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Abstract— Dyscalculia is associated with the child’s inability
to understand the basic mathematical concepts. Dyscalculia
covers a variety of challenges in mathematics that include
understanding the numbers which are the root of
mathematics to the inability to grasp the mathematical
language. Hence, for such kid’s dealing with mathematics
even in day to day life is a challenging aspect and even more
difficult if they have no tools that would be an aid to their
disability. Although there are many interactive learning
techniques, most of the time students tend to lose interest so
learning in the form of game can be helpful and can
enhance learner’s motivation. The process of learning
through games is known as gamification. The main aim of
gamification is providing a technological aid to support
students suffering from dyscalculia. Understanding of
gamification is an important task as playing video games and
games are considered as tasks for entertainment purposes, so
it is not considered as an aid in learning. So, gamification
awareness is very important, to be considered as an aid to
teach children suffering from dyscalculia.
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l. INTRODUCTION

Of the many different types of learning disabilities dyscalculic
is also a learning disability associated with the difficulty in
understanding mathematics. Difficulty in dealing with
mathematics not only impacts the child’s schooling but also
the child may face difficulty in doing day to day tasks. For
instance a dyscalculic may find it intimidating to understand
the difference between the number 6 and the word six
associated with it. So it is very important to understand the
kind of challenges the child is facing in order to help the child
overcome it’s disability. Many tools are available to guide the
child into dealing with the fear of mathematics. The parents
also need to understand the exact issues their kids are having.
Technology has evolved in various ways over the years.
Classroom learning evolved to e-learning. But both these
methods are not that effective for children with dyscalculia. To

help such students, gamification was developed. The four main
goals of e-learning include increased effectiveness, efficiency,
engagement and motivation in students is achievable by
gamification. Gamification helps to motivate the child to
actively participate in the classroom activities as it makes the
learning fun and easy. Gamification is basically a way in
which humans learn. Understand the target audience, define
the learning objective, structure experience, identify resources
and apply gamification elements are the five steps of
gamification.[1]. Studies suggest that the recall rate is 10% and
90% for verbal and image simulation, respectively after 72
hours. Therefore, use of games can prove to be very effective
for retaining knowledge[3]. For assisting such students, a
swift playground calculator, Chocolator was developed [2].
Another approach to help dyscalculic children is a clinical
method wherein tests are provided to the child. These tests
consist of a specific kind of questions to find out the area in
which the child lags [4].

Il. METHODOLOGY

In order to understand the various topics involving dyscalculia,
we performed a step by step review of the same. In order to
facilitate the review procedure, we explored the internet and
also various reference books, one of which was WJ IV test
manual that explains various tests which helped in deciding if
the child has dyscalculia or not[35]. On the internet, various
research papers, websites, journals, books were explored with
the help of following keywords- gamification, dyscalculia,
learning disabilities, game based learning, which basically
helped us study dyscalculic children and in turn helped in our
research process step by step.

"l. RESULT AND DISCUSSION
A. Understanding dyscalculia

Dyscalculia is a greek derivative that is associated with a
person's inability in understanding mathematics (dys - bad +



calculia - calculate). The child from a very young age starts
showing the signs of dyscalculia meaning they start struggling
with day-to-day activities like counting or distributing things.
The basic signs of dyscalculia or the difference between
normal child and the dyscalculic child are -

Normal Dyscalculic
Child Child
Task Able to do Able to do
Counting Objects Yes No
Make comparisons Yes No
Performing Yes No
mathematical operations
Reading mathematical Yes No
symbols
Sequencing of numbers Yes No
Classify 3D and 2D Yes No
objects/ tell directions

Based on the area of difficulty dyscalculia is classified into
various categories -

Category of dyscalculia Problem associated with it

1. Verbal dyscalculia: Inability in understanding the
mathematical concepts said
verbally or the inability to talk
about the same.

Inability in figuring out the
task required to understand
mathematical relationships.
Inability to connect the
mathematical concepts with
real world concepts.

Inability to read numbers and
understand them if they occur
in sentences.

2. ldeognostic
dyscalculia:

3. Practognostic
dyscalculia:

4. Lexical dyscalculia:

5. Graphical dyscalculia: Inability in writing
mathematical concepts or even
numbers.

6. Operational
dyscalculia:

Inability in performing any
kind of arithmetic operations
for manipulating numbers.
[26].

Although the exact reason of dyscalculia is unknown
researchers believe two main causes of dyscalculia -

> Genes and hereditary - Various types of genetic
disorders like Turner's syndrome, Fragile X
syndrome, Velocardiofacial syndrome, Williams
syndrome can be the cause of dyscalculia. Also it is
believed that dyscalculia can also be inherited.

