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ABSTRACT

Specific learning disorders constitute a varied group of alterations or difficulties that
can cause problems not only at school but throughout life. These disorders can be
evidenced, in the first years of schooling, when children present problems in reading,
writing, and numerical reasoning. Once the diagnosis is established, the experts
develop treatments that generally require specialized teaching materials that, due to
the technological gap, are often scarce, expensive, and difficult to access. This study
presents the development of the tool GABARATO which in English closest
translation is scribbled, based on the analysis of the skills that children with learning
disorders have in front of the computer.
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INTRODUCTION

There are a variety of Specific Learning Disabilities (DEA), among them dyslexia is
defined as a disorder that involves oral and written comprehension of language; the
associated problems can be identified in the schooling stage and involve the pairs of
thinking, speaking, reading, writing and difficulty in recognizing symbols (Galaburda
& Cestnick, 2003). In developing countries, this disorder is found among 8% of the
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school population (Artigas-Pallarés, 2002) and constitutes a factor for dropping out
of school. On the other hand, dyscalculia (Alvareza & Brotons, 2018) manifests itself
in the difficulty to understand and learn the mathematics and number concepts
underlying basic arithmetic (Geary, 2017).

The most appropriate type of treatment is analyzed according to the case, the therapist
may use traditional teaching materials or innovative techniques such as multimedia
tools that integrate images, sounds, videos, texts. In general, the educational resources
used in the treatment of specific learning disorders must be motivating, attract the
attention of the student, and have professional, specialized support, they must be
applied in a personalized way, according to the needs of each child, and evaluate their
performance particularly. In Ecuador, the treatments for these conditions, especially
in the most vulnerable population, are not completely resolved because the
accompaniment processes to the therapies and the use of didactic material are
deficient, expensive, and not very accessible. Faced with this reality, the Sinsoluka
Foundation, which is aimed at children and youth living on the street, allows children
who manifest these conditions to return to school, receiving specific diagnoses and
treatment for learning disorders.

RELATED WORK

Different applications allow working on reinforcements for dyscalculia and dyslexia
therapies, which can be found in different operating systems in force, which are very
useful for specialists to work with children or adolescents with learning disorders, but
to access some of these applications it is necessary to pay, so they are not accessible
to all users or have limited activities that do not allow focusing on the various
treatment areas. There is evidence of a great variety of investigations related to the
subject that present solutions for the treatment of dyscalculia and dyslexia, through
different proposals, using multimedia. Carolina lzquierdo developed a product
containing a book and a video game (Izquierdo & Rodas, 2015), these two supports
it is intended to reinforce the cognitive area, motor perception, writing, and reading.
Another interesting work is the one developed by Karina Sanchez, which was aimed
at establishing technological educational strategies to help children with dyscalculia
in the first year of basic education (Sanchez, 2016), through development of didactic
resources to perform basic mathematical operations.

In addition to these local investigations, there are technological applications such as
Dytective, which is a multiplatform app developed by Change dyslexia (Rello &
Ballesteros, 2016), which allows detecting if the user has risks of dyslexia through a
series of games that vary in difficulty according to age, artificial intelligence allows
to detect errors to strengthen in specific areas of the language. Another interesting
application is Galexia (Serrano, Sanchez & Olmedo, 2016) which consists of twenty-
four sections that are presented to the student as a story, the activities are divided into
four phases, structured sequentially that increase the difficulty as the student
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progresses. In addition to these applications, some methods can apply to tools, such
as Binding (Albir-Mafanés) designed to improve comprehension and reading
fluency, which allows easy recognition of letters, long words, morphology, and
vocabulary.

METHODOLOGY

The research team proposed a quasi-experimental study (Hmelo-Silver, 2019),
divided into two stages: The first made it possible to evaluate the technological skills
of children diagnosed with dyslexia and dyscalculia (Meiselwitz & Trajkovski, 2006)
to understand the particularities of the tool so that it would be effective in treatment,
and a second stage that involved students from the Sinsoluka Foundation conducting
tests on the tool that was produced. To carry out this work, we had a team of experts
in preschool education, a psychologist, an expert in psycho-rehabilitation, a resource
design team, and a group of programmers.

Analysis of technological competences

This evaluation was carried out to measure the skills that children have when
manipulating a computer or device, through some tasks that determined the use of the
mouse, such as when dragging and dropping an object in a place specific. Under-
standing of an animation, typing on the keyboard, and how long it takes to search the
internet for a specific topic was also measured. The evaluations of each activity were
carried out in two sessions, individually, under the supervision of a therapist and
video recording. The data were analyzed by the specialists, who determined the
activities that are most effective for children with specific learning disorders.

Multimedia Activities for Dyslexia

Table 1. Activities included in the application for the treatment of dyslexia

Field

Definition

Activity

Visual discrimination

Develop the skills that allow
distinguishing the details and
differences that exist in the signs of
written language.

