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Abstract: Dyslexia is a relatively common language disorder which is generally ignored in rural
communities. It hinders children’s learning processes and, in some cases, is the cause of dropouts
or violence in schools. The present work strives to create a web and mobile app as a preliminary
step towards the diagnosis and treatment of dyslexic children. Apps providing didactic educational
games and activities improve literacy skills for students with reading disabilities. The current work
incorporates user experience and prototyping to fulfill app requirements. The authors evaluated the
apps with the Mobile App Rating Scale (MARS) tool to assess engagement, functionality, aesthetics,
and information. The app’s improvements were immediately implemented and tested in the “Escuela
Linea Equinoccial” (Ecuador) school, proving its utility for future use in the education system. The
app can be a valuable tool for children with dyslexia to progress successfully through school, raising
their self-confidence and, thereby, helping them reach their full potential as adults able to make a
positive contribution to society.
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1. Introduction

Special educational needs (SEN) [1,2] which are not associated with physical dis-
abilities are an unknown topic to many [3,4]. For that reason, some students cannot
overcome their learning obstacles, which in many cases cause violence, bullying, and
school dropouts [5]. Education, hand in hand with information and communication tech-
nologies (ICT), brings tools and innovative alternatives which improve students’ daily lives.
ICT also includes support for learning difficulties related to dyslexia, mainly identified in
the early years of school education [6].

The Diagnostic and Statistical Manual of Mental Disorders (DSM-5) [7] considers a specific
learning disability (SLD) to be a type of neurodevelopmental disorder which impedes
learning or the use of specific academic skills that are the foundational for other academic
learning. Early signs may appear in the preschool years, but they are only diagnosed
reliably after the start of formal education. SLD is understood to be a cross-cultural and
chronic condition that typically persists into adulthood. Dyslexia, one of the most common
SLD manifestations, implies difficulties in learning [8].

Dyslexia is a term used to refer to a pattern of learning difficulties characterized by
problems with accurate or fluent word recognition, poor decoding, and poor spelling
abilities [7]. In addition to the aforementioned problems, dyslexia can also be accompanied
by difficulties in reading comprehension or math reasoning.

According to the International Dyslexia Association [9], dyslexia presents difficulties
that typically result from a deficit in the phonological component of language that is often
unexpected concerning other cognitive abilities and the provision of effective classroom
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instruction. Secondary consequences may include reading comprehension problems and
reduced reading experience, impeding the growth of vocabulary and background knowl-
edge [10]. In this context, the studies concerning this area recognize that dyslexia is a
high-impact issue which inhibits the teaching—learning processes [11].

A recent review [12] about dyslexia around the world provides a global picture
of this type of SLD. Worldwide, numerous institutions and schools offer support for
parents, teachers, and people with dyslexia. Looking at all languages, there is no single
cause for dyslexia, and several aspects should be considered. An additional factor to
consider is that diagnostic precision is likewise influenced by poverty, limitations, lack
of opportunity, and language variants. Furthermore, there are still countries where
students are not identified and do not obtain evidence-based early interventions. Hence,
both parents and teachers require information concerning methodical, specific reading
and spelling guidelines. Although many countries have taken positive action to enhance
the education, learning, and overall lives of people with dyslexia, in some countries,
dyslexia is still not acknowledged or well understood, and people with these special
reading needs are stigmatized.

According to Mather et al. [12], in Ibero-America, only Brazil, Costa Rica, and Spain
are International Dyslexia Association (IDA) global partners. Additionally, Brazil, Costa
Rica, and Puerto Rico have schools and centers that serve students with dyslexia. Finally,
Costa Rica and Puerto Rico have organizations with a social media presence.

In Ecuador, the Ministry of Education has not yet carried out a study into dyslexia. For
this reason, there are no national or provincial statistics. However, there has been a study
of the cases of dyslexia in Quito and Cuenca. According to Mendez’s [13] study, carried out
in the urban and suburban areas of the Metropolitan District of Quito (Ecuador), the causes
of failing and repeating the school year were: finances, 33%; health, 16%; and learning
difficulties, 51%. Of the 51% with learning difficulties, 26% corresponded to dyslexia.

The study by Velez et al. [14] reviews the incidence of dyslexia in 207 primary school
students, from 8 to 13 years of age, who attend public and private institutions in the city of
Cuenca (Ecuador). It states that 26.57% of students presented signs of dyslexia, of whom
36% had superficial dyslexia, 33% phonological dyslexia, and 31% mixed dyslexia. It is
for this reason that we present our study to improve the possibilities for students with
dyslexia with the applied use of ICT.

There is a steady growth of tablet and smartphone apps that provide help to people
with dyslexia. Apps aimed toward didactic educational games and activities improve
literacy skills for students with reading disabilities [15].

Smartphones may be an affordable part of the solution for vulnerable groups with
SEN. For that reason, the current work explains the design and use of web and mobile
apps with the purpose of helping children with dyslexia. Specialized professionals require
technology to help children with dyslexia in their academic development. Technology
has proven essential, especially in crisis, pandemic, or emergency scenarios, such as the
current worldwide situation due to COVID-19 [16]. Technology performs a vital role in the
attention continuity required by dyslexic children who cannot leave their homes due to
their vulnerability and the risk of contagion.

