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Objectives: Cognitive functions are the most important factors that influence the performances 
of students with dyscalculia. This study investigates the effect of computer-assisted 
neurocognitive rehabilitation on the inhibitory control of students with dyscalculia. 

Methods: A quasi-experimental pretest-posttest design was applied in this research. Thirty 
elementary students with dyscalculia were selected through convenience sampling. Then, a 
control and an experimental group (each containing 15 individuals) were formed and matched 
based on age, intelligence, gender, and school grades. The experimental group received 
neurocognitive rehabilitation in 20 sessions, each one taking 45 minutes. To gather data, the 
Wechsler Test (WISC-R), Key Math Test, and Go – No Go Test were used. 

Results: The results of covariance analysis showed that cognitive rehabilitation interventions 
did not lead to a significant difference between the experimental and control groups in 
inhibitory, omission, commission and reaction time scores (P>0.05).

Discussion: The study findings suggest examining the effectiveness of long-term rehab during 
different ages and training strategies with follow-ups.
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1. Introduction

athematics learning disability, also 
known as dyscalculia, is considered 
as a learning disability characterized 
by the defects in arithmetic skills 
[1, 2, 3]. In Developmental Dyscal-
culia (DD), there is not necessarily 

any co-occurrence with other developmental disorders 

like reading disability or Attention-Deficit Hyperactiv-
ity Disorder (ADHD), where the intelligence quotient 
seems to be normal but with some weaknesses in math 
[4]. The common neuroscience theory on the DD sug-
gests that this disorder is related to the disability in Mag-
nitude Representation (MR), mostly called Approxi-
mate Number System (ANS) [5] or number module [6], 
in Inter Parietal Sulcus (IPS). This theory suggests that 
defects in MR lead to numerical skill disorders related to 
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the solving of mathematic problems [5, 6], and this has 
been confirmed by using MRI. Studies have found that 
children with dyscalculia have lower gray matter density 
in the parietal cortex [7-9]. Regarding these results, it 
can be said that abnormal development of parietal cor-
tex, especially right IPS in the brain, may attenuate the 
natural development of mathematical ability. Although 
MR theory on the mathematical disability is known as a 
common approach in the field of neurosciences, behav-
ioral studies have introduced some important cognitive 
functions that are involved in the development of math-
ematical skills. First, there are various studies which 
support the verbal and visuospatial deficiency of work-
ing memory in DD [10-13]. Second, some studies have 
reported the problems of spatial processing in DD [14, 
15] that may be related to visuospatial working memory. 
Third, other findings have referred to the inhibitory de-
ficiency in DD and the relationship between inhibitory 
function and mathematical progression [16-20].

Inhibition is a key component of executive function 
that precedes other executive functions, providing de-
velopmental possibility to other cognitive functions [21, 
22]. Generally, inhibition is an important process in daily 
life and learning at school. Based on Carlson and Moses 
(1988) cognitive inhibition has an important role in aca-
demic learning [23]. Thus, many studies have focused 
on the cognitive inhibition of students with learning dis-
ability [24-30]. Fourth, some studies have also focused 
on attention as well [31, 32].

All suggested cognitive functions are related to IPS. 
Thus, deficiency in each of these cognitive functions can 
explain the abnormal functioning of IPS in DD children 
[33]. Accordingly, based on the role and importance of 
cognitive functions in the children with mathematical 
disabilities, certain levels of cognitive interference and 
rehabilitation may help these children improve their cog-
nitive abilities. The theoretical basis of cognitive reha-
bilitation is based on plasticity and cognition preserva-
tion [34]. The central nervous system adapts itself to the 
environment and environmental experiences [35]. Based 
on the neurological studies, brain will act stronger if it is 
stimulated. The more activity the brain is stimulated for, 
the more cognitive power it will have. By more stimula-
tion, the brain cells get more dendrite and axon, creating 
more complex communication networks and cognitive 
power. Regarding research findings based on the flex-
ibility of cognitive functions and capability of improving 
their functions [36], different programs for improving 
cognitive skills, such as working memory and inhibitory 
control have been designed in different modules, includ-
ing computer-assisted cognitive program. 

Although the above-mentioned studies showed poor 
performance of inhibitory control in children with 
dyscalculia despite the increasing interest in computer-
based rehabilitation of cognitive skills, future researches 
have been suggested. The previous researches mostly 
focused on ADHD children, but this present study has 
focused on rehabilitation of inhibitory control of chil-
dren with DD.

2. Methods

This study had a quasi-experimental, pretest-posttest 
design. The statistical population included all elemen-
tary school students with dyscalculia visiting the learn-
ing disability centers of Tabriz. The sample included 30 
school students with dyscalculia who were selected from 
a pool of 48 students with dyscalculia based on the con-
venience sampling method. They were also randomly as-
signed to one experimental (n=15) and one control group 
(n=15) (an experimental methodology requires a sample 
size, not fewer than fifteen subjects [37]) and matched 
according to their ages, genders, intelligence, and school 
grades. The intervention program was conducted in 20 
sessions for the subjects of the experimental group, each 
session taking 45 minutes while the control group fol-
lowed its normal schedule. The intervention program 
was conducted in a silent class, where the subjects sat 
in front of their laptops while the researcher was present 
beside them monitoring the treatment session. After 20 
sessions, a post-test was conducted for both control and 
experimental groups at the same time. After finishing 
evaluations, the control group received a free treatment 
like the treatment of experimental group after obtaining 
their parents' consents.

Subjects were selected based on: 1) Full awareness of 
the participation conditions of the study, 2) Receiving di-
agnosis of dyscalculia by the experts, 3) Having average 
intelligence, 4) Being in the age group of 7-11 years, 5)
Not taking any medication, and 6) Lack of having audio, 
visual, motor, or communicative problems. Also, the sub-
jects with dyscalculia having other disorders like hyper-
activity and those who did not follow treatment sessions 
for two consecutive times were removed from the study.

Ethical approval: All procedures performed in studies 
involving human participants were in accordance with 
the ethical standards of the research committee. Informed 
consent: Informed consent was obtained from the parents 
of all individual participants included in the study.
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Materials

Researcher-made questionnaire: This questionnaire 
measured all demographic information of the subjects, 
such as age, grade, average score of previous term, taken 
medications, etc.

Key Math Test: This test was designed to identify the 
strengths and weaknesses of the students aged between 
6-11 years in different mathematical fields [38]. This test 
included three components of concepts, operations, and 
applications. Concepts included three subsidiary tests 
of numeration, rational numbers, and geometry. Opera-
tion consisted of addition, subtraction, multiplication, 
division, and general mental calculations. Application 
included questions for measurement, time, money, esti-
mations, data interpretation, and problem solving. This 
test was adapted to Iranian students at the age of 6.6 - 
11.8 years [39]. Reliability of this test was estimated by 
Cronbach Alpha whose value was reported to be 80%-
84% for five grades [39]. 

Go – No Go Task: This task includes 100 moving ob-
jects (airplanes). The subject should press arrow button 
at its movement direction on the screen. Hearing the 
beep tone after representing the airplane, the subject 
should stop pressing the key. Then, the number of right 
and wrong answers of the subject in go stage and its 
mean as well as the time and the number of right and 

wrong answers of the subject during the No go stage 
with its mean were measured [40].

WISC-IV: Intelligence measure of WISC-IV is an 
adoption of intelligence measure of Wechsler. Fourth 
version of this scale is WISC-IV, published in 2003. In 
WISC- IV, five types of intelligences including verbal 
comprehension, perceptual reasoning, working mem-
ory, process speed, and total intelligence quotient are 
estimated [41, 42]. This test was used to test the match 
between the experimental and control group regarding 
intelligence quotient of the students.

Intervention program

In this study, Cogniplus Program [43] and rehabilitation 
program of working memory [44] were implemented. 
Cogniplus Program was based on the recent findings of 
the neurologists and psychologists in six main areas and 
some subsets that focused on 16 cognitive functions with 
the goal of improving cognitive abilities. To train work-
ing memory, one tool called “Robomemo” was designed 
by Klinberg [44]. For the lack of the conformity of this 
software with Persian language, Persian version of work-
ing memory software in Iran was designed, adopted from 
Robomemo Software, by Khodadadi et al. (2009) [45].

