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Abstract-This article collects and analyzes information from
various authors dedicated to the investigation of Information and
Communication Technologies (ICTs) and in particular
Augmented Reality (AR) in the treatment of children with Autism
Spectrum Disorder (ASD). RA has ventured into the generation of
different cognitive and emotional skills in children diagnosed with
this disorder. Descriptive research was used for this study,
through bibliographic review.
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I. INTRODUCTION

A. Conceptual Approaches: Autism

Autism is defined as a disorder that mainly affects the
neurological development of those who have it,[1] they are
externalized through deficits in communication, language and
social interaction [2] and stereotyped behaviors, these
symptoms are usually detected by close family members and at
very young ages.[3] [4]

Other authors define ASD as a developmental alteration in
children, represented by having a deficit in social interaction
and communication with people around them, their interests are
very repressed and they constantly show repetitive actions.[5].
On the other hand,[6] defines ASD as those clinical pictures,
which begin in early childhood, which restrict social and
communication skills, among other cognitive aspects. [7][8]

ASD is "spectrum disorder", that is, the level of involvement in
children with it cannot be generalized,[9] therefore, in certain
cases they are mild, while in others very serious, however, it
will depend on the moment in which these symptoms appear,
their severity and exact nature. [10]

An example of children with ASD receiving classes with
specialists and caregivers is shown in "Fig. 1
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B. Information and communication technologies

The dizzying advance of ICT has allowed various organizations
to turn their eyes towards this new way of teaching, [11][12].
First level and quality education are an essential right of all
human beings and is facing a paradigm shift in all its
contexts.[13] Improving ICT requires direct intervention and a
readjustment in its entire structure to the current educational
system.[14]

In general, several authors conclude that the inclusion of ICT in
the academic training process is beneficial for children with
ASD thanks to the wide range of components that can be added
to teaching methodologies, thus providing students with new
study environments. didactic and participatory, where they can
develop new skills and abilities. [15][16]

C. Augmented reality

One of the ICTs that has received the most in the learning and
teaching process is Augmented Reality, which is the technology
that allows the incorporation of content

Digital designed by specialized software, such as images or
markers, on the real environment.[17]

“In technical terms, RA comprises a mix of computer graphics,
artificial vision and multimedia, so that the user can improve



their perception of the real world, by including virtual
information.[18]

For RA to provide an understandable view of the surrounding
world, any RA-based system must have the following three
characteristics:

1. It combines the real and the virtual: It resides in including
3D images from a computer in the scene. It is interactive in
real time: The interactions between the RA system and the
user must occur in real time, that is, there can be no
slowness between the projected and the increased.

2. Three-dimensional visualization: The objects entered into
the RA system must be three-dimensional, and must be
made by specialized software in its generation.

3. Contextualization: The problem presented in the article is
to be able to determine new Information and
Communication Technologies for the help of children with
ASD, particularly RA, without leaving aside the limitations
of the study, such as the scarce existence of research in
populations large enough to successfully conclude if RA
really helps children with ASD.

An example of RA application using a smartphone is shown in
’lFig‘ 1"

Figure 2. RA image in ARAnimals software

II. METHOD

In order to summarize the contributions of AR applied to the
treatment of children with ASD, a search and analysis of
scientific articles was carried out. To carry out the systematic
review on RA and ASD, the methodology of [19][20][21]. We
follow three phases: planning the review, conducting the
review, reporting the review as shown in the"Fig. 3" then
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Figure 3. Systematic Review Phases

As a first step, the definition of the review protocol, the
following research questions were asked:

PI1: What works were aimed at improving the cognitive
development of children with ASD

PI2: What works talk about improvements in social
relationships

PI3: What work developed eye and verbal contact skills?
PI4: What research seeks to promote ASD language therapy?
PI5: What jobs increased memory and social skills
development?

To answer these questions, it is proposed to carry out a
systematic review of research articles.