We address the following research questions in this work:

RQ1. How can web and mobile apps support the learning process of children
with dyslexia?

RQ2. How can an app for supporting the learning process of children with dyslexia
be developed?

RQ3. What is the acceptance of the app by end users?

Finally, the previously presented issues focus on selecting tools that can improve the
lives of people with dyslexia. The current work presents web and mobile apps, including
didactic educational tools for dyslexic children from 7 to 10 years of age. Additionally,
the authors aim to offer an important contribution to the improvement of the treatment of
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dyslexic children with the use of interactive games for reading, writing, and math skills,
encouraging these children to use ICT to overcome their learning obstacles.

The structure of the current study is as follows: Section 2 presents the preliminary
concepts of dyslexia, its types, and its relationship with technology; Section 3 contains the
methods used to conduct the research and development, and it provides technical insights
into the app developed; Section 4 presents the main results obtained after the tests of the
app; Section 5 contains a discussion of the results obtained; and finally, Section 6 presents
the main conclusions and future work.

2. Preliminary Concepts
2.1. Elements of Dyslexia

Dyslexia is a specific learning difficulty, not a disease. It is related to aspects of
reading, spelling, and writing [17,18]. Dyslexic students receive the same classroom
instruction as other students but fail to profit adequately from this regular classroom
instruction [19]. Dyslexia involves a specific deficit in single-word decoding based on a
weakness in the phonological aspect of language. Dyslexia has only a secondary impact on
reading comprehension, distinguishing it from other types of reading disabilities [20].

Dyslexia can cause other associated specific difficulties; however, these difficulties can
present themselves regardless of dyslexia. These difficulties might include:

e Dysgraphia [21] is the condition of impaired letter writing by hand: in other words,
disabled handwriting. Impaired handwriting can interfere with learning to spell
words in writing and the speed of writing text. Children with dysgraphia may have
only impaired handwriting, impaired spelling (without reading problems), or both;

e  Dysorthography [22] is a specific disorder of spelling which accompanies dyslexia;
the cognitive dysfunction underlying the two disorders is probably common to both.
The spelling of words is highly deficient, a direct consequence of the phonological
disorder in dyslexic children;

e  Dyscalculia [23] is a condition that affects the ability to acquire arithmetical skills.
People with this condition may have difficulty understanding simple number
concepts and have problems learning number facts and procedures. Even if they
produce a correct answer or use a proper method, they may do so mechanically
and without confidence.

Dyslexia occurs on a continuum from mild to severe, and no two people with dyslexia
are alike [24]. There is no cure for dyslexia, since it is neurobiological; however, with
appropriate evidence-based instruction aimed towards their learning needs, people with
dyslexia can learn to read, spell, and write.

A student with dyslexia will have difficulty with developing functional brain-based
networks for single-word reading. Individuals with dyslexia can often access higher-level
language skills to support their reading of a connected text. This ability to “compensate”
may mask their underlying difficulties with single-word reading (decoding). Accord-
ing to Snowling [25], dyslexia can be caused by hereditary factors, brain processes, and
phonological awareness.

Research has indicated that therapists should be aware of automatically assuming
that the language processing difficulties associated with dyslexia are irreversible, but this
is not the case. With appropriate support, dyslexic students can display development in
their skills [19].

Dyslexia has been reported in approximately 1 in 10 people, threatening at least
700 million children and adults worldwide with life-long illiteracy and social exclusion [5].
Dyslexic students face the disadvantage of having failed in early life. The long-term effects
on young adults include failure at school, depression, and an increased risk of suicide,
delinquency, and prison sentences [26].

Indeed, the human cost of dyslexia [27] details the overall costs to society that result
when illiteracy secondary to dyslexia is ignored. They include social costs, unemployment,
consequent mental health issues, and remedial programs and expenses incurred due to
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antisocial behavior, such as drug abuse, teenage pregnancy, and, most significant of all,
criminal involvement.

According to the World Health Organization (WHO) [28], around 15% of the world
population is affected by a disability, harming their personal, academic, and social devel-
opment. The most affected are families live in rural areas [29]. Technology provides tools
on the Internet which have significantly changed the lives of dyslexic children and fami-
lies. For years, the only way to treat children with dyslexia was to improve their literacy
through instruction and teaching based on evidence. Now, cutting-edge technology and
adequate tools reduce learning difficulties. One strength of technology is independence.
For example, using text-to-speech apps reduces children’s reliance on teachers or parents
to help them read. In this way, with prediction and word dictation, children can improve
their orthography. Another benefit of technology [30] is that the new devices are portable.

Technology aids many aspects of children’s development, such as improving their self-
confidence, optimizing their education, and overcoming reading difficulties by focusing on
their strengths [30]. Through specific adaptations, people with disabilities are included in
certain workplaces from which they were previously excluded. Technology has become
an essential factor of social inclusion, which improves people’s earning potential. The
growing use of technology allows for the normalizing of their routines in an entirely digital
environment [31].

