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Abstract. This study was aimed at creating an effective model of the
educational ecosystem in a singularity environment. The study is based
on a system of general scientific methods of scientific knowledge, in
particular, the method of expert assessment, the method of analogy and
comparative analysis. The experts, with the support of facilitators,
visualized the possible future of education as a symbiosis of individual
and collective learning paths that connect learners with many learning
spaces and educational opportunities. To ensure the operability of such
a model of the educational ecosystem, it is necessary to create tools and
processes that support personal and collective learning and
development throughout life, including: processes and tools that help
determine the goals of learners; educational processes integrated into
the educational trajectory and developing various aspects of personal
and collective existence through holistic educational experiences,
including play and co-creation; processes and tools that measure
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learning outcomes; educational spaces and technologies that help to
combine personal and collective educational trajectories, coordinating
individual educational needs with the evolving needs of communities.
These processes can be integrated into "ecosystem" systems of
educational process management (in which personal and collective
learning paths can be combined, and which connect learners with many
learning spaces and educational opportunities).

Keywords: Singularity; Educational ecosystem; Competencies; Self-
guided education

1. Introduction

The rapid development of material and digital technologies and new
management tools in the 2Ist century gives mankind unprecedented
opportunities to create a desired future on a global scale. At the beginning of the
20th century a new hypothesis related to technological evolution (Armstrong,
2017) appeared, namely the concept of technological singularity (TC), which is
closely connected, first of all, with the rapid development and introduction of
innovations. In 1996, when the three main factors of the economy (labor force,
nature, capital) were related to information (information and communication
technologies of ICT), a new theory - the digital economy arose (Tapscott, 1997).

According to scientists, in 2045 artificial intelligence will exceed human
intelligence (Mead & Kurzweil, 2006). Some scientists call technical evolution a
singularity. With all the positive aspects, it is necessary to take into account that
technical evolution also brings big threats and changes for the education system.
At the recent Global Education Forum in Dubai, Harry Patrinos (World Bank
Education Manager), said about how workplace automation will affect the
quality of learning and the skills that learners need to be competitive with
regard to the speed of technical singularity (Psacharopoulos & Patrinos, 2018).
While industry is entering the fourth industrial revolution, education has stalled
in its development, and what we attribute to transformations is not enough. In
addition, it is necessary to recognize the fact that a large part of the education
system is not ready for technical singularity. The industry is rapidly developing,
the pace of technical singularity is surprising, while the education system is
slowly lagging behind. Approximately 80% of the time teachers spend on
administration and transfer of knowledge and only about 20% on emotional
development (UNESCO, 2020). Technological singularity, which leads to the use
of artificial intelligence in the educational process, contributes in the future to
more effectively assess learners and focus on building relationships and the
formation of emotional development in learners.

Masayoshi Son (he is the richest Japanese tycoon and the largest sponsor of
technological singularity) predicts that in 30 years the number of smart robots on
earth will be 10 billion and exceed the number of people (Kovtun et al., 2020). He
argues that any industry created by humanity will be redefined: the medical
industry, the automotive industry, the information industry, in general all the
industries that have ever been created by humanity, even agriculture. Because
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the tools that we created in the past were inferior to the human brain. Now tools
are becoming smarter than themselves.

Education systems, built on the patterns of the century before last, are no longer
meeting the requirements of the times. Given the development of exponential
technologies in the information sphere, the production of new materials, biology
and genetics, the future "comes" to us faster than we manage to react to what is
happening. Adaptive and conservative models of education are not just
ineffective - they pose a tremendous danger to our future, making us
unprepared and blind to the coming changes. First of all, education needs to
stop reproducing outdated models of thinking and activity. The time has come
to carry out the required transformations, and we need a qualitatively new
educational paradigm that meets the challenges of the complex world of the 21st
century (Global Education Futures, 2020).

According to UNESCO (UNESCO. 2020), there are 750 million illiterate people
on the planet who live mainly in developing countries in Africa, Asia and Latin
America - and one of the main goals of the UN sustainable development is the
complete elimination of illiteracy by 2030. The global demand for higher
education continues to grow: by 2025. the number of learners in the world
should increase by 95 million, and in order to satisfy this demand, it is required
to open three new universities every week over the next 10 years (Jacobs, 2014).

