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Abstract—The paper presents some results of an analysis
of the role of the development of interoperability, cogni-
tive abilities and emotional intelligence in children in a
modern school. The importance and ways of introducing
technological tools with capabilities for interaction and data
exchange to optimize the educational process are discussed.
The significance of the development of cognitive abilities
and emotional intelligence of students and the impact of
this on their academic achievements and social adaptation
are also considered.
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I. Introduction
School education is an initial and very important stage,

which forms the basis for all further development of an in-
dividual’s education, exerting a significant influence not
only on his future activities as a specialist in a particular
sector of the economy, but also as an individual, a mem-
ber of society. It is at school that “the intellect is formed,
which is a combination of various functions (sensory-
perceptual, mnemological and attentive)” [1], and the
personality itself is formed. It is the complex develop-
ment of the individual, the combination of professional,
technical, and personal, universal knowledge and skills
that determine the success of a modern person, his ability
not only for his own development and improvement, but
also for the development and improvement of society in
all forms of its existence [2].

In the process of digitalization of education, a variety
of tools, methods and technologies are used, largely
based on the use of artificial intelligence algorithms.
Such types of training as network and electronic are
being developed, which include not only the direct edu-
cational part, but also means of automating the learning
process itself. At the same time, often “behind the scenes”
there remains such an important issue as the education of
an individual capable of thinking creatively, being able
to organize one’s own learning process, and also working
in a team, distributing tasks, negotiating, explaining his
point of view, justifying his decisions. In fact, when
considering the development of digital platforms and
intelligent educational systems, we should talk about the
human interoperability. It is becoming increasingly clear
that interoperability is necessary both to create a single

barrier-free information space based on the principles
of openness, transparency, multi-purpose use of data,
technological neutrality, and to ensure the priority of user
interests, information security and protection of privacy
[3]. The study of the development of the properties of
interoperability, cognitive abilities and emotional intel-
ligence starting from childhood is increasingly relevant
with the development of society and the transition to the
sixth technological order, in which the leading role is
given, along with information and nanotechnologies, to
cognitive sciences and socio-humanitarian technologies.

The main goal of the present paper is to give an analyt-
ical overview of the role and methods of development of
secondary school students’ cognitive abilities along with
the emotional intelligence and interoperability. Another
idea was to determine some basic concepts within the
interoperability as a subject area and the property of a
school student.

II. The cognitive abilities level and the interoperable
behaviour. State of art

According to the American Psychological Association
Dictionary of Phychology, cognitive ability is defined as
the skills involved in performing the tasks associated with
perception, learning, memory, understanding, awareness,
reasoning, judgment, intuition, and language [4].

People are engaged at every step in the data value
chain in collecting, analyzing, interpreting, and using
data. In many cases, people themselves are data points.
All these people bring perspectives, values, world views,
and expectations, which are also embedded in political
and organizational cultures. If we want data to work
together, we need people to work together. We need
human interoperability [5], [6].

Emotional Intelligence (EI) is the ability to manage
both your own emotions and understand the emotions of
people around you. There are five key elements to EI:
self-awareness, self-regulation, motivation, empathy, and
social skills. People with high EI can identify how they
are feeling, what those feelings mean, and how those
emotions impact their behavior and in turn, other people.
It’s a little harder to “manage” the emotions of other
people — you can’t control how someone else feels or
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behaves. But if you can identify the emotions behind their
behavior, you’ll have a better understanding of where
they are coming from and how to best interact with
them [7].

Let us consider some characteristics of preschoolers
and schoolchildren, depending on their age, from the
point of view of developing the ability for interoperable
behavior.

Even in preschool age — about 4-5 years — the
child begins to understand that other people may have
opinions, thoughts, and desires that are different from his
own. This ability to understand and accept differences
in people’s thinking develops as we grow older. Some
researchers note that the better developed such mental
empathy is, the higher a person’s academic performance
at school and university [1], [2], [4], [5], [6], [7], [8],
[9], [10]. This ability helps build relationships of mutual
understanding and involvement, participation between
mentors and classmates, leading to the perception and
understanding of tasks and requirements.

