=15), who did not receive any intervention. The data collection
tools are: Visual perception questionnaire, visual and auditory processing questionnaire, spatial
visualization questionnaire) and learning disability questionnaire. We performed ANCOVA for
data analysis using in level significance 5% by SPSS software, version 25.

:  Results: The results of ANCOVA showed between-group differences for visual processing
Keywords: : (F(L 18)=l9.01, P=0.01), visual perception, and spatial visualization (F . _=30.132, P=0.001),
. and spatial visualization (F _=5202.86, P=0.001).

(1,18)

Yoga therapy, Learning : (1.18)
disability, Spatial ¢ Conclusion: It can be concluded that yoga therapy can reduce the amount of math learning
visualization :  disorder in students with dyscalculia.
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Highlights

* The research design was a randomized clinical trial.
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* The results showed that yoga exercise plays a significant role in increasing the visual processing, the visual perception

and spatial visualization, and spatial visualization.

Plain Language Summary

This research aims to investigate the effectiveness of yoga training on visual processing, visual perception and spatial
visualization, and spatial visualization. The research design was quasi-experimental, pre-test and post-test with a
control group using a convenience selected method. The result showed that yoga training increased visual processing,
visual perception and spatial visualization, and spatial visualization in students.

1. Introduction

ccording to the fifth diagnostic statistical

manual of mental disorders of the Ameri-

can Psychiatric Association (APA) [1],

learning disorder is classified as a neuro-

development learning disorder. Students

suffering from this disorder have prob-
lems in understanding numbers, understanding numeri-
cal facts, calculation, and problem-solving. The progress
of these students in mathematics is significantly lower
than expected according to their age, and these problems
are not caused by intellectual, neurological, sensory (vi-
sual, auditory), or movement disorders. The prevalence
of learning disorders has been determined to be 5%-15%
of school students [1]. The prevalence of dyscalculia is
estimated between 5% and 15% [2]. Mathematics is a
complex subject that includes language, quantity, and
space. In most studies conducted to improve math skills,
it is suggested to help improve basic number learning,
such as counting and calculating, but achieving low lev-
els of math skills also requires very complex abilities [3].
Students with dyscalculia have difficulty in learning and
memorizing numbers, they cannot remember the basic
facts related to numbers, and they are slow and inac-
curate in the calculation [4, 5]. Students with learning
disorders may experience emotions that interfere with
learning; these emotions can occur for several reasons,
including failure to face problems, feeling behind aca-
demically compared to peers, anger, and doubting one’s
abilities when there is little academic progress, and
also anxiety from focusing on one’s learning problems
when little importance is given to them. Therefore, if
a therapeutic supplement, such as yoga is used in the
management program of these students, it may reduce
the amount of dyscalculia [6]. Yoga is a movement prac-
tice that fosters mindful awareness. It originates from a

traditional Eastern school of philosophical thought that
aims to promote self-realization and transcendence [7].
Recently, in Western cultures, yoga is a holistic practice
for health and wellness that typically combines physical
movement (asana) with breathing exercises (pranayama)
and relaxation, in a form known as hatha yoga [8]. Body-
based or movement-based mindfulness approaches,
such as yoga, often focus on developing bodily aware-
ness before moving on to the awareness of thoughts and
feelings, assuming that cognitions are more difficult to
access [9]. Therefore, yoga may be a more accessible
form of mindfulness practice than sitting exercises and
meditation [10, 11]. In parallel, yoga has demonstrated
emerging evidence as a management for anxiety [6] and
depression [12, 13]. Exercise training, such as balance
can strengthen concentration due to its relaxing proper-
ties [14]. The philosophy of yoga is to fill the human be-
ing with endless energy and vitality. With the limitations
we create in our minds, we build walls in the path of
these energies, causing illness and disorder in the body
and mind. Yoga is a way to reach these inner treasures
and increases self-confidence. For this reason, in the new
era, this sport can be one of the vital ways to strengthen
executive functions, including strengthening concentra-
tion and attention. The evidence shows that physical fit-
ness increases attention and concentration and reduces
the amount of distraction [15]. Koutsandreou et al. [16]
in their research showed that training in motor control
improves children’s working memory. Arslani et al.
[5] in a study showed that motor skills training has im-
proved working memory, attention, and control of motor
skills in students with math learning disorders. Van der
Fels et al. [15] showed that cognitive motor control train-
ing increases executive functions, including attention,
and concentration. Schmidt et al. [17] showed that yoga
training improves attention and concentration. Rasouli et
al. [18] concluded that motor control training was effec-
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tive in the amount of selective attention of students with
attention-deficit/hyperactivity disorder. According to the
conducted studies, the current research was conducted
to answer the question of whether yoga therapy is effec-
tive as a supplement in the management of dyscalculia in
students with disorders.

