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Abstract. High rates of lack of motivation and lack of interest in learning and
carrying out teaching and learning activities are some of the difficulties faced by
children with dyslexia during their educational training. However, nowadays the
use of technological tools has facilitated the process of reading and writing,
providing didactic and interesting teaching for children with special educational
difficulties. The objective of this article is to develop an interactive software us-
ing virtual reality tools, which implements the Orton Gillingham approach. This
approach is mainly designed to work visual, auditory, and kinesthetic skills. By
implementing the didactic game, it is possible to evaluate the technological ac-
ceptance and improvement of the condition of children with dyslexia in their
reading and writing skills. The results of a study carried out in a psychological
center prove that children with dyslexia have improved their condition favorably.
It was proved that the stimulation of the senses by means of virtual reality allows
them to improve their reading and writing skills, improving the areas affected by
dyslexia such as background figure, visual-motor coordination, syllabication, lat-
erality, and position in space.
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1 Introduction

One of greatest social challenges facing society today is the integration of children with
specific learning disabilities, with an emphasis on dyslexia. In essence, dyslexia are
defined as an unexpected difficulty in reading fluency or accuracy that affects an indi-
vidual's learning, educational level or chronological age. However, studies claim that a
child with this disorder can be bright and talented despite a much lower reading level
[1].

Deficiencies in word reading, spelling accuracy and fluency in children with dys-
lexia are accompanied or preceded by incorrect oral expression which tend to constantly
cause feelings of stress and failure [2]. The British Dyslexia Association (BDA)
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estimates that 10% of the population is dyslexic and 4% are severely affected. The de-
mand for children to be supported in their learning process is growing dramatically,
because the traditional educational model is not able to meet the needs of all types of
students, with or without disabilities [3].

In Ecuador, one of the main problems is the lack of a specific methodology that
adapts to the individual differences of each student. Many parents need to look for spe-
cialists to provide methods and techniques to improve the condition of the child with
dyslexia. But this requires time and constant perseverance in order to motivate and in-
still interest in children [4]. In recent years, technological advances have made possible
the development of treatments focused on motivating children with dyslexia during
their learning process. Among these treatments is the multisensory approach, which
allows the practice of reading and writing using visual, auditory, kinesthetic and tactile
resources. Using the multisensory approach provides greater interest when performing
the activities and shows promising results with Students [5]. However, a characteristic
challenge of the country is the lack of technological support tools that use virtual reality.
This fact causes the community especially the parents or guardians of those affected to
think that there are no treatment alternatives aimed at children with dyslexia [5]. The
purpose of this research is to propose an analysis of computer games applied through
virtual reality technology to support the psycho-pedagogical treatment of children with
dyslexia [6]. The main characteristic of the use of this application is to contribute to the
development of reading and writing skills and to reduce the incidence of dyslexia. It
provides those affected from an early stage with interest and interaction with multisen-
sory resources [7]. The research was based on the compilation and analysis of the bib-
liography of scientific publications, psych pedagogy books, and is complemented with
a field research work in a psych pedagogical and psychological center where some im-
portant results of the development of the multisensory educational play system based
on the Orton-Gillingham method were obtained [6].

2 State of the art

Assistive technology drives a methodological change for children with special educa-
tional needs. The multisensory educational game system is composed of a web appli-
cation that focuses on following the child's learning progress, and a virtual reality video
game where the child can interact and play at any time. This video game is a perfect
combination of Orton-Dillingham’s multisensory and technological approach that
avoids distractions or lack of interest of the children [8]. Developmental dyslexia
(DDD) are a language disorder that primarily affects the ability to read and write. Chil-
dren with dyslexia have problems in the rate and speed of learning written language, as
well as in acquiring an adequate level of performance [9].

According to recent studies, children with dyslexia often use educational playful
software to improve their condition. Over time, it was realized that technology can ben-
efit students with special educational needs.
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2.1 A multisensory 3D environment as an intervention to help reading in
dyslexia

One of these investigations proposes the use of multisensory techniques with teaching

methodologies based on phonics and phonemic awareness through the use of 3D envi-

ronments implemented in interactive games to help improve reading in people with

dyslexia [31].