Table 1. Covariance analysis for the inhibition, commission, omission and reaction time

Sources Sum Squares df Mean Square F Significance Level Eta Square

Inhibition

Pretest 37.75 1 37.75 0.13 0.72 0.00

Group 794.57 1 794.57 2.74 0.10 0.09

Error 7820.64 27 289.65

Commission

Pretest 528.75 1 528.75 9.22 0.00 0.25

Group 2.64 1 2.64 0.04 0.83 0.00

Error 1547.37 27 57.31

Omission

Pretest 5.74 1 5.74 0.01 0.89 0.00

Group 606.41 1 606.41 2.03 0.16 0.07

Error 8056.11 27 298.37

Reaction time

Pretest 55404.6 1 55404.6 5.12 0.03 0.15

Group 1117.07 1 1117.07 0.10 0.75 0.00

Error 292011.13 27 10815.22
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3. Results

Data analysis was conducted in both descriptive and 
inferential forms. To analyze data, SPSS [35] software 
was used. Results of independent t-test showed that both 
experimental and control groups were similar in terms of 
age (P=0.46), IQ (P=0.27), math performance (P=0.81), 
gender (7 girls and 8 boys in each group), and education-
al grade (second grade (3 cases), third grade (4 cases), 
fourth grade (8 cases) in each group). To examine the 
efficiency of cognitive rehabilitation, two groups were 
compared in posttests using covariance analysis.

Table 1 shows that cognitive rehabilitation interven-
tions did not lead to a significant difference between the 
experimental and control groups in inhibitory, omission, 
commission and reaction time scores (P>0.05). Thus, it 
has been observed that rehabilitation interventions did 
not improve inhibitory, omission, commission and reac-
tion time scores in children with DD.

4. Discussion

The results showed that cognitive rehabilitation inter-
vention did not lead to a significant difference between 
the experimental and control groups in inhibitory, omis-
sion, commission and reaction time scores (P>0.05). 
Inhibitory studies have reported the efficiency of cogni-
tive rehabilitation in improving inhibitory performance 
among the subjects [46-49].

The program types and offered practices are effective 
factors in cognitive practices affecting cognitive skills 
that can be the reasons for such discrepancy in the re-
sults. Interactive nature of this program towards the 
subjects and offering of immediate feedback to them 
and balancing difficulty levels of the tasks based on the 
performance level of the person have a basic role in the 
success of the program. Representing the tasks from 
simple to difficult provides the possibility of dominat-
ing elementary skills for doing more difficult tasks and 
higher motivation for finishing the task. 

In this study, especially in inhibitory rehabilitation, 
there was immediate feedback and the balance of dif-
ficulty level. However, the feedback given to the chil-
dren in the beep form in case of wrong answer created 
tension and anxiety in the children. So, the children had 
no tendency to play that inhibitory game. Accordingly, 
one effective factor in the inefficiency of the intervention 
program could be the lack of the motivation and interest 
of the subjects, which was absent in inhibitory rehabilita-
tion despite other parts of the program. 

Also, it is likely that cognitive skills, especially inhibi-
tory skills, are learned by the subjects; but they need 
some time to express themselves and show their effects. 
These likely factors can provide some rationales for the 
lack of the efficiency of rehabilitation program in the in-
hibitory control. 

5. Conclusion

Our findings indicated that cognitive rehabilitation 
intervention did not lead to a significant difference be-
tween the experimental and control groups in inhibitory 
control. This finding suggested an examination of the ef-
fectiveness of long-term rehab in different ages and dif-
ferent training strategies with follow-up.

Acknowledgements 

This paper was financially supported by Cognitive 
Sciences and Technologies Council. We appreciate the 
participation of all the children and their families who 
attended this study with motivation. We also express our 
gratitude to all teachers and managers of Tabriz learning 
disability schools and their educational staffs.

Conflict of Interest

The authors declared no conflicts of interest.

References

[1] Geary DC, Hoard MK. Numerical and arithmetical defi-
cits in learning-disabled children: Relation to dyscalcu-
lia and dyslexia. Aphasiology. 2001; 15(7):635–47. doi: 
10.1080/02687040143000113

[2] Ginsburg HP. Mathematics learning disabilities: A view 
from developmental psychology. Journal of Learning Dis-
abilities. 1997; 30(1):20–33. doi: 10.1177/002221949703000102

[3] Jordan NC, Montani TO. Cognitive arithmetic and problem 
solving: A comparison of children with specific and general 
mathematics difficulties. Journal of Learning Disabilities. 
1997; 30(6):624–34. doi: 10.1177/002221949703000606 

[4] Shalev RS, Gross-Tsur V. Developmental dyscalculia. 
Pediatric Neurology. 2001; 24(5):337–42. doi: 10.1016/s0887-
8994(00)00258-7

[5] Piazza M, Facoetti A, Trussardi AN, Berteletti I, Conte 
S, Lucangeli D, et al. Developmental trajectory of number 
acuity reveals a severe impairment in developmental dys-
calculia. Cognition. 2010; 116(1):33–41. doi: 10.1016/j.cogni-
tion.2010.03.012 

Bazzaz Monsef F, et al. Effect of Computer-assisted Neurocognitive Rehabilitation on Inhibitory Control of the Students with Dyscalculia. IRJ. 2017; 15(1):65-70. 

March 2017, Volume 15, Number 1



69

I ranian R ehabilitation Journal

[6] Landerl K, Bevan A, Butterworth B. Developmental dyscal-
culia and basic numerical capacities: A study of 8–9-year-old 
students. Cognition. 2004; 93(2):99–125. doi: 10.1016/j.cogni-
tion.2003.11.004

[7] Isaacs EB, Edmonds CJ, Lucas A, GadianDG. Calculation dif-
ficulties in children of very low birthweight: A neural corre-
late. Brain. 2001; 124(9):1701–7. doi: 10.1093/brain/124.9.1701

[8] Roughan L, Hadwin JA. The impact of working memory 
training in young people with social, emotional and behav-
ioural difficulties. Learning and Individual Differences. 2011; 
21(6):759–64. doi: 10.1016/j.lindif.2011.07.011

[9] Safaryazdi Z, Nejati V. Comparing impulsivity and risky 
decision-making in obese and normal individuals. Journal of 
Qazvin University of Medical Sciences. 2012; 16(1):59-64. 

[10] Bull R, Espy KA, Wiebe SA. Short-term memory, working 
memory, and executive functioning in preschoolers: Longitu-
dinal predictors of mathematical achievement at age 7 years. 
Developmental Neuropsychology. 2008; 33(3):205–28. doi: 
10.1080/87565640801982312

[11] Hitch GJ, McAuley E. Working memory in children with 
specific arithmetical learning difficulties. British Journal of 
Psychology. 1991; 82(3):375–86. doi: 10.1111/j.2044-8295.1991.
tb02406.x 

[12] Passolunghi MC, Siegel LS. Working memory and access 
to numerical information in children with disability in math-
ematics. Journal of Experimental Child Psychology. 2004; 
88(4):348–67. doi: 10.1016/j.jecp.2004.04.002 

[13] Swanson HL. Cognitive processes that underlie math-
ematical precociousness in young children. Journal of Experi-
mental Child Psychology. 2006; 93(3):239–64. doi: 10.1016/j.
jecp.2005.09.006 

[14] Rourke BP. Arithmetic disabilities, specific and otherwise: 
a neuropsychological perspective. Journal of Learning Dis-
abilities. 1993; 26(4):214–26. doi: 10.1177/002221949302600402

[15] Rourke BP, Conway JA. Disabilities ofarithmetic and math-
ematical reasoning: Perspectives from neurology and neu-
ropsychology. Journal of Learning Disabilities. 1997; 30(1):34–
46. doi: 10.1177/002221949703000103

[16] Blair C, Razza RP. Relating effortful control, executive 
function, and false belief understanding to emerging math 
and literacy ability in kindergarten. Child Development. 2007; 
78(2):647–63. doi: 10.1111/j.1467-8624.2007.01019.x

[17] Espy KA, McDiarmid MM, Cwik MF, Stalets MM, Ham-
by A, Senn TE. The contribution of executive functions to 
emergent mathematic skills in preschool children. Develop-
mental Neuropsychology. 2004; 26(1):465–86. doi: 10.1207/
s15326942dn2601_6

[18] McKenzie B, Bull R, Gray C. The effects of phonological 
and visual-spatial interference on children’s arithmetical per-
formance. Educational and Child Psychology. 2003; 20(3):93-
108.

[19] Pasolunghi MC, Cornoldi C, De Liberto S. Working mem-
ory and intrusions of irrelevant information in a group of 
specific poor problem solvers. Memory & Cognition. 1999; 
27(5):779–90. doi: 10.3758/bf03198531 

[20] Passolunghi MC, Siegel LS. Working memory and access 
to numerical information in children with disability in math-

ematics. Journal of Experimental Child Psychology. 2004; 
88(4):348–67. doi: 10.1016/j.jecp.2004.04.002 

[21] Barkley RA. Behavioral inhibition, sustained attention, 
and executive functions: Constructing a unifying theory 
of ADHD. Psychological Bulletin. 1997; 121(1):65–94. doi: 
10.1037/0033-2909.121.1.65 

[22] Carlson SM, Moses LJ. Individual differences in inhibitory 
control and children’s theory of mind. Child Development. 
2001; 72(4):1032-1053. doi: 10.1111/1467-8624.00333

[23] Carlson SM, Moses LJ, Hollie RH. The role of inhibitory 
processes in young children’s difficulties with deception 
and false belief. Child Development. 1998; 69(3):672-691. doi: 
10.1111/j.1467-8624.1998.tb06236.x 

[24] Borella E, Carretti B, Pelegrina S. The specific role of inhi-
bition in reading comprehension in good and poor compre-
henders. Journal of Learning Disabilities. 2010; 43(6):541–52. 
doi: 10.1177/0022219410371676

[25] Borella E, Ghisletta P, de Ribaupierre A. Age differences in 
text processing: The role of working memory, inhibition, and 
processing speed. The Journals of Gerontology Series B: Psy-
chological Sciences and Social Sciences. 2011; 66B(3):311–20. 
doi: 10.1093/geronb/gbr002

[26] Cain K. Individual differences in children’s memory 
and reading comprehension: An investigation of semantic 
and inhibitory deficits. Memory. 2006; 14(5):553-569. doi: 
10.1080/09658210600624481

[27] Golden ZL, Golden CJ. Patterns of performance on the 
Stroop Color and Word test in children with learning, atten-
tional, and psychiatric disabilities. Psychology in the Schools. 
2002; 39(5):489–95. doi: 10.1002/pits.10047 

[28] Landerl K, Fussenegger B, Moll K, Willburger E. Dyslexia 
and dyscalculia: Two learning disorders with different cogni-
tive profiles. Journal of Experimental Child Psychology. 2009; 
103(3):309–24. doi: 10.1016/j.jecp.2009.03.006 

[29] Rubinsten O, Henik A. Double dissociation of functions 
in developmental dyslexia and dyscalculia. Journal of Edu-
cational Psychology. 2006; 98(4):854–67. doi: 10.1037/0022-
0663.98.4.854 

[30] Willburger E, Fussenegger B, Moll K, Wood G, Landerl 
K. Naming speed in dyslexia and dyscalculia. Learning and 
Individual Differences. 2008; 18(2):224–36. doi: 10.1016/j.lin-
dif.2008.01.003

[31] Ashkenazi S, Rubinsten O, Henik A. Attention, automatic-
ity, and developmental dyscalculia. Neuropsychology. 2009; 
23(4):535–40. doi: 10.1037/a0015347 

[32] Hannula MM, Lepola J, Lehtinen E. Spontaneous focusing 
on numerosity as a domain-specific predictor of arithmeti-
cal skills. Journal of Experimental Child Psychology. 2010; 
107(4):394–406. doi: 10.1016/j.jecp.2010.06.004 

[33] Szucs D, Devine A, Soltesz F, Nobes A, Gabriel F. Devel-
opmental dyscalculia is related to visuo-spatial memory and 
inhibition impairment. Cortex. 2013; 49(10):2674–88. doi: 
10.1016/j.cortex.2013.06.007 

[34] Owen AM, Hampshire A, Grahn JA, Stenton R, Dajani S, 
Burns AS, et al. Putting brain training to the test. Nature. 2010; 
465(7299):775–8. doi: 10.1038/nature09042 

Bazzaz Monsef F, et al. Effect of Computer-assisted Neurocognitive Rehabilitation on Inhibitory Control of the Students with Dyscalculia. IRJ. 2017; 15(1):65-70. 