The quality and value of a review depends on the extent to
which scientific review methods have been used to minimize
error and bias.[20] This is the key feature that distinguishes
traditional narrative reviews from systematic reviews.[22]

The systematic search began with the identification of the
keywords and the search terms that were constructed from the
research questions. A traditional search was initially carried out,
from which some articles were obtained, which were studied to
determine the most appropriate search terms for the systematic
review and which were subsequently validated and completed.
The search terms used in this investigation

The definition of the search strategy used to locate review
articles on the subject RA applied to treatment defined the
following logical expression for keywords that appear in the
article title in Table I



TABLE I: SEARCH STRING

N.- Keyword
one | RA AND TEA

Search string
(Augmented Reality) AND
("Autis *" OR "Autism Spectrum
Disorder" OR  "ASD" OR
Developmental Disorder)
“Augmented Reality” AND ("TEA *"

2 RA OR ASD

OR “TIC *”)
3 (RA AND TEA) “Augmented Reality” AND ("TEA *"
OR LEARN OR “Learn *”)
4 (RA AND ASD) "Mixed reality" OR  "Mobile
OR LEARN augmented reality") AND ("educat *"

OR "simulat *" OR "train *" OR "gam
*" OR "learn *" OR "pedagog *").

The type of documents was limited to articles published in
magazines and conferences from 2005 to March 2020.

Then, in the third step, the inclusion and exclusion criteria
defined in Table II are defined.

TABLE II: INCLUSION AND EXCLUSION CRITERIA

Inclusion Exclusion
These are articles on These are research articles describing a
RA and TEA. particular experience.
Published between | Articles that mention RA but do not talk
2005-2020 about ASD.
-Article of scientific Review articles on RA in disorders other
quality published inan | than ASD or ASD.

indexed journal and / or
internationally
recognized congress

The following were the electronic databases considered in the
systematic search: IEEE Xplore, ACM Digital Library,
SpringerLink, Science Direct and Scopus. Table III presents for
each of the electronic databases considered, the fields where the
defined search terms were applied.

TABLE III: DATABASE CONSULTED

Database Search fields

IEEE Xplore Summary, title, keywords.
(abstract, Publication title, index
term.

ACM digital library Summary, title, all text

Springerlink Title, abstract, keywords

Taylor & Francis Summary, title, abstract

Elseiver Summary, title, all text

To choose the articles named as promising, a quality evaluation
was carried out where it was observed if those chosen articles
had their objectives clearly defined, the technology used
contains elements that make use of AR, the methodology used
to carry out the study is clearly explained. research, the
techniques and methods that were used are properly defined, the
conclusions reached are precise, the population is identified as
children with ASD and the limitations found when using the
technology are evidenced.

The work team is made up of two expert researchers and two
beginning researchers, so the initial selection was made by the
researchers and the review and decision of the articles
considered as promising were evaluated by the expert
researchers.

As results of the search and selection of the articles in the
academic databases we have in summary the following: Table
IV presents a summary of the selection of articles

TABLE IV: SELECTION OF ITEMS

BBDD Searc Foun Different Shortliste Promisin
h d preselecte d g

terms d

IEEE RA- 150 28 fifteen 3
TEA

ACM RA- 96 72 18 4
TEA

SPRINGE RA- 105 28 22 5

R TEA

SCOPUS RA- 167 72 eleven 7
TEA

518 200 66 19




She "Fig. 4" Below are the sets of exclusion criteria that were used to determine the studies that would not be covered in reporting
the review.
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Figure 4. Systematic Review Phases

For this study, variables that were derived from the research defined and the desirable characteristic of the studies to be
questions were defined, such as cognitive development, social ~ considered as promising. Table V analyzes these criteria in
relations, visual and verbal contact, language therapy, increased greater detail.

