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Abstract. The paper analyses the application of virtual reality
technologies to career guidance of children and adolescents with autism
spectrum disorders (ASD). An overview of studies using virtual reality
technologies conducted with children and adolescents with ASD, including
diagnosis and teaching of schoolchildren with autism spectrum disorders,
is made. The authors follow “The Theory of Central Coherence” by U.
Frith, realizing symptoms of autism spectrum disorders not as disorders but
as peculiar features and a special cognitive style. The study describes the
features of vocational guidance of ASD individuals on the basis of the
sources about the difficulties of people with ASD in the transition from
school to secondary and higher education. The authors` project of a
complex vocational guidance using virtual reality technology for students
with ASD introducing “a city-farmer” profession is represented. The
tripartite structure of the vocational guidance complex is showed, the need
for interaction of specialists with the parents of a child with ASD, as well
as identification of “savant skills” at the first stage of career guidance work
was emphasized. Examples of virtual spaces developed by one of the
authors are given, with which people with ASD interact by the
determination their possible professional trajectory. The tasks and
responses of users in the vocational guidance complex for schoolchildren
are described. A conclusion about the possibility of expanding the list of
professions in the vocational guidance simulator for children with ASD is
made.

1 Introduction
Autism spectrum disorders, or ASDs are impairments in social interaction characterized by
behavior stereotypies and other manifestations. In the 2010s ASDs attract more and more
active attention of researchers and practitioners of pedagogy, psychology, and medicine due
to the growing prevalence of such disorders. The growing numbers of patients range from
0.07% to 1.8% [8; 15], and according to the World Health Organization, 1 out of 160
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children have ASDs, that is, 0.6% of the entire child population of the Earth [7]. As a rule,
ASD is diagnosed in a person in childhood, but persists throughout life. With the help of
corrective methods, the manifestations of these disorders can be reduced [11].
According to Diagnostic and Statistical Manual of Mental Disorders (DSM), a human
being with ASD symptoms suffers from three types of disorders: shortcomings in social
sphere; shortcomings in the communication sector and the retardation in the development
of speech; with stereotypies, or repetitive actions.
In order to get closer to understanding the mechanisms of the origin and course of
autism spectrum disorders, researchers developed ASD theory, which explains the nature of
ASD from different angles. The first theory is called the Psyche Model, or “The Theory of
Mind”, proposed by C. Baron-Cohen and U. Frith [3]. Then comes “The Theory of
Executive Functions” [21]; and “The Theory of Mirror Neurons [25], and others. For this
study, the key concept is “The Theory of Central Coherence” formulated by U. Frith [9,
13]. This theory treats symptoms of autism spectrum disorders not as disorders but as
peculiar features and a special cognitive style. Children with ASD succeed in cooperation
with units, however, they have difficulties with the perception of the whole. F. Happe
characterizes this as a possible cognitive style of people with ASD [12]. In our opinion, this
approach is the most effective for career guidance work with ASD children.
In general, career guidance includes work to identify a person’s inclinations and talents
for a specific field of the professional activity, as well as help in choosing a career path for
people of all ages. In addition, it plays an essential role in a person’s professional selfdetermination.
Although there is a growing interest of researchers and practitioners in designing career
paths and assistance in professional self-determination ASD people, the number of career
guidance tools available for this category of persons who can show them real opportunities
to introduce the appropriate professions and the labor market is highly limited.
At this point vocational guidance experts widely use computer technologies and begin
to apply the technologies of virtual reality (VR). Every year VR technologies develop
faster, and, respectively, improves the quality of the virtual reality and its use becomes
available to a larger number of people. Since the 2010s VR is actively introduced in the
professional field of teachers, psychologists, and rehabilitators.
The analysis of sources on the topic shows the following problems of career guidance
work in relation to ASD persons:
1) the discrepancy between current vocational guidance techniques and future labor
markets;
2) the lack of accessible vocational guidance methods for people with health disabilities
and in particular ASD people;
3) despite the state quotas for vacancies for persons with health limitations and ASD,
there is still a lack of effective assistance to persons with disabilities and ASD in their
professional self-determination.
The revealed complexity determines the actuality of professional orientation complex
for pupils with ASD using virtually reality. It can be used in schools, universities,
vocational guidance rehabilitation centers, non-profit organizations, employment services.
The materials of professional orientation of individuals with ASD can further help the
development of the models of their rehabilitation.

2 Materials and methods
The publications of Russian authors on the problem of organizing vocational guidance
work with persons with health limitations and disabilities are quite numerous [16; 26; 3 4].
