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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.

Keywords: Neurofeedback, Continuous attention, Math anxiety, Dyscalculia.

Copyright © 2016, MEJDS. This is an open-access article distributed under the terms of the Creative Commons Attribution-NonCommercial 4.0 International License
(http://creativecommons.org/licenses/by-nc/4.0/) which permits copy and redistribute the material just in noncommercial usages, provided the original work is properly cited.


file:///C:/Downloads/s.khoshsorour@gmail.com
http://creativecommons.org/licenses/by-nc/4.0/\)
https://dor.isc.ac/dor/20.1001.1.23222840.1399.10.0.129.8
https://www.jdisabilstud.org/article-1-1574-en.html

[ Downloaded from www.jdisabilstud.org on 2025-07-14 ]

[ DOR: 20.1001.1.23222840.1399.10.0.129.8 ]

YTV ) ¥4 1 5b ldlas des

L.,J.M.g g\JyTu;'u\b)stolg)u\Jw‘j Lo g 4> o Jjﬂa.af&@j)ydbu}ﬂ
2L f5 5 5o 0L JDkes

\J‘g rﬂu}}} J,>=~o*
ki $ Sl 5
Ol el ool Bome oSS ( lBOln) 5 o5 sk SIS (ol 0,8 alidDls) 6585 Syl
s.khoshsorour@gmail.com :J g ks s 2LLI,"

VFAA LT VAt ob s gy SV YAA e Y dl)s )

oS>

5 Shas 5 Sodd g5 e B o Gla b sl nssy ol ol i ls 5Lt by bl 5 i s a5 55 5Ly (6,0l IV L 0l sl 2005 18U g ke
A ol Ly (5l IS U g 055813505 53 2y el 5 sy 45

okeSanrl o ¢ 2Ly (6550L D & De e 015l 505 olod 1y ()l Aol 1355 01805 8L gl g 5 o3l o b siolefans g5 3 s G e n s
o Ml ey 5 poler éau»):j}aTuiJ‘: oo A1 Lo Gles 51 ooty L8023 VPASAY assd Jlo 55 0La5 e 3 6,500 YN aass S ki o
“hn 3 555 53 (GMEBSF ¢ Ly oy oaty GoloiT 05 S g 3 818 G035l 0s 8 8) ol €05 8 5 Sloifles S s Balad ssba 5 s bl e s>
Sl gl 5 g 5 Shas SIOLly G503l b 03almg 5 Dsolb SaBpe 53 058 53 a3, il el g ol S 05 8 iy el s 0l
o3lisiul VY &ens SPSS 138l 5 53 (0= /1 0) 423380 liwabl pebans b o iz il oS Jelows 05a31 31 Lnosls Jlows (gl okd L3l (Yo 0 ) (SOY) L)
A

ol (5 lalme 5l by el 5 (S5 e el slas (Bl (sUas (o Grnly SR sy 3o (3051 o8 5 Liolail slres 8 oy tlaasly
ol 035 S50 2Ly (6,500 UM @ Mo 1) gl 3505 3 by Ol Jasl alS 5 s 425 3 St 3 4 3 Soldy 9 S Lims s S(P<r /0 4 )) S

2502 o slons 5Ly 65500 MBI L3131 1 250w sl (Sl (20158 b cslin (25 Ol Ll 50 Sk il sy Slaadly el 1(g S
2555 o3limal Lol ol Ol lasl 2l 5 sy a5 5 Shas

2k 6L I oy Olladl ki sy a5 (S 5 a3l AdS

(https://creativecommons.org/licenses/by-nc/4.0/deed.fa) ol ¥/+ (551 1 —)Lid|  smes o o8 ol 3T s s b allie G ) 150 ladlas alons <V ¥40 © sl b pies jLESSH G
~J:¢5@j)3} ol s (S5l 8 gbay (ol el 4 ol ¢ Loa by allie ol 5o ol iz 3l gs 4 das o o)l Lo 4 &8 el o e

\



file:///C:/Downloads/s.khoshsorour@gmail.com
https://creativecommons.org/licenses/by-nc/4.0/deed.fa
https://dor.isc.ac/dor/20.1001.1.23222840.1399.10.0.129.8
https://www.jdisabilstud.org/article-1-1574-en.html

[ Downloaded from www.jdisabilstud.org on 2025-07-14 ]

[ DOR: 20.1001.1.23222840.1399.10.0.129.8 ]

Sl S35 5 1Mo & Comla (pns & 03w 2S5 50 SI5b
5 Olsal ol sl oylgen Ly 3 Sl L(A) 5,5 o)Ll i
Coenl ol g el 035 515, 55 5 (2l el 31l 5 Gladas
ot Sl by OLRsl LSl o) Sl A e il 5
Ol sl ol 5b akessl toad IS 3L ks, 5 sabiols,
oL QB 0l s (I 5 5o % OIS e 2 2L
G 2S5l e b oS 5 eSO LB s S
O 5 dle b LS e slaciadse S Ol 5 LA,
Ol3sal 5515 () sl 2by Ol el (g5l y sla 28T 5l sde
02,85ar 55 sy Lol (i) g JSe oSl b oLy IS L
w2l s sy LaQTsjiLa.c«c\f.u)J@éuL;..iU\;;;g;é;wj
eslaud OlSGel aS” W yls  ola, ety 4 3L s31 ol das e als