According to the Hays Global Skills Index (Hays Global Skills Index, 2018), the
growing mismatch of employee competencies with employers' requirements
remains one of the key market problems labor for all major economies of the
world. That is - even without major changes, education can remain one of the
most sought-after areas of society. From this point of view, the main tasks of
education in the coming decades will be to increase the capacity of educational
institutions, develop curricula that are more consistent with the requirements of
the labor market, as well as reduce the cost of learning with the help of new
educational technologies.

The transformation of the education sector in accordance with modern
challenges is inevitable, and the technologies that have already become the
driver of large-scale socio-economic changes have great potential for use in
schools. Already today, the use of big data processing technologies, artificial
intelligence, personalization in learning is no longer the subject of academic
discussion and is becoming the content of real projects, educational services and
platforms. To be able to respond to global challenges, participants in the
educational ecosystem must very well understand the main trends in its
development. This is especially important for our country, for historical reasons
it has for many decades been exposed to "raw material dependence" and the
accompanying significant centralization of public administration in everything,
including education. Today, when natural wealth ceases to be the basis and
guarantee of success of individual countries in global competition, it is necessary
to focus all our attention on the development of the only truly inexhaustible
resource for creating a better future for everyone and everyone - human
potential - in all its manifestations.
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The aim of this paper is to form an effective model of the educational ecosystem
in a singularity environment as a symbiosis of individual and collective learning
paths that connect students with many learning spaces and educational
opportunities.

2. Literature review and problem statement

Currently, a paradigm shift in the development of mankind is taking place. A
fundamental transformation of all forms of life activity is underway throughout
the world. Today's world needs innovations, since the resource base of nature
has been largely exhausted and only the innovative potential of man can lead
the world forward. At the same time, the modern innovation process can be both
manageable and spontaneous and unfocused. It is a clear understanding of the
content and structure of modern innovative technological transformations such
as information technology, artificial intelligence, biotechnology, nanotechnology,
communications, etc. allowed Ray Kurzweil to formulate the law of acceleration
of returns in 1999 (Kurzweil, 1999).

The research steps undertaken in this area by Eden, A. in 2012 in his essay
“Singularity Hypotheses” indicate, on the one hand, insufficient theoretical
elaboration of the problem, and on the other, the lack of effective mechanisms
for implementing the planned social transformations (Eden et al., 2012).
Researchers drew attention to the fact that, since technological progress,
determines how we live, is constantly accelerating, there must come a moment
when people can’t keep up with technology - that is, it will come what
mathematicians call a singularity (Neumann, 1993). But this time it will not be a
feature in a certain physical system, but a feature in the history of mankind.
Ulam S. systematized the idea of a singularity, which was considered as the
evolution of cybernetic systems (that is, control systems), both biological (mainly
the nervous system as a natural cybernetic system) and cultural (Ulam, 1958).
The evolution of these systems consists of a sequence of metasystem transitions,
each of which consists in the emergence of a next-level control system that
selects between different states or instances of already existing lower-level
control systems.

The ultimate limit of physical and social conditions is the point of singularity. In
a mathematical sense, a singularity is a phenomenon in which the number of
crises becomes infinite, and the gaps between them tend to zero (Vinge, 2008).
Singularity is the point at which our old models will have to be discarded, where
a new reality will reign. This is a world whose outlines will become clearer,
approaching modern humanity, until this new reality obscures surrounding
reality, becoming commonplace (Vinge, 2008). The scientist stated that society
simply went to the limit of both physical reality, studied by natural and
mathematical disciplines, and the social limit, studied by philosophy and social
sciences (Vinge, 2008). The appearance in the social and philosophical sciences of
the physical and mathematical concept of “singularity” is not accidental.
According to American researchers, the singularity point will come in 2020
(Tsirel,2020) or in 2027 (Panov, 2020).
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The concept of the singularity was widely popularized by Raymond Kurzweil,
who argues that the moment at which the mind of machines exceeds the human
- let's call it the Turing point - is not only inevitable, but also awaits us over the
next several decades (Kurzweil, 2008) In support of this idea, Kurzweil talks
about the merging of people and machines, after which there will be many
niches in which equivalent human autonomy will be claimed: embedded
systems in self-governing devices, autonomous robots of lower functionality in
larger intelligent creatures (Kurzweil, 2008). Later, Kurzweil developed the idea
that technological singularity is a futuristic concept, where the intellectual
capital of people in a constant “connect” with artificial intelligence is integrated
into artificial intelligence (superhuman intelligence). In other words, people will
become elements of information technology systems, and their manifestations
will be limited by their functionality in these systems (Kurzweil, 2016).