At the same time understanding that people with ASD need special support for their
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professional self-determination, in Russia came only in 2013, and have not yet been
sufficiently developed in the practice of what is reflected in the insufficient number of
publications [18; 32]. However, in the world science, this theme has been developed since
1960s, and is acquiring a particular relevance in recent years.
The researchers note that people with ASD between the ages of 18 and 21, finishing
school, experience enormous difficulties, since it is at this moment that professional selfdetermination should take place. According to the data of the National Society of people
with ASD, 77 % of them want to work, but fewer than one in five has a regular job [20].
In order to help with professional self-determination to ordinary people, there were
created a lot of career guidance techniques, questionnaires, and career guidance centers that
are beginning to deal with the problems of transition from school to college or institution of
higher education to persons with disabilities. The studies that are analyzed by us further are
devoted to the same topic.
C. Alverson and her co-authors determine what specific personal and social barriers are
faced by young people with ASD while leaving school, and how to help them be successful
in college [1]. They argue that communication and executive problems were created in
school and continued in colleges. These barriers appear to limit the ability of persons with
ASD to discuss academic goals and to participate fully in social activities related to higher
education. The paper identifies five main factors influencing the success of the transition
from school to college: intrinsic motivation to go to college; high awareness of disability;
constant family support; coordinated transition planning; clear professional goals.
S. Bell et al. also investigated the school-to-college transition of young people with
ASD [4]. The aim of the study was to examine how the transition occurred in young people
with ASD at two separate points in time: “before the transition”, when they had a “desire”
to move to higher education, and “after the transition”, when whether or not they took a
step towards higher education. The authors consider the little-studied issues related to the
problems faced by students with ASD during the transition, the resources available to
students with ASD and the means of support to adapt them to this moment, the experience
of students with ASD in gaining access to secondary education. The study found that
parental support may need to be especially active in the transition phase, to help young
people with ASD to establish initial contact with the labor agency. Education programs and
the evaluation criteria included in higher education courses should be reviewed, and for
students with ASD there is a need for special recommendations.
The main conclusion made by the authors is that the development of professional selfdetermination skills should be encouraged as a key factor of success in higher education,
which should begin in secondary school.
L.W. Briel and E.E. Getzel [5] using structured interview techniques, described the
process of transition of individuals with ASD from senior high school to college or
university; as well as the problems that arise during this transition. The sample consisted of
18 students with ASD from 18 to 43 years old, but the majority of the sample (N = 17) were
18 to 24 years old. The results of the interviews give an idea of the training needs of
students with ASD. Although the participants were at different stages of education and
training for a career (from the first year to postgraduate), and attended college with various
and programs and higher education across the state, they shared a common experience,
containing in itself, in the first place, the need for support.
Most of the study participants sought information about their professional activities
from a variety of people, including family members, as well as school and college staff.
However, it turned out that career guidance centers are the least likely source of
information and support for schoolchildren with ASD, since they do not work with young
people with ASD and cannot help them with professional self-determination, since the staff
of these centers are not trained to work with people with ASD. Considering the features, in
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the centers, as a rule, there are no specialized programs and techniques which are adapted
for patents with ASD.
Basically, students with ASD generally do not have enough knowledge or context that
would help them in choosing a profession and a better understanding of the potential
working environment which they might enter. In addition, they identified a need to expand
learning opportunities through information interviews, internships or mentoring, and work
experience opportunities.
Based on their findings, the authors conclude that it is important to develop strategies to
help graduates with ASDs explore their interests, strengths and opportunities for practical
application of academic knowledge before starting their professional career.
In general, research on the problem of vocational guidance for persons with ASD was
carried out on small samples. These experiments were not standardized and, in general,
were descriptive in nature without entering the model of vocational guidance work. These
studies did not use modern digital technologies. Even abroad, where the movement
towards the development of vocational guidance work with ASD individuals started in the
1960s, it is very difficult to get adequate help in professional self-determination of such
students. In Russia, this issue is even more burning. To make the transition from high
school to college or university less traumatic and problematic, vocational guidance work
with ASD students should be initiated in high school and include familiarity with the
context of their future professional activity.

3 Results
Based on data on the maximum difficulties of people with autism spectrum disorders
between the ages of 18 and 21 years, associated with entering "adult" life, data on the use of
virtual reality in the diagnosis and teaching of schoolchildren with autism spectrum
disorders, and based on the analysis of many career guidance techniques, we propose to
provide vocational guidance for schoolchildren with ASD using virtual reality.
