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The language disorder known as dysphasia significantly affects the ability to
communicate effectively, presenting challenges in both comprehension and
expression of language. To address this issue, the development of a visual
treatment using augmented reality (AR) specifically designed for children
with dysphasia has been proposed. The methodology selected for this project
is analysis, design, development, implementation, and evaluation (ADDIE),
an innovative methodology that encompasses analysis, design, development,
implementation and evaluation. This methodology is perfectly adapted to the
needs of the project, allowing a systematic and complete approach at all
stages of the process of creating the visual treatment. The results obtained
show that the visual treatment with AR has been positively evaluated by
development experts and dysphasia specialists. Its innovative capacity to
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assist children with this disorder in health and educational settings is
highlighted. This approach provides an effective tool to improve the
communication and language development of children affected by
dysphasia, offering new opportunities for their learning and growth. Its
implementation in healthcare and educational settings could have a
significant impact on the quality of life and development of these children.
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1. INTRODUCTION

The language disorder better known as dysphasia, impacts the ability to communicate effectively,
manifesting itself through challenges in both understanding and expressing language. Frequently diagnosed
in childhood, this condition is often linked to neurological disorders such as autism spectrum disorder. Early
identification of dysphasia is crucial for effective management, as it allows for targeted interventions to be
implemented. Treatment of dysphasia usually involves speech and language therapy, designed to address the
individual needs of each affected person. This therapeutic approach seeks to improve both language
comprehension and expression by providing tools and strategies tailored to each individual's abilities and
challenges. As research advances, understanding of the underlying factors of dysphasia is deepening,
contributing to the development of more personalized and effective therapeutic approaches [1]-[3].

In the United States, dysphasia is recognized and addressed in the health and education system,
allowing for early identification and intervention through professionals such as speech pathologists and
psychologists. Special education laws, such as IDEA, support individualized services, including speech
therapy and curricular accommodations. In addition, health services, covered by insurance, play a crucial role
in the treatment of dysphasia. Collaboration between parents, educators and healthcare professionals is
essential to support these children and improve their language skills [4], [5]. In Finland, dysphasia is
recognized and addressed in the health and education system, with an early and structured approach. Children
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with dysphasia receive assessment and support through educational and health services, with an emphasis on
inclusion and individualized services. Collaboration between professionals such as speech pathologists,
psychologists and teachers is essential for comprehensive care. Finland offers accessible health services for
therapies and medical support, addressing the clinical aspects of dysphasia. In short, the Finnish approach
focuses on the overall well-being of children, seeking not only to overcome language difficulties, but also to
support their holistic development [5]-[7].

In South America, care for dysphasia varies according to the health and education systems in each
country. Although efforts are made in many places to address language disorders such as dysphasia, the
availability of resources and services can be uneven. In some places, early identification and intervention are
challenging due to limitations in services [8], [9]. However, in other countries, programs have been
implemented to support children with language disorders. Collaboration between health professionals,
educators and families is essential, as is awareness and understanding of dysphasia to ensure appropriate
care. In Peru, the situation of dysphasia is influenced by factors such as the health and education systems, as
well as awareness and access to specialized services. Despite efforts to improve health care and education,
disparities between urban and rural areas can affect access to services. Although educational programs exist
to address language disorders such as dysphasia, early identification and intervention face challenges,
especially in areas with limited resources. Collaboration between health professionals, educators, and
families is crucial to provide comprehensive support. It is expected that, with increased awareness, more
resources and services will be implemented to address the specific needs of children with dysphasia in the
country [10], [11].

The introduction focuses on the crucial identification of people's needs, with a particular focus on
addressing the main problem. The primary objective is set to develop a visual treatment with augmented
reality (AR) for children with dysphasia. The aim is to significantly improve the quality of care provided in
health centers. In addition, the purpose of incorporating innovative ideas that can have a positive impact on
the Peruvian state is highlighted. This innovative approach seeks not only to address the communication
difficulties of children with dysphasia, but also to contribute to the advancement and efficiency of health
services in the Peruvian context. The implementation of technologies such as AR in the treatment of
dysphasia represents a novel strategy to address these challenges.