2.2 Multiplatform games for the identification of dyslexia in preschool
children

Followed by another study that proposes as a basis the development of serious multi-

platform games using a framework called PhoneGap, with the aim of identifying dys-

lexia in early ages in an interactive and entertaining way [32].

2.3 Multimedia Learning Based on Augmented Reality for Dyslexic Children

The research also points out a software that uses virtual reality technology in the teach-

ing-learning process of people with dyslexia to help develop their cognitive learning

and mental development, for which they created identifiers to generate 3D objects

through a mobile device generating an interactive learning booklet [33].

2.4 Madrigale application

Finally, we indicate a multimedia application whose objective is to help develop pho-

nological skills and visuospatial attention in children between 7 and 9 years old through

interactive educational games in a more attractive way, generating motivation in the

learning process. Based on musical and ludic educational approaches [34].

3 Implementation

The development of educational software proposes an iterative approach and includes
pedagogical computational aspects, which uses the methodology of Educational Soft-
ware Engineering (MelSE) [30].

MelSE: Educational Software Engineering Methodology
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Fig. 1. MelSE Educational Software Engineering Methodology

Figure 1 shows the structure of the application using the MelSE methodology. In the
first stage, the definition of requirements, the preliminary analysis and the design of the
different educational games are considered. In this process, the characteristics of the
product to be made, the teaching, communication requirements and the architecture of
the product to be built will serve as the basis for the solution of problems related to
reading and writing and the pedagogical characteristics that support the slow develop-
ment of vocabulary and delay in the development of speech with difficulties in articu-
lating or pronouncing words are established. In the development stage, a detailed com-
putational design for children with dyslexia is made involving motivational element
such as music, sounds, animations and images. The software ends with an iteration plan,
i.e., it completely covers some of the didactic objectives of the software, facilitating the
process of both teaching and learning.

Orton Gillingham’s treatment of children with dyslexia emphasizes the individual
introduction of each phonogram and all grammatical rules using visual elements, audi-
tory and kinesthetic information where representations of print-sound correspondences
are established and, the language units are introduced in a systematic sequence of in-
creasing complexity of simple vowels and consonants through multi-syllable words
[11].

Multisensory approach- Orton Gillingham
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Fig. 2. Multisensory approach- Orton Gillingham



Figure 2 shows the first stage is the visual modality, which teaches the child to master
the principles of literacy and to master information accurately and fluently. This is fol-
lowed by the auditory modality where the child must learn the individual letter sounds
by hearing the sounds, saying the sounds, and writing the letters that represent the
sounds. The third stage consists of the kinesthetic modality, where the student experi-
ences, relates and pronounces new concepts from his previous knowledge and focuses
on writing and spelling. Included in this stage is the memory of the movements made
by the muscles. Finally, through this approach, students learn to read, spell and write at
their own pace.

In the execution of the project objective and the development of a reliable and robust
application, the Unity tool is used. Subsequently, Blender was used mainly to model
3D objects and animation of different elements [12]. Beyond its dynamics, Visual stu-
dio was used for the programming control section because it provides a simple, modern
and object-oriented language that combines high productivity and speed [14]. Finally,
the hosting of real-time data uploaded to the cloud is saved in the in-dependent entity
Firebase [15].
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Fig. 3. Educational Software Diagram - Edufarmy

Figure 3 shows the development process of the educational software of a video game
in a virtual environment, assisted by a web application that will be managed by a tutor,



this will be a support for the child with dyslexia during his reading comprehension,
grammar and reading fluency. The execution of this project will be done through 3D
simulation graphic engines and character controller functionalities for a realistic effect
within the video game. The project aims to be a virtual support and monitoring tool for
children with dyslexia disorder, considering their special needs.
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Fig. 4. EduFarmy Game Engine

According to the context defined in Figure 4, the video game engine aims to address
the teaching conditions identified in the study of learning disabilities of children with
dyslexia, using multisensory tools to apply it within a virtual environment. Therefore,
sounds and sound effects were augmented, which give credibility and verisimilitude
to a farm environment, along with animal multimedia created by ChiquitinesTV, my
Kindergarten, which involve the player emotionally. The graphic engine of the video-
game was adapted to the characteristics of the child audience, with artistic and
friendly designs. Blender was used to develop the 3D models and animate them. Next,
the physics engine integrated in the videogame provides components that handle the
physics simulation, such as collisions, forces and gravity. The Interaction Control is in
charge of giving functionalities to the player to interact with buttons, cubes and physical
elements that belong to the farm. Finally, the precise movement control of characters
and their actions was defined to facilitate gameplay.



VIDEOGAME ENVIRONMENTS

. Y
v

Scheme

ﬂlll

Analysis

B
| %

Videogame

]

Desktop computer

Virtual reality device

Electronics devices

Development Environments

L]
Aul
f ;
Modeling tool .

FRONT END [}
I Multimedia. ’

# n1tv

Firebase

B

Virtual reality

Development platform

Database i3] Studio @

Fig. 5. Implementation scheme

Figure 5 shows the structure of the software, which consists of a desktop application,
virtual reality glasses that interact the virtual reality with the user of the application and
a web application to manage the child's learning progress.

Requirements Capture

The functional and non-functional requirements identified in the design and gather-
ing stage are presented below. These requirements serve to provide the application with
functionalities that contribute to dyslexia in children, and thus, help in their special

needs.

Table 1. Requirements of the desktop application.

Functional

Non-functional

It has a menu, in which the child
chooses one of the mini games
depending on the state in which
their treatment is, and their level
of learning.

It shows levels focused on a farm
where the child must illustrate
their auditory, visual and kines-
thetic skills.

It installs on any operating sys-
tem since the video game is
multiplatform.

It contains motion sensors.
Virtual Reality glasses provide
entertainment and safety to the
child.




e |t has a three-dimensional envi-
ronment that works with Virtual
Reality.

Table 2. Requirements of the web application.

Functional Non-functional

Child information may only be
modified by the guardian.

The children's information will
be stored in the Firebase data-
base.

The color of the application is in
accordance with a child's envi-

e Allows the tutor to add the child's
information.

e Allows the guardian to visualize
the child's information.

e  Allows the guardian to modify the
child's information.

e Allows the guardian to delete the
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Figure 6 proposes a space designed to work on dyslexia through virtual reality, imple-
menting the set of letters of the alphabet, syllables, and words. At the beginning of each
game, a multimedia sound is presented with its proper instructions. To keep track of a
statistic, the child will be presented with their number of at-tempts and hits. The three
main games represent the first stage of the Orton Gillingham Methodology, which helps
the child develop classification skills and visual and auditory skills.

3.2 Second stage of the video game
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Fig. 7. Secondary game

The second stage of the virtual reality video game is aimed at working on visual,
auditory, and kinesthetic skills. Therefore, the child is presented with the reading mini-
game, and a laterality mini-game. At the beginning of each game, clear and summarized
instructions are provided through multimedia audio.

In the reading game, the child will have a certain time to read a previously selected
story, and then answer the questions in the questionnaire.

The game of laterality begins when the child correctly orients the word that is inside
the cube. Then you must place the cube with its respective word in one of the two
scenarios, to understand its meaning through visual skills.

Both games will count the number of attempts and successes that the child has made
to solve the activities.



4 Evaluation of results

To evaluate the results of the treatment progress, a 20-item test was applied, which
uses a five-point scale (1=very low, 2=low, 3=medium, 4=high, 5=very high) at the
beginning and at the end of the experiment, each of these items evidenced the skills that
the child should develop during the treatment. The children were trained on the func-
tioning of the game, indicating the objectives of each one and how to carry them out.

At the end of the evaluation stage, the results obtained at the beginning and the end
of the experiment were compared, showing a great difference in the results.