Identify the same letters
Paint the letter with the
corresponding color

Visual organization

Integrate writing symbols

Complete the word.
Identify silhouettes

Visual Memory

Recall visual information, remember
the spelling and store perceptual
information

Memorize letters
Remember the order of the
words

Auditive Perception

Properly process sound stimulation

Listening exercises
Phonological exercises

Auditive decoding

Develop fine discrimination of sounds

Listen and complete words
Spanish syllables separation

Auditive Memory

Retain and organize sounds

Hear and remember words
Listen and remember sentences

Human Systems Engineering and Design (IHSED 2021)
https://openaccess.cms-conferences.org/#/publications/book/978-1-7923-8987-0




Applied Human Factors and Ergonomics International AH IF E

International

The activities of the tool were defined according to table 1. The technical team
determined that for the treatment of Dyslexia, the multimedia tool would incorporate
activities of a special kind to reinforce the disorders of the Lexia Route; while for the
audio linguistic disorder, in which the student cannot carry out the phonological
reading process, it is necessary to strengthen the connections between the visual
analysis of the graphene and the phoneme level.

Multimedia Activities for Dyscalculia

In the case of Dyscalculia, the team decided to adopt the approach that the inability
to handle arithmetic symbols and mathematical operations underlies the
understanding of logic and mathematical reasoning, the activities were defined:

Table 2. Activities included in the application for the treatment of dyscalculia

Field Definition Activity
Number line Consolidate mental number line Place the numbers in order
Play Models Develop logical thinking and motor Play Models - Cubes

skills
Spatial sense Reinforce spatial coordinates Play models - arrows
RESULTS

For the development of the application, Unity technology [12] was used, using the
SCRUM [13]agile development methodology with which the analysis, design, high
and low fidelity prototypes, development, and user experience tests [14]. Children
were defined as primary profiles and therapists as secondary. The application has
mechanisms for validating the profiles, supporting and securing the data.

The resulting application was called Gabarato, which is oriented mainly for touch and
mobile devices; The application avoids the user having to resort to the use of
peripherals, double-clicking, or dragging elements of the interface. From the previous
study of skills, it was possible to understand that children who have these conditions
have problems typing on the keyboard, so this device was eliminated, and all
functions are solved from the interface. The scores of each exercise are registered in
the applications and are recorded in the profile of each student. To measure progress,
results can be accessed through passwords, all reports are accessible from the
therapists' profile.

The navigation diagram also defines those users who can select the level of difficulty
in the activities; the design of the user experience is based on a linear structure, which
allows each user to advance in the sequences once they have previously completed
an activity. The hierarchy scheme defines first the options for dyslexia and then those
for dyscalculia; later the categories of the activities are established and finally the
levels of difficulty. In figure 1 you can see the main interface of the application with
the different exercises by treatment area. You can also see the difficulty level selector
for each of the programmed exercises
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Fig. 1. Access interface and difficulty selector

Figure 2 shows a character identification exercise for which the pointing mechanism
is used as part of the therapy for visual discrimination. For the different levels of
difficulty, illustrations, interfaces, and specific interactions were used, the simplest
being those in which it is indicated, even the most complex in which the characters
are smaller, and the user has to establish the destination of an animated element.

Fig. 2. Letter identification activities

Figure 3 shows exercises that at the lowest level of difficulty allow exercising the
ability to identify silhouettes, while at the highest levels of difficulty, children are
asked to recognize and memorize letters, these activities. About dyscalculia, activities
reinforce mathematical logic, number construction, and basic operations.
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Fig. 3. Dyslexia and dyscalculia activity interfaces

Figure 4 shows the development team during user experience tests and evidence of
application tests in a therapeutic environment, carried out on children who were
diagnosed with dyslexia.

DSCN4119

Fig. 4. User experience tests with experts and children from Sinsoluka

CONCLUSIONS

The Scribble tool, developed by the Indoamerica University research team, was built
complying with all the protocols required by the methodology to produce more
modern multimedia tools. The multidisciplinary team positively resolved several of
the problems that this type of applications present, since in the activities proposed,
they not only considered the therapeutic aspects, but also the conditions of the users,
their tastes, limitations, and potential for progress. The use of this tool, as part of a
therapy related to specific learning disorders, should be supervised by specialists, in
short sessions and should include additional support material. This work fulfills an
important social function since it is being implemented in specialized institutions at
no cost.

FUTURE WORK

Gabarato is still in the evaluation process, the development team is now concentrating
its efforts on comparatively measuring the effectiveness of the tool concerning other
options available in the market. It is still necessary to determine the impact of the
application at an educational and social level, as well as the groups in which it could
be more effective considering the level of schooling, age, and potential for access to
technology.
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