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Abstract

master degree thesis are also shown.

The article describes high standards of education in IT and Al areas. We show what disciplines do we teach in IT and mathematical faculties
and also in humanitarian faculties. Interdisciplinary approach to study Al is very important and we give basics of artificial intelligence in various
faculties. We define main trends that determine the need to update the training of undergraduates in the field of artificial intelligence, as well as
methodological approaches and directions of transformation of the training of undergraduates in natural-mathematical and legal specialties. We
describe the features of the content of these disciplines and provide a list of thematic sections in which students perform project tasks. Topics of
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Introduction

The
technologies has led to changes in all spheres of life. Not so
much time has passed since the appearance of the first computer
before the robotization of production and digitalization in the
economy and social sphere. And now the question is not only
how to replace the routine work of a person with a computer
program or robot, laying down algorithms for certain actions,
but also to develop systems that include elements of intellectual
activity and act as analogues of human mental activity. All this
has led to the emergence and rapid development of the concept

introduction of information and communication

of artificial intelligence (Al), the purpose of which is the reliable
and continuous execution of numerous large-scale computerized
tasks. The advantages of artificial intelligence are that:

a) it integrates into existing software products, allowing
you to improve them;

b) has adaptability due to the use of progressive learning
algorithms;

c) performs in-depth analysis of large amounts of
data through neural networks with many hidden levels, since
the purpose of the neural network is to simulate analytical
mechanisms for classification, prediction and recognition of data.

Artificial intelligence includes technologies such as machine
learning, natural language processing, computer vision, machine

reasoning and much more, which are increasingly being introduced
into our daily lives. That is why deep learning has become one of
the most popular areas of Al research [1].

In this regard, the problem of improving theoretical and
practical approaches to the preparation of undergraduates,
adjusting and dynamically updating the content and organizational
forms of its inclusion in the educational process does not lose
relevance. This has been especially relevant in recent decades
- as the higher education system has become aware of the
disparity between the increasing volume of scientific knowledge,
the requirements for the professional competencies of young
specialists and the organization of their training in universities.
This is evidenced by the fact that in the Russian Federation, in
2021, the Government allocated 600 million rubles for grants to
universities for training in the “artificial intelligence” profile. It is
planned thatin three years, at least 10 bachelor’s degree programs
and at least 40 master’s degree programs will be developed in
Russian universities [2]. Since September 2021, Moscow State
University students of all specialties have been required to take a
course in artificial intelligence [3].

This paper describes the trends that determine the need to
update the training of undergraduates in the field of artificial
intelligence, as well as methodological approaches and directions
of transformation of the training of undergraduates in natural-
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mathematical and legal specialties, based on the practice of their
studies at the Belarusian State University.

Teaching disciplines in the field of artificial intelligence

Belarusian universities have long-standing traditions
of providing high-quality higher education. In the field of
mathematics, computer science and natural sciences and a
number of humanities, those strong features of fundamentality
are preserved, which are easily lost in attempts to keep up with
constantly changing practical applications and shortening the

terms of study.

The goals and content of master’s degree training should
meet such requirements as: compatibility with socio-economic
and educational needs, creation of conditions for students to
master the basics of scientific research, compliance with the
field of science and the modern level of computer technology
development [4].
development of pedagogical technologies and techniques related
to the concepts of “computer thinking”, “computational thinking”,
“computer thinking skills”, etc. in relation to different categories of

trainees and different levels of training [5].

This is consistent with the trend in the

The term “computer thinking” was introduced in 1980 by Dr.
Seymour Pipert from the Massachusetts Institute of Technology, a
specialist in the development of artificial intelligence. Computer
or computational thinking is the thought processes involved
in the formulation of problems and the presentation of their
solutions in a form that can be effectively implemented with the
help of a person or computer. Following Bocconi et al. (2016), six
basic computer thinking skills can be distinguished: abstraction,
decomposition, algorithmic thinking, debugging, automation and
generalization [6]. Computer is one of the types of thinking, being
a component of research, scientific thinking, since its basis is the
ability to think logically, algorithmically, as well as the ability to
find effective ways to solve problems. This requires the skills
of creative thinking - at the stage of searching and composing
methods of solving the problem and critical thinking - at the stage
of evaluating the effectiveness of the solution.