2. LITERATURE REVIEW

AR is essential to capture the attention of children being able to bring a great impact on society, this
author develops an AR that integrates virtual objects to the real world where it supports dyslexia with
communicative instructions, social interactions, writing and learning. his research focuses on designing a
framework based on cognitive learning for an interactive AR application focused on children with autism,
offering them a new dimension to overcome their disabilities [12]. Another author investigates trends in the
use of AR as a learning tool for kindergarten children, observing that these applications cover areas such as
mathematics, reading, writing, letter, number and sentence recognition, improving cognitive and social skills,
as well as motivating children towards learning, these applications include 3D images, videos, animations
and symbols, with interactivity through sensors and marker-based systems that are efficient in enhancing
their development [13]. This same author develops an application for dyslexia in Hong Kong children
aged 4-6, presenting a web-based game and training platform called "Writing Fun" designed to help dyslexic
children with Chinese literacy. The platform includes an AR game for writing tests and four non-AR games,
which aim to improve reading and writing skills, as well as train visual, auditory and Kkinesthetic
movements [14].

In order to develop these applications there are different methods as well as this author who
develops an application that revives the Indian culture showing these elements through an AR application on
phones, allowing to experience heritage properties from anywhere. The application uses AR markers at
important tourist spots, eliminating the need for third parties to display the attractive monuments, tools such
as unity, blender, python and visual studio for C# are mentioned in the software development, with the use of
Vuforia AR SDK and Mapbox SDK as development kit for the AR application [15]. This author uses AR for
special education, in which he highlights the fusion of the real and virtual worlds as an advantage of AR as
development uses Unity3D, Vuforia and Adobe Illustrator tools obtaining as evaluation an efficient
acceptance in its improvement cognitively [16]. Finally this author shows the development of AR for
learning the subject of chemistry, the tools such as Vuforia, Unity and Blender were employed in the
development of the application , this app shows the successful score for its usability indicating that the
effective, light and beneficial to understand the subject [17].

The authors of the literature review comprehensively address the challenges and solutions identified,
providing significant motivation and confidence in the successful implementation of this project. Their
consistent approach helps to ensure the achievement of the stated main objective. In addition, the meticulous
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consideration of the tools and methods essential to the development of the project is highlighted, further
reinforcing the soundness and feasibility of the proposal. The authors' ability to address the inherent
complexities of the subject matter is reflected in the robustness of their approach, which strengthens the
credibility of the project as a whole.

3. METHOD
3.2. Analysis, design, development, implementation, and evaluation

The analysis, design, development, implementation, and evaluation (ADDIE) methodology, a robust
approach to instructional design, is used to structure training and development programs. The five key phases
of this model, represented by the acronym ADDIE, provide a systematic guide for the effective creation of
educational content as shown in Figure 1. In the context of innovative AR, the adaptability of ADDIE is
manifested by enabling its integration [18]. The design phase assumes a crucial role in addressing how AR
will be incorporated to achieve learning objectives, structuring impactful and pedagogically sound user
experiences. During the development phase, AR components such as applications, virtual objects, and
immersive experiences are materialized. The implementation phase focuses on providing these experiences to
those involved, while evaluation focuses on measuring the effectiveness of AR in achieving educational
objectives, reflexively closing the cycle and iteratively improving the educational process [19], [20].
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Figure 1. Methodology ADDIE

3.2.1. Analysis

During the analysis phase in the ADDIE methodology, a thorough review is conducted to identify
learning needs, analyze the target audience in detail and precisely define educational objectives. This process
involves a deep dive into the educational context, allowing for a thorough understanding of the particular
challenges that the program design will need to address. The characteristics and requirements of the learners,
as well as the conditions and constraints of the learning environment, are carefully examined. This analytical
and reflective approach lays the essential foundation for subsequent instructional design, ensuring that the
resulting programs are tailored and effective in achieving specific educational goals [21], [22]. Table 1
provides a comprehensive description of the difficulties experienced by children with dysphasia between the
ages of 6 and 7 years. It presents a detailed analysis of their main problems, which facilitates assessment and
decision making regarding their situation. This information is crucial to understand the specific needs of this
group of children and to provide them with the necessary support for their cognitive and linguistic
development.