Scientists in their study presented the idea of considering technological
singularity as a predicted convergence of people and machines (Solez et al.,
2013). Researchers are talking about combining the strengths of a person and a
computer, where a person uses intuition, associations, and his understanding of
processes, and the computer's function is to carry out cumbersome accurate
calculations and expand the volume of operational and long-term human
memory. The main message in the paper is the interaction of man and computer
when the core value is formed (Solez et al., 2013).

In a study (Good, 1990) Irving John Good in the context of technological
singularity defined the superintelligent machine as a machine that can
significantly surpass all the intellectual actions of any person, no matter how
smart he is. Since the ability to develop such a machine is also one of these
intellectual activities, the superintelligent machine can build even more
advanced machines. This will undoubtedly be followed by an “intellectual
explosion”, and the human mind will lag far behind the artificial. Thus, the first
superintelligent machine will be the last invention that will fall on a person’s lot,
provided that the machine is humble enough and tells us how to keep it under
control. And the likelihood that in the twentieth century the superintelligent
machine will be built and become the last invention that a person will make is
higher than the likelihood that this will not happen (Good, 1990).

In the idea of a technological singularity, human intelligence is replaced in many
areas of activity. People gradually and steadily refuse to participate in the
production process (Mole, 2011). In a study (Calum, 2018), the author suggests
identifying several types of singularity: - technological, associated with the
creation of artificial intelligence superior to human intelligence; - economic, in
which acts of production and consumption reach absolute agreement and are
combined; - political, when political governance as such becomes meaningless; -
cultural, the main feature of which is the transition from the total priority of
successive artistic styles to the parallel, simultaneous existence of all the possible
diversity of cultural forms, to the freedom of individual creativity and
individual consumption of the products of this creativity. From the point of view
of technological development, a researcher (Calum, 2018) connects technological
progress with the economic crisis; avalanche-like innovation generates crisis
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phenomena in the social, cultural and economic life of people and is a
mechanism for overcoming crisis situations. according to cyclical theories,
destruction and creation in the development of matter are repeated forever.

Approximately 50 years ago, the American sociologist Alvin Toffler wrote in the
book "Shock of the Future" that the continuous and accelerating process of
change is the main trend of industrial civilization (Toffler, 1970). The impact of
technological acceleration is especially pronounced in the mutually reinforcing
spheres of ‘"exponential" technologies: digital, biotechnological, and
nanotechnological (Kurzweil, 2005).

Likewise, changes in social norms have also been under the influence of an
accelerating trend over the past hundred years, albeit to a lesser extent.
Accelerating change (Heylighen, 2015) is an integral qualitative characteristic of
an industrial society, which was the result of three key events (Johannessen &
Seetersdal, 2020):

* the emergence of “social machines” for knowledge creation and innovation
(from research universities and corporate research and development
departments to regional and national innovation systems), which provide a
steady flow of new technologies (Coser & Mumford, 1972);

* the emergence of network technologies (from telegraph and television to the
Internet and social networks), which are becoming a vehicle for the rapid spread
of new technologies and norms (Bilan et al., 2017; Nitsenko et al., 2019;
Andriushchenko et al., 2020).

* the emergence of institutions supporting the processes of globalization, which
are gradually developing from agreements on free trade to systems of global
technology standards, professional requirements and educational processes.

