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Abstract!Developmental Dyscalculia (DD) is a specific 
learning disability of childhood, which is mainly related to 
problems in arithmetic skills and numerosity. It is estimated 
that the prevalence of dyscalculia range between 3 and 6 % 
of the world population. DD is a cognitive disorder, ob-
served during the development of the individual. Mathemat-
ical achievement of children with DD fall far short of their 
mental capacity. In this study we present an approach to 
genetic, neurological and environmental factors associated 
with DD, as well as the computerized screening tools that 
have been developed and used so far, according to the litera-
ture review of the past two decades. 

Index Terms!ICT based Screening, Developmental Dyscal-
culia, Diagnostic Tools, Etiology. 

I. INTRODUCTION 
Dyscalculia is a term from the greek dys and the latin 

calculia. There are several different terms to describe the 
mathematic learning disabilities. Many researchers and 
educators use the term Mathematics Learning Disability 
(MLS), while Ladislav Kosc (1974) a Czechoslovakian 
psychologist introduced the term Developmental Dyscal-
culia . Koontz and Berch (1996) used the term Arithmetic 
Learning Disabilities. Hich prefers the term Specific 
Arithmetic Difficulties, while Temple and Sherwood 
(2002) use the term Number fact Disorder (Butterworth, 
2008).  

Dyscalculia, as the name implies, is a disorder associat-
ed with the numerical skills. There is a distinction be-
tween the terms developmental dyscalculia and acquired 
dyscalculia. The first term refers to persons in school age 
who come into contact with mathematical knowledge and 
skills for the first time, while the second relates to people 
who have learned mathematics but later in childhood or 
more often in adulthood lose this ability, because of some 
acquired disorder associated with brain damage. We could 
use the term DD to describe students who have significant 
problems with numbers while having normal intelligence. 
Even though dyscalculics’ difficulties are not confined to 
mathematics, as they face difficulties in daily problems, 
handling or telling the time, orientation, counting money, 
and much more, their feature is the inability to perceive 
numbers as quantities and process mathematical concepts 
(Pearl, 2010). For most children it seems obvious that 
when they see two numbers they can understand if they 
are the same or not and which of them is greater. This 
does not apply to children with DD, as they have difficul-
ties relative to the intuitive perception of the numbers as 
quantities (Price and Ansari, 2013). Furthermore, children 
with dyscalculia may have difficulty in measuring objects 
or to countdown and to estimate approximately a collec-

tion of objects. Landerl, Bevan and Butterworth (2004) 
examined dyscalculics’ basic numerical processing in 
detail and proposed a subtyping of the deficits into num-
ber reading and naming, number comparison, number 
writing, number sequences and dot counting. In addition, 
children with DD face difficulties in learning musical 
concepts, follow instructions in sports that require a logi-
cal a series of acts and difficulty to keep the score and the 
number of players in board games and cards. There is a 
clear association between the approximate number system, 
better known as number sense and developmental dyscal-
culia (Piazza, 2010). Persons with DD have also difficul-
ties in the automatic activation of magnitudes by digits. 

Dyscalculia has a high comorbidity with other learning 
disabilities such as dyslexia, ADHD and dyspraxia. We 
can describe the heterogenous nature of DD as conse-
quence of different impairments, including working 
memory and attention deficits (Fias, Menon & Szucs, 
2013).The purpose of this study is to investigate the caus-
es that are possibly related to developmental dyscalculia. 
Based on the current literature, we present neurological 
disorders, brain differences and genetic features of chil-
dren with DD, as well as the role of working memory and 
math anxiety in arithmetic skills. In addition we present 
some computerized tools which have been developed to 
assess numerical achievement, as well as to measure 
working memory, attention and cognitive skills. 

II. NEYROPSYCHOLOGICAL APPROACH 
One of the factors that significantly affect mathematical 

performance is arguably the neuropsychological basis of 
mathematical knowledge. The left cerebral hemisphere in 
the context of mathematics is responsible for counting, 
recognition of the symbols of numbers and operations, to 
hold a series of numerical data on the implementation of 
the algorithm of operations for logical analysis and gener-
ally for arithmetic skills. Faults and malfunctions of the 
left hemisphere may result changes in execution of opera-
tions, difficulties in retention and recall of key figures and 
problems in understanding the concept of numbers. 