memory and development of social skills, indicators were

TABLAV: VARIABLES ANALYZED ON RA IN CHILDREN WITH ASD

Variable Indicator Desirable feature
Improvements in  the | RA as ateaching tool It directly influences the user, facilitating its learning in a didactic way,
cognitive development of through a virtual interface.
children with ASD
Improvements in social Trust builder for children with ASD It allows a very wide interaction with the user, generating self-
relations confidence.
Development of visual and | RA as a tool that can help establish Demonstrate high viability, usability and tolerability. Improvement in
verbal contact visual and verbal contacts. non-verbal communication, eye contact and social commitment of
children with ASD.
Boost in language therapy Improvement in the way of learning | Educational application can be used for language therapy, vocabulary,
language in children with ASD reading and writing, among others
Increased memory and | Innovation in children's content Allow children with ASD to interact with different settings and

development of social skills | books through RA contexts, hoping to create emotions and improve cognitive abilities.




III. RESULTS

As a result of the studies carried out on ASD, it allows us to
understand the complexity that researchers face when they want
to design new and innovative technological tools that improve
the quality of life of children diagnosed with ASD. From the
study we can understand that in autism it is unlikely to
generalize since the patients present different degrees that can
range from mild, moderate, severe; in some children the
intelligence is intact and they have a greater problem with
communication spaces, on the other hand, there are children
whose intelligence and language are not affected but their social
relationships are deficient.

From the experiences analyzed each one is based on particular
points in search of generating an optimal result, usually the
studies are carried out in small populations.

PI1: What works were aimed at improving the cognitive
development of children with ASD.

For Herrera his research allows improving the cognitive
development of the children who used the pictogram room [2.
3]. For Cheng, who considers and reflects on existing research
on multi-touch table technology for ASD, these innovative
technologies are beneficially used in a number of critical areas
that affect people with autism, their families, and the
professionals who support them.[24]

For Montecé, who indicates that augmented reality is a
technology that contributes resources to the world, in his study
he determines that the incorporation of technologies contributes
an enrichment to the teaching-learning process.[25]

PI2: What works
relationships

For Gavilanez, who considers that the RA revolutionizes
educational processes at all academic levels due to

talk about improvements in social

their high level of motivation and innovation [26], in
conjunction with Jaramillo who defines augmented reality
systems, which enrich real environments with additional
information generated by computer [27]

Andrunyk considers in his study that AR can provide children
with ASD with a significant improvement in communication,
the development of social skills and academic training.[28]. For
Izurieta who in his research defines DIR Floor-time therapy
based on the premise that the acquisition of cognitive, motor
and linguistic skills [5]

PI3: What work developed eye and verbal contact skills?

For Moore, who in his study determines that children with
autism could understand the basic emotions represented by a
humanoid avatar, identical facial expressions. [29]. Tseng
designed a novel prototype, called the Facial Expression
Wonderland (FEW), to train children with ASD in visual
expressions.[30]

For Bai who carries out two investigations related to the
potential of AR technology to visually conceptualize the

representation of simulation, he developed an interactive
system that explores the inside of an open play environment that
allowed children with ASD to improve their mental
representation of simulation along with immediate reality.[31]

The same author conducts an experimental evaluation of a
proposed AR system to support and encourage children with
ASD to simulate play. The authors recorded all theinteractions
of the children in both conditions, that is, RA and not AR. The
analysis of the recorded sessions was carried out based on five
categories of play: simulated play, constructive play, relational
play, simple play and no play.[32]

PI4: What research seeks to promote ASD language therapy?
Moralejo who describes the progress of his AuthorAR tool,
aimed at creating educational activities based on augmented
reality (AR) that allows generating exploration and sentence
structuring activities, which can favor processes of language
acquisition and communication training.[33]

PIS: What jobs increased memory and social skills
development? For Renilla who carried out an empirical
exploratory study where it is concluded that using technology
allows for greater attention and acceptance of routine activities
in children with ASD. [34]

Talavera in his study analyzes the improvements that music
therapy brings to the development of communication in
students with ASD in the classroom.[35]

Bartoli determines in his study the opportunities offered by full-
body contactless games for the therapy and education of
children with ASD and verifies the effectiveness of games for
autistic children [36]

Among the articles and scientific information collected, the
researchers agree that ICT and especially RA are valid tools for
the generation of new and innovative teaching mechanisms for
children promoting skills and abilities.

AR as part of ICT is an element that does not go unnoticed, it is
known that one of the main ways to help children with ASD
through a natural interaction with the environment in which it
operates; using and using different stimuli such as visual,
auditory and sensory, RA can play an important role in creating
pleasant and safe environments for the emotional development
of children with the disorder.

Currently, several establishments that provide therapy services
have already chosen to integrate RA-based multimedia tools
into their teaching methodologies, and the results are
encouraging with a promising future. Applications with RA
gain strength and begin to emerge as a help tool for different
disorders such as ASD

Many authors mention the term "mixed reality" as the
conjunction of physical reality and AR technology, that is, that
it contemplates the real environment, whether additional



information generated by software is incorporated for a specific
purpose.

The inclusion of AR as a tool for the treatment of ASD is novel,
incorporating different stimuli in the applications in the form of
games or didactic activities, where the user can select objects,
body movements, figure identification and other tasks, in an
entertaining way.

their treatment that allows them to improve their quality of life
through science and technology.

The introduction of ICT into the pedagogical environment is not
an unknown topic in society, based on the reviewed
bibliography, and citing what has been investigated by various
authors, these technologies can be an ideal instrument for
learning processes, even more so in children with different
types of disorders, such as the case of ASD.

This article reviewed recent publications on how AR has
ventured into the generation of different cognitive and
emotional skills in children with ASD, thus observing that in
recent years this technology has been widely received by
various authors and has even come to consider theoretical
models and experimental applications of AR on populations of
autistic children, with pleasant and encouraging results for the
near future on the use of AR to treat this disorder.

One of the main advantages of RA is the ease of adaptation with
various technological elements such as webcams, motion
simulators (Kinect), smart glasses, computers, smartphones.
Most researchers agree that AR supports the generation of safe,
reliable, and pedagogical environments for autistic children
through activities and games that allow the user to interact with
the system.

Another point considered in the reviewed publications is the
type of stimulus that should be used for children with ASD, this
because it is not possible to generalize that everyone has the

REFERENCES

[ 1] E. Sarria and JC Gomez,
development, and autism: Remembering Angel Riviére, ”Childhood
and Apprentice., vol. 30, no. 3, pp. 277-288,2007.

“Introduction. ~Theory of mind,

[2] R. Palomo Seldas, "Symptoms of Autism Spectrum Disorders in the
First Two Years of Life: A Review from Prospective Longitudinal
Studies," An. Pediatr., vol. 76, no. 1,2012.

[3] P. Rivero, P. Fernanda, M. Garrido, and L. Margarita, "Cognitive
Profiles in High-functioning Autistic Disorder and Asperger's
Syndrome," CES Psicol., vol. 7, no. 1, pp. 141-155,2014.

[4] E. Bleuler, E. Minkowski, and S. Manual, "Autism Spectrum
Disorder: Aetiological, Diagnostic, and Therapeutic Aspects," vol.

IV. DISCUSSION

ASD, is a complex disorder from its identification to its
treatment, it does not manifest in the same way in all children,
its severity can be mild, medium or very severe, and for many
authors it is a disorder that has no cure and lasts lifetime. In
recent years, and thanks to clinical advances, its detection is
easier and, therefore, it seeks alternatives to

same behavior or reaction to the same stimulus, which results
obvious, because ASD can manifest itself in children in
different ways and percentages, which makes them susceptible
to different stimuli, and therefore other specific areas must be
attacked to improve their relationship with the environment.

One of the peculiarities of children diagnosed with ASD is the
great reception with the visual stimulus, for many of the
researchers, it is the most developed stimulus in them, this being
taken advantage of by augmented reality, inciting the user of
the applications developed with this technology to the use of
this stimulus and to be able to quantify if its application allows
to overcome the own limitations generated by the disorder.

Finally, RA technology is a highly viable alternative for the
treatment and improvement of the quality of life of children
diagnosed with ASD, the theoretical concepts have been
applied in controlled groups of children with autism and the
results were satisfactory; Children's abilities, skills and
capacities improved markedly after being exposed to treatment
with RA-based systems.

ACKNOWLEDGMENT

We thank the National Secretary for Higher Education
Science and Technology SENESCYT- Ecuador for the support
provided, as well as the Research Laboratory of New Computer
Technologies - LINTI of the Faculty of Computer Science,
Universidad Nacional de la Plata.

55, no. 55, 2017.

[5] AC Izurieta, “The experience of parents of children with Autism
Spectrum Disorder who received DIR / Floortime Therapy,” p. 61,

2017.

[6] D. Cabrera, “Generalities about autism,” Rev. Colomb. Psychiatrist.,
vol. XXXVI, no. 1, pp. 208-220,2007.

[7] J. Artigas-Pallares and 1. Paula, “Autism 70 Years After Leo Kanner

and Hans Asperger,” Rev. the Spanish Neuropsychiatry Association,
vol. 32, no. 115, pp. 567-587,2012.

[8] JG Lara, “Autism. History and classifications, ”Ment health., vol. 35,
no. 3, pp. 257-261,2012.
[9] PM Ruiz-Lazaro, M. Posada de la Paz, and F. Hijano Bandera,

“Autism Spectrum Disorders: Early Detection, Screening Tools,”
Pediatrics Primary Care, vol. 11, pp. 381-397,2009.

[10] J. Yunta, M. Palau, B. Salvadd, and A. Valls, “Autism: identification
and early intervention,” Neurol Colomb Act, vol. 22, no. 2, pp. 97-



[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

(19]

(20]

(21]

[22]

(23]

[24]

(25]

105, 2006.

B. Groba, J. Pereira, and CR Munteanu, “Impact of information and
lcommunication technologies on the functioning in daily life of

children with autism spectrum disorder,” p. 441, 2015.

S. Garcia Guillén, D. Garrote Rojas, and S. Jiménez Fernandez, “Use
of ICT in Autism Spectrum Disorder: applications,” Edmetic, vol. 5,
no. 2 P. 134,2016.

ES Heredero and A. Oliva, “<b> Experiences and resources with the
tics for the attention of students with special educational needs,” Acta
Sci. Educ., vol. 36, no. 2 P. 279,2014.

1. Journal and NE Issn, “Autistic Spectrum Disorder (ASD) and the
use of Information and Communication Technologies (ICT),”2019.

MR Romero, E. Macas, 1. Harari, and J. Diaz, “Educational
Integrative Axis of ICTs: Case Study Children with Autism Spectrum
Disorder.”, Pp. 171-188, 1900.

JL Cuesta Gémez, "Information and Communication Technologies:
Applications in the Field of Auti Smo Spectrum Disorders," Spanish
Rev. on Disability. Intellect., vol. 43 (2), pp. 6-25,2012.

M. Romero Pazmifio and H. Ivana, “Use of new ICT technologies -
augmented reality for treating children with ASD, an initial
diagnosis,” Science america, vol. 6, no. 3, pp. 131-137,2017.

I. De la Horra Villacé, "Augmented reality, an educational
revolution," Edmetic, vol. 6, no. 1 p. 9,2016.

B. Kitchenham, “Procedures for Performing Systematic Literature
Reviews,” Jt. Tech. Report, Keele Univ. TR / SE-0401 NICTA TR-
0400011T.1, p. 33,2004.

G. Urratia and X. Bonfill, “PRISMA declaration: A proposal to
improve the publication of systematic reviews and meta-analyzes,”
Med. Clin. (Barc)., vol. 135, no. 11, pp. 507-511,2010.

SE Group, “Meroau 3a aBTOMAaTUYHO YIPABICHHWE HA TOJCMHH

yerpoiictsa npu Jack-up cucremure,” 2007.

ST Acufia Castillo and JW Castro, “Comparison of Selection of
Primary Studies in a Systematic Review, “vol. 1, no. October, pp.
319-332,2011.

G. Herrera et al., "Pictogram Room: Application of natural
interaction technologies for the development of the child with
autism," Anu. Psicol. clinic and health = Annu. Clin. Heal. Psychol.,
No. 8, pp. 41-46,2012.

W. Chen, “Multitouch tabletop technology for people with autism
spectrum disorder: A review of the literature,” Computing proceeded.
Sci., vol. 14, no. 1877, pp. 198-207,2012.

F. Montecé-Mosquera, A. Verdesoto-Arguello, C. Montecé-

[27]

[29]

[30]

(31]

[33]

[35]

[36]

Mosquera, and C. Caicedo-Camposano, “Impact of Augmented
Reality on Education in the 21st Century,” Eur. Sci. Journal, ESJ,
vol. 13, no. 25, p. 129, 2017.

W. Gavilanes, M. Abasolo Guerrero, and B. Cuji, “Summary of
reviews on Augmented Reality in education,” Rev. Espac., vol. 39, n,
2018.

AM Jaramillo Henao, GJ Silva Bolivar, CA Adarve Goémez, SM
Velasquez Restrepo, CA Paramo Velasquez, and LL Goémez
Echeverri, “Applications of Augmented Reality in education to
improve teaching-learning processes: a systematic review
Augmented Reality applications in education to improve teaching-
learning processes: a systematic review Content, ” Spaces, vol. 39,

no. 49, p. 15,2018.

V. Andrunyk, T. Shestakevytch, and V. Pasichnyk, “The technology
of augmented and virtual reality in teaching children with ASD,” an
Int. Q. Journal-2018, vol. 07, no. 4, pp. 59-64,2018.

D. Moore, Yufang Cheng, P. Mcgrath, and NJ Powell, "Collaborative
Virtual Environment Technology for People With Autism," Focus
Autism Other Dev. Disabl., vol. 20, no. 4, pp. 231-243,2005.

R.-Y. Tseng and E. Yi-Luen Do, “The Role of Information and
Computer Technology for Children with Autism Spectrum Disorder
and the Facial Expression Wonderland (FEW),”Int. J. Comput.
Models Algorithms Med., vol. 2, no. 2, pp. 23-41,2011.

Z. Bai, AF Blackwell, and G. Coulouris, “Using augmented reality to
elicit pretend play for children with autism,” [EEE Trans. Vis.
Comput. Graph., vol. 21, no. 5, pp. 598-610,2015.

L. Bartoli, F. Garzotto, M. Gelsomini, L. Oliveto, and M. Valoriani,
“Designing and evaluating touchless playful interaction for ASD
children,” ACM Int. Conf. Proceeding Ser., not. 1, pp. 17-26,2014.

L. Moralejo, C. Sanz, P. Pesado, and S. Baldassarri, “Advances in the
design of an authoring tool for the creation of educational activities
based on augmented reality,” TE Rev. Iberoam. Tecnol. in Educ. and
Educ. in Tecnol., not. 12, pp. 8-14,2014.

M. Renilla Villalta, A. Pedrero Esteban, A. Sanchez Cabaco, and J.
Estévez Villa, “Technological evolution in the virtual teaching of
people with tea,” Int. J. Dev. Educ. Psychol. INFAD. Rev. Psicol.,
vol. 1, no. 4, pp. 383-392,2011.

R. Talavera and F. Gértrudix, “512539,” vol. 27, no. 2016, pp. 257—
284,2014.

L. Bartoli, C. Corradi, F. Garzotto, and M. Valoriani, “Exploring

motion-based touchless games for autistic children's learning,” ACM
Int. Conf. Proceeding Ser., pp. 102-111,2013.