For this, we have developed and presented a project of a vocational guidance complex
using virtual reality technology for schoolchildren with autism spectrum disorders, which
has methodological and visual components. A plan of a vocational guidance complex and a
number of locations in virtual reality have been developed to help a student with ASD
choose a suitable profession. One of such trajectories is shown in the text.

4 Discussion
4.1 Possible directions of vocational guidance for schoolchildren with ASD
Before the start of activities on career guidance of a child with ASD during the dynamic
observation of the process of education and training it is required to determine the current
and dynamic parameters of his/her social development, communication, speech,
intelligence, affective sphere, and regulation-volitional characteristics [18].
In addition, when providing vocational guidance to schoolchildren with ASD, it is
necessary to take into account the possible presence of “savant skills” [9; 27; 32; 33], which
can manifest themselves in the form of special abilities in one or several areas of
knowledge (music, painting, mathematics, computer science, etc.), and contrast with the
“general limitedness of personality”, which is explained by the Theory of Central
Coherence.
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Employers also point out that ASD patients have qualities which are as follows:
reliability, responsibility, a smaller tendency to absenteeism, as well as special attention to
detail that is an important professional quality for some professions [19].
S. Morozov et al. provide guidelines for the beginning of vocational guidance work with
individuals with ASD [18], as well as professional management and work with this group
of individuals.
4.2 Using VR in the diagnosis and teaching of schoolchildren with autism
spectrum disorders
The ideas that virtual reality can be a promising technology in psychological, pedagogical
and correctional support of children with ASD emerged in the early 2000s. At the same
time, researchers conducted the first studies of the behavior of such children in a virtual
reality [6; 22–24]. In spite of the fact that some children had difficulty in interaction with
the virtual environment (mainly children with low verbal intelligence and executive
functions [22]), the whole virtual environment had a positive influence on them (despite the
concerns of researchers that the virtual environment would not be adequately perceived by
children with ASD), and, therefore, work in this direction was continued.
Due to the specifics of autism spectrum disorders, most research has focused on the
development of social skills in children with ASD in virtual reality.
Therefore, already in 2007, the work of T. Self and coauthors, including the
experimental and control groups, showed that teaching children with ASD the skills of safe
behavior in the event of a fire or tornado is much more effective if it was carried out in
virtual reality [28]. The study by D. Strickland et al. also demonstrated the effectiveness of
virtual reality in teaching children with ASD the skills of safe behavior [31]. And thanks to
the application, portable glasses (Google Cardboard) and smartphones (iPhone X),
adolescents with ASD in three weeks learned socially acceptable behavior at the airport and
on board an airplane [17].
In addition to teaching aids, virtual reality can also be used as a diagnostic technology.
V. Jyoti and U. Lahiri studied the severity of the mechanism of joint attention in children
with ASD in virtual reality using an avatar, not a real person [14]. M. Smith et al.
developed virtual reality training exercises «Virtual Reality Job-Interview Training» (VRJIT), aimed at preparing persons with disabilities to take part in professional activities [30].
In 2020, the authors adapted a training program for people with ASD, mainly of young age
(18–22 years old), aimed to help them at the time of transition from high school to college
or university [29].
Summarizing data study first, we can say that over the last 15 years, virtual reality has
proven itself as a promising and efficient technology in the work with children and adults
with ASD. Using virtual reality technology can effectively teach an ASD child a desired
behavior in a specific situation (a fire, an airplane flight, and others.). The technology can
teach a child to develop social and communicative skills to assess cognitive parameters and
assist in professional self-determination ... In addition, virtual reality arouses interest,
positive emotions, positive motivation and a playful spirit in children with ASD. The
technology of virtual reality offers an important advantage for individuals with ASD: it
creates a secured space with the possibility of controlling the degree of severity of sensory
input without external distractions.
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4.3 The project of a vocational guidance complex using virtual reality
technology for students with ASD
For the design of a professional orientation complex we conducted the analysis of the most
popular methods used in Russian secondary schools, as well as modern computer tests used
in vocational guidance centers and universities which are as follows: the methodological
questionary “Differential-diagnostic questionnaire” (DDQ) by E. A. Klimova; the
methodological test “Defining professional personality type by J. Holland”; the
methodological questionary “Questionnaire of professional inclinations by L.A. Jovaiša”;
the methodological questionary “Professional Readiness Questionnaire (PRQ) by L. N.