This study is a randomized clinical trial. The statistical
population included high school teenagers with math learn-
ing disabilities in Tabriz City in 2021. The sampling method
was a convenience selected method, a sample of 30 people
was selected and then 15 participants were placed in the
experimental group and 15 participants were placed in the
control group. The experimental group underwent interven-
tion (yoga training), but no intervention was performed in
the control group. Informed consent was obtained from the
participant’s parents. The inclusion criteria included high
school students, learning disability, obtaining a high score
on the disability scale, and willingness to participate in the
study. The exclusion criteria included unwillingness to par-
ticipate in the study, and absence of more than two sessions
of the educational program. Evaluation times were done
after the sessions. Due to the limited time to conduct the
research, the evaluation was performed only once by the
researcher after the end of the sessions. Yoga training was
conducted by a yoga instructor with a master’s degree in
physical education

Measurement
Visual perception questionnaire

Sight intervenes in all fields of child development as a
coordinating and unifying sense and plays a significant
role in understanding other senses. Gardner developed
the TVPS-R in 1982 and revised it in the United States
in 1996. This series includes seven subtests of visual rec-
ognition, visual memory, visual-spatial relations, visual
shape stability, visual sequence memory, visual recogni-
tion of shape from the visual context, and visual comple-
tion. Cronbach’s a coefficient for validity and reliability
is 0.71 [19].

Visual and auditory processing questionnaire:

This test was prepared by Beck et al. [20]. In the pres-
ent study, the Persian form of this test prepared by Had-
ianfard et al. [21] was used. The Persian form, which is
executed through the computer, has 150 Persian num-
bers as stimuli. Of these, 30 stimuli (20 percent) are tar-
get stimuli. The interval between the presentation of two
stimuli is 500 ms and the presentation time of each stim-
ulus is 150 ms. The retest is in the range of 0.59 to 0.93.
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Spatial visualization questionnaire:

The spatial visualization or spatial perception test
was prepared in 1930, along with a series of mechani-
cal aptitude tests, at the University of Minnesota, USA.
The exam consists of two forms, AA and BB. In this
research, the AA form revised in 1934 was used. The
whole test has 64 questions and each question is pre-
sented as multiple options. Its applications are measur-
ing the ability to draw geometric images, predicting
success in mechanical jobs, and predicting success in art
and vocational schools, and Cronbach’s o coefficients
(0.69-0.83) for the overall scale and the factors of the
questionnaire show that this instrument has an accept-
able internal consistency.

Learning disability questionnaire:

The Colorado learning difficulties questionnaire by
Willcutt et al. [22] was used that five basic factors of
reading, math, social cognition, social anxiety, and spa-
tial functions cause learning difficulties. This question-
naire contains 20 items that are completed by parents
or teachers. The correlation of the Colorado learning
questionnaire with reading subscales is 0.81, social cog-
nition, 0.78, social anxiety 0.76, spatial problems 0.76,
and mathematical 0.60. In this study, the mathematical
component was investigated.

Yoga program

The yoga therapy program was provided under the
training of a senior yoga teacher and yoga therapist.
This included weekly group sessions and a personal-
ized home workout. The program was introduced to the
yoga therapy framework [8] and consensus-based rec-
ommendations for yoga interventions targeting anxiety
and depression [23]. The group sessions were 60 min-
utes each and were held weekly for eight weeks with a
maximum of 10 participants in each group. They incor-
porated relaxation, breathing, gentle physical postures,
and movements from standing, lying, or sitting positions
suitable for all experience levels and using modifica-
tions as needed (a description of postures and breath-
ing techniques is mentioned in Table 1). A personalized
home practice was created for each participant by a yoga
teacher. Routines typically lasted 15 to 30 minutes and
included simple movement and breathing techniques,
considering each participant’s current health and any
physical injuries. Participants were advised to complete
their home exercises at least three days per week and to
detail their adherence in weekly exercise reports.
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Table 1. Yoga postures and pranayama used during group classes

Postures Week 1 Week 2 Week 3 Week 4 Week 5 Week 6 Week 7 Week 8

Savasana (corpse pose)
Ardho Mukha Svanasana (downward facing dog)
Cakravakasana (sunbird)
Tadasana (standing balance)

Urdhva Prasrta Padasana (lying leg raise)
Uttanasana (standing forward bend)
Ardha Uttanasana (standing half forward bend)
Virabhdrasana 1 (warrior)
Virabhdrasana 2 (warrior twist)
Apanasana (lying knees to chest)
Dvipadapitham (bridge)

Trikonasana Parsva (standing triangle)
Parsva Uttanasana (lateral forward bend)
Jathara Paravrtti (modified lying twist)
Supta Baddha Konasana (lying butterfly)
Janursirsasana (asymmetrical seated forward bend)
Jathara Paravrtti Parsva (lying asymmetrical twist)
Sukhasana (crossed legs seated)
Sukhasana (plus twist) (crossed legs seated twist)
Vajrasana (lightning bolt/diamond)
Bhujanghasana (Cobra)

Utkatasana (squat)

Dandasana (stick pose)

Prasrita Pada Uttanasana (wide leg forward bend)
Ardha Matsyendrasana (D) (lateral seated twist)
Viparita Karani (lying supported inversion)
Utthita Parsva Konasana (standing lateral angle)
Pranayama techniques
Palming (hands to eyes)

Recaka Pranayama (long exhalation focus)
Ujjayi (ocean breath)

Karanyasam (finger movement linked to breath)

Anuloma Ujjayi (inhale-ujjayi, exhale-alternate . .
nostril)

PHYSICAL TREATMENTS
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Table 2. Mean+SD of the studied variables

April 2023. Volume 13. Number 2

MeanSD
Variables Groups

Pre-test Post-test

Control 611.60 6.01+1.81

Visual perception

Examination 5.6£1.40 6.87+2.06

Control 3.27£1.90 3.30+0.97

Visual and auditory processing

Examination 3.40+1.40 4.02+1.19

Control 3.00+1.06 2.93+1.48

Spatial visualization

Examination 3.30+0.97 3.67+1.03

Data analysis

Research data were analyzed at two levels of descrip-
tive and inferential statistics. First, the data were de-
scribed using descriptive statistical methods, such as
frequency calculation, Mean+SD. To observe the nor-
mality of the normal distribution of scores in the popu-
lation, the Shapirvillek test was used, and also to deter-
mine the homogeneity or equality of variances, Levin
test, and regression slope homogeneity were used as
well as analysis of covariance (ANCOVA) was used to
test hypotheses using SPSS software, version 25 at the
significance level of 5%.

3. Results

The results of Table 2 show that the studied variables
have increased after the intervention compared to pre-
test and control.

Examining the research hypotheses indicates the nor-
mality of the data (P>0.05) and the homogeneity of the
variance matrix for the post-test conditions of the depen-

Table 3. The results of ANCOVA of the studied variables

PHYSICAL TREATMENTS

dent variables as well as the homogeneity of the error
variance (P>0.05). The results of Table 3 show that there
is a significant difference in the mean of perception, vi-
sual and auditory processing, and spatial visualization
in the experimental and control groups in the post-test
phase (P<0.001). Therefore, yoga movements have been
effective in perception, visual and auditory processing,
and spatial visualization, and the amount of this effect
was 0.71, 0.76, and 0.69, respectively.

4. Discussion

The results showed that yoga as a therapeutic supplement
is significant in reducing the number of math disorders
among adolescents by increasing the level of cognition at
the probability level of 1%. These results are consistent
with the research results of Mousavi-Sadati and Jirsarai-
Bazargard [24], Parajuli et al. [25]. Mousavi-Sadati and
Jirsarai-Bazargard [24] in the study of the effect of super
brain yoga on increasing intelligence, visual-spatial per-
ception and academic progress and static balance of chil-
dren with down syndrome concluded that yoga practice

Sum of

Mean of

Variables Source df F Sig Eta Squared
Squares Squares
Visual perception Group 2049.173 1 2049.173
Visual and auditory 19.009 0.001 0.71
processing Error 1832.645 18 107.803
ot Group 198.623 1 198.623
pauatvisuatization 30122 0.001 0.76
Visual perception
Error 112.099 18 6.594
Visual and audit Group 5202.860 1 5202.860
suatand auditory 31.711 0.001 0.69
processing
Error 2789.236 18 164.073
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increased fluid intelligence, visual-spatial perception and
academic progress of students. In explaining these results,
yoga, which is a type of physical activity, increases mental
health, improves mental functions, and regulates emotions
by energizing the brain to stimulate the production of o
brain waves [25]. In a study that investigated the effect
of squat yoga with hands in a special position (a form of
yoga exercise), it was concluded that this type of exercise
can improve people’s selective attention and mental state
[26-28]. In a study, Jois and D’Souza [29] investigated the
effects of super brain yoga on improving the academic and
behavioral performance of 1945 students, and found that
performing super brain yoga exercises for three months
significantly increased students’ self-confidence, memory,
and concentration in the exam. By affecting the amygdala
of the brain, this technique improved logic (reasoning),
learning, and improvement in students’ negative emo-
tional responses. By affecting the amygdala of the brain,
this technique can improve logic (reasoning), and learn-
ing, and improve students’ negative emotional responses.
Also, the results showed that yoga as a therapeutic supple-
ment is effective in reducing the amount of math disorders
in adolescents with math disorder by increasing visual and
auditory processing at a probability level of 1%. This re-
sult is consistent with the results of Dehghani et al. [30],
Van der Fels et al. [15]. In explaining this result, practicing
yoga causes interactions and connections in the mind that
bring children to a correct understanding of themselves
and their environment. These movements from rich sen-
sory and movement experiences, auditory, visual musical
stimuli and the emergence of a sequence of stimuli, and re-
sponses, create conditions and situations for children that,
in addition to the mental, cognitive, perceptual, and move-
ment questions, create grounds for the growth and suc-
cessful learning of educational skills in the future, such as
reading, writing, and arithmetic. [31]. Also, in the explana-
tion of these results, sports training, such as balance can
strengthen concentration due to its relaxing feature [32].
The philosophy of yoga is to fill the human being with
endless energy and vitality. With the limitations we create
in our minds, we build walls in the path of these energies
and cause illness and disorder in the body and mind. Yoga
is a way to reach these inner treasures and increases self-
confidence. For this reason, in the new era, this sport can
be one of the vital ways to strengthen executive functions,
including strengthening concentration and attention. Evi-
dence shows that physical fitness increases attention and
concentration and reduces the amount of distraction [15].
Also, the results showed that yoga as a therapeutic supple-
ment is effective in reducing the amount of math disorders
in teenagers with math disorder by increasing spatial vi-
sualization at the probability level of 1%. The results are

PHYSICAL TREATMENTS

consistent with the results of Pradhan [33], and Sinha et
al. [34]. In yoga exercises, due to the increase in the activ-
ity of the frontal lobe of the brain and the decrease in the
activity of the parietal lobe, attention and spatial aware-
ness increase, and due to the increase in the perception of
proprioception in the brain or the ability to perceive the
body, the balance of people who have posture disorders
is improved [35]. Also, yoga training plays a crucial role
in self-management, and people who undergo yoga train-
ing gain a higher ability to manage themselves in the face
of problems and challenges [36]. In this regard, Caviola
et al. [37] state that students who have a good working
memory are more successful in completing assignments
and retrieving course information, and this feature helps
them solve mathematical problems. In other words, yoga
exercises at any age leave a lasting role and effect for the
next ages. In the explanation of this finding, we can men-
tion the role of yoga exercises on the brain. Yoga, with the
peace it brings and the connection it establishes with the
deeper layers of the brain, brings a feeling of inner satis-
faction and deep happiness because with regular practice
and constant yoga movements, concentration is strength-
ened and the necessary changes are made in the brain to
achieve the goal. Yoga exercises lead to increased blood
flow in the brain, increased concentration, and improved
breathing rhythm, all of which are effective for increasing
memory skills and learning math.

5. Conclusion

The present study showed that yoga exercises have
positive effects on increasing visual processing, visual
perception, and spatial visualization. Therefore, regular
yoga exercises are effective in reducing dyscalculia.

Limitations and suggestions

Several limitations have caused problems in decision-
making for the present research and have affected the
presentation of the results, including the statistical pop-
ulation of the present research is limited to the popula-
tion of male students in the first year of high school,
internal studies are limited to comparison, and the
present study is related to Tabriz City and it should be
conducted in other geographical areas as well. There-
fore, we suggest that in future research, this research
should be conducted on a wide range of people and in
other communities to increase the generalizability of
the findings. According to the obtained results, psy-
chologists, counselors, and school administrators are
suggested to use sports interventions, including yoga
training, to improve and increase the academic perfor-
mance of students of different grades.
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