In recent years researchers of two parts, Neuroscience 
and Education, recognize the connection between the two 
sciences and the need of cooperation and conducting re-
search efforts jointly. Recent studies indicate that the 
cause of dyscalculia ought to dysfunction of brain regions. 
Neuroimaging studies established the intraperital sulcus 
(IPS) as the critical area for processing numbers and com-
parison of digits (Butterworth and Laurillard, 2010). In an 
attempt to understand the developmental disorders in 
order to design appropriate intervention programs, it is 
required the development of brain-based theories. The last 
decade began a systematic investigation of the neurologi-
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cal factors of DD. Very little is known about the biologi-
cal origins of DD and the biological origins of brain dys-
functions (Rubisten, 2009). 

Finger gnosis, finger recognition and finger discrimina-
tion appear to be directly related to calculation skills. 
Specific areas of the brain are activated when children use 
their fingers in their attempt to comprehend an arithmetic 
problem, as the use of fingers could affect the formation 
of mental number representation. So it seems that educa-
tors could benefit from this fact and they should encour-
age dyscalculic children to use their fingers in arithmetic 
(Kauffman). 

Mussolin et al (2001) analyzed the cerebral bases of 
DD related to symbolic number processing. In their study 
participated 15 children with DD and 15 control children 
without learning disabilities, who were investigated via 
functional magnetic resonance imaging (fMRI). The brain 
analysis revealed that control children showed greater 
activation than children with DD in and around the IPS 
bilaterally. Dyscalculia is associated with impairment in 
areas involved in number magnitude processing, as well as 
in areas dedicated to domain general magnitude prossec-
ing. 

Rotzer et al (2007) used optimized voxel-based mor-
phometry (OVBM) to evaluate 12 dyscalculic 9-year old 
children and 12 control children without learning disabili-
ties. Children with DD showed decreased grey matter 
volume in the right intraparietal sulcus (IPS) in relation to 
controls, while the left IPS showed no volume differences. 
They also showed decreased white matter volume of the 
right parahippocampal gyrus, which affects fact retrieval 
and spatial memory processes. 

In 2009 Rykhlevskaia et al investigated the neuroana-
tomical correlates of DD. Forty seven 7-9 year old chil-
dren participated in their study. Twenty three children 
consisted the dyscalculic group, based on their scores on 2 
subscales of the Wechler Individual Achievement Test 
(WIAT-II), Numerical Operations Score and Math Com-
posite Score, and 24 children formed the control group. 
All the participants had scored normally on standardized 
measures of IQ, reading and working memory. Research-
ers used structural MRI and DTI (Diffusion Tensor Imag-
ing) to examine macro and micro-structural impairments 
on the participants. The results revealed that Grey Matter 
and White Matter deficits in specific brain areas are di-
rectly involved in mathematical cognition. Children with 
DD showed decreased GM volume in several posterior 
regions compared to non-dyscalculic. As well children 
with DD decreased WM volume in the posterior brain and 
mainly next to the temporal parietal cortex (Figure 1). 

In the same year Kauffman et al investigated the neural 
correlates of non-symbolic number magnitude processing 
in 9 year old children with and without dyscalculia. Chil-
dren with dyscalculia showed a deficit in numerosity and 
were slower in making number magnitude classifications 
than children in control group. Results revealed significant 
(intra)parietal activation differences between children with 
and without dyscalculia. There were reported stronger 
activations in left (intra)parietal regions in dycalculic 
children relative to children in control group. 

 
Figure 1.  Less Grey Matter in dyscalculic children (Isaacs et al, 2001) 

III. GENETIC BASIS 
As the studies of last decades have shown, Develop-

mental Dyscalculia is a neurocognitive disorder with a 
genetic base, which is largely familiar. In a study with 39 
children with DD, Shalev (2001) found that 66% of moth-
ers, 40% of mothers, 53% of siblings and 44% of second-
degree relatives had also DD. 

It could be considered that a single brain malfunction, 
for example a dysfunction of the fusiform gyrus or the 
IPS, could result multiple cognitive or behavioral disor-
ders. Many children have dyslexia or attention- defi-
cit/hyperactivity disorder (ADHD) in parallel with DD 
(Rubinsten and Henik, 2009). It is estimated that the 40 % 
of children with dyslexia also have math disability. Dys-
graphia, finger agnosia, Attention-Deficit Hyperactivity 
Disorder and difficulties with left right discrimination 
have also been associated with dyscalculia. However 
according to Monuteaux et al (2005) ADHD and DD have 
no common etiological basis and therefore is required the 
development of individual assessment and interaction 
strategies. Children with Williams syndrome as well as 
with Turner syndrome present particular difficulties in 
arithmetic skills as counting, remembering arithmetic facts 
and simple calculations (Butterworth). 