(V) &S Gl 1 Lol I 5 53k lsen |y oliols oULs |
Sld i Olg5 o Lgﬂ?;l:. I 6858 55 ooy M-I
o Bed L3, 3 (S (V) 358 @l e 5150 Ol b
35 a1y adne b il Sless gla By ple JUS s S
F S (VY) Col ASdsy 5wl ools ol
L 35 4 S ol ey b 5 ol e aditn s 35l
S 5l AT el cdas s (EEG) s5he el sla Sl
CosB by apdip 35 e Ol pols Al o SO el
AP e (6 pdollanil 5 Jaod a5 e (LI Sa s
) st el (L PNl ST (V) das e
Sl oW ekl e osel wed
ssan (S5 g S Slaysl 5 Srre SS,I> 2 saa
03Liziasl O s — g Ko} QA pbs) 5 (e s il 5]
5 V(BEG) 31 8lils oS laylpl 5 Jols il 35500
3 S Sl o« V(ERP) olug) o aewls gl by
el (5L VM & M 131 53 1) e Ll > Shas
OLKan 5 pbe . (10) sl LT 5 L5 &uals 55 iy &S (VF) Klos S
L OBl 5 sy x5 25 2 L) Soddisn g S (slandllan s
OLer 5 5T .(VF) Lols plias Jlb i 5 a5 owlS U
(G 5 4P SIS @ W S5 STYY  hash 5
5380 V) 3,8 al am 55 03 1 Sotdgy 8 hse 3
o b (5530 IS L 0555 (555 355 Slalllae s OlSen
50L8) 53 sy S Selkd sy oS s S jasete WIS i
35 aalosd (680 5l i e sl S s Sl
) Sddgy s eidu il 55 g 53 OLKes 5 (63lew .(VA)
5ol olas by DML o8 S 5o by o Shes 50 52
e 85 .(14) 05,5 b ol 1 e Jle SO B 1 of 56
Ol el Bliass (ilcranl sl 8 L5l OLSen
DA 1 sl 6,8l ISk b ol el s ol ol ksl

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


https://dor.isc.ac/dor/20.1001.1.23222840.1399.10.0.129.8
https://www.jdisabilstud.org/article-1-1574-en.html

[ Downloaded from www.jdisabilstud.org on 2025-07-14 ]

[ DOR: 20.1001.1.23222840.1399.10.0.129.8 ]

(awdr LS slael ¢ iHled) bl ealie S aw ol JI5
308 5 (o83 Al (o (252 (G o) Slles
o ol (@lts o (0315 e ¢ pasd o J 5 0o (5,80 001)
535 g dmalos Lagy pa3lon 3 51 S5 3 el S5l ol e 45T )
3,100l Sl ol 5 SSke bl (il o Cawdes 35 a0l § sazen
(sl 350 2 Sl el el (L)l BB S 0 £
(YY) 55800 SoliS Z 6505 &)y geots G aal 2505 o 515kl § 50
GUIT 5 3l ealial b 1) g1l (2Ll o s 5 o Lol Lo
Ll QTM RS L5351 Cewss H/ATG /AN O CL');
oyt S dodoinn (68 slbs 5Ly 0 503)) "TWRAT (505
GOV g ey B sl S el J-CIN
YY) 590 0/00 5 +/0F 2 /FY Y

IV ST 5 slitions g 32 (6803101 51 10525 S 05451 —
O ool ok oslimad O goy 5 gn O sedl 3l o oad Slpb 3 6,850
Cilides (glaes 8 55 0l slael o s 5wl VAYA e )3 05 1)
W e jile 31 JSCi0e O (V) ol o /A0 B0V (o o
Lsl e st b Al 15 o ol 151 sl 5 Se L
OS85 3 Ol pmasiy (pl o3 - Lledd (L BS ol Glate
D84 AlBo 0S8 G byl sskwa oS A eslal
33,50 3 0500 S e gl 2 4 (SIS0 5 Sl 2500
AU K PO OO JOCR 4 o S L
5 ol s s (YF) pde atte o sdr el
5 2 AVEPA 5l el ol ol SLL ol Ol Ker
Lol ol coiamar 2 AYB /AN Sl e oLL il
AY0) ol sty 27820 )8 CIlzS 0 O 503l
OLen 5 W5l o 5 3 903l ol s g 3 Shas glasbly o 5o =
s opl bl Glaaasie (Y9) as b 1405 Jlu s
S 0ol b oloypn dsmde 5 /AY olSDL dsnde
oS el 1515 5303 O g )b Bucd (YY) Aol sy +/VE
S Jlies Wb 25 Osail pl 02 3 pde L) SLL SWSTL
355 5l (Bda 8 5 Bua) sdddlyl Sl mes ady K& s Dua
(B S e &S ol S GLLE L (WIS sl 5Lid) das plas (ST
O3 gl el Gddedas Slays Lo OF 8150 0o 5 sl
U slagaly U285 Sds lagaly polle Sl Ll
Gl oda S 4 e oy Jald 05aT o s S o
Br S 4 Galigenly (Geuly slhas) Gua 8 S 4 Lls
wl (S T3 0Le3) o Gl 0Le) ke 5 (B (las)
L ) OG5 bsls T 0l pl 53 0sail (25 5 lee!
2 0l ool ildee glacand Gl 2LTL kel ol s
YA dol s /TG /08 (o (slawsls

sl o sy ogel ool 10l Slasl ose3l-
oo d ol 5 b Yooy dle s WY hus ol

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