> Brain development - There are some differences in
the brain imaging of dyscalculic child and normal
child [27].

B. Understanding the human brain

The human brain is very complex when it comes to processing
everyday activities. The uniqueness in the person's personality
is due to the functions that the cerebral cortex which is one of
the parts of the human brain performs. Cerebral cortex is
mainly divided into four lobes namely, the frontal lobe,
parietal lobe, occipital lobe and the temporal lobe (see Fig No.
-1). These four lobes are responsible for carrying out various
reasoning and logical functionalities -

> The frontal lobe-
1. Location: Front of brain
2. Function: High level cognition, reasoning,
expressive language and motor skills.

> The parietal lobe-
1. Location: Middle section of brain
2. Function: Processing information of tactile
senses such as touch, pain and pressure.

> The temporal lobe-
1. Location: Bottom section of brain
2. Function: Interpreting sounds and language.
3. Beras hippocampus which is associated with
emotions.

> The occipital lobe-
1. Location: Back of brain
2. Function: Processing of visual stimuli

Study has been carried out to understand the connection
between the problem associated with dyscalculia and the
cerebral cortex related to it [7][5]. Also Studies conducted on
non dyscalculic people have shown that the right intraparietal
sulcus (IPS) is related with the mathematical processing. The
dyscalculic has an impareid IPS which is why their brain
cannot process the numerical processing efficiently [6].
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Fig. 1. The lobes of the Brain

As estimated, 7% of the population suffers from dyscalculia,
which means that people in this 7% of the population have
normal intelligence but face severe difficulties in problems or
activities involving numbers.

The maximum time spent by the child is either with their
parents or the teachers. So, if any of them gets to know that
their child is facing an issue, they can be immediately taken to
a doctor to get solutions to the problems being faced. So,
understanding the perspective of parents as well as teachers'
sides is very important.

C. Parents’ and Teacher’s Perspective

Parents and teachers face difficulty in dealing with children
with dyscalculia as they on their own are unaware about the
symptoms, treatment methods and the behavioural aspects of
the child. The main limitation faced by teachers and parents is
that they do not get the necessary information or feedback
regarding the child’s progress, thereby, delaying the process of
improving the child’s capability to deal with mathematical
problems. At times, parents are unaware about the fact that
their child is suffering from dyscalculia as they lack a proper
set of guidelines that would help the parents identify the
mathematical issues related to their child. A set of basic
mathematical questions that are most commonly solvable by
all the students of their ward’s age would in a way help the
parents get a hint of the child’s disability.

There are many problems faced by dyscalculic children out of
which some are they cannot cope up with the speed of a
normal child. They tend to lose confidence very easily.
Observing the child can help the parents, teachers and doctors
to develop various strategies to support the child in reducing
the problem of dyscalculia. Numerous tools are developed to
help the dyscalculic child such as the Fountain Valley Teacher
Support  System in  Mathematics, Stanford Diagnostic
Mathematics Test. Some other tests are Diagnostic Test of
Arithmetic strategies which are for children of age 0 to 12

years, which gives instruction on how to deal with children
suffering from dyscalculia.

The newer and updated approach in the technology field to
help the child suffering with dyscalculia is the Dyscalculia
Screener. The software was basically build for children of 6-
l4years of age group and was used by teachers to evaluate
whether the child showed any signs of dyscalculia based on a
set of questions that would help them identify the weaker
mathematical areas of the child and if there were any then help
the teacher provide help to the child online [8].

Some students have lifelong learning disabilities and they need
special attention and help from specialists as well as teachers.
But, teachers always do not have time to consult a specialist or
find out ways to help the child. So, a software was developed
to help teachers through which they can make decisions
specifically for each child. And this software tells whether the
decision is correct or not[14].

Every child has a different way of learning and grasp concepts
in a different way. Mixed Reality(MR) is a platform that offers
teachers ways to engage children to learn the concepts of
mathematics. This also helps in developing the child’s interest
[15].

D. E- learning and Game Based Learning

Traditional methods like blackboard learning are ineffective
for a child suffering with dyscalculia. Also, in traditional
teaching methods, the attention of the teacher used to get
shared among many children. So, attention needed by a
specific child was never provided. To overcome this problem
of teaching, integration of traditional methods with technology
is done.

Edgar Dale’s learning cone helps us in understanding how
much a person can remember after reading, listening and
understanding concepts of various studies. The Edgar Dale’s
cone states that any work done practically along with proper
visualization is retained by the brain for a longer duration (see
Fig No. -2).
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Fig. 2. The Edgar Dale’s pyramid

So a visual aid to assist the learning methodology is E-
learning. A study was conducted to determine whether the
students prefer e-learning or traditional learning of which the



finding indicated that the students preferred the former
[28][29]. The major problem with e-learning is that the
attention span of a normal human is less than 5mins and since
the problem with dyscalculic children is that they are
disinterested in learning e-learning alone cannot aid as an help
to these kinds of kids.

Another visual aid towards learning is the game based
learning. Game based learning provides a game based
perspective to students in understanding the concepts through
a gaming which is basically designed by the teachers. By
collecting feedback from the students, the teachers can work
towards improving the game in order to achieve its goal by
making necessary changes.[12]. Game based learning can also
be done with the help of mobile applications. Use of such
mobile applications can help in improving the child’s math
solving ability [3]. Game based learning has proven effective.
A study was conducted in which students with intellectual
disability had participated. And playing games was an
effective method to help the students in solving math problems

[9][11].

Students have a lot of interest in playing games. So, this
advantage will help to improve the learning process which will
eventually help them to improve the condition of dyscalculia.
Also, a web based application was developed for such students
with mixed methods for gathering insights as to how to engage
these students to learn math and for analysing how their
development took place using these educational games [10].
A series of games to be constructed for students should follow
proper design guidelines and game design frameworks [13].

But the problem with game-based learning, the child gets
addicted to the device or gets hooked up on games. Also
there was no particular way of keeping track of the
performance of a child. So, the teacher was unable to get
updates about the child. So, to avoid such problems
gamification was developed.

E. Adaptive Gamification as an aid for dyscalculic children

Gamification is the process of adding games to a task so as
to make it more interesting to participate. Gamification is the
best solution to engage users to play games to improve the
users’ knowledge about a particular topic. Designers should
design games which make it more playful and engaging for
the users to play. Games should be developed in such a way
which are useful for every user as each user has different
needs and ways to play games [24].

Today's learners belong to a digital era. So, making this
generation learn with the help of gamification will increase
the learner’s motivation and focus towards learning
concepts[17]. In the past couple of years, gamification usage
increased in education. An online toolkit, Kahoot was used
to analyze the gamification usage. This method of involving
gamification in education motivated students to learn
various educational concepts[18]. An assistive method for
final project development which was based on gamification

named, GAMED, was developed for high school students to
various aspects such as motivation, teamwork and
engagement this was done by bringing various game
elements to school. This helped the high school students to
reduce the stress of final course projects[21].

Gamification helps children with normal intelligence to
improve their concepts of various topics. In addition to a
child with normal intelligence, gamification has also helped
children with special educational needs to learn and improve
concepts of various educational topics[3].

Augmented Reality[AR] in integration with gamification is
also used to help people with intellectual disabilities
learn[22]. Different types of math tools are developed to
teach the concepts of mathematics such as counting,
arithmetic operations, smaller and greater, numbers etc that
make use of gamification for the dyscalculic
children[23][24][25].

In Spite of gamification being effective it does not adapt to
the needs of the learner. Adaptive technology can prove to
be better aid for the students to learn [30][26]. The game
tailored according to the needs of a student following the
design paths and principles help to develop a technology
more effective than the non adaptive gamification types
[31][33].

A model was developed with the help of machine learning to
predict performance. This model is the personalized adaptive
gamification which has proved helpful for an individual to
improve their performance and motivation. Methods are
developed to find out about the emotion of the individual
which will help in improvement of the performance as well
as motivation [32].

Over the last decade, the field of gamification is growing at a
huge rate. Gamification usage has helped the learner’s in a
positive way. A project named LudiMoodle, aims at finding
out new information about the specific elements of a game
such as scores, progress etc with the help of a digital
learning environment. This project helps the researcher with
adapted game elements according to each and every profile
of the learner[34].

Since adaptive gamification is more focused on the need of
the user it can be a good aid for students with learning
disability. Since these children have special educational
needs and their area of weakness may differ from child to
child adaptive gamification can help assist and monitor the
child’s progress on an individual level.
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(AVA CONCLUSION

Dyscalculia is a learning disability which can be improved
with the help of various technologies and tests which are
developed over the time. Some of the technologies and tests
which help in improving the condition of dyscalculia are-
Fountain Valley Support System, Stanford Diagnostic
Mathematics test. Softwares such as Dyscalculia Screener
Digital were developed for the teachers to help them to
evaluate the tendencies of a child with dyscalculia. Adaptive
gamification can be used as an aid for a dyscalculic child
over game based learning and traditional methods of
learning. We have also discussed the doctor’s, teachers and
parents’ perspective about a child suffering from dyscalculia.
And also what measures can be taken to help the child in
improving the mathematical concepts.
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