There are several approaches across the world to support the conditions of dyslexia,
such as reading problems. For example, GraphoGame (Grapho Group Oy, Helsinki,
Finland) [32] has been created to help children with reading difficulties. This app has been
used in Zambia, Namibia, Kenya, Tanzania, India, and Finland [33]. GraphoGame and
GraphoLearn (University of Jyvaskyld and Niilo Miki Institute, Jyvaskyld, Finland) focus
on teachers’ and parents’ support of children in their reading learning process [34].

2.2. Software and Sustainability

Technology is essential for organizations to overcome inherent educational issues. As
Stroustrup [35] observed, our current civilization depends highly on software. Without
understanding software, there is a risk of missing out on many opportunities to attain the
most interesting, profitable, and socially useful technical fields of work.

As software sustainability is becoming a must-have for organizations, many are
aware that developing solutions which consider sustainability is now recognized as a
competitive business advantage. Thus, the software is an advantage for the attainment of
smart cities and buildings. Sustainable software is closely related to human, economic, and
environmental factors [36]. As Penzestadler et al. [37] explained, sustainability has recently
received recognition as a quality objective for software.

Mobile apps can stimulate students in the learning process and provide a more
flexible and adaptable educational approach. As 4.66 billion people are connected to the
Internet [38], many when using mobile phones, providing useful content in mobile apps
for educational purposes is significant. Mobile apps [39] are only valuable for education
when individuals understand how they can apply the information and how they can alter
their behavior. Awareness of these motivations helps in the design of more effective apps.

3. Method

The current research uses a method based on design science research (DSR), proposed
by Hevner et al. [40]. This framework is active in technology, partaking in creating technical
artifacts which affect people and organizations. It focuses on solving problems but usually
only considers a simplified view of the people and the organizational environment it has
to work with. The DSR has elements for comparison with competing products, the design
of artifacts, their formal specifications, and an evaluation of their effectiveness.

The purpose is to reproduce prototypes and user-oriented evaluations [41], taking as
a reference the guidelines of DSR for the recent work [42]. The DSR [43] process includes
six steps:
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Problem identification and motivation;

Objectives of the solution;

Research into the existing apps for people with dyslexia;
Design and development;

Demonstration;

Evaluation.

SRR

3.1. Problem Identification and Motivation

Often ignored by rural communities, dyslexia is a language disorder which damages
children’s learning processes; in some cases, this disorder is the cause of violence and
school dropouts [44]. Currently, rural zone teachers in Ecuador must conduct adjustments
to their sessions to help children; however, they do not have digital tools to maintain their
learning. The current work is an initial approach that contributes to the diagnosis and
treatment of dyslexic children in the rural communities of Calacali, Ecuador.

3.2. Objectives of the Solution

The objective is to create web and mobile apps which allow users access to learning
resources for dyslexia treatment. These apps are intended to promote the use of new
technologies for learning for children from 7 to 10 years old.

3.3. Research into Existing Apps for People with Dyslexia

A search of existing apps was carried out to research the type of activities, games,
and information to compile a beneficial and easy-to-use app for children with dyslexia. A
search was done with the keywords “dyslexia apps”; the same search was then conducted
in the Spanish language: “dislexia aplicaciones”. In both cases, apps were found in Google
Play and the App Store, as shown in the compendium in Table 1.

Table 1. Apps for dyslexia in Google Play and App Store.

ID Name Summary Features
Objective, to help people with Skill: Reading.
dyslexia. Read with a synthesized = Grade level: All levels.

1 Voice dream reader voice, the texts that appear on the = Language: English, Spanish, French, German, Italian.
screen: from PDF, Word, e-books,  Price: $9.99 Android, $14.99 iOS.
articles, web pages. Device: Android and iOS.

An interactive story explains what ~ Skill: Reading.
dyslexia is through the feelings of =~ Grade level: Primary.

2 Letters and Me a girl who, no matter how hard Language: Spanish, Catalan, English, Italian, Galego.
she tries, does not learn letters Price: $3.99 Android, $2.40 iOS.
like her peers. Device: Android and iOS.

Skill: Dyslexia.
Objective, to improve the reading ~ Grade level: Primary and secondary.

3 Piruletras (Dyseggxia) and writing of dyslexic students Language: Spanish.
with fun activities. Price: Free and Paid $0.99.

Device: i0S
Skill: Dyslexia.
It is a tool which improves skills Grade level: Primary and secondary.

4 Dytective para dislexia related to reading and writingina Language: Spanish.
fun way while playing. Price: Free.

Device: Android and iOS.
Skill: Learning disabilities.
It is a support tool for specialists ~ Grade level: All.
5 Deslixate in areas oriented to learning, with  Language: Spanish.

children with dyslexia.

Price: Free.
Device: Android.
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Table 1. Cont.

ID Name Summary Features
Educational games help reading Skill: Reading ﬂuency.
a 1 Grade level: Primary and secondary.
: uency and speech difficulties, . .
6 Galexia Language: Spanish.

using a variety of activities and
mini games.

Price: Free.
Device: Android.

Dislexia: ejercicios
7 practicos (Dyslexia:
practical exercises)

Objective, to help people with
dyslexia, covering the phonetic,
phonological, morphological, and
syntactic language levels.

