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Abstract — The paper describes a multifunctional
training device created for children with autism spectrum
disorders. The device allows diagnosing and conducting
corrective and developmental work with such children. A
distinctive feature of the described device is the use of
augmented reality technology which in the future can
serve as a personal “Electronic Tutor”.
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I. INTRODUCTION

There is much evidence that the technology of augmented
reality (hereinafter referred to as AR) can serve to enhance the
effectiveness of educational processes. Of much importance is
AR for children with autism spectrum disorders. Autism
spectrum disorders (from this point on referred to as ASD) are
a group of complex mental disorders that are characterized by
difficulties in social interaction, communication, and
stereotyped behavior that children exhibit before the age of 3
[1]. There are indicators that the number of such children is on
the rise among global population.

Now we proceed to the description of our idea to create a
multifunctional device based on the technologies of
augmented reality for children with ASD. The necessary
requirements on the device have determined the need for an
over-subject approach that uses not only the knowledge of
psychology or information technologies, but also key concepts
of design and philosophy [2].

Our first research hypothesis can be broadly defined as
follows: to create and test a multifunctional educational device
for children with ASD it is necessary to consider such
characteristics of AR design as the style of graphic images,
color combinations, the conscious choice of textures and
surfaces, fonts, etc. There are indicators that it is enough not to
observe only technological and cost parameters [3, 4], but
design features as well. In this case, the concept of design may
be referred to not only as design thinking [5], but as the
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creation of objective forms according to the laws that are
related to human perception [6, 7, 8].

Our second research hypothesis stems from the idea that
for children with ASD it is beneficial to use AR technology
rather than to completely “switch” to virtual reality or hyper
reality. In other words, it is not advisable to use the
phenomenon of presence in full measure because of the
excessive psychological overload of a child with ASD and the
visual perception features that he has [9, 10].

A research into virtual reality has a long history. To date,
specialists are actively involved in the use of virtual reality to
help people with ASD [11, 12, 13, 14, 15, 16, 17]. The
surprising fact is that there is a growing body of literature that
mainly describe the methods of using virtual reality for
children and adolescents with ASD. On the contrary, our
device is based on augmented reality technology.

Il. METHODOLOGY

There is much evidence that for the safe and effective
application of an electronic device in the educational and
communicative processes of a modern Russian school, it is
necessary to initially select the main paradigm settings of the
project. This is quite difficult to do because schools and
society are at the stage of transformation or, more strictly, at
“the point of confusion” [18, 19]. Classical educational and
instructive practices give way to the desire of society and
teachers to achieve greater involvement of a child in
education, get his/her feedback, generate flexibility of the
educational trajectory for greater disclosure of the human
potential of each student in all its manifestations [20].

The paper complies with these approaches and the project
as a whole stem from the ideas of Russian pedagogy and
psychology. There is a strong belief that in the 20th century all
these approaches were at the forefront of the world theory of
humanities. The works by L. S. Vygotskij [21], S. L.
Rubinshtejn [22], G. Altshuller [23] and other authors help to
form a theoretical model of a student as a user of our device,
avoiding the schematization apparent in some technocratic
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projects. They are supported and developed by modern
specialists [24].

The idea of non-identity of digitalization and success in
education targeting empathy, creativity, and successful
communication serves to clarify other boundaries of the
research project. Obviously, technology alone does not lead to
an educational result if implemented in an insufficiently
considered space. Therefore, the third block of information
resources that were formative for the productive side of the
research were the books targeting design products introduced
to harmonize human life [7, 25, 26, 27, 28], as well as the
design algorithms for these products [29, 30, etc.].

It can be therefore assumed that understanding the
behavior of a child with ASD requires not only empirical
fixation of his/her actions, but also the knowledge of the
research results describing the topic. Consequently, of much
importance for our research are the works by S. Kuriakose, U.
Lahiri, F. Appe, V.M. Bashina, K.S. Lebedinskaya et al. [4,
13, 14, 31 etc.].