Table 3. Results of the assessment of reading and writing skills

ltems Initial Stage Intermeldiate stage Intermzdiate stage Final Stage

items 1 4,083 3,851 3,538 3,25
items 2 3,917 3,742 3,43 3,333
ftems 3 4,083 3,45 3,313 3,167
items 4 4,417 4,03 3,761 3,417
ftems 5 3,917 3,901 3,909 3,911
items 6 4 3,75 3,531 3,333
ftems 7 4 3,81 3,529 3,333
items 8 4,25 4,01 3.831 3,5

ftems 9 4,583 4,12 3,881 3,5

items 10 3,833 3,601 3,417 3,333
ftems 11 3,333 3,143 2,993 2,917
ftems 12 3,833 3,734 3,507 3,417
items 13 4,167 3,85 3,709 3,667
items 14 4,333 3,142 3,876 3,75
ftems 15 4,667 4,306 4,007 3,833
items 16 4,417 4,315 3,894 3,5

items 17 4,583 4,263 3,926 3,75
items 18 4,25 4,231 4,268 4,252
items 19 4,167 3,806 3,607 3,5

items 20 4,417 4,25 3.867 3,5

The table above shows the averages of the scores obtained in the tests at the beginning
and end of the treatment carried out on 12 children who were the ones who contrib-
uted in the research with the deadlines in the proposed therapy, for research purposes,
as it can be observed the results of the application of the game in the treatment of the
children during 6 months, there is an evident decrease in most of the child's special
difficulties, only in 2 of the 20 items the same score was maintained, the same that are
related to the difficulty of laterality, consequently it can be determined that the game



had an effectiveness of 90% in the progress of the child's treatment, the same that can
be increased with the use of more training time.
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Fig. 8. Graphic representation of the play treatment.

The previous graph represents graphically the results of the progress of each child from
the beginning to the end of the proposed treatment, as can be observed at the beginning,
the values are within the pessimistic panorama, but as the treatment progresses it can
be observed how these tend to be reduced presenting a more optimistic panorama of the
progress of the treatment, It should be emphasized that dyslexia, being considered as a
condition, cannot be eradicated but rather controlled and diminished, which is the pur-
pose of this software, even though each child has a different way of learning, the playful
game has managed to integrate each of these strategies allowing the progress of all of
them to the same degree.

5 Discussion

The use of new technologies such as virtual reality in early stages of the teaching and
learning process of reading and writing of children with special educational needs such
as children with dyslexia, represents a tool for intervention and evaluation of their treat-
ment, which shows substantial improvements in their condition. The proposed software
was very well received by the children with dyslexia and the specialists in charge of
their treatment. The unique approach of combining a virtual environment with a teach-
ing methodology that fits the unique needs of children with dyslexia has obtained
mostly positive results, evidencing progress in the treatment of children. Each one of
the games allowed the training of the different literacy skills by the infants who are in
the age range between 6 and 9 years old and suffer from dyslexia. The use of virtual
reality in an interactive and simple game with friendly environments has allowed to
capture to a greater degree their interest and commitment to the treatment, reinforcing
their literacy skills, thus improving their confidence in this area of their education.

6 Future works

For future work, it is proposed to improve the game by increasing the number of levels
in each of its minigames, where it will be possible to determine precisely which skills



the children need to improve in their treatment and practice them, allowing the special-
ists in charge of the treatment to better adapt the rehabilitation strategies for each of the
children. In addition, the guidance within the game can be improved through artificial
intelligence, allowing to simulate the continuous accompaniment of a tutor during the
treatment.

7 Conclusions

Through the results of the study carried out with the children, it was possible to observe
a remarkable improvement in their reading and writing skills, reducing by 13% the
complications of dyslexia during the time determined for the study. In order to make a
correct use of the desktop application, it was taken into account that the exposure in
simulated environments should be progressive and during the time in which the child
is treated, generating a greater interest and commitment in the therapy, which evidences
the acceptance of the software by the child.

The play software allows the child to focus on different areas affected by dyslexia
such as background figure perception, visual-motor coordination, syllabication, later-
ality and position in space. All these areas are mostly boosted by virtual reality which
helps to involve all the child's senses during the treatment. In relation to the above, we
can conclude that virtual reality contributes satisfactorily to the psycho-pedagogical
field, specifically in the treatment of children with special educational needs. Techno-
logical tools create simulated environments that help to acquire motivation and interest
in children at the school stage.