Skill: Dyslexia.
Grade level: All
Language: Spanish.
Price: $3.99.
Device: Android.

8 Dislexis

It has two modules: the first, a
diagnostic test, and the second, a
test mode, an interactive game.

Skill: Dyslexia.

Grade level: Primary and secondary.
Language: Spanish.

Price: Free.

Device: Android.

Dislexia prueba y
9 consejos (Dyslexia test
and tips)

A test for teachers or other people
to use when someone is suspected
of being dyslexic.

Skill: Dyslexia.

Grade level: All

Language: English.

Price: $3.53 Android, $3.49 iOS.
Device: Android and iOS.

Objective, to practice cursive

Skill: Reading and writing.
Grade level: Preschool.

10 Crazy cursive letters ~ writing, forming letters and Language: English.
words in a fun way. Price: $3.99 Android, $4.99 iOS.
Device: Android and iOS.
Objective, to help children %klu: Readl?g ayd writing.
develop their literacy by buildin rade level: Children up to 8 years.
11 Montessori words p thetr yoy & Language: English.
gﬁgﬁ;‘;ﬁ?g images, sounds, and ;6399 Android, $2.99 {OS.
Device: Android and iOS.
Objective, to help children learn Skill: Reading and writing.
. . Grade level: Preschool.
12 Cursive writing how to track custom letFerS, Language: English.
i bers, and words using a fun
wizard numbers, 8 Price: $3.99 Android, $4.99 iOS.
system. Device: Android and iOS.
Objective, to diagnose dyslexia Skill: Reading.
while the user plays Yeti games, Grade level: Primary.
13 Dyslexia quest which assess visual and auditory =~ Language: English.
memory, phonology, processing Price: $1.99.
speed. Device: iOS.
Skill: Reading.
Objective, to help the brain in a Grade level: Primary.
14 Eye games dyslexia fun way to make direct Language: English.

connections.

Price: Free.
Device: Android.

All the apps were tested once the respective search was carried out; as is com-
mon with most children, the most effective way to help dyslexic children is through
games [45]. Particularly useful are the games [46] where the user is required to complete
the words using the vowels or consonants that cause difficulties. In order to develop
the web and mobile apps proposed in the current work, the following apps were used
as the principal examples:

Letters and Me: for the use of narrated stories;
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e  Deslixate: for conducting a prediagnosis evaluation and how to carry out this evalua-
tion by means of a game.

3.4. Design and Development

The development of the solution used a spiral model [47]. The reason is the close
relation with prototyping. This model helps to perform a rapid development of the versions,
more complete in each iteration. The software process is represented as a spiral rather than
a sequence of activities, with some backtracking from one activity to another. Each loop in
the spiral represents a phase of the software process and combines change avoidance with
change tolerance. It assumes that changes result from project risks and includes explicit
risk management activities to reduce these risks.

The close relationship between the spiral model and prototypes shows each spiral
achieving a deliverable product which helps the user continue improving and refining the
interfaces to provide children with an appropriate product for dyslexia treatment. Four
prototypes were used during this process, starting with a low-fidelity prototype and ending
with an operational prototype.

3.4.1. User Experience and Prototyping

User interface (Ul) is anything that is designed to be an informational device with
which users can interact. Ul can include the display screen, keyboard, mouse, and desktop
display. User experience (UX) is the art of product design planning, so the interaction with
completed products will be as significant as possible. UX includes the interaction with the
end user on several IT systems, including the interface, graphics, and design [48].

Both elements are essential for the product and work together, but apart from their
professional relationship, their roles themselves are different, referring to the distinct part
of the process and the discipline design. The UX has many more elements than the Ul, but
it also builds on many parts. Understanding this is the most powerful tool for product
development [49].

Each level of the user experience (UX) [50] has a close relationship with the creation of
prototyping; each level determines the activities:

o The low-fidelity prototype comprises strategy, scope, and structure. It validates
the functional requirements and content of the app. This prototype enabled the
comprehension of the scope to be confirmed, to obtain a clear idea of the app structure;

o  The medium-fidelity prototype focuses on the frame of the app and at this stage,
implemented essential elements to fulfill requirements;

e The high-fidelity prototype works with the surface, taking into consideration users’
opinions and feedback to improve the design and structure of the apps;

e  The operational prototype focuses on the surface, too, but in this phase, refinements
were made to the previous prototype, and the changes were then applied in the
production of the apps.

In sum, five UX levels can be distinguished, i.e., strategy, scope, structure, skeleton,
and surface, as well as four prototypes, i.e., low-fidelity, medium-fidelity, high-fidelity, and
operational. Figure 1 shows how the UX levels [50] relate to the prototypes.

Functionality

The separation of Helpdys into web and mobile app uses the concept of separation of
concerns [51], which offers several benefits. Each app can be developed independently and
using completely different technologies and programming languages based on its specific
requirements. Additionally, it improves reusability and simplifies evaluation.

This app includes three types of users:

1. Guest: a user who can enter without registering and can access the app information;

2. Teacher: a user who needs to be registered to access the app to manage the profiles of
their students;

3. Student: a user with and without dyslexia who can access the app information.
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User Experience Prototype
\
Strategy
Scope > Low
Structure
J
Skeleton
High
Surface ~—
Operational
\_/\

Figure 1. Relation of levels with prototypes developed in the current project.

Collecting Requirements

To collect the requirements, a requirements elicitation was carried out with developers
and teachers by means of interviews to obtain information, opinions, and subjective
descriptions of the activities. All the functional and nonfunctional requirements were
addressed in the project. Afterward, the teachers and the children helped in the creation of
the newly tailored requirements of the prototypes. This allowed the users to experiment
with the results of their collaboration in the current step and, subsequently, to meet with
their approval.

Accessibility

Based on the standards of the Web Content Accessibility Guidelines (WCAG 2.1) [52],
the use of colors is a valuable strategy for designing web content. It enhances the aesthetic
qualities, usability, and accessibility. In the development of Helpdys, the colors blue, black,
and white were used because, according to Bradford [53], these colors are recommended in
web accessibility for people with dyslexia [54].

An app should have quality and helpful content, having elements that balance sublim-
ity and functionality; one of these features is the “text font”, which enables clear communi-
cation. One of the fonts chosen was a sans serif [55]; this font is simple in style and therefore
suitable for working with people with dyslexia. Helvetica Neue [56] is an alternative. These
fonts work on desktop and mobile screens as well, even with lower resolutions.

3.4.2. Prototyping

A prototype is an initial version of a software system used to demonstrate concepts
and test designs and to understand more deeply any problems and their solutions. The
current solution was implemented in four prototypes (low-fidelity, medium-fidelity, high-
fidelity, and operational prototype). Each prototype allows the users to check the app’s
development and provide feedback for each version. At the end of each phase, new ideas
and requirements to adapt the software to dyslexic children’s needs arise.

The low-fidelity prototype was made in a Lucid chart for a mobile app and Balsamiq
for a web app. The main objectives of this prototype were:
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e  Identify requirements for the app;
e  Establish design concepts;
e  Build a navigation model.

Figure 2 shows the two low-fidelity prototypes created: Figure 2a shows the web

app’s home page prototype; Figure 2b shows the mobile app’s login page prototype. These
two prototypes portray the first teachers’ requirements.

A Web Page

CJ Q x {} ( https://dislexia_ecuador.com ) @

Home Information Pre Diagnosis Treatment Agenda Login Register

HelpDys

¢

Password

Teacher

Student

LOGIN

Don't have an account yet?
Create a

v

(a) (b)
Figure 2. Low-fidelity prototype: (a) Web home interface; (b) Mobile login interface.

A medium-fidelity prototype defines the frames, sizes, colors, designs, and fonts to
create an attractive app for the user and, at the same time, meet the child’s needs. The main
objectives of this prototype were:

Fix previous prototype errors;

Reflect the low-fidelity prototype in the development context;
Show the functionality of the app;

Depict the navigation of the app.

HTML and CSS interfaces were created on this prototype using as reference the low-
fidelity interfaces. This prototype also implements the first learning resources for children
with dyslexia (prediagnosis, tales, and games).

The high-fidelity prototype has a higher interaction between users and developers to
obtain feedback and recommendations for enhancing the product. The main objectives of
this prototype were:

Fix medium-fidelity prototype errors;
Enhance the functionality of the prototype;
Show the navigability of the prototype;
Improve the presentation.

The operational prototype: during the implementation of this prototype, mobile and
web functionality were fixed based on users’ feedback. The final prototype takes all the
suggestions and evaluation results and performs a new bug-fixing task. The main objectives
of this prototype were:

e  Fix high-fidelity prototype errors;
e Apply users’ suggestions;
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e  Showcase the prototype design with images, colors, fonts, and elements used for the
final implementation.

3.4.3. Interfaces

This section shows the main interfaces from the Helpdys. Figure 3 shows the games
available on Helpdys. The internationally known game, “El ahorcado” (Hangman), is used
for word completion based on the image and has a total of 9 attempts. This game allows the
children to identify different images and complete the words, stimulating concentration,
word recognition, spelling, vocabulary, and photographic memory.

= &
¥ O cucns = & 2
HANGED Click on the
B INFORMATION ® MEANS @ PREDIAGNOSIS # RATINGS

consonant or vowel to
complete the word

L

Attempts 0/9

HANGED Click on the consonant or vowel to complete the word

Attempts 0/9

Next Word

(@) (b)
Figure 3. Operational prototype games: (a) El Ahorcado web interface; (b) El Ahorcado mobile interface.

Figure 4 shows the content of the “Memoria” (Memory) game interface. The game’s
goal is to find and match pairs, thus stimulating short-term memory and cognitive abilities.

s - - ) =|.& o
Cristian Carrillo —

B INFORMATION ® MEANS ® PRE DIAGNOSIS # RATINGS

Remaining
attempts:
Remaining attempts: . G . o RE: 12
Following &

(b)

Figure 4. Operational prototype memory game: (a) Web interface; (b) Mobile interface.

The app also contains supporting material such as videos, tales, and images. The
videos interface allows the playback of videos related to dyslexia, such as “famous people

with dyslexia”, “what is dyslexia?”, etc. When choosing any video, it will open in a frame
with the video and description. The tales interface displays tales such as “Little Red Riding
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Hood”, “Pinocchio”, etc. When the children open the tab, the tale appears on the screen.
For example, the image interface objective is to show the letters and numbers that children
generally confuse, as shown in Figure 5.

&

etye

H  INFORMATION ® RESOURCES

® PREDIAGNOSIS H#  RATINGS

.
- 3 o)
Cristian Carrillo v = ipigs.

(b)

Figure 5. Operational prototype image: (a) Web interface; (b) Mobile interface.

The student interface is exclusive for teachers; they can create new student profiles
on this screen. Teachers have access to their students’ records. The agenda objective is
to register the data of the meeting sessions for each student. Additionally, the agenda
interface provides teachers with a screen that helps them achieve adequate control of the
different meetings with students or parents. In this interface, teachers enter meeting data,
such as names, topics, times, and dates to hold the respective meetings, and observe them
in a weekly or daily calendar view.

The prediagnostic interfaces perform tests [57] using two different games. The first
test is to place the vowels to create a word, as shown in Figure 6. The instructions for the
game are sent by audio at the interface’s initial load. Once the child completes the first test,
the score appears, and the user continues the test. The second test consists of selecting the
correct word using the same score scale.

3 T
3

#  INFORMATION © RESOURCES PRE DIAGNOSIS B RATINGS

PRE DIAGNOSIS OF DYSLEXIA

Click on the correct word

baroc

tabo

Figure 6. Operational prototype: prediagnosis on mobile interface.

When the test is completed, the results are generated in a PDF; this file will be filled
with all the student’s information and the interpretation of the results. It is important to
mention that the results are referential and do not constitute a medical diagnostic.

Results interpretation is carried out by teacher assessments as follows:
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Phonological dyslexia is rated in the following manner. Students who obtain a score
greater than 90 do not have SEN; between 70 and 90 have low SEN; and lower than 70 have
high SEN, requiring an extensive evaluation with a specialist.

The grading for visual dyslexia is that if the score obtained is greater than 90, the
student does not have SEN; if the score is between 50 and 90, the student has low SEN and
requires adjustments to their classes. However, students who obtain a score which is lower
than 50 have high SEN and require an extensive evaluation with a specialist. The grading
ranges are defined by previous teachers’ experiences and their previous prediagnosis tests.

3.5. Demonstration

Helpdys research resulted in the creation of web and mobile apps. This artifact was
used effectively to UX and prototype to improve the learning process of dyslexic children.
The immediate contribution of this research to the learning process was implemented in the
“Escuela Linea Equinoccial” school, located in a rural zone of Calacali in Quito (Ecuador).
In a broader context, the artifact serves as a valuable tool in the education system.

From November 2019 to October 2020, Helpdys was used in the “Escuela Fiscal
Linea Equinoccial” school to facilitate the detection of dyslexia in children from 7 to
10 years old. During this period, and due to the limited room number capability, the
school performed 50 tests to identify and improve the children’s progress. Additionally,
teachers from the third and fourth grades used the app to detect dyslexia in their new
students. The prediagnosis test must be performed twice in a school year and becomes
an indicator to track children’s evolution.

3.6. Evaluation

The current work incorporated user experience and prototyping to fulfill app
requirements, resulting in an easy-to-use app. The authors assessed the apps with the
Mobile App Rating Scale (MARS) tool to evaluate engagement, functionality, aesthetics,
and information.

MARS [58] is a tool to evaluate web and mobile app quality. In this research, four
quality subscales, which contain a total of 18 questions, were considered:

e Engagement refers to whether the app is fun, engaging, customizable, interactive,
and well targeted to the audience. It includes five questions (Entertainment, Interest,
Customization, Interactivity, and Target group).

e  Functionality refers to whether the app is functioning, easy to learn, easy to navigate,
and has flow logic and gestural design. It contains four questions (Performance, Ease
of use, Navigation, and Gestural design).

e  Aesthetics refers to graphic design, overall visual appeal, color scheme, and stylistic
consistency. It contains three questions (Layout, Graphics, and Visual appeal).

e Information refers to high-quality data from a credible source. It has seven questions
(Accuracy of app description, Goals, Information Quality, Information Quantity, Visual
information, Credibility, and Evidence base). However, for this study, the last item is
excluded because it contains no measurable data.

The teachers evaluated the four prototypes: low-fidelity, medium-fidelity, high-fidelity,
and operational, while the children assessed the high-fidelity and operational prototypes.

To evaluate the operational prototype, the MARS tool was used, because it is simple
and reliable for measuring the quality of apps by end users. Additionally, MARS was
selected because it has been used in numerous studies to assess mobile app quality and
has become almost a standard. In this case, the evaluations were carried out online with
some teachers and children, due to the current pandemic.

The MARS evaluation tool had to be changed to adapt the questions to children from
7 to 10 years old. The complexity and the number of questions were reduced from 18
to 16 to be suitable for children. The MARS evaluation for children was conducted with
the supervision of teachers and the authors of this research to overcome reading and
understanding barriers.
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4. Results

The immediate contribution of this research to the learning process was implemented
in the “Escuela Linea Equinoccial” school, located in a rural zone of Calacali in Quito
(Ecuador). In a broader context, the artifact serves as a valuable tool in the education
system. This zone has a population of approximately 7800 inhabitants. The school
has 17 teachers who work from 7:00 am to 4:00 pm from Monday to Friday. There are
14 classrooms that accommodate 398 students, including 25 children with SEN. They have
only one computer center classroom for the whole school. Inside the classroom, there are a
total of 14 computers, 7 of them working properly.

The students come from low-income families, with permanent or temporary jobs
focused on agriculture, floriculture, handicrafts, and general services. Interaction in
the community is relatively harmonious. However, communication between students
is severely affected by bullying students, which causes violent physical and psychological
acts. Additionally, it was observed that the student population constantly varied due to
school dropouts during the year. This is caused by temporary foreign refugees, irregular
residency, and migration to other cities. In this school, teachers noticed that the learning
process had become more complicated for some children, resulting in stress and disorienta-
tion and a setback in their learning processes. This is where technology plays an important
role in meeting dyslexic students’ needs; the developers worked with teachers to validate
functional requirements and application contents.

To evaluate the high-fidelity prototype, the MARS tool was used [58]; the evaluation
was performed by a group of 15 teachers [25] and 25 children. Each MARS item used a
five-point scale, with the following meaning: 1-Inadequate, 2-Poor, 3-Acceptable, 4-Good,
and 5-Excellent.

The MARS evaluation was performed in two ways. The first was the web app assessed
by children, and the second was the web and mobile apps tested by teachers. It is important
to mention that the evaluation of the mobile application by the children could not be carried
out due to a lack of mobile devices. Figure 7 shows the calculations of category averages
for the web app as scored by the children. Evaluation of the web version resulted in an
overall average on the MARS scale of 4.72 (SD = 0.50) out of 5. All subscales show a score
higher than 4 out of 5, demonstrating the quality of the apps as perceived by the children,
also indicating the app’s ease of use.

4.80

4.76
4.74

4.72

4.70
]
4.68
4.68
4.66
4.64
4.62

Engagement Functionality Aesthetics Information Total

MARS score

-

@

MARS subitems

Figure 7. MARS web results for children using the high-fidelity prototype.

Figure 8 shows the evaluation of the quality of the high-fidelity web prototype by
the teachers. This evaluation resulted in an overall average of 4.31 (SD = 0.67) out of 5.
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The teachers found the app was user friendly and appreciated the design and the game’s
functionality. The categories “entertaining” and “would you pay for this app?” got a score
lower than four due to the status of low-income families.

430
4.28
4.26 4.27
424
422

4.20

MARS score

Engagement Functionality Aesthetics Information Total

MARS subitems

Figure 8. MARS web results of teachers using the high-fidelity prototype.

Figure 9 shows the evaluation of the quality of the high-fidelity mobile prototype by
the teachers. An overall result of 4.21 (SD = 0.68) out of 5.0 was obtained. The teachers
found the app enjoyable to work with, especially the design. The visual appeal, quality of
information, and affordability of the app scored a grade lower than 4.0, which shows that
the app’s content needs to be improved.

435

4.30
4.30
425
4.23
4.20
4.18
415
4.14
4.10

Engagement Functionality Aesthetics Information Total

MARS subitems

MARS score

Figure 9. MARS mobile results of teachers using high-fidelity prototype.

The results of the evaluation of the operational prototype by the teachers showed
that the overall quality of the application varied between 4.85, the lowest, and 4.93, the
highest. On average, the app obtained an overall score of 4.89. The sections with the
highest evaluations were: Engagement (average = 4.88), Aesthetics (average = 4.93), and
Information (average = 4.90); Functionality (average = 4.85) was the lowest. With a result
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of 4.89 out of 5.0 MARS score (SD = 0.32), the operational prototype, compared with the
high-fidelity prototype, shows a substantial improvement. This is shown in Figure 10.

5
45 4.88 4.89
1

Engagement Functionality Aesthetics Information Total
MARS subitems

MARS score
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m High Fidelity ® Operational

Figure 10. MARS results of teachers using operational prototype.

Children Pre-Diagnosis Evaluations

Table 2 shows the results obtained from the prediagnosis tests at the beginning of the
app operation. This table depicts the more relevant cases.

Table 2. Results of phonological and visual dyslexia initial tests on children from 7 to 10 years old

(November 2019).
Number Age Grade Phonological Dyslexia Visual Dyslexia
Level Points Diagnostic Points Diagnostic
Student 1 7 3 55 High SEN 72 Low SEN
Student 2 7 3 50 High SEN 36 High SEN
Student 3 8 3 65 High SEN 84 Low SEN
Student 4 8 3 50 High SEN 68 Low SEN
Student 5 8 3 45 High SEN 38 Low SEN
Student 6 9 4 35 High SEN 52 Low SEN
Student 7 10 4 20 High SEN 36 High SEN

Table 3 shows the results obtained from the prediagnosis test at the end of the school
year 2019-2020, after having applied the changes to Helpdys suggested by the teachers
during the academic year.