Natural and mathematical specialties

The most important and high-level thinking process in
computer thinking is the process of abstraction, which is
characteristic of mathematics. In addition, to one degree or
another, these skills (except, perhaps, automation) are also
characteristic of solving a mathematical problem or problem [7]. It
isno coincidence that R. Courant wrote: “The relative and mutually
opposite elements of mathematics are logic and intuition, analysis
and construction, generality and concreteness. Mathematics is an
example of a universally applicable scientific method” [8].

At mathematical and IT-faculties training at the first stage
includes the study of the main provisions of mathematical
disciplines, which are characterized, on the one hand, by high
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information saturation of the conceptual apparatus, on the other
hand, relative autonomy of the content. This often leads to the
fact that students do not grasp the interrelationships and in their
perception different mathematical disciplines and objects are
not interconnected. Teachers call some mathematical concepts
in different disciplines with different terms, or use them in a
new context, believing that students are confident enough in the
appropriate methods “by default”.

As a result of the transition of mathematical faculties in
classical universities to 3-and 4-year education, both the time
of adaptation of yesterday’s students to the conditions of the
university and the time required for understanding the meanings
and strategic assessment of the importance of fundamental
mathematical training in the second and third years has been
reduced. At the same time, educational practice shows that the
connections of mathematics and computer science in the process
of mastering mathematical content at universities often do not find
explicit confirmation. Students studying mathematical disciplines
do not see them as part of their professional training [9].

Since the competence of effective use of existing mathematical
and computer knowledge and skills and the development of new
software applications and mathematical packages are mandatory
results of undergraduates’ training, the role of disciplines
whose methodology and content provide for a combination of
fundamental knowledge with the ability to optimally use the
capabilities of computer technology to solve research and applied
problems is increasing.

The following subjects can be noted, which are taught in
universities in IT-specialties and which are related to artificial
intelligence:

a) Expertsystems

b) Knowledge and its organization
c¢) Databases and knowledge

d) Machine learning

e)  Semantic networks

f)  Pattern recognition and image processing
g) Neural networks

h)  Data mining

i)  Data analysis using Python

i) Computer vision

k)  Computer graphics and others.

Cognitive processing of information for the productive
achievement of goals and solving tasks in these areas includes:

a) analysis of the strengths and weaknesses of existing
approaches and methods for solving similar problems,
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b) selection or construction of your own method or
algorithm for solving the problem,

c) approbation and correction of the method,

d) evaluation of the obtained result (correlation of labor
intensity, complexity and error of the proposed method, time and
speed of algorithm implementation, etc.).

e) verification of the proposed method.

Artificial intelligence systems operate with data and
knowledge. Data are individual facts that characterize objects,
processes and phenomena of the subject area, as well as their
properties. Knowledge is the laws of the subject area (principles,
connections, laws) obtained as a result of practical activities and
professional experience, allowing specialists to set and solve
problems in this area. It can also be said that knowledge is a set of
information, concepts, ideas about something received, acquired,
accumulated as a result of teaching, experience, in the course of
life, etc. and usually implemented in the activity.

Knowledge Engineering works with knowledge, which studies
methods and means of extracting, presenting, structuring and
using knowledge. More formally, Knowledge Engineering is a set
of models, methods and techniques aimed at creating systems
that are designed to solve problems using knowledge. In fact,
knowledge engineering is a theory, methodology and technology
that covers the methods of extraction, analysis, presentation
and processing of expert knowledge. One of the first and main
questions is how to get knowledge. There are several strategies for
gaining knowledge. The most common are: acquisition; extraction;
formation.

In our opinion, students of all subjects must know the main
rules to acquire, extract and form knowledge.