Review of the literature does not allow to draw firm 
conclusions for the gender ratio of DD. In 2013 Devine et 
al tested 1004 primary school children in England. Both 
boys and girls achieved similar scores in Mathematics 
Assessment for Learning and Teaching tests (MaLT). 
Dirks et al (2008) who assessed 799 Dutch schoolchildren 
via standardized school arithmetic achievement tests, 
reported that the prevalence of DD was slightly higher for 
girls than boys. In addition Jovanovic et al developed a 
study (2013) with 1424 third grade students in Serbia, 
which revealed that among 107 students with low arithme-
tic achievement, there were 70 boys and 38 girls. 

IV. WORKING MEMORY DEFICITS 
Working memory is responsible for the temporary pro-

cessing and storage of information. It consists of a central 
executive which controls the activities of all the other 
components and two subsystems, phonological loop and 
visuospatial sketchpad (Figure 2), which are responsible 
for the storage of verbal and visual/spatial information 
respectively (Rosselli, 2006). Working memory has lim-
ited capacity and is involved with the maintenance of 
recent edited information and its connection with the latest 
input (Swanson and Frankenberger, 2004). In 2009 Noel 
measured how much limited working memory capacity 
affects early numerical development in 4-5 year old chil-
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dren. According to the results, performance in additions 
and counting skills was significantly correlated with cen-
tral executive capacity but not with phonological loop or 
visuo-spatial sketchpad capacity. Working memory could 
be defined as to focus on a problem and to perform the 
required functions, utilizing the data, in order to reach the 
solution (Beilock and Carr, 2005).  

Research has shown that there is significant correlation 
between the components of the working memory and 
mathematics attainment (Holmes and Adams, 2006). 
Children with DD display working memory deficit com-
pared to normally achieving children, therefore they face 
difficulties both in simple arithmetic calculations and to 
develop strategies to solve complex problems. To investi-
gate the relationship of working memory to implement of 
arithmetic operations, it is important to consider the role 
of counting span. During an arithmetic operation, children 
have to maintain one or more numbers while engaged in 
the process of calculation. Counting span is the number of 
digits that can be stored in working memory (Geary). 
Passolunghi et al (2004) claimed that computation and 
arithmetic word problem ability could be improved if the 
accessibility of the working memory of useless infor-
mation was reduced. 

Szucs et al (2013) examined the ration between visuo-
spatial memory and DD. One hundred ten children, who 
were defined to have dyscalculia via the standardized 
Mathematics Assessment and Teaching test (MaLT) and 
WIAT-II numerical subtests, were administered five sub-
tests of the Automated Working Memory Assessment 
(AWMA), a PC-based assessment of working memory 
(WM) and short-term memory (STM) skills: 
! Digit Span   (verbal STM) 
! Word Recall  (verbal STM) 
! Dot Matrix   (visuo-spatial STM) 
! Listening Span (verbal WM) 
! Odd One Out  (visuo-spatial WM) 

 
Figure 2.  Working Memory 

A. Attention Deficits
It seems that the comorbidity of DD and ADHD is larg-

er than comorbidity with other learning disabilities (An-
shkenazi, 2009). Many studies have focuced on the corre-
lation of DD and ADHD, as well as on the attention defi-
cits of dyscalculic children without ADHD. The correla-
tion between attention and achievement in mathematics 
extends to ages later than preschool, namely from 8 to 11 
years. (Anobile, Sievano and Burr, 2013). 

Rubinsten and Henik (2005) examined dyscalculic chil-
dren using numerical Stroop task and found that the abil-
ity to efficiently process the quantities associated with 

Arabic numbers is less developed in dyscalculic children 
than those without learning disabilities. In Stroop tasks, a 
multi dimensional objects is presented on a computer 
screen and children have to attend to one dimension while 
ignoring other dimensions. The results showed that chil-
dren with DD have problems in automatic activation of 
magnitudes of digits. 

Askenazi and Henik (2010) examined the attention abil-
ities in developmental dyscalculia using the Attention 
Network Task (ANT-I), a computer based reaction time 
task that measures executive function with avariation of 
the flanker task. Participants had to attend to one object 
and ignore all the other objects. In each trial, five arrows 
were presented on the screen. Participants had to attend to 
the arrow in the middle and choose if it was pointing to 
the left or to the right. The results revealed deficits in the 
executive function and the alertness networks in children 
diagnosed as having DD. 

Guarnera and D’Amico (2014) examined if training of 
basic attentive skills could improve working memory 
abilities in children with dyscalculia. To evaluate the at-
tentional abilities researchers used Attenzione e Concen-
tranzione, a computerized assessment battery of 7 tasks: 
Simple Reaction Time, Speed and Accuracy, Auditory 
and Visual Recognition, Digit Span, Divided Attention, 
Colour Word Interfence Task and Attentive Shifting to 
assess simple reaction time, visual-spatial and auditory 
skills, digit span, divided attention, distraction and atten-
tive shifting. According to the results there is need for 
planning individualized training programs as there was no 
effect on dyscalculics’ WM. 

In 2007 Willburger et al evaluated the rapid naming 
speed in children with dyslexia and children with DD. 
Rapid naming speed is the ability to name sequentially 
presented letters, digits or pictured objects as quickly as 
possible. Except from the standardized reading and arith-
metic tasks, researchers also used three subtests of KITAP 
(Zimmermann et al, 2002), a computerized battery, to 
assess processing speed and reaction time and three stand-
ard Rapid Automatized Naming (RAN) tasks from a 
Dutch computerized battery. Dyscalculic children showed 
a domain-specific deficit in rapid naming of quantities. 

V. MATH ANXIETY 
Math anxiety is a negative emotional reaction of the 

person in circumstances which require understanding and 
applying mathematical operations to solve problems. 
People who suffer from math anxiety feel unable to partic-
ipate in activities and lessons that contain maths. Students 
with high levels of math anxiety get poorer grades in the 
math classes, have reduced confidence in their ability on 
mathematics and may be less likely to attend math courses 
or math-related careers (Scarpello, 2007). It is considered 
that math anxiety mainly grows in junior high school 
when the math curriculum complicates considerably. 
When performing mathematical calculation, children with 
high levels of math anxiety develop negative emotions. 
Therefore underlines the role of the emotional factor in 
situations that require mathematical thinking (Maloney 
and Beilock, 2012). Several factors in the class could 
increase students’ math anxiety as when a student is called 
to the board to solve a problem or a non-supportive teach-
er (Ashcraft and Krause, 2007). Many teachers, mainly in 
primary education, have math anxiety themselves and 
transmit it unwittingly on children (Geist, 2010). 
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Children with DD may have higher levels of math anxi-
ety than non-dyscalculic children. In 2014 Wu et al as-
sessed 366 children (average age 8.27 years) using the 
Scale for Early Mathematics Anxiety (SEMA). The results 
revealed that math anxiety is remarkably correlated with 
math achievement, concluding that poor achievement in 
mathematics is not simply the result of high levels of trait 
anxiety. Krinzinger et al (2009) investigating the link 
between math anxiety and math performance in early 
school years concluded that only in cases of extremely 
high levels of math anxiety it could have a negative effect 
on math performance. Woodard (2004) suggests that edu-
cators need to recognize the causes of math anxiety, such 
as poor math instruction, negative attitudes about mathe-
matics courses, negative math experiences, and low self-
esteem and implement individualized teaching approach 
to students who face such a problem. 

VI. COMPUTERISED SCREENING TOOLS FOR 
DEVELOPMENTAL DYSCALCULIA. 

Computerized screening tools are reported to be the 
new trend in diagnosis and assessment of learning disa-
bilities. Although there are several paper and pencil 
screening tools for dyscalculia and arithmetic achieve-
ment, Number Sets Test (Geary, 2009), TEDI-MATH 
(Gregoire, Noel & Van Nieuwenhoven, 2004), Heidel-
berger Rechentest (HRT: Haffner, Baro, Parzer & Resch, 
2005), MaLT (Williams,2005), Number Knowledge Test 
(NKT: Okamoto & Case, 1996), TTR (De Vos, 1992), 
Kortrijk Arithmetic Test Revision (KRT-R, Baudonck et 
al, 2006), Number Sense Brief (NSB: Jordan, Glutting, 
Raminem & Watkins, 2010), Test of Early Mathematics 
Achievement (TEMA: Ginsbury & Baroody, 2003) etc, 
there have been developed only a few computerized 
screening tools. 

Based on the neuropsycological correlates of DD, 
Cangoz et al (2013) proposed a computer based screening 
DD test for 6-9 year old children. The screener’s tasks 
consists of dot counting, number comparison, perceptual 
quantity estimation, number line estimation and simple 
arithmetic. Researchers designed the screening tool to be 
compatible with Android tablets, as due to their portabil-
ity, they are easily accessible in the classroom and despite 
that they are very popular to children. 

Plerou. Vlamos and Kourouthanasis (2014) proposed a 
computer based diagnostic screener referring to dyscal-
culia and algorithmic thinking difficulties. They integrated 
into the screener animation technology including bitmap, 
images, audio, native 3D rendering, text, hypertext and 
video. The screener was designed to assess difficulties in 
number visual perception and problems in spatial concep-
tion via interaction activities through visual representa-
tions. Digital Screener test controls five key areas: 
! Problems in visual perception of numbers 
! Troubles in spatial concepts and geometry. 
! Difficulties in calculating. 
! Difficulties in perception of time. 
! Difficulties in algorithmic thinking. 
Trott and Beacham at Loughborough University, devel-

oped Dyscalculium, a first-line screening tool for dyscal-
culia. This online screener examines the understanding of 
number concepts and quantitative comparisons to identify 
students at risk of dyscalculia. Students complete online 
the Dyscalculium portal without time limit and after that 

the results are automatically analyzed, proving individual 
profile for each student. The screening tool is based on six 
categories about understanding of numbers: 
! Operational (conceptual and inferential) 
! Number Comparative (visual-spatial, word and sym-

bolic) 
! Number Conceptual 
! and five categories of everyday applications: 
! Graphical (tabular and graphical) 
! Spatial Temporal ( direction and time) 
! Symbolic Abstraction 
Butterworth (2003) developed Dyscalculia Screener, a 

computer based standardized test, designed to diagnose 
dyscalculia in children from 6 to 14 years old. The screen-
er consists of four computer-controlled tests: 
! Simple Reaction Time 
! Dot Enumeration 
! Number Comparison 
! Arithmetic Achievement Test (addition and multipli-

cation) 
The duration of the test ranges from 15 to 30 minutes. 

According to Butterworth, Dyscalculia Screener is not a 
general test of mathematical achievement, as it is focused 
on diagnosis of dyscalculia. 

In a study with 11,652 participants from second to ninth 
grades (average age 10,86 years), Crespo et al (2012) used 
the BNB PC-based assessment to identify children with 
basic numerical deficits, developmental dyscalculia (DD) 
and arithmetic dysfluency (AD). Basic Numerical Battery 
(BNB) is a battery of item-timed computerized tests. The 
battery consists of two numerical capacity tests, dot enu-
meration in which children were asked to enumerate the 
quantities of dots presented on the computer screen, and 
numerical magnitude where children had to compare the 
magnitude of two digits (1-9), and a test of mental arith-
metic fluency with 15 additions, 15 subtractions and 15 
multiplications. The number of correct responses as well 
as the time reaction were measured as criteria for classify-
ing children. The results of the study showed that capacity 
tests of BNB are precise and predictive tools for identify-
ing DD. 

In 2012, Manghirmalani, More and Jain proposed an al-
ternative approach to classify learning disability. The 
reasoning of this soft computing technique called Fuzzy 
Expert System is similar to human reasoning. This allows 
to reach firm conclusions from incomplete or unclear data. 
A curriculum-based test with 11 input parameters (Essay, 
Reading, Comprehension, Spelling, Perception, Solve, 
Word Problem, Mental Sums, Time, Calander and Mon-
ey) was designed for collecting learning disability da-
tasets. The proposed model assists in the diagnosis and 
classification of learning disability that is dyslexia, dys-
graphia or dyscalculia, with an accuracy of about 90%. 

VII. CONCLUSIONS 
The diagnosis of developmental dyscalculia is not a 

simple task, given the diversity of symptoms and possible 
causes of the disorder. During the last decade mainly, 
there have been some attempts to design computerized 
screening tools for dyscalculia, although further investiga-
tion is required with regard to the development and bal-
ancing of the tools in order to allow a massive utilization. 
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