8 References

1. S. E. Shaywitz y B. A. Shaywitz, «Dyslexia», en Encyclopedia of Clinical Neuropsycho-
logy, J. Kreutzer, J. DelLuca, y B. Caplan, Eds. Cham: Springer International Publishing,
2018, pp. 1-7.

2. K. Brimo, L. Dinkler, C. Gillberg, P. Lichtenstein, S. Lundstrém, y J. Asberg Johnels, «The
co-occurrence of neurodevelopmental problems in dyslexia», Dyslexia, p. dys.1681, mar.
2021, doi: 10.1002/dys.1681.

3. F. Shimada Pinto, V. Farinazzo Martins, C. A. De La Higuera Amato, y M. Amelia Eliseo,
«Requirements for the Development of Digital Serious Games for Dyslexics», en 2019 14th
Iberian Conference on Information Systems and Technologies (CISTI), Coimbra, Portugal,
jun. 2019, pp. 1-6, doi: 10.23919/CIST1.2019.8760627.

4. D. Gooch, A. Vasalou, y L. Benton, «Exploring the use of a gamification platform to support
students with dyslexia», en 2015 6th International Conference on Information, Intelligence,
Systems and Applications (lISA), Corfu, Greece, jul. 2015, pp. 1-6, doi:
10.1109/11SA.2015.7388001.

5. M. Broadhead, D. Daylamani-Zad, L. Mackinnon, y L. Bacon, «A Multisensory 3D Envi-
ronment as Intervention to Aid Reading in Dyslexia: A Proposed Frameworks, en 2018 10th
International Conference on Virtual Worlds and Games for Serious Applications (VS-
Games), Wurzburg, sep. 2018, pp. 1-4, doi: 10.1109/VS-Games.2018.8493407.


https://www.zotero.org/google-docs/?bQYgvC
https://www.zotero.org/google-docs/?bQYgvC
https://www.zotero.org/google-docs/?bQYgvC
https://www.zotero.org/google-docs/?bQYgvC
https://www.zotero.org/google-docs/?bQYgvC
https://www.zotero.org/google-docs/?bQYgvC
https://www.zotero.org/google-docs/?bQYgvC
https://www.zotero.org/google-docs/?bQYgvC
https://www.zotero.org/google-docs/?bQYgvC
https://www.zotero.org/google-docs/?bQYgvC
https://www.zotero.org/google-docs/?bQYgvC
https://www.zotero.org/google-docs/?bQYgvC
https://www.zotero.org/google-docs/?bQYgvC
https://www.zotero.org/google-docs/?bQYgvC
https://www.zotero.org/google-docs/?bQYgvC
https://www.zotero.org/google-docs/?bQYgvC
https://www.zotero.org/google-docs/?bQYgvC
https://www.zotero.org/google-docs/?bQYgvC

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

I. McChesney y R. Bond, «Eye tracking analysis of computer program comprehension in
programmers with dyslexia», Empir. Softw. Eng., vol. 24, n.o 3, pp. 1109-1154, jun. 2019,
doi: 10.1007/s10664-018-9649-y.

A. Facoetti et al., «Multiplatform games for Dyslexia identification in preschoolers», en
2014 IEEE 11th Consumer Communications and Networking Conference (CCNC), ene.
2014, pp. 1152-1153, doi: 10.1109/CCNC.2014.6940496.

S. Jaffe-Dax, O. Raviv, N. Jacoby, Y. Loewenstein, y M. Ahissar, «Towards a computational
model of Dyslexia», BMC Neurosci., vol. 16, n.o S1, p. 012, dic. 2015, doi: 10.1186/1471-
2202-16-S1-012.

A. Ward, H. Bush, y E. B. Braaten, «Reading Disorders/Dyslexia», en The Massachusetts
General Hospital Guide to Learning Disabilities, H. K. Wilson y E. B. Braaten, Eds. Cham:
Springer International Publishing, 2019, pp. 21-37.

N. W. Schlesinger, «The impact of multisensory instruction on learning letter names and
sounds, word reading, and spelling», p. 40.