I1l. FEATURES OF TEACHING CHILDREN OF PRIMARY SCHOOL
AGE WITH AUTISM SPECTRUM DISORDERS

Autism spectrum disorders are a heterogeneous group of
disorders with different etiologies and pathogenetic
mechanisms. The manifestations of these disorders can be
completely different. During the process of learning, the
greatest difficulties arise from the factors which are as
follows: the persistent desire of a child for monotony; the
disruption of social interaction; the limited circle of interests;
the problems with concentration of attention and the
development of a large volume of material; the disorders of
fine and general motility; emotional vulnerability; the lack of
understanding of emotions and the feelings of others [1, 31].

There is a great body of literature indicating that people
with autism spectrum disorders are able to sequentially
process various image objects. However, it is difficult for
them to form an integral vision from images.

As mentioned in the literature outline, an interesting
experiment on the perception of illusions was conducted by F.
Happe and U. Frith [16, 32]. Most visual illusions are built on
the inclusion of an object in a certain context. The influence of
the context results in perception errors. People with autism are
less susceptible to the illusions of magnitude. Interestingly, the
local perception strategy, manifested in the hierarchical letter
test, correlates with a low susceptibility to illusions. Based on
the study of literary sources and personal communication with
children with ASD, we identified both the main features of
their behavior and distinctive features. Proceeding from this
observation we compiled a portrait of a typical user of our
electronic tutor.

Specifically, we considered some perception features
which are as follows.

1) ASD children are struggling with face recognition.

2) Unlike typically developed people, ASD children
perform tasks worse that require the integration of disparate
fragments of an image (object) into an integral figure.
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3) Children with autism recognize impossible figures
worse.

4) ASD people are less susceptible to certain visual
illusions.

5) Children with autism most often look at other people’s
mouths, accordingly, children with typical development most
often look at other people’s eyes.

6) ASD children develop limited and repetitive behavior
and interests.

The current study found that to compensate for the
peculiarities of children with ASD, it is necessary to adhere to
a consistent and stable daily routine to prepare the children for
the upcoming changes.

The results of the study show that the children with ASD
need specially organized activities to establish friendly
relations, to develop dialogue skills, and form correct behavior
patterns in various social situations. For this, there is a need
for long workouts in different situations with different people.
In part, such work can be carried out in the conditions of
virtual or augmented reality, when the child will train the skill
in simulated conditions. The number and variety of such
conditions can be selected individually.

The most obvious finding to emerge from the analysis is
that it is necessary to control the behavior of a child. The
behavior must be channeled to specific interests related to
special time slots during the day.

There are indicators that during the process of instructing
children with ASD it is possible to use such rewards as
candies, cookies, stickers, cards, sensory games, and others.

In order to increase the productivity of a child with ASD, it
is necessary to provide him with the most regulated external
environment. All tasks must be split into small subtasks
supplied with illustrations. It is critical to provide regular
feedback and channel the attention of the child in the right
direction. The current study showed that these tasks can be
well solved in a virtual environment that reduces the number
of distractions.

For children with severe attention problems, it is helpful to
limit the working time, while using external restraints.

It is interesting to note that in the case of severe motor
problems, a child with ASD must be involved in adaptive
physical education programs, except for competitive sports.
There is enough evidence that a child with ASD can
experience difficulties playing team games, since it is difficult
for him to understand how to coordinate his actions with the
actions of the rest of the team.

Children with ASD may need a highly individualized
program to develop writing, reading, and counting skills,
while learning time may also be longer. Some children with
ASD find it difficult to master writing and they can type texts
on a computer or tablet.

Children with ASD, suffering from emotional fragility,
need a learning environment in which they can see themselves
as competent and successful learners.
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IV. THE CORRELATION OF TECHNOLOGY AND DESIGN IN
HYPERREALITY

In current study we proceed from the idea that the design is
a “medium” [7], which aligns the technical and human
paradigms, providing “productive interaction between man
and machine form so that both sides of the process would not
lose their essential features” [33]. Alternatively, the user
oneself becomes an active link in creating meanings within the
space of design. In case of augmented and mixed reality,
design can help the user to provide the object with content and
helps build associative links. As a result, there is the need for
design in the development of virtual projects.

Content design requires careful study of the color palette,
lighting characteristics and materials for each of the visual
assets placed in the virtual environment [3, 19, 34, 35]. These
solutions can be applied both for aesthetic purposes, i.e. using
light and material to set the tone for an immersion
environment, as well as for functional ones, e.g., using bright
colors to alert users about an upcoming action. The same
applies to text, fonts, and parameters of physical objects
recreated in a virtual environment.

V. PARAMETERS OF THE TRAINING DEVICE

The present study indicated that our training device is of
much importance for modern global world. The tests of the
device are carried within the premises of “Yekaterinburg
School Ne 4” where children with ASD are taught.
Simultaneously, we proceeded from the following conceptual
diagram of the interaction of a child with ASD with an
electronic tutor and other (non-virtual) data medium (Fig. 1).
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Fig. 1. The process of the interaction of a child with ASD with different
types of information. Author: M.A. Nikolaev, 2019.

The system consists of a software part that uses computer-
based pattern recognition technology and mobile hardware, i.e.
a tablet computer (or augmented reality multimedia glasses).

An interactive educational program clearly demonstrates
the order of actions, accompanied by visual and voice
prompts. The actions must be carried out to perform a
technological operation. Of much importance is the method to
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interact with children. In our case we developed a special
hedgehog character. The expression and appearance of the
hedgehog were determined during the demonstration of
sketches to children with ASD. This character is responsible
for voicing over the device’s system.

The training is individual and operates through the
demonstration on the monitor of the user’s device of
additional information layers, including 3D models, hints,
animation, text and graphic elements. The device has three
modes and allows you to do the following things: 1) to select a
geometric shape of the desired size and color and place it in
the appropriate hole (attention, knowledge of the simplest
geometric shapes); 2) to add a given or arbitrary shape of the
proposed elements (combinatorics); 3) to draw a three-
dimensional image, without touching the monitor with your
hand and see it in its entirety (three-dimensional and creative
thinking).

It is important that when interacting with a device, a child
with ASD can use all channels of perception at the same time,
gradually leading to the unity of information that is processed
by them discretely. The child can avoid the things which are as
follows: to contact with materials that are unpleasant for him
and cause his irritation; to repeat the action without delaying
other students; to perform the task given only to him, to
receive individual voice promotion. In addition, by observing
a child, teachers and parents can better understand the picture
of their skills and abilities and develop them purposefully in
the future.

In addition to the above, in some cases, the device can be
used for the diagnosis. The relatively low price, due to the
technical improvement of the glasses model, will make it
affordable for educational institutions at different levels, as
well as for the use at home.

A future better version of the device will be an upgraded
device which will be able to perform the functions of the
“Electronic Tutor”. The tutor will allow you to record various
tasks for a child with ASD. The tasks can be played by voice
with given parameters. With the help of this device the child
will have the opportunity to engage in class conditions in a
situation when a teacher is absent. In addition, the device can
be used at home, for testing various tasks, as well as to enable
parents to switch to solving personal problems.

VI. CONCLUSION

The current study found that the creation of new products
for people with disabilities and, in particular, with ASD cannot
occur with the pursuit of exclusively technical goals. Another
important finding is that technologies help in solving specific
educational, communicative, and orientational tasks only in
cases when experts consciously select them, proceeding from
a solid scientific basis. The study confirms the idea that
technical devices require a through test and adjustment.

The results further support the observation that digital
products will not completely force out a human being.
However, these results are in accord with recent studies
indicating that new educational media will make it possible to
offer specially selected tasks for a child as a part of a lesson or
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even a complete lesson. The tasks should be given in a way
that is convenient and interesting to a child. This study was
able to demonstrate that the most important advantage of
technological approaches is the assistance in the formation of
an inclusive culture, where each person can find his/her own
unique place.

The development findings presented in the paper can be
further supplemented using virtual reality tools. There are still
many unanswered questions. A further study with more focus
on children with ASD and the impact of virtual reality tools on
their well-being is suggested.
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