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Abstract

Background & Objectives: One of the most essential factors in students’ educational failure is learning disabilities. The Specific Learning
Disorder (SLD) of dyscalculia refers to an inability in the skills related to calculation despite the individual being endowed with normal
intelligence and adequate training. Treatment interventions in children with SLDs during primary school can help reduce some of their problems.
A relatively novel method that, accompanied by other therapies, provides multiple clinical confirmations is neurofeedback. Thus, the present
study aimed to investigate the effect of neurofeedback on continuous attention performance and math anxiety in students with dyscalculia.
Methods: This was a quasi—experimental study with a pretest—posttest and a control group design. The statistical population consisted of all
male students with dyscalculia referring to several special centers of SLDs in Tehran City, Iran, in the 2017-2018 academic year; of them, 30
students in the fourth and fifth grades of the elementary school who were eager to participate in the study were selected through convenience
sampling method. Subsequently, the study subjects were randomly assigned into the experimental and control groups (n=15/group). The inclusion
criteria of the research were studying in the fourth or fifth grade; male gender; possessing normal intelligence, and the diagnosis of an SLD, like
dyscalculia by a psychiatrist and according to the criteria of the Diagnostic and Statistical Manual of Mental Disorders, Fifth Editions (DSM—
5). The exclusion criterion of the study was the presence of sensorymotor disorders. The experimental group received twenty 60—minute
neurofeedback treatment twice a week; however, the control group received no training. The present study applied two treatment protocols; the
first of which was alpha/theta protocol at Pz point aiming at increasing alpha and decreasing theta. The second protocol was to reinforce beta
(15 to 18 Hz) and Sensorimotor Rhythm (SMR) (12-15 Hz), as well as to inhibit theta (4-7 Hz) and high beta (22-28 Hz) in C3 and C4 regions.
Furthermore, both study groups were evaluated in pretest and posttest phases by the Continuous Performance Test (CPT) and the Lang Math
Anxiety Scale. Data analysis was conducted in SPSS using Multivariate Analysis of Covariance (MANCOVA).

Results: There was a significant difference between the experimental and control groups in the continuous performance test data, including the
number of correct answers (p<0.001), omission error (p<0.001), response error (p<0.001), and reaction time (p<0.001), as well as mathematical
anxiety (p<0.001); therefore, neurofeedback could effectively improve continuous attention and reduce math anxiety in the explored students
with dyscalculia. In the continuous performance test, the neurofeedback group, compared with the controls, demonstrated less omission error
(meantSD scores of the experimental group: 2.26+1.09 & control group: 4.26+1.03), less response error (mean+SD scores of the experimental
group: 3.20+0.67 & controls: 5.33+£1.58), and less reaction time (mean+SD scores of the experimental group: 453.26+19.51 & controls:
690.26+25.86). However, they obtained more correct answers (meantSD scores of the experimental group: 139.93+2.98 & controls:
127.06+3.15). Besides, math anxiety decreased in the neurofeedback group, compared with the control group (meantSD scores of the
experimental group: 5.06+1.09 & controls: 7.53+1.84).

Conclusion: Based on the present research findings, neurofeedback can be used as a suitable treatment with very limited adverse effects for
individuals with dyscalculia. Considering the significance of mathematics in the educational systems, the application of neurofeedback is
suggested as a manner to reduce the failure of executive functions in schools.
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7. Mathematics anxiety
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°. Electrophysiologic

10, Electroencephalography
11 Event-Related potentials
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. Specific Learning Disorder (SLD)

. Diagnostic and Statistical Manual of Mental Disorders (DSM-5)
. Dyslexia

. Dysgraphia

. Dyscalculia

. Continuous attention
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4. Continuous Performance Test (CPT)
5. Math Anxiety Test
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