Table 1. Results of the analysis

Problems 6 years old 7 years old 8 years old
Difficulties in language comprehension  High level Medium level ~ Medium level
Delayed speech development High level Medium level  High level
Limitations in verbal expression Medium level  High level High level
Grammar problems Medium level  High level Medium level
Challenges in socialization Low level Medium level  Low level
Problems in reading and writing High level High level High level
Low self-esteem Low level Medium level ~ Medium level
Frustration and anxiety Medium level  High level Medium level
Difficulties in academic performance Medium level  High level Medium level
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3.2.2. Design

After meticulously gathering the information during the analysis phase in the ADDIE methodology,
the design stage is followed by the development of a detailed plan for the training program. This plan covers
several essential aspects, such as the detailed structure of the educational content, pedagogical strategies
adapted to the identified needs, evaluation systems to measure progress and learning effectiveness, as well as
the identification of the necessary resources for the successful implementation of the program [23]. The
Figure 2 presents in detail the design that will be followed to achieve the proposed objective, providing a
clear and understandable vision of the planned implementation. This visual schematic provides essential
guidance for the successful execution of the project.

r Selection of development team

H
<& )

Developers |,

Start of software development with Untiy and Vuforia

r Development programming and configuration

o
F 3D image design

o
Augmented reality

Implement augmented reality in the group

Software feedback

Involved

Figure 2. Visual scheme of the project

3.2.3. Development

In the development phase of the ADDIE methodology, the previously designed plan is materialized,
giving life to the conceived educational material. This process involves the creation of various elements, such
as interactive presentations, learning modules, and rich multimedia content. The implementation of advanced
educational technologies, such as simulations and digital resources, may also be included to optimize the
learning experience. Creativity and attention to detail are critical at this stage, as the goal is to produce
effective and immersive educational resources that support the pedagogical objectives established in the
previous phases of the ADDIE model [24], [25]. In the Figure 3 representation provided, the initial actions to
launch the application are detailed, highlighting the key access options. The first interface, denoted as
Figure 3(a), shows the initial screen where the user interacts by touching the screen to enter the system.
Figure 3(b) illustrates the login screen, indicating that users must log in with their registered accounts to
begin the experience. Figure 3(c) presents a detailed list of the main game options designed to address
dysphasia, with the specific objective of improving concentration and attracting the child's attention, thus
fostering a collaborative environment conducive to cognitive development.

The Figure 4 provides a detailed overview of fundamental games designed to enhance the
concentration and skills of children with dysphasia. In Figure 4(a), an intriguing puzzle game is highlighted,
challenging the child to complete the picture by filling in the blanks, which not only encourages fun, but also
cognitive development. Figure 4(b) presents a game that requires the child with dysphasia to concentrate and
look closely at the correct figure and then place it in the corresponding position, thus promoting visual
recognition and coordination. In Figure 4(c), the classic cube is displayed, where children must use their
dexterity and skills to complete the game, stimulating crucial aspects of motor and cognitive development.
These games not only entertain, but also offer a valuable therapeutic tool for advancing the skills of the child
with dysphasia.
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Figure 3. Application of AR: (a) application home (b) application login, and (c) list of games

(b)

Figure 4. Concentration games: (a) set of figures, (b) puzzle, and (c) classic cube

The game depicted in the Figure 5 is distinguished by its innovative AR approach, which projects
images onto the screen for the child to imitate both the appearance and the corresponding sound. The central
objective is to carry out exercises that enhance facial expressions and mouth movements in an interactive
way. In Figure 5(a), the child is immersed in the experience of imitating a dog, capturing both the visual
features and the characteristic sounds of this animal. Figure 5(b) introduces the representation of a duck,
challenging the child to replicate its peculiarities and specific vocalizations. Likewise, Figure 5(c) presents
the figure of a cow, offering the child the opportunity to explore and emulate the associated facial movements

and sounds.
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(b)

Figure 5. Animal AR: (a) dog game, (b) duck game, and (c) cow game

3.2.4. Implementation

During the implementation phase in the ADDIE methodology, the actual execution of the training
program takes place. Instructors play a crucial role by using the previously developed educational material in
direct interaction with the students. In this context, the planned learning activities are carefully carried out,
promoting active participation and deep understanding. Implementation focuses not only on content delivery,
but also on adaptability to address individual student needs and respond effectively to challenges that may
arise. This dynamic and participatory process ensures effective application of the pedagogical principles
designed in the previous phases of the ADDIE model [26]. The Figure 6 illustrates in detail the proper AR
implementation process, highlighting the use of Unity Vuforia as the main platform for its development. To
carry out this task, it was essential to have a complete directory of files and a detailed list of databases for the
registration of users and processes, as well as to properly configure the Android operating system
environment. This whole system will culminate in a seamless connection with the camera of the mobile
device, be it a smartphone or any other compatible device.
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Figure 6. Implementation

3.2.5. Evaluation

The evaluation phase in the ADDIE methodology is a crucial moment in measuring the
effectiveness of the training program. During this stage, comprehensive data is collected on student
performance, assessing the achievement of established educational objectives. This information not only
informs the success of the current program, but also serves as a basis for adjustments and improvements.
Feedback obtained during evaluation is used strategically to refine future implementations, ensuring a
continuous cycle of improvement and adaptation. This reflective and results-oriented approach to the
evaluation phase contributes to the ongoing evolution of educational programs, optimizing their impact and
effectiveness over time [27].

4. RESULTS

The results present in detail the evaluations carried out by both developers and experts regarding the
mobile application that integrates AR, specifically focusing on its effectiveness for children with dysphasia.
These evaluations address crucial aspects such as usability, accessibility and adaptability of the system to
meet the particular needs of children with dysphasia. In addition, both areas of positive acceptance and those
that could benefit from improvement have been highlighted. This comprehensive analysis provides valuable
insight into how the system aligns with therapeutic goals, allowing for necessary adjustments to further
enhance its positive impact on the communicative and cognitive development of children with dysphasia.
This thoughtful approach ensures a more effective and end-user focused implementation.

4.1. Evaluation by developers

During this evaluation, the developers embarked on a rigorous process aimed at thoroughly
validating the AR system. They will focus on demonstrating efficient development, the result of meticulous
work throughout the project process. This work is reflected in a high level of completeness, backed by
tangible evidence of progress and achievement. The primary objective will be to achieve a significantly high
acceptance rate, which will serve as a key indicator of the success and effectiveness of the developed system.
This process will not only ensure the quality of the final product, but will also reinforce confidence in the
development team's ability to meet the highest standards. The evaluation will be a key step towards achieving
the objectives set and meeting stakeholder expectations as shown in Table 2.

Table 2. Results of the evaluation
Developers  User experience  Functionality  Yield Visual quality  Interactivity  Stability  Innovation

Developer 1 95% 97% 98% 95% 92% 92% 97%
Developer 2 95% 97% 95% 95% 97% 98% 98%
Developer 3 97% 95% 97% 99% 94% 95% 97%
Developer 4 98% 96% 97% 95% 98% 95% 95%
Developer 5 97% 96% 94% 96% 94% 97% 95%
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4.2. Evaluation by specialists

During this evaluation, dysphasia specialists will offer their in-depth analysis of the system,
providing crucial insight into its effectiveness and usefulness in the treatment of this condition. Their
experience and expertise will allow them to evaluate in depth how the application responds to the specific
needs of people with dysphasia, highlighting aspects such as ease of use, accessibility and effectiveness in
improving language skills. Validation by these experts will be critical to support acceptance of the system, as
their endorsement will provide credibility and confidence in its efficacy in clinical and educational settings.
In addition, their viewpoint will identify potential areas for improvement or adjustment to further optimize
the performance and utility of the application in the context of dysphasia. This endorsement by specialized
professionals will reinforce the system's position as a valuable and reliable tool in the treatment and
management of dysphasia, potentially leading to wider adoption and use in the medical and therapeutic
community, as shown in Figure 7.
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psychologists educators therapists field of dysphasia
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Figure 7. Evaluation by specialists

5. DISCUSSIONS

Previous research reveals a similar development to ours in the field of AR to address conditions
such as dyslexia, although it also highlights some key differences that are relevant to our project. For
example, one of the previous authors focused primarily on the technical development of AR for dyslexia,
presenting solutions involving social interaction and writing. However, this approach may have neglected the
importance of actively involving end users and obtaining meaningful feedback from them, which could have
resulted in potential risks to system acceptance and effectiveness. On the other hand, another author explored
a list of AR computer applications focused on using 3D images to motivate children's learning. While this
approach may have been efficient from a technological development standpoint, consultation and
collaboration with educational specialists or teachers to assess the pedagogical appropriateness of these
applications and to incorporate new teaching methods that may enrich the learning experience of children
may have been neglected. This project, we strive to address these differences by combining both technical
development of AR and active consultation with experts in the field of dysphasia. Our comprehensive
approach seeks to ensure that the system is not only technologically sound, but also effective and appropriate
from a pedagogical and clinical perspective. By working closely with end users and relevant professionals,
we hope to maximize the project's potential to make a positive difference in the lives of children with
dysphasia and their educational experiences.

Visual treatment with augmented reality for children with dysphasia (Misael Lazo Amado)



1710 O ISSN: 2502-4752

6. CONCLUSION

In conclusion, an innovative AR system specifically designed to address the needs of children facing
the challenge of dysphasia has been established. This project has fulfilled its main objective by providing an
effective method to analyze the problems associated with dysphasia, developed with an easy-to-use interface
to guarantee the participation and understanding of all those involved in the process. In addition, it meets the
importance of supporting the needs of specialists dedicated to treating dysphasia, showing a great
technological contribution with efficient results. The system has undergone constant evaluation in order to
collect valuable information for its continuous improvement and its adaptation to the changing needs of
users. This continuous feedback approach ensures that the system can evolve over time and remains relevant
and effective in addressing the challenges of dysphasia. The results obtained from this evaluation have been
extremely positive, and experts in the field of development and specialists in dysphasia have expressed their
highest appreciation for the AR system. They have highlighted the effectiveness of the software in providing
an interactive and adaptive learning environment that adjusts to the individual needs of children with
dysphasia, making it a very effective and valuable tool for their development and progress. This investigative
and innovative work should have the support of specialists dedicated to dysphasia and health centers in order
to generalize this project and help children with dysphasia around the world. This AR application project will
be the beginning of future projects aimed at treating the problems of learning disorders and other disorders,
marking an important innovation in the field of education and technology applied to children's health.. This
implementation is expected to facilitate quick and accurate consultations about the child's evaluation through
the application, providing a more agile and efficient experience for both users and professionals involved in
the care process. This improvement in efficiency will allow health professionals to dedicate more time to
direct care of children, reducing the time spent on administrative and preliminary evaluation tasks. As part of
future work, it is planned to incorporate advanced technologies such as artificial intelligence to further
improve the system. The integration of artificial intelligence will allow us to offer more complete and
efficient support by providing advanced data analysis and processing capabilities, allowing for more precise
personalization of treatments. In addition, artificial intelligence will allow the incorporation of expert systems
that will facilitate a deeper understanding of the problems diagnosed in children, recognizing that each child
has unique abilities and needs. These expert systems will be able to analyze large volumes of data and detect
patterns that could go unnoticed by the human eye, thus offering a more detailed and precise evaluation. The
ability of artificial intelligence to continually learn and adapt will ensure that the system evolves and stays up
to date with the latest advances in the field of health and education.
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