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Background and Purpose: Dyslexia as a common developmental disorder in childhood can
seriously impair the educational process of students and according to the previous studies,
biofeedback can help these children manage those issues. This study sought to investigate the
effectiveness of biofeedback on improving reading performance and visual-motor perception in
children with dyslexia.

Method: This was a quasi-experimental study with a pretest-posttest and a control group design. The
statistical population included all 8-12 year old male students with dyslexia referred to learning
disorders centers in the 3 district of Tehran in 2019; from which 24 people were selected by the
available sampling method according to the inclusion and exclusion criteria and were randomly
assigned to the experimental group (n=12) and the control group (n=12). Instruments used in this
study included the Reading and Dyslexia Test (Nema) (Kormi Nouri and Moradi, 2005) and
the Bender Visual-Motor Gestalt Test (Bender, 1938). The intervention group underwent 30 sessions
of 45-minutes biofeedback intervention program, while the control group received only the usual
training of learning disorders centers. Data were analyzed using analysis of covariance in the SPSS-
22 software.

Results: The results of data analysis showed that biofeedback improved the reading performance of
children with dyslexia. This method reduced the shape error, composition eror, rotation error,
continuity error, and thus improved the visual-motor perception of children with dyslexia (p <0.01).
Conclusion: Biofeedback method can use the principles of factor conditioning learning to change
and improve brain waves, strengthen self-regulation skills, improve brain function and thus improve
reading performance and visual-motor perception in children with dyslexia.
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Introduction

Planners, principals, teachers, and parents of students with
learning disabilities have always tried to provide conditions that
increase their social and academic efficiency (1). Reading is
one of the main methods of acquiring knowledge and dyslexia
is one of the types of learning disabilities that is neurological in
origin and is characterized by difficulties with accurate or
fluent word recognition and poor spelling and decoding
abilities. (3). These students are generally of average or above
average intelligence, but they show poorer academic performance
compared to other students with the same educational status and
they have problems in reading (5, 6). Reading difficulties
typically include difficulty recognizing or understanding
words.

According to the previous studies, one of the causes of
dyslexia is a deficiency in the perceptual processing system,
especially visual perception (4). Visual-motor perception is a
general ability that combines visual information processing
skills with motor skills. Weakness in visual — motor perception
skills is one of the most important factors that aggravate
dyslexia (10, 11). Therefore, the issue that becomes important
after the diagnosis of dyslexia is to use timely and appropriate
treatment measures to improve the problems of these students
and prevent further injuries. One of these therapies is
biofeedback, which seeks to teach self-regulation by recording
electrical responses and providing feedback to the subject (14)
and helping the brain to regulate itself and correct its functional
impairment (15). Numerous studies have shown the positive
effects of biofeedback therapy on improving reading performance
in children with dyslexia (18 21). Research also shows that
therapeutic intervention through biofeedback is effective in
improving visual-motor perception of students with learning
disabilities (14, 22 and 23). Given these issues and the
importance of identifying the factors affecting dyslexia and the
high prevalence of dyslexia and its consequences, the results of
this study can provide a suitable therapeutic framework to
improve reading performance and visual-motor perception of
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students with dyslexia, and help pave the way for further
research in this area; thus, create a treatment model. Therefore,
the present study aimed to investigate the effectiveness of
biofeedback on improving reading performance and visual-
motor perception in children with dyslexia.

Method

The present study had a quasi-experimental design with pretest-
posttest and a control group. The statistical population included
all 8 to 12 year old female students with dyslexia referred to
learning disability centers in Tehran in 2019; 24 of which were
selected by available sampling method and were randomly
assigned to the experimental group (n=12) and the control
group (n=12). The experimental group received thirty 45-
minute sessions (three times a week) of biofeedback, while the
control group received only the usual training of learning
disability centers. Inclusion criteria included 1) accurate
diagnosis of dyslexia by a child psychologist and child
psychiatrist and finally based on the Reading and Dyslexia Test
(24), 2) written informed consent of parents and students, 3)
having an 1Q score between 85 and 115, 4) no neurodevelopmental
disorder or comorbid psychological disorders and 5) no use of
psychiatric drugs. Exclusion criteria included receiving
neurofeedback sessions during the past year and being absent
for more than two sessions in intervention sessions. Instruments
used in this study included the Reading and Dyslexia Test (24)
and the Bender visual-motor Gestalt test (26). Data were
analyzed by the Analysis of covariance using the SPSS-22
software.

Results

Mean and standard deviation of pre-test and post-test scores of
research variables in the experimental and control groups are
presented in Table 1. Also in this table, the Shapiro-Wilkes test
is presented to determine the normality of the distribution of
variables in the groups. According to this table, the Shapiro-
Wilkes test statistic is not significant for all components, so it
could determine that their distributions are normal (p>0.05).