March 2017, Volume 15, Number 1



70

I ranian R ehabilitation Journal

[35] Herrera C, Chambon C, Michel BF, Paban V, Alescio-
Lautier B. Positive effects of computer-based cognitive 
training in adults with mild cognitive impairment. Neu-
ropsychologia. 2012; 50(8):1871–81. doi: 10.1016/j.neuropsy-
chologia.2012.04.012 

[36] Thorell LB, Lindqvist S, Bergman Nutley S, Bohlin G, 
Klingberg T. Training and transfer effects of executive func-
tions in preschool children. Developmental Science. 2009; 
12(1):106–13. doi: 10.1111/j.1467-7687.2008.00745.x 

[37] Cohen L, Lawrence M, Morrison K. Research methods in 
education. New York: Routledge; 2013.

[38] Connolly AJ. KeyMath revised: A diagnostic inventory 
of essential mathematics. New York: Guidance Service Inc.; 
1988.

[39] Mohamad Ismail E, Homan HA.[Adaptiation and stand-
ardization of mathematics Iran key math test of mathematics 
(Persian)]. Journal of Exceptional Children. 2003; 2(4):323- 332. 

[40] Safaryazdi Z, Nejati V. Comparing impulsivity and risky 
decision-making in obese and normal individuals. Journal of 
Qazvin University of Medical Sciences. 2012; 16(1):59-64. 

[41] Wechsler D. WISC-IV Administration and Scoring Manual 
(Wechsler Intelligence Scale for Children). 4th ed. San Anto-
nio: Pearson; 2003.

[42] Wechsler D. Wais-3 administration and scoring manual. 
San Antonio: Psychological Corporation; 2003.

[43] Karch D, Albers L, Renner G, Lichtenauer N, von Kries R. 
The efficacy of cognitive training programs in children and 
adolescents: A meta-analysis. Deutsches Ärzteblatt Interna-
tional. 2013; 110(39):643-52. doi: 10.3238/arztebl.2013.0643 

[44] Klingberg T, Forssberg H, Westerberg H. Training of work-
ing memory in children with ADHD. Journal of Clinical and 
Experimental Neuropsychology. 2002; 24(6):781–91. doi: 
10.1076/jcen.24.6.781.8395 

[45] Hosainzadeh Maleki Z, Mashhadi A, Soltanifar A, Mohar-
reri F, Ghanaei Ghamanabad A. Barkley’s parent training 
program, working memory training and their combination 
for children with ADHD: Attention Deficit Hyperactivity Dis-
order. Iranian journal of psychiatry. 2014; 9(2), 47-54. PMID: 
25632280

[46] Brosnan M, Demetre J, Hamill S, Robson K, Shepherd 
H, Cody G. Executive functioning in adults and children 
with developmental dyslexia. Neuropsychologia. 2002; 
40(12):2144–55. doi: 10.1016/s0028-3932(02)00046-5 

[47] Cowan N. Working memory capacity limits in a theoretical 
context. Paper presented at: Human Learning and Memory: 
Advances in Theory and Applications: The 4th Tsukuba In-
ternational Conference on Memory; 2005 January 20; Tsuku-
ba, Japan.

[48] Milton JD. Working memory and academic learning: As-
sessment and intervention. Hoboken, New Jersey: John Wiley 
& Sons; 2011.

[49] Roughan L, Hadwin JA. The impact of working memory 
training in young people with social, emotional and behav-
ioural difficulties. Learning and Individual Differences. 2011; 
21(6):759–64. doi: 10.1016/j.lindif.2011.07.011 

Bazzaz Monsef F, et al. Effect of Computer-assisted Neurocognitive Rehabilitation on Inhibitory Control of the Students with Dyscalculia. IRJ. 2017; 15(1):65-70. 

March 2017, Volume 15, Number 1