The concept of "ecosystem" began to figure in discussions about the future of
education in the early 2000s, but there is still no single definition of it. Some
define the ecosystem through a balance of different stakeholders (stakeholders)
in the education process, including teachers and learners (Pearce & McCoy, 2007;
Hannon, 2017); others emphasize the role of the ecosystem as an alternative to
the traditional education system (Knowledge Works, 2012). Increasingly, the
concept of an ecosystem is used to refer to the collection of educational
technology solutions (eg social media and educational platforms) that are
available to individual learners and educational institutions.

In this study, the educational ecosystem can be defined as a dynamically
evolving and interconnected network of educational spaces made up of
individual and institutional providers of education who offer a variety of
educational resources and experiences to individual and collective learners
throughout their life cycle.

Studies in evolutionary biology, from where the concept of “ecosystem” is taken,
offer a more precise definition: an ecosystem is a community of living organisms
in connection with a natural inanimate environment (air, water, soil, etc.): for
example. forest, coral reef, or lake (Chapin et al., 2002). Given this definition, we
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can point out some features of the educational ecosystem that may be inherent in
them by analogy with biological ecosystems, in particular:

* diversity: different providers of education that play many different roles and
ensure the structural stability of the ecosystem;

* maximum productivity and closed circulation of resources in the ecosystem:

* education providers enter into mutually beneficial relationships in which they
create and reallocate resources among themselves, including interested learners,
knowledge, quality assurance and funding (as opposed to earlier “hierarchical”
educational organizations that tried to control the educational trajectory and
future fate of learners , increasing competition within the system);

* the ecosystem creates the “maximum benefit” for society (for example, a
developed ecosystem should provide skills learning on a scale comparable to
secondary vocational education, with greater quality and lower costs);

* quick adaptability: ecosystems are able to adapt and respond to learner
requests and changes in the institutional environment (this is a critical hallmark
of ecosystems in relation to the earlier and more rigorous approaches of
centralized educational systems);

* scalability: ecosystems can operate at different scales, from groups of learners
or individual schools to the scale of the entire planet.

Accordingly, a fully developed educational ecosystem is an open and growing
community of different education providers that serve the different needs of
learners in a specific context or territory. A territory or region becomes the
minimum unit of the educational ecosystem - while a separate educational
institution (school, university, etc.) can never be a full-fledged ecosystem on
their own, although they can have “ecosystem” properties and can become a
central structural element of the ecosystem (like a large tree, in the crown of
which a wide variety of organisms can live, from moss to birds). A full-fledged
ecosystem requires not only providers of educational experiences, but also
various integrators (“connectors”) that create trajectories for learners through
the system, help to record and record their achievements, find and connect
public resources, etc. In this way, the educational ecosystem is always localized,
it meets local needs and brings learners together in this context.

3. Research

The modern world is facing a huge number of threats, including climate change,
declining biodiversity, growing risks of personal and collective security on a
global scale, threats to global wealth and growing global inequality. All these
threats are direct consequences of the dominant organization model of industrial
civilization (Hansson, 1990) - and their mutual influence reinforces each other,
creates the cumulative effect of growing global turbulence, and calls into
question the ability of mankind to survive the next century. Amid these growing
threats, management systems (including not only formal structures, but also
cultural patterns and a dominant way of thinking) simply stop coping with the
growing complexity. The reason for this is the mass education of the industrial
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era: it does not prepare for life in a complex world, does not develop thinking,
reduces creative potential and innate ability to cooperate, deprives people of
sensitivity and compassion.

Today, education is mainly aimed at maintaining the status quo and
reproducing the values inherent in industrial society. Although in recent
decades developed countries have been trying to change the current situation
through the formation of a “knowledge economy”, the seeming changes in fact
largely continue the previous model and preserve all the old contradictions,
including the imbalance between humanity and nature.

Any deliberate change in education systems in the 21st century should be
inextricably linked with the solution of problems of economic, environmental
and political injustice, and should create the possibility of free access and
dissemination of human wisdom and welfare. It is necessary to develop a new
model of society based on collective wisdom or “the fundamental pragmatism of
life” (Baltes & Staudinger, 2000), which plays a key role in decision making and
human development. Figure 1 shows the process of transformation of society,
which includes three stages: industrial society; knowledge economy; a society
based on wisdom.

Industrial Society - Wