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Abstract

disabilities that really can fall apart their whole life.

of an American test (TOMA 3 test).

regarding all items of the test.

Background: Mathematical skills have an important role in progress of the educational level of nations. Unfortunately,
there are still some pupils in school with normal intellectual function, but they have different degrees of mathematical

Dyscalculia is called number blindness. It is the name given to the condition that affects our ability to acquire
arithmetical skills. In the Arabic language, there is a deficiency in tools for diagnosis of dyscalculia, so we conducted
this study to formulate a test suitable for diagnosis of dyscalculia in Egyptian children via translation and modification

Results: The modified test was highly significant in discriminating dyscalculic from non-dyscalculic Egyptian pupils

Conclusion: The Arabic version of TOMA-3 is valid and reliable for diagnosis of dyscalculia in Egyptian school-age children.

J

Background

Mathematical knowledge is one of the foundations of
human cognitive and creative development [1]. However,
some individuals commonly have some type of difficulty
in acquiring basic mathematical concepts. This difficulty
starts right at the base, and because it is not taken
seriously, it escalates resulting in dyscalculia.

Dyscalculia is a specific learning disability affecting
normal development of school-level arithmetic skills that
results from specific neurocognitive dysfunction [2]. It is
a brain-based condition with a familial-genetic predis-
position that makes it hard to make sense of numbers
and mathematics concepts [3]. The term dyscalculia
dates back to at least 1949. It comes from Greek and
Latin and means “counting badly” [4]. The two other
common terms are “Mathematics Disorder” and “Math-
ematical Disabilities” (an educational term primarily
used in America) [5]. Five to 10% of school-age children
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have some form of cognitive deficit that limits their apti-
tude to acquire knowledge and understand fundamental
ideas in numeracy [6].

Developmental dyscalculia (DD) could be divided into
primary and secondary DD with different underlying
profiles and causes [7]. Primary DD is characterized by a
severe deficit in numerical or arithmetic functioning,
caused by different underlying biological factors [8] in-
cluding congenital factor [9], and brain developmental
factor (dyscalculic people have not developed the intra-
parietal sulcus that is linked to the all arithmetic pro-
cessing as much as typical learners) [10].

Secondary DD denotes impaired numerical capacity
that can be explained by non-numerical impairments as
working memory processes dysfunction [11], visual-
spatial attention deficits [12], and low socio-economic
status [13].

Twenty to 60% of all persons with dyscalculia also
have comorbid other conditions [14]. The most common
cognitive disabilities that often associated with DD are
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dyslexia [15] and Attention Deficit Hyperactivity Deficit
(ADHD) [16].

Mathematical skills and concepts are used everywhere
from the kitchen to the playground and the workplace.
In fact, people with dyscalculia struggle from their difficul-
ties for years before they undergo proper assessment.
Failure to identify dyscalculia early enough for early inter-
vention leads to a bad impact on our children’s daily activ-
ities that require adequate mathematical ability.

Successful diagnosis of dyscalculia is performed by
personal, familial, scholastic developmental history [17],
general examination, psychometric evaluation [18],
working memory task [19], and standardized tests for
evaluation of arithmetic ability [20], to determine how
dyscalculic children can do basic calculations, reasoning
quantitative and numerical fact computation.

In the English language, there are many examples of
tests that can help in diagnoses of DD, such as the
Wechsler Individual Achievement Test [21], the Key
Math 3 Diagnostic Assessment [22], and the Dyscalculia
Screener Test [23]. On the other hand, in the Arabic
language, there is a deficiency in tools for diagnosis of
dyscalculia, hence, the urgent societal need to develop a
standardized Arabic test of mathematical abilities to help
in early detection of failing learners.

The Test of Mathematical Abilities—Third Edition
(TOMA-3) is an easily administered, norm-referenced,
assessment tool used to identify, describe, and quantify
mathematical deficits in school-age children. It can de-
termine the magnitude of any mathematical problems,
but it is available in only the English language [24].

Therefore, the current study aimed to formulate a
modified Arabic version of the Test of Mathematical
Abilities—Third Edition (TOMA-3) to suit Egyptian
children and test its validity and reliability as a diagnos-
tic tool for dyscalculia, which would guide in the early
recognition of arithmetic difficulties and provide a basis
for the planning of effective treatment.

Methods

Subjects

This study included 170 Egyptian school-age children
who were divided into 2 groups. Group 1 consisted of
100 normal school-age children of both sexes between
the ages of 8 and 19 years old who were used as controls
for comparative study. Group 2 included 70 children
with dyscalculia of both sexes between the ages of 8 and
19 years old. Exclusion criteria included low intellectual
functions and hearing or visual impairment.

Methods

All candidates were subjected to full history taking with
stress upon consanguinity and similar conditions in fam-
ily, history of delayed language development, time of
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discovery of arithmetic difficulties, and any comorbid
condition such as ADHD and dyslexia. Auditory and
ophthalmic examination was done to exclude visual or
hearing problems. Psychometric evaluation was per-
formed using the Stanford-Binet test [25] for determin-
ation of mental age. Arabic dyslexia assessment test [26]
was conducted to assess the presence or absence of asso-
ciated dyslexia. The test of Mathematical Abilities—
Third Edition (TOMA-3) was translated and modified to
suit the Egyptian school-age children who have a math-
ematical disability. A pilot study was carried out on 8
normal and 8 dyscalculic pupils to ensure the suitability
of the test elements before applying them to large num-
bers of pupils, and to test its reliability through test-
retest administration. After that, the translated, modified
version was administered to apply it on all candidates in
both groups.

Statistical analysis

Data were collected and entered into the computer using
SPSS (Statistical Package for Social Science) program for
statistical analysis (ver. 21) [27]. Data were entered as
numerical or categorical, as appropriate.

Reliability of the modified test was measured by the
following: (a) Test-retest reliability was carried upon 16
pupils (8 normal and 8 dyscalculic). These pupils were
subjected twice to the test items. The degree of similar-
ity between the two test scores indicates the amount of
stability possessed by the test. (b) Coefficient alpha reli-
ability demonstrated the internal consistency associated
with scores. It was measured using Cronbach’s alpha
analysis.

Validity was measured by (a) content description val-
idity that was used to test the degree to which the in-
strument has an appropriate sample of items for the
construct being measured and (b) construct validity
which means that a test designed to measure a particular
construct is actually measuring that construct.

Sensitivity and specificity were done using the receiver
operating characteristic (ROC) curves and area under
the ROC curve (AUC) which are a measure of the over-
all performance of a diagnostic test and are interpreted
as the average value of sensitivity for all possible values
of specify.

Results
By comparing the results of normal and affected groups,
we concluded that the dyscalculic group performed
worse compared with the control group regarding all
items of the core subtest of modified TOMA-3, and the
difference between the two groups was statistically
significant.

Test-retest reliability showed that there was no signifi-
cant difference between initial and retest scores, which
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indicated the modified test had a high degree of reliabil-
ity (Figs. 1 and 2). Additionally, the Cronbach’s alpha
value was 0.915, which indicates an excellent degree of
reliability for raw score. The high values of it in all sub-
test items denoted significant inter-correlation between
test items, which indicated the satisfactory level of in-
ternal consistency of this test. Regarding the validity of
the test, it was measured by content description validity.
The test was assessed by 7 expert phoneticians who
checked that the test included all relevant and important
items. By computing a content validity index (depending
on rating of item relevance by content experts), the re-
sults showed that the modified version of the test had an
excellent content validity index. Construct validity was
also measured, and the result showed that there was a
significant positive correlation between all scale items
which indicated that all items nearly measure the same
construct (scale outcome variable). Furthermore, sensi-
tivity and specificity were measured by calculation of the
receiver operating characteristic (ROC) curves and AUC,
the result demonstrated that the sum of scaled score was
a statistically significant discriminator of dyscalculic
from non-dyscalculic pupils, with a cutoff point of <33
(Fig. 3).

Discussion

Dyscalculia is a common learning issue that impacts
children’s ability to do math. Failure to identify the dis-
order early enough for early intervention leads to a bad
impact on our children’s daily life that requires mathem-
atical ability. The TOMA-3 was developed in response to
the requirement for a test that diagnoses dyscalculia. In
the present study, we formulated a modified Arabic
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Fig. 1 Bland and Altman plot for agreement showing narrow
margin of bias from upper limit (4.40) and lower limit (—4.83) to the
arithmetic mean difference of test and retest measurements, which
indicate an excellent degree of reliability. Blue line indicates mean
difference. Dashed red line indicates 95% confidence interval

of difference

Page 3 of 5

120 | o
B .
100 |- 0,5’
I feo¥e]
8o |- o
- |
L 60t 8.
O
&= ~ %

1 1 1 1
60 80 100 120
Test

Fig. 2 Scatter diagram for concordance correlation coefficient
showing that there was no significant deviation from the 45’ line of
concordance, which indicate almost perfect degree of reliability. Red
line indicates line of equality. Blue line indicated the trend line (loess
smoothing) (span 80%)

version of this test to diagnose Egyptian children who
have mathematic disabilities. In fact, TOMAS3 is consid-
ered a trial to expand arithmetical evaluation beyond or-
dinary skills [28]. It has 4 core subtests and a single
supplementary test. The rationale for choosing this is as
follows [24]: Mathematical Symbols and Concepts: It
provides a wide sampling of the signs symbols and vo-
cabulary items that students need to decode as they read
and study mathematics in school settings. In the present
study, the mean and SD of raw scores were higher in the
normal group (24 + 9) compared with the dyscalculic
group (9 + 4). This may be due to the fact that these
children have a poor visual memory, causing them to
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score is a statistically significant discriminator of dyscalculia from
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have a difficulty in connecting abstract symbols to their
numerical magnitude or seeing the connection for in-
stance between five fingers and the number five. It is
similar to kids with dyslexia, who have a difficulty con-
necting sounds with letters [29]. Computation: It is
widely used in mathematics education and its assess-
ment [30]. In the current study, the mean of raw scores
was significantly higher in the normal group (22 + 7)
than dyscalculic groups (11 + 4). Many children with
dyscalculia have intentional-sequential deficit [31]. In
numerical computations, very fine details, such as the
precise location of decimal points and differences in op-
erational signs, are important for successful completion
of the task. Computation requires students to mobilize
and sustain an adequate level of attention while working
from textbooks, copying from the board, or monitoring
their own work. The previous operations tend to be im-
paired in children with learning and attention problems.
Mathematics in Everyday Life: The application of math-
ematical content to community living and to profes-
sional life is an implicit goal of mathematics instruction.
In our study, the mean of raw scores in the normal
group was (19 + 6), compared to (8 + 6) in the dyscalcu-
lic group. This result was likely attained due to the fact
that most of the affected children had visual-spatial at-
tention deficits, which may be related to visuo-spatial
working memory dysfunction [32]. Spatial processes can
be potentially important in mathematics, where explicit
visualization is required, like when imagining operations
along the number line or visualizing functional relation-
ships. So children with DD have bad scores on answer-
ing questions that are concerned with the geometrical
shapes, judging distances between objects, measure
quantities, telling the estimated time, and estimating
costs. These examples represent the most common ex-
amples of mathematical applications in daily life. Word
Problems: It was designed to provide practice with the
practical calculations needed for various occupations or
trades. In the present study, the mean raw score of this
subtest in the normal group was (15 + 5), compared to
(6 £ 3) in the dyscalculic group. It is due to the fact that
the solution of these problems depends on the student’s
ability to retrieve the numerical information that has
been saved before in memory and on the ability to pay
sustained attention to solve the successive steps of them.
Unfortunately, these educational factors are affected in
dyscalculic pupils, thus lowering their mathematical per-
formance. Attitude toward Math: This subtest is a self-
report scale which gives an idea about pupil’s attitudes
that might or might not be related to their measured pro-
gress in mathematics. In our study, the mean raw score
was 43 + 6 in the normal group, which was significantly
higher than the dyscalculic groups (36 + 8). Mastery of
arithmetic skills predicts one’s educational outcomes as
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well as his impression toward mathematics [33]. Poor
attitudes resulting from weak arithmetic abilities nega-
tively affect the student’s motivation to engage in math
instruction.

Actually, there was a statistically significant difference
between the control and dyscalculic group regarding all
items of the Arabic version of the test. We thought it
was attributed to the fact that impairment of cognitive
functions (such as working memory processing dysfunc-
tion and poor attention, as well as visual-spatial skills
deficit) was considered the main cause of this imbalance.
All of these cognitive abilities have been linked to the
IPS, and thus its deficit indicated abnormality of that
area in DD [34].

Test-retest reliability

In the current study, test-retest reliability was carried on
16 pupils (8 normal and 8 dyscalculic) of both sexes be-
tween the age of 8 to 18years. The result showed that
average measures of intraclass correlation coefficient
(ICC) were 0.9977 (excellent degree of reliability), and
the concordance correlation coefficient = 0.9954 (almost
perfect degree of reliability). This result proved that the
formulated test was highly reliable for Egyptian dyscal-
culic children.

Coefficient alpha reliability
The Cronbach’s alpha value was 0.91 (excellent reliability)
for total raw score.

Regarding content validity, the Arabic version of the
TOMA-3 test had high satisfaction from seven Egyptian
expert phoneticians in Alexandria University. By com-
puting a content validity index, the result demonstrated
that modified version of the test had an excellent con-
tent validity index

Construct validity

Correlation coefficient of the core subtests ranged from
0.39 to 0.96. Therefore, the result also showed that there
was a significant positive correlation between all scale
items which indicated that all items nearly measured the
same construct.

Regarding sensitivity and specificity, the ROC curve
and AUC of total scaled score = 0.98 (an excellent de-
gree of accuracy), with a sensitivity of (97.14%), and spe-
cificity of (100.00%). Therefore, the sum of the scaled
score was the most accurate to discriminate between
dyscalculic and non-dyscalculic pupils.

Conclusion
The Arabic version of TOMA-3 test is highly valid and
reliable for diagnosis of dyscalculia in Egyptian pupils.
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Abbreviations

TOMA-3: Test of Mathematical Abilities—Third Edition; DD: Developmental
dyscalculia; ADHD: Attention Deficit Hyperactivity Deficit; ICC: Intraclass
correlation coefficient; ROC: Receiver operating characteristics; AUC: Area
under the curve; IPS: Intra-parietal sulcus
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