Table 3. Results of phonological and visual dyslexia initial tests on children from 8 to 10 years old

(July 2020).
Number Age Grade Phonological Dyslexia Visual Dyslexia
Level Points Diagnostic Points Diagnostic
Student 1 8 3 65 High SEN 84 Low SEN
Student 2 8 3 70 High SEN 100 None
Student 3 8 3 50 High SEN 52 Low SEN
Student 4 9 3 50 High SEN 84 None
Student 5 9 3 60 High SEN 84 None
Student 6 9 4 55 High SEN 52 Low SEN
Student 7 10 4 60 High SEN 52 High SEN
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5. Discussion

Teachers from rural zones in Calacali, Ecuador, have difficulties in identifying and
following up on conditions related to dyslexia. Before the current research, teachers used
to use manual tests that are not entirely effective and take too much time to evaluate and
rate. Furthermore, teachers do not have records of past evaluations to track children’s
development. Having teachers involved from the start of the app development was
significant due to their hard work to make it happen. The teachers’ engagement contributed
to improving the app features—being part of it encouraged them to treat the project as
their own. With Helpdys, teachers have overcome problems that they faced previously.

The COVID-19 pandemic has affected the educational system in Ecuador. The inequal-
ity between social classes due to the lack of tech tools and the digital divide of urban and
rural zones has become a serious problem [59,60]. Calacali, which is in a rural zone, was
selected to study the problem mentioned above. Teachers there have made a remarkable
effort to prevent school dropouts. The economic situation has severely impacted many
families, making it virtually impossible for them to access tech resources. Some families can
only afford one mobile device, which is shared by two or more children. In addition, most
parents are unable to supervise their children’s schoolwork due to their lack of technical
skills. As the school provides Internet access in the computer center classroom, the role of
teachers has become vital in addressing this problem.

RQ1. Helpdys is a web and mobile app that treats dyslexia, especially in children from
7 to 10 years old; the results suggest that Helpdys can be a successful companion app for
children with several conditions related to dyslexia.

Tables 2 and 3 show that many students increase their scores, keeping in mind that
the phonologic dyslexia test is graded out of five points, and the visual dyslexia test out of
16 points. Student 2 is a remarkable case, showing an extraordinary improvement in their
scoring. This improvement was due to the parents’ interest and the teacher’s determination
to help the child.

RQ2. The correct way to develop a web and mobile app is with the direct participation
of the stakeholder, the children, teachers, and authorities. As they felt part of it, the children
took great care to contribute to the app’s improvement. The teachers saw in the app an
opportunity to help children concretely using the ICT. Finally, authorities contributed the
teachers’ schedules and the app development team’s facilities.

RQ3. The MARS tool was used to guarantee acceptance of apps by end users and was
applied to all the prototypes developed. The low-fidelity prototype allowed for improving
the understanding of the site’s navigability and clarifying any doubts. In the beginning,
the teachers did not understand this prototype’s purpose and the images that represent
the interfaces. Doubts and comments were satisfactorily answered, and the feedback was
considered for the next prototypes. During the medium-fidelity prototype evaluation, the
teachers demonstrated a quick understanding of the app’s functionality and navigability.
The children were able to navigate with ease, and they liked the games and the images.
Evaluating the high-fidelity prototype, entertainment, navigation, graphics, and visual
information obtained the lowest scores, which indicated that the app needed to improve
these factors in the next iteration. Finally, the results show that the app was improved in
all aspects of the operational prototype. All the MARS assessment category scores were
higher compared with the previous prototypes, reaching top scores in some categories. The
results obtained indicate the app’s quality and ease of use.

6. Conclusions

Mobile devices are widely used, including in rural communities, providing a promis-
ing tool for providing structural solutions for supporting children with special needs. A
single intervention for each child is very time- and resource-consuming; therefore, using
an app as supplementary to a therapist’s treatment can be a great help.
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The teachers involved in the app’s design and evaluation were motivated because
it is a beneficial technological resource for their classes. Their help at the moment of the
prototype’s design allowed them to have a high-quality final product.

In March 2020, schools in Ecuador were closed because of the COVID-19 pandemic;
lockdown drastically changed the educational process [61]. Therefore, web and mobile
apps were fundamental tools for giving continuity to the teaching—learning process.

The apps improved the learning processes of children with dyslexia through games
with easy-to-use tools. The children helped to evaluate the app, and several children
demonstrated significant improvements regarding their dyslexia due to their involvement.

The improvement of Helpdys in its aesthetic qualities, usability, and accessibility
resulted from using the colors blue, black, and white; these colors are recommended in
web accessibility for people with dyslexia. The fonts chosen were sans serif and Helvetica
Neue; the fonts are simple and suitable for working with people with dyslexia.

One of the advantages of the MARS tool is its capacity to be flexible and adaptable.
The current work uses the original model for teacher evaluations and a simplified one
for children to improve understandability. The MARS evaluation results show that the
apps have a high-quality level, and all the students’ and teachers’ suggestions were
applied to improve the final version. As future work, the next step is designing an app
for dyscalculia to complement the current work, thus providing a more comprehensive
system for the future.
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