The younger schoolchild (6 – 10 years old) is charac-
terized primarily by readiness for educational activities,
i. e. he is ready to study systematically. It is also the
ability to accept new responsibilities, which underlies
the educational motivation of a primary school student.
This period is the most important for the development
of aesthetic perception, creativity and the formation of a
moral and aesthetic attitude towards life, which is fixed
in a more or less unchanged form for the rest of life. In
elementary school, the younger student develops forms
of thinking that ensure the further assimilation of various
knowledge and the development of thinking. At this age,
you can also develop the student’s self-organization and
self-discipline skills, for example, through group games,
encouraging healthy curiosity, and interest in all kinds of
creative activities.

In middle school age (from 10–11 to 14–15 years),
communication with peers plays a decisive role. The
leading types of activities are educational, social and
organizational, sports, creative, and labor [1]. During this
period, the child acquires significant social experience
and begins to comprehend himself as an individual in the
system of labor, moral, and aesthetic social relations. He
has a deliberate desire to take part in socially significant
work, become socially useful, and interact in a team.

In the period of early adolescence (from 14–15 to
17 years), value-orientation activity, which is determined
by the desire for independence, acquires key importance.
The main components of this period are friendship and
trusting relationships. This is the stage that many authors
call the final stage of personality maturation [1], [2],
when professional interests are clearly formed, theoretical
thinking, the ability for self-education, the ability to
reflect are developed, the level of aspirations is formed.
At this stage, a person is able to formulate his demands,

interact with other members of the team, forming per-
sonal connections, for example, friendship, sympathy.

Each of the stages of learning and growing up should
be accompanied by the acquisition of interaction skills
in teams, not so much for the purpose of competitively
achieving the result of joint activity, but for the purpose
of teaching a person to look for the best, including
joint, solutions to assigned tasks. That is, the main
goal and task of an interoperable person is the search
and implementation of the best solution in the given
conditions and given the available opportunities, and not
a competitive struggle for the implementation of one’s
own idea. At the same time, this approach should not
teach children to abandon their own position, opinion, or
belittle their ideas and achievements. An interoperable
personality with a high level of emotional intelligence
must be able to combine the ability to appreciate the
personal and the collective.

Successful learning, cognitive abilities and emotional
intelligence are deeply interconnected. There are many
studies aimed at studying cognitive functions and their
importance in the cognitive process [7], [8], [9], [10],
[11]. Thus, work [7] shows that academic performance
in various subjects (mathematics, reading, writing) has
a strong dependence on the level of development of
cognitive functions. The same work indicates that work-
ing memory affects academic performance more than
intelligence level (IQ).

In [8], the authors provide research data on the de-
velopment of cognitive abilities depending on age. The
results were obtained based on an analysis of data from
four large research projects, which tested about 11,000
people aged 8 to 35 years. It was noted that the most rapid
development of the executive abilities of the brain occurs
at 10-15 years of age; at 15-20 years of age, development
slows down, and by the age of 20, cognitive functions
begin to stabilize and reach their maximum level of
development. Next, the person uses those skills—the
executive functions of the brain—that he acquired at an
earlier age. This is a clear confirmation of the need to
develop cognitive abilities starting from preschool and
especially at school age. It is during this period that
a strong foundation can be laid for further successful
cognitive and creative human activity.

Interoperability refers to the ability of different sys-
tems, programs and technologies to interact and exchange
data without communication and semantic difficulties.
From a technical point of view, in the context of school
education, this could mean that different educational
platforms, applications and resources need to be interop-
erable and able to exchange information with each other.
This allows students and educators to use a variety of
tools and resources to enhance learning and knowledge
sharing. According to information technology standards,
for example [12], “interoperability is the ability of two
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or more information systems or components to exchange
information and to use information obtained as a result of
the exchange”. With the addition of the ability to discuss
and negotiate, this concept can be extended to both
users and development engineers who work on creating
information systems for various purposes, involving in
the development process specialists from areas related to
information technology, as well as from those areas, for
which this or that system is being developed. And in their
work, it is the ability to interact, i. e., interoperability, that
plays a key role in obtaining a high-quality new product.

Currently, not a single area of human activity can
do without the use of information and communication
technologies. The interoperability is one of the basic
properties, without which further formation and devel-
opment of the information society will become impos-
sible. Today, in all spheres of human activity, there is
an ever-accelerating transition to working with a large
number of information systems, network resources, and
computing power. This leads to interpenetration and the
necessary increasingly conscious and deep interaction of
knowledge of specialists from various fields, to the need
to understand requests and solutions, and collaborate on
tasks. And the level of such interaction will only increase
with increasing diversity and integration of knowledge.

A. The role of intelligent information technologies in the
development of cognitive abilities, emotional intelligence
and interoperability

Let us dwell further on the impact of the use of digital
information space on learning. Today, educational sys-
tems are built on the basis of methods and technologies
of artificial intelligence, which is increasingly penetrating
our lives, including education. All of the above puts for-
ward additional requirements for the information systems
used in the learning process.

Artificial intelligence, of course, gives us access to
broad and detailed information for a various range of
issues, but most information systems are organized as
search engines. The introduction artificial intelligence
technologies, including neural network technologies, into
the educational process and human learning activities is
a very successful and promising solution. Far instance,
there are more than 200 publicly available neural net-
works. Certain types of neural networks are designed to
search for information, check and edit texts, generate
images, create curricula, programs and presentations.
These neural networks are capable to help teachers
draw up curriculum, create tests, organize the structure
of a lesson/lecture/seminar, and provide assistance in
assessing knowledge. For students, they can help with
identifying topics to study and selecting materials on
these topics [17].

A very illustrative example of how artificial intelli-
gence should be used in training is the example given
by Eric Ofgang [18] when comparing the Gemini and

ChatGPT neural networks. The author of the article
asked the neural network to write an essay for him on a
certain topic. In response, the Gemini chatbot suggested
a possible outline for the essay. When asked again to
write the text, it offered to help as a “writing coach” and
gave some tips on how to write an essay on a given topic
himself. This example clearly demonstrates progress in
the development of approaches to the use of intelligent
technologies for obtaining and processing information in
the learning process. Neural networks should not do the
original, creative part of the work for a person. They
should be assistants both in searching for information
and in learning, acquiring new knowledge and skills.
The same approach should be implemented in general
when creating intelligent teaching systems for any level
of education.

III. Semantic and cognitive-emotional approach as a
basis for educational intelligent systems building

In our days there is no doubt about the crucial ne-
cessity of the intelligent learning systems application at
all levels of the education system. Along with that the
wide variety of different technologies of such systems
construction and operation drives to a number of prob-
lems for their actual application at schools — the users
are demanded to start from the beginning each time with
some new system using some new technology. Thus, the
problem has its solution - usage of common technology
to systems development and application, which would
give an opportunity for the users with different skill-
level apply such systems while their studies. Thus, the
interoperability is not only technical systems property. It
should be considered as one of the main skills of any
specialist, and the basis for such skills must be formed
within the school education process. Considering the
issue of developing emotional intelligence and interop-
erability along with cognitive abilities, we can consider
options for using modern intellectual technologies in this
direction at school. The first option is to develop a single
digital platform that would integrate various educational
resources, applications and tools, providing students and
teachers with the ability to access a variety of materials
and tasks without the need to constantly switch between
different systems.

The OSTIS-Technology [19] is the example of such
a basic, common technology of interoperable systems
building. It provides a unified semantic platform making
it possible to exchange results and data, not only within
the technical part of the educational systems, but also
present information to the users — children, teachers and
parents — and ensure interoperability among them, as
long as among the specialists and the public.

Within the framework of this work, it is proposed to
take as a basis the approaches to ontology development.
Some main features of the cognitive skills corresponding
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and deeply influencing the development of emotional
intelligence and interoperability of the school students
will be discussed as the objects for formal clarifying and
agreement within the framework of the corresponding set
of semantic interpretation.

IV. The process of cognition, the development of
emotional intelligence and interoperability

To formalize the basics of any field it is important to
find those that play the most important role and agree
on their understanding. Considering the interoperability
as a property of a student we should clarify the essential
aspects that impact its formation. In [20], we have already
presented some views on this point — the individual
approach to learning, planning, drawing up programs
at various levels of education and interdisciplinary con-
nections. But without the ability of students to perceive
this information, there will be no result; at graduation
we will not see a trained person capable of solving the
problems facing him. Therefore, now we would like to
touch on some general approaches and methodological
techniques aimed at more successful acquisition of knowl-
edge and development of mental executive abilities of
school students. The main points that we would like to
draw attention to are the modeling of reality, associativity,
completeness and consistency of knowledge, stimulation
of cognition.

Let’s first consider reality modeling. When the new
material taught or the formulas used are related to what
is encountered and can be applied in real life, then such
material is learned much more successfully. The child
learns to count, divide, etc. on apples, candies, just com-
mon things he uses every day. This skill remains firmly
in his head for the rest of his life. Therefore, at school,
even in high school, it is necessary to provide material
that is confirmed directly or indirectly by examples from
life, which the student can discuss with parents and
friends. There is no need to strive to present the latest
scientific achievements at school, even if they are super
important for some area of knowledge. For example, if
you present in a botany lesson about 20 layers that make
up the bark of a tree, then a diligent student will, of
course, memorize their names to answer the test, but
they will not remain in memory for a long time, because
there is no confirmation in ordinary life around them,
there is no immediate interest in such depth of the issue.
Unless this student is deeply interested in botany, but
this is a different case. Some researchers attribute better
performance in humanitarian subjects and the fact that
the majority of graduates want to connect their future
activities with the humanitarian field precisely to the
fact that humanitarian subjects at school, unlike natural
sciences, consider issues that are close to most people
and related life situations.

Another approach to teaching methods is directly
related to the modeling of reality — associativity. If

you learn to remember new information based on as-
sociations, then this process will become faster, more
effective for storing in long-term memory and applying
this knowledge at the right time.

The issues considered in the learning process must be
complete and complete at the level of possible perception
of the audience. You cannot give part of the conclusion,
then reduce it to the fact that the formula is too complex
and therefore we use a simple approximation or do not
take this into account.

Typically, educational material is taught in sequence:
a descriptive part, applied formulas and laws, and com-
pleted tasks. There must also be feedback. This means
that when going through subsequent topics, we must
return to this material in order to justify new information
on its basis. Repeated repetition of material over an in-
creasing period of time, application of previously studied
material in other topics, subjects and complex tasks is
one of the foundations for its successful memorization
and assimilation.

Also, for a greater degree of involvement in the learn-
ing process in order to obtain a higher level of knowledge,
it is necessary to use various types of stimulation for
cognition — additional points for completing a task, ac-
cess to the next tasks, the next level (additional functions,
like in games), competition tables for completing and
leaderboards, etc.

Interoperability and emotional intelligence are two
key aspects that are essential in school education today.
Emotional intelligence refers to the ability to manage
your own emotions and the emotions of others. In school
education, it becomes important because it helps students
develop skills in self-regulation, empathy, social compe-
tence and conflict resolution. Emotional intelligence train-
ing can be built into curricula through social-emotional
learning programs that include skills such as managing
stress, developing an understanding of emotions, and how
to interact effectively with others.

Integrating interoperability and emotional intelligence
in school education can lead to more flexible and adaptive
educational environments that take into account the needs
and individual characteristics of each student. Technology
can assist in this process by providing access to a variety
of educational resources and tools, as well as supporting
the development of social-emotional skills.

The use of common data exchange standards to transfer
information about the progress, learning process and in-
dividual needs of students between different educational
platforms will allow, for example, data on a student’s
progress in any online course to be automatically trans-
ferred to the school information system for teachers.
The use of adaptive learning algorithms in intelligent
teaching systems will make it possible to analyze data on
a student’s performance and learning style, and then offer
personalized tasks and recommendations. Such systems
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can be integrated with various educational platforms to
ensure a continuous flow of data. At the same time,
the use of interoperable tools for students to collaborate
on projects and exchange materials, such as documents,
presentations and videos in real time, will contribute to
the development of interoperability among students in
the process of interacting with each other and with the
system itself.

In addition to directly teaching functions, intelligent
systems in educational activities can also perform ad-
ministrative and technical ones. For example, implement
adaptive management of classes and schedules. The use
of a classroom management system, which can be inte-
grated with a class schedule, electronic journal and other
educational resources, will ensure effective planning and
organization of the educational process in educational
institutions of different levels. Thus, interoperability can
improve the efficiency and functionality of educational
systems, providing more flexible and adaptive learning
for students and teachers.

To develop emotional intelligence, and as a result,
interoperability, students can be taught awareness, em-
pathy, social competence, and develop self-regulation
and conflict management skills. Mindfulness training will
help one develop his ability to consciously perceive his
thoughts, emotions, and physical sensations. This may
include breathing exercises, exercises for awareness in
movement and other techniques that can be taught in
physical education classes, creating a culture of interac-
tion with oneself and acceptance of oneself on different
levels - physical, emotional, spiritual. This will in turn
promote the teaching of empathy and social competence
through group exercises, role plays, case discussions or
collaborative projects across school disciplines where
students are provided with opportunities to understand
others’ emotions, develop empathy and improve social
interaction skills.

The development of self-regulation includes learning
strategies for managing one’s emotions and reactions in
various situations, time management, planning actions
in stressful situations, developing problem-solving strate-
gies, etc. Learning conflict management — constructive
resolution based on the skills of active listening, express-
ing one’s emotions and searching compromises. This
may include educational games, role-playing games and
conflict resolution training.

Teaching emotional intelligence can be integrated into
various academic subjects, for example through ana-
lyzing literary characters and their emotional reactions,
discussing ethical issues, or studying historical events
with an emotional perspective. An important part of this
work is also providing support and training to teachers
and parents so that they can support the development of
students’ emotional intelligence. It should be recognized
that for many teachers and parents, the experience of

developing emotional intelligence and interoperability is
a new, unknown matter that also needs to be learned.
To train them, it is possible, for example, to conduct
seminars, training, and provide teaching resources to
teachers and parents. These methods and strategies can
be integrated into the learning process and school life
to support the development of students’ emotional intel-
ligence and help them successfully cope with emotional
challenges, increasing their competencies, strengthening
their abilities, and becoming successful and happy mem-
bers of society.

V. Basic concepts to be formalized
The task of formalizing concepts in the field of in-

teroperability is complex and requires the participation
of psychologists, physiologists and teachers. The list of
the items to formalize at first stages can be formed
according to the discussion above. Two ways are possible
- from the definition of the emotional intelligence and
cognitive properties down to the basics, and the other
one - from the main conceptual terms up to the under-
standing of emotional concepts and interoperability. Thus
the definitions of the concepts like perception, learning,
memory, understanding, awareness, reasoning, judgment,
intuition should be determined and agreed. The next
step is to derive the contribution of each term to the
whole understanding of the level of the cognitive skills,
as well as the methods to determine this level. There will
appear a hierarchical structure of concepts leading to a
description of the phenomenon (ability) of cognition.

The human side of interoperability is a hard part to
define. It requires time, energy, and money [5]. The
words used here are not basics. There is a need to
make a precise research on the issues that contribute to
each of them and formalize their meanings, make them
acceptable for the information system determination and
measuring.

Considering the emotional intelligence we are talking
about such concepts as self-awareness, self-regulation,
motivation, empathy, and social skills, which are com-
plex and require some investigations on a possibility to
identify both their formal meanings as well as options
and principals of their physical measuring the degree of
their manifestation in a person.

VI. Заключение
The ability for interoperable behavior is not genetically

embedded in people. It must be raised, starting from
an early age, in accordance with children’s ability to
perceive tasks that require interaction and joint activity
to solve them. Interoperable behavior requires mastery of
conceptual apparatus from different scientific fields, the
ability to formulate descriptions of phenomena, problems,
tasks that a person faces, ways to solve them, taking into
account the interests of different people, the characteris-
tics of their thinking and behavior. Thus, modern school
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education should not just provide knowledge in individual
sciences, but educate a cognitive personality interested
in knowledge, its development, creativity, and interaction
with the environment, be it intellectual systems or people.
Interoperable intelligent training systems based on new
generation computer systems can play a significant role
in this.

The article presents an analysis of the importance and
ways of developing cognitive abilities, emotional intel-
ligence and the properties of interoperability at school
age. Some proposals are presented for the introduction of
these methods and methods into the educational process
of secondary school. Some descriptions of basic con-
cepts, processes and methods of the subject area “human
interoperability” is proposed for their formalization and
further construction of an ontology, knowledge bases and
solvers of relevant problems within the framework of
the technology for the development and use of OSTIS
systems.
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ИНТЕРОПЕРАБЕЛЬНОСТЬ КАК
ВАЖНЕЙШИЙ КОМПОНЕНТ

ИНТЕЛЛЕКТУАЛЬНОЙ ОБРАЗОВАТЕЛЬНОЙ
СРЕДЫ В СРЕДНЕЙШКОЛЕ

Козлова Е. И., Головатый А. И.

В работе представлены некоторые результаты анали-
за роли развития интероперабельности, когнитивных
способностей и эмоционального интеллекта у детей в
современной школе. Обсуждается важность и способы
внедрения технологических средств с возможностями
взаимодействия и обмена данными для оптимизации
образовательного процесса. Также рассматривается
значимость развития когнитивных способностей и эмо-
ционального интеллекта учащихся и влияние этого на
их академические достижения и социальную адапта-
цию.
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