Humanitarian Specialties

The development and implementation of information
technologies is impossible without appropriate legal regulation.
Recently, much attention has been paid to this in the framework
of training specialists in legal specialties. Thus, special attention is
paid to the development of the legal foundations for the creation
and use of artificial intelligence systems [10]. At the first stage
of education, this is done within the framework of the specialty
“Information Law”, which has been intensively developing in
recent years. In the Master’s degree, the main discipline included
in the state component is “Legal support for the development of
the electronic state”, the development of its content includes the
study and analysis:

a) conceptual approaches to assessing the effectiveness of
e-government as a mechanism for the development of a national
technology transfer system;

b) ways of cooperation between countries in the field
of cybersecurity, as well as problems of ensuring information
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security in the information society;

c) legal aspects of the introduction of ICT in the real sector
of the economy;

d) legal support for the development of e-commerce,
e-health, e-education, e-employment and social protection of the
population and others.

The following disciplines are also taught at the Law Faculty:

a) Organizational and legal provision of information
security;

b) Legal support of information technologies in the
activities of state bodies;

c¢) Protection of personal data;

d) Information technology support of legal
(LegalTech);

activity

e) Digital technologies in the banking sector;
f)  Legal support of startups, etc.

The following subjects are taught in universities at the
humanitarian faculties and which are related to artificial
intelligence:

a) Legal support of information and analytical work

b) Information technology in the economy

c¢) Corporate information systems

d) Data mining

e) Information systems management

f)  Evaluation of the effectiveness of information systems
g) Artificial intelligence systems

h) Intelligent information systems and others.

At the humanities faculties, when writing master’s theses, the
issues of making specific proposals for improving legislation in the
implementation of artificial intelligence systems, as well as ethical
and moral standards of use, are relevant. Students write master’s
theses on the following topics:

a) ethical standards for the creation and development of
artificial intelligence systems;

b) ethical standards for the use of artificial intelligence
systems;

c) philosophical aspects of the development of artificial
intelligence systems;

d) legal norms for the use of artificial intelligence systems;

e) development of legislation in the field of artificial
intelligence;
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f)  legal issues of information security;

g) protection of personal data in artificial intelligence
systems;

h) from private to general artificial intelligence: philosophy
of development.

The main problem of training ICT specialists remains the
problem of preservation and reproduction of teaching staff. There
is an obvious need in the next few years, through the joint efforts
of the state and private HTP resident enterprises, to create a stable
system of moral and material incentives for teachers involved in
training personnel for the ICT industry [11].

Conclusion

The development of artificial intelligence as a reflection of the
global trend of digitalization generates the need to restructure
education taking into account external and internal factors.
External factors include such features of higher education as
socio-economic conditionality, interdisciplinarity, mass character
and continuity. The internal factors that act as imperatives of the
organization of the educational process include the provision
of feedback, the adaptability of learning and the possibility
of implementing the active position of the trainees. Providing
feedback involves designing not only the content, but also the
educational environment through which the students receive the
necessary educational experience and achieve desired results.

Adaptability implies, firstly, taking into account the specifics
of the field of activity in which the young specialist will work, and
secondly, a personalized educational trajectory in the form of an
individual course program, taking into account the level of training
of the student and the opportunity to study at a convenient time
in various forms (mixed learning, micro-learning, webinars,
podcasts, trainings, etc.).

The active-activity position of the trainees concerns the ways
of interaction of the subjects of the educational process and is
implemented in the process of developing projects and cases,
organizing discussions, creating mastermind groups.

The training of master degree students is designed to
promote the development of critical, logical, in particular,
computer thinking, the formation of research methodology and
the development of professional competencies in the process of
solving practice-oriented tasks based on interdisciplinarity. The
methodological potential of such training is determined by the
ability to vary and deepen the content, update teaching methods
and tools based on a purposeful correlation of fundamental
mathematical and computer components of vocational training.

The psychological and pedagogical potential consists in the
development of cognitive activity, motivational and value attitude
to self-learning, in bridging the gap between abstract formal
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and logical constructions of the subject area, the possibilities of
computer technology and the tasks of real practice.

The fulfillment of such educational and research tasks, and
then research tasks, is the answer of higher education to the
scientific and technical challenges of our time, since it provides
a stable continuity of fundamental and applied components of
training. The activity, which is independently carried out by a
master’s student, involves the development of analytical skills,
convergent and divergent thinking and intuition as components
of human natural intelligence. This not only develops professional
competencies in the field of artificial intelligence, but also forms
professional competencies, the foundations of research culture
and self-development skills.
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