Table 1: Indicators describing pre-test and post-test scores in the experimental and control groups

Variables Stages Groups Mean SD SH-W P
pretest experimental 534.23 58.72 0.91 0.15
control 540.21 34.25 0.93 0.31
posttest experimental 685.91 40.44 0.95 0.58
Reading Shape error cor_1tro| 567.86 32.66 0.94 0.49
performance pretest experimental 7.08 1.08 0.91 0.16
control 7.08 0.99 0.93 0.32
posttest experimental 4.83 0.71 0.94 0.38
control 7 1.04 0.89 0.07
pretest experimental 6/58 1.08 0.92 0.25
Composition error control 6/91 0.9 0.94 0.45
experimental 4.91 0.99 0.93 0.31
Visual-motor posttest control 6.58 1.08 0.94 0.49
perception prettest experimental 6.75 1.13 0.89 0.07
Rotation error control 7.41 1.31 0.93 0.31
posttest experimental 4.91 0.99 0.92 0.23
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control 7.08 1.08 0.92 0.24
experimental 6.58 0.99 0.93 0.31
IR control 6.58 0.66 0.94 0.38
y ostiest | OXPerimental 5.08 0.90 0.93 0.31
P control 6.33 0.77 0.90 0.10
One-way analysis of covariance (ANCOVA) was used to Conclusion

investigate the effect of biofeedback on reading performance.
Before performing the analysis reports, all statistical
assumptions were tested. The results of the analysis showed
that the F-statistic is significant for the reading performance
variable (1050.266) at the level of 0.000, which shows that
there is a significant difference between the two groups in
reading performance. Eta squared also shows that group
membership explains 98% of the variation in reading
performance. The results of ANCOVA showed that the
adjusted mean of post-test of the experimental group in reading
performance (688.130) and the mean of the control group
(565.646), are significant according to the F-statistics at the
level of 0.000. Based on this finding, it concludes that
biofeedback improves the reading performance of children with
dyslexia.

Moreover, multivariate analysis of covariance (MANCOVA)
was used to investigate the effectiveness of biofeedback on the
components of visual-motor perception, ie shape error,
composition error, rotation error, and continuity error. Thet
results showed that there was a significant difference between
the two groups in shape error, composition error, rotation error,
and continuity error (Wilk’s lambda=0.110, F=30.462,
P=0.000). ANCOVA has been reported to investigate in which
one of the shape error, composition error, rotation error, and
continuity error there is a difference between the experimental
and control groups. Based on the results, F-statistic was
significant for shape error (45.001), composition error
(16.400), rotation error (79.350), and continuity error (20.040)
at the level of 0.001; which proves that there is a significant
difference between the two groups in these errors. Eta squared
also showed that 71.4% of the variation in shape error, 47.7%
of the variation in compositional error, 81.5% of the variation
in rotational error, and 98.8% of the variation in continuity error
is related to the group membership. The results of the adjusted
means in the post-test show that the means of the experimental
group in shape error (4.842), composition error (5.129),
rotation error (5.198), and continuity error (5.071) is less than
the means of the control group in these errors (6.991), (6.371),
(6.802) and (6.345), respectively. Based on these findings, it
can be said that neurofeedback reduces the shape error,
composition error, rotation error, and continuity error
(improving visual-motor perception) of children with dyslexia.

The aim of this study was to determine the effectiveness of
biofeedback on improving reading performance and visual
motor perception in children with dyslexia. The results showed
that biofeedback has a significant effect on improving reading
performance in children with dyslexia. This finding is
consistent with the results of the previous studies (18, 19, 20
and 21) in that they showed that the neurofeedback training
program improves reading performance in children with
dyslexia. The findings also showed that the biofeedback had a
significant effect on reducing shape error, composition eror,
rotation error, continuity error as well. This finding is
consistent with the results of the previous studies (14, 22 and
23) in that they showed that neurofeedback training increases
visual perception.

In conclusion, and according to the results of the present
study, it can be said that biofeedback is an effective and
efficient way to improve reading performance and visual-motor
perception in children with dyslexia, and we recommend that
therapists use this intervention method in children with
dyslexia. One of the limitations of this study was the gender of
the subjects, which may be associated with different results
according to the studied variables and cultural conditions.
Other limitations of this study include the small sample size due
to the dropouts. Therefore, the use of random sampling method
and larger sample size is recommended for future research. We
suggest therapists and clinicians to use multidisciplinary
approaches to the treatment of dyslexia with a focus on
educating the child, parents, and teachers.
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