Kabardova” ; the methodological test “A Professional Orientator”, developed under the
leadership of A.G. Shmelev in the Center of Testing and Development of the Moscow State
University “Humanities’ technologies”, and others. The latter procedure involves
standardized tests, and advanced technology. The results of the students who took the test is
detailed, but at the same time it moves away from the imposition of a profession, it only
indicates the vector of their possible development. In our opinion, it is this format can
present vocational guidance work in the modern world, where career guidance can be done
not only with the help of computer-based testing, but also by means of virtual reality
technology.
In virtual reality, it is possible:
- to simulate a specific working situation for any profession, allowing you to immerse
yourself in it, feel yourself in the profession, which can influence the awareness of choice;
- using specially created situations, to develop meta-subject competences (ability to
learn, ability to solve problems, independence in performing actions) in the process of
performing any activity in virtual reality;
- to carry out a comprehensive study using specially created tasks;
- to create an absolutely safe space with the ability to adjust the severity of sensory
stimuli, which is very important for people with ASD;
- to create a database of the peculiarities of the passage of situations, on the basis of
which studies of problems related to the vocational guidance of persons with disabilities in
virtual reality can be carried out.
However, the virtual reality technology has some limitations:
1) the impact of a long stay in virtual reality of people with disabilities has not been
sufficiently studied, the risk of cyber disease is high;
2) the technology is expensive;
3) there is a difficulty in implementation of an individual approach necessary when
working with people with disabilities;
4) there is a complexity of realization of the most career-oriented environment in virtual
reality due to large labor-intensive work.
These limitations can be overcome in the ways which are as follows:
1) before starting the program it is necessary to make a study, during which it will be
revealed exactly how virtual reality affects individuals with ASD and what time they need
to adapt to this environment;
2) with the more intensive development of virtual reality technology, its cost will
decrease;
3) the technology of virtual reality will be combined with other methods of the
vocational guidance complex (personal consultations, questionnaires of parents, etc.),
which will allow for an individual approach.
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4.3.1 The features of the implementation of a vocational guidance complex method
using virtual reality technology for schoolchildren with ASD
The method is designed for children with autism spectrum disorders, enrolled in high
school (5–8 grades), with intact intellect. The choice of this school age is caused by the fact
that in this period is already possible to start to think about future profession. There is also
enough time to develop the necessary skills before high school graduation. Such
professional work in elementary school is too early (in elementary school children may play
appropriate games, informing them about the different occupations), and in high school –
too late (in high school it is already necessary to prepare pupils for specific exams and
study the characteristics of the existing labor market). In addition, if such vocational
guidance work is conducted with ASD children, it will decrease the likelihood of problems
in the period between leaving the high school and entering college or university, of which
many researchers wrote [1; 4; 5].
The career guidance methodology in virtual reality consists of three phases and lasts
with one child from a week to several months, since all three phases include determining a
set of actions, without which the work will not be effective and person-centered, and these
actions cannot be realized in a short amount of time.
4.3.2 A short plan of the vocational guidance complex
The plan takes into account not only the characteristics of virtual reality, but also user
scenarios. Therefore, it pays great attention to joint actions, adaptation of a student with
ASD to new circumstances. There is a “right for error” here, which the developers of the
universal design concept strongly point out, and the possibility of going through the career
guidance trajectory again.
The preparatory stage includes the points which are as follows:
1) Meeting a child and his/her parents (legal representatives);
2) The diagnostic assessment of the child (the study of his/her ASD history, the
assessment of ASD manifestations):
3) Detection of the presence/absence of “Savant’s skills” and learning his/her interests
through an interview/questionnaire, and an interview/questionnaire to parents (legal
representatives).
4) Based on the identified interests and abilities, the expert offers one or several
professions suitable for the ASD person. The professions are selected from the list of
professions compiled on the basis of the Atlas of new professions and trades recommended
for ASD persons compiled by T. Grandin [10]. The child will get acquainted with the
chosen professions in virtual reality.
2. The main stage:
1) The immersion in virtual reality of a selected profession / business (several sessions),
including the preparation for dealing with VR; adaptation to VR; the immersion in VR.
2) The objective evaluation (the results of VR assignments) and the child’s subjective
(profession / businesses’ assessment) factors.
The session of vocational guidance in the virtual reality environment lasts 20 minutes,
during which the child is immersed in a situation specially selected for his/her profession,
in which he examines the situation and performs a variety of tasks related to the specific
activities of this profession. The activities are offered in a game format. More information
about this the stage will be written further with the example of a specific profession. As a
rule, 20 minutes is not enough to get acquainted with the profession, so this stage includes
several sessions over several days.
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Later the expert asks the child about his/her attitude to this profession after the VR
session and whether he/she would like to try any other profession. Also, with the help of
computer processing, the success of the child’s assignments s in virtual reality is assessed.
3. Final stage:
1) Making a conclusion about the recommended profession/businesses and
recommendations for improving any skills;
2) Further support. After the end of the career-oriented procedure, the contact with the
child and his/her parents does not end there. At any time, they can again turn to the expert
regarding any of the emerging issues, for example, the help with finding the right clubs,
internships, or areas of training.
4.3.3 Description of the work of a vocational guidance complex method through
thee example of the city-farmer profession
According to the Atlas of new professions, a city-farmer is “a specialist maintaining
agricultural farms on the roofs of buildings, or skyscrapers in big cities,” [2]. He needs the
skills which are as follows: a good knowledge of botany and agricultural technologies; a
skill to handle complex technical devices; basic knowledge of economy and management.
For the profession, it is also required to have such qualities as responsibility, patience, and
tolerance for routine work.
The analysis of the literature shows, that this occupation is accessible to an ASD person
with without mental retardation with preserved or impaired verbal speech. For example,
ASD people can handle plants and animals well, so the profession of a city farmer may be
suitable for them.
In 2018, on the basis of the Ural project shift in the health-center “Tavatui”, a pilot
version of the virtual space for the city farmer profession was developed. It included two
versions: indoors (Fig. 1, a) and on the roof of the building (Fig. 1, b). Later these locations
will be finalized.
When the child is immersed in virtual reality, he first sees a video segment, which
focuses on the profession of a city-farmer, its features and relevance.
Then the child enters the first room, where he/she is invited to look around. The child
can interact with various virtual objects, for example, to open the cupboard to get a white
coat – the uniform of the city-farmer (when the child gets the coat, he seems to be putting it
on and sees before him his hands in white sleeves of his coat), opens or closes the window
to inspect the plants and so on. During this time, the child gets the sense of presence in the
VR through the interaction with virtual objects. After 3–5 minutes, instructors begin to give
him tasks related to the activities of a city-farmer in a training and game format. The text
tasks appear on the display, which is located on the wrist of the virtual hand (if a child has
reading problems, the task is read out aloud), and the objects featuring in the task are being
highlighted.
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a.

b.

Fig. 1. Screenshots from the pilot development of the City Farmer profession guidance complex
method in virtual reality: 1.a) indoor location; 1.b) the location on the roof of the building. The
author’s original development.

Task 1. You need to mix a hydroponic solution of several ingredients in different
proportions. The information about the necessary ingredients and proportions is given out
in a visual form on the display.
If the child did the right thing, and the solution changes color, he gets a few points as a
reward. If the child did not manage the task after the first attempt he/she is given one more
attempt.
Task 2. The solution must be added to a special hydroponic system. The sequence of
actions is also first shown on the display. If the child does the right thing, a green light turns
on, and the child gets more points. Otherwise, the light bulb does not turn on, so the child is
given a new attempt.
Task 3. The child must turn on the hydroponic system, do the settings, corresponding
the features of plants. To find out which settings correspond to which plants, the child
needs to refer to the virtual encyclopedia.
When the settings are completed, the child turns on hydroponic plant system, and the
plants in it become brighter – this means that the task is done. The child gets points and a
“city farmer” badge.
If the child fails to complete the tasks within 20 minutes, he continues to do them during
the next session.
As a result, the child gets the basic knowledge about the profession of a city-farmer,
some knowledge of hydroponic plants, as well as improving the ability to learn. Gamified
elements (the points and the badge) increase the child’s motivation to complete the tasks.
Depending on the results of the session, the expert may recommend or not recommend the
profession as an option for the future of the ASD child.

5 Conclusion
In the course of the Ural design shift we formulated the idea, developed the design, and
proposed a trial 3-D environmental model for the profession of “a city-farmer” to Unity
platform. In 2020, it was planned to continue the development of the model on the basis of
the Institute of Radio Electronics and Information Technologies of UrFU in the format of a
design workshop, but due to the epidemiological situation in Russia and the world, the
development was suspended.
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The project to create a vocational guidance complex using virtual reality for ASD
schoolchildren is long-term, as it includes many stages and the need to attract a large
number of specialists from various fields: pedagogy, psychology, IT and design. The
project is interdisciplinary, but also very actual, and its implementation will be a step
towards solving the problem of vocational guidance of ASD individuals and, in general,
will enable them to include them in active social life.
In addition, the data obtained from the use of vocational guidance techniques in virtual
reality for persons with ASD can be used to study the mechanism of career guidance for
other categories of persons with disabilities, as well as to assess the quality of the technique
itself.
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