J. J. Ring, K. J. Avrit, y J. L. Black, «Take Flight: the evolution of an Orton Gillingham-
based curriculum», Ann. Dyslexia, vol. 67, n.o 3, pp. 383-400, oct. 2017, doi:
10.1007/s11881-017-0151-9.

N. Bruns, «Blender: Universelle 3D-Bearbeitungs- und Animationssoftware», Unfallchi-
rurg, vol. 123, n.o 9, pp. 747-750, sep. 2020, doi: 10.1007/s00113-020-00836-0.

P. V. F. Zawadniak et al., «Micromouse 3D simulator with dynamics capability: a Unity
environment approach», SN Appl. Sci., vol. 3, n.o 2, p. 259, feb. 2021, doi: 10.1007/s42452-
021-04239-7.

D. Wang, «Gamified learning through unity 3D in visualizing environments», Neural Com-
put. Appl., vol. 29, n.o 5, pp. 1399-1404, mar. 2018, doi: 10.1007/s00521-017-2928-5.
[15] M. Hajian, «Deploying to Firebase as the Back End», en Progressive Web Apps with
Angular, Berkeley, CA: Apress, 2019, pp. 9-27.

E. Geiser, M. Kjelgaard, J. A. Christodoulou, A. Cyr, y J. D. E. Gabrieli, «Auditory temporal
structure processing in dyslexia: processing of prosodic phrase boundaries is not impaired
in children with dyslexia», Ann. Dyslexia, vol. 64, n.o 1, pp. 77-90, abr. 2014, doi:
10.1007/s11881-013-0087-7.

J. Galliussi, L. Perondi, G. Chia, W. Gerbino, y P. Bernardis, «Inter-letter spacing, inter-
word spacing, and font with dyslexia-friendly features: testing text readability in people with
and without dyslexia», Ann. Dyslexia, vol. 70, n.o 1, pp. 141-152, abr. 2020, doi:
10.1007/s11881-020-00194-x.

S. van Viersen, E. H. de Bree, E. H. Kroesbergen, E. M. Slot, y P. F. de Jong, «Risk and
protective factors in gifted children with dyslexia», Ann. Dyslexia, vol. 65, n.o 3, pp. 178-
198, oct. 2015, doi: 10.1007/s11881-015-0106-y.

R. Gibby-Leversuch, B. K. Hartwell, y S. Wright, «Dyslexia, Literacy Difficulties and the
Self-Perceptions of Children and Young People: a Systematic Review», Curr. Psychol., nov.
2019, doi: 10.1007/s12144-019-00444-1.

S. Novita, Q. Uyun, E. Witruk, y J. R. Siregar, «Children with dyslexia in different cultures:
Investigation of anxiety and coping strategies of children with dyslexia in Indonesia and
Germany», Ann. Dyslexia, vol. 69, n.o 2, pp. 204-218, jul. 2019, doi: 10.1007/s11881-019-
00179-5.

S. W. van der Kleij, E. Segers, M. A. Groen, y L. Verhoeven, «Post-treatment reading de-
velopment in children with dyslexia: the challenge remains», Ann. Dyslexia, vol. 69, n.o 3,
pp. 279-296, oct. 2019, doi: 10.1007/s11881-019-00186-6.


https://www.zotero.org/google-docs/?bQYgvC
https://www.zotero.org/google-docs/?bQYgvC
https://www.zotero.org/google-docs/?bQYgvC
https://www.zotero.org/google-docs/?bQYgvC
https://www.zotero.org/google-docs/?bQYgvC
https://www.zotero.org/google-docs/?bQYgvC
https://www.zotero.org/google-docs/?bQYgvC
https://www.zotero.org/google-docs/?bQYgvC
https://www.zotero.org/google-docs/?bQYgvC
https://www.zotero.org/google-docs/?bQYgvC
https://www.zotero.org/google-docs/?bQYgvC
https://www.zotero.org/google-docs/?bQYgvC
https://www.zotero.org/google-docs/?bQYgvC
https://www.zotero.org/google-docs/?bQYgvC
https://www.zotero.org/google-docs/?bQYgvC
https://www.zotero.org/google-docs/?bQYgvC
https://www.zotero.org/google-docs/?bQYgvC
https://www.zotero.org/google-docs/?bQYgvC
https://www.zotero.org/google-docs/?bQYgvC
https://www.zotero.org/google-docs/?bQYgvC
https://www.zotero.org/google-docs/?bQYgvC
https://www.zotero.org/google-docs/?bQYgvC
https://www.zotero.org/google-docs/?bQYgvC
https://www.zotero.org/google-docs/?bQYgvC
https://www.zotero.org/google-docs/?bQYgvC
https://www.zotero.org/google-docs/?bQYgvC
https://www.zotero.org/google-docs/?bQYgvC
https://www.zotero.org/google-docs/?bQYgvC
https://www.zotero.org/google-docs/?bQYgvC
https://www.zotero.org/google-docs/?bQYgvC
https://www.zotero.org/google-docs/?bQYgvC
https://www.zotero.org/google-docs/?bQYgvC
https://www.zotero.org/google-docs/?bQYgvC
https://www.zotero.org/google-docs/?bQYgvC
https://www.zotero.org/google-docs/?bQYgvC
https://www.zotero.org/google-docs/?bQYgvC
https://www.zotero.org/google-docs/?bQYgvC
https://www.zotero.org/google-docs/?bQYgvC
https://www.zotero.org/google-docs/?bQYgvC
https://www.zotero.org/google-docs/?bQYgvC
https://www.zotero.org/google-docs/?bQYgvC
https://www.zotero.org/google-docs/?bQYgvC
https://www.zotero.org/google-docs/?bQYgvC
https://www.zotero.org/google-docs/?bQYgvC
https://www.zotero.org/google-docs/?bQYgvC
https://www.zotero.org/google-docs/?bQYgvC
https://www.zotero.org/google-docs/?bQYgvC

22

23.

24.

25.

26.

27.

28.

29.

30.

3L

32.

33.

34.

J. M. Verpalen y F. J. van de Vijver, «Differences in neurocognitive aspects of dyslexia in
Dutch and immigrant 6-7- and 8-9-years old children», SpringerPlus, vol. 4, n.o 1, p. 105,
dic. 2015, doi: 10.1186/s40064-015-0874-1.

S. Franceschini, S. Bertoni, L. Ronconi, M. Molteni, S. Gori, y A. Facoetti, «“Shall We Play
a Game?”: Improving Reading Through Action Video Games in Developmental Dyslexiay,
Curr. Dev. Disord. Rep., vol. 2, n.o 4, pp. 318-329, dic. 2015, doi: 10.1007/s40474-015-
0064-4.

E. Fokides, M.-I. Chronopoulou, y P. Kaimara, «Comparing videos and a 3D virtual envi-
ronment for teaching school-related functional skills and behaviors to students with ADHD
or developmental dyslexia, displaying challenging behaviors: a case study», Res. Pract.
Technol. Enhanc. Learn., vol. 14, n.o 1, p. 22, dic. 2019, doi: 10.1186/s41039-019-0117-0.
E. Toffalini, D. Giofré, M. Pastore, B. Carretti, F. Fraccadori, y D. Szlics, «Dyslexia treat-
ment studies: A systematic review and suggestions on testing treatment efficacy with small
effects and small samples», Behav. Res. Methods, mar. 2021, doi: 10.3758/s13428-021-
01549-x.

L. Ronconi, D. Melcher, y L. Franchin, «Investigating the role of temporal processing in
developmental dyslexia: Evidence for a specific deficit in rapid visual segmentation», Psy-
chon. Bull. Rev., vol. 27, n.o 4, pp. 724-734, ago. 2020, doi: 10.3758/513423-020-01752-5.
L. Eutsler, C. Mitchell, B. Stamm, y A. Kogut, «The influence of mobile technologies on
preschool and elementary children’s literacy achievement: a systematic review spanning
2007-2019», Educ. Technol. Res. Dev., vol. 68, n.o 4, pp. 1739-1768, ago. 2020, doi:
10.1007/s11423-020-09786-1.

J. O’Brien, G. Ottoboni, A. Tessari, y A. Setti, «Multisensory Perception, Verbal, Visuo-
spatial and Motor Working Memory Modulation After a Single Open- or Closed-Skill Ex-
ercise Session in Children», J. Cogn. Enhanc., sep. 2020, doi: 10.1007/s41465-020-00189-
X.
D. G. M. Schouten, N. J. J. M. Smets, M. Driessen, K. Fuhri, M. A. Neerincx, y A. H. M.
Cremers, «Requirements for a virtual environment to support the social participation educa-
tion of low-literates», Univers. Access Inf. Soc., vol. 16, n.o 3, pp. 681-698, ago. 2017, doi:
10.1007/s10209-016-0502-z.

P. Vicente y C. Soledad, «Disefio de un juego serio para la mejora de la conciencia fonol4-
gica de los nifios con dislexia», p. 10, 2016.

[1] M. Broadhead, D. Daylamani-Zad, L. Mackinnon, y L. Bacon, «A Multisensory 3D
Environment as Intervention to Aid Reading in Dyslexia: A Proposed Framework», en 2018
10th International Conference on Virtual Worlds and Games for Serious Applications (VS-
Games), Wurzburg, sep. 2018, pp. 1-4. doi: 10.1109/VS-Games.2018.8493407.

[2] A. Facoetti et al., «Multiplatform Games for Dyslexia Identification in Preschoolers»,
p. 2.

[3] Z. Bhatti, M. Bibi, y N. Shabbir, «Augmented Reality based Multimedia Learning for
Dyslexic Children», en 2020 3rd International Conference on Computing, Mathematics and
Engineering Technologies (iICOMET), Sukkur, Pakistan, ene. 2020, pp. 1-7. doi:
10.1109/iCoMET48670.2020.9073879.

[4] P.A.DiTore, S. Di Tore, L. A. Ludovico, y G. R. Mangione, <cMADRIGALE: A Mul-
timedia Application for Dyslexia and Reading Improvement GAmifying Learning Experi-
ence», en 2014 International Conference on Intelligent Networking and Collaborative Sys-
tems, Salerno, sep. 2014, pp. 486-491. doi: 10.1109/INC0S.2014.48.


https://www.zotero.org/google-docs/?bQYgvC
https://www.zotero.org/google-docs/?bQYgvC
https://www.zotero.org/google-docs/?bQYgvC
https://www.zotero.org/google-docs/?bQYgvC
https://www.zotero.org/google-docs/?bQYgvC
https://www.zotero.org/google-docs/?bQYgvC
https://www.zotero.org/google-docs/?bQYgvC
https://www.zotero.org/google-docs/?bQYgvC
https://www.zotero.org/google-docs/?bQYgvC
https://www.zotero.org/google-docs/?bQYgvC
https://www.zotero.org/google-docs/?bQYgvC
https://www.zotero.org/google-docs/?bQYgvC
https://www.zotero.org/google-docs/?bQYgvC
https://www.zotero.org/google-docs/?bQYgvC
https://www.zotero.org/google-docs/?bQYgvC
https://www.zotero.org/google-docs/?bQYgvC
https://www.zotero.org/google-docs/?bQYgvC
https://www.zotero.org/google-docs/?bQYgvC
https://www.zotero.org/google-docs/?bQYgvC
https://www.zotero.org/google-docs/?bQYgvC
https://www.zotero.org/google-docs/?bQYgvC
https://www.zotero.org/google-docs/?bQYgvC
https://www.zotero.org/google-docs/?bQYgvC
https://www.zotero.org/google-docs/?bQYgvC
https://www.zotero.org/google-docs/?bQYgvC
https://www.zotero.org/google-docs/?bQYgvC
https://www.zotero.org/google-docs/?bQYgvC
https://www.zotero.org/google-docs/?bQYgvC
https://www.zotero.org/google-docs/?bQYgvC
https://www.zotero.org/google-docs/?bQYgvC
https://www.zotero.org/google-docs/?bQYgvC
https://www.zotero.org/google-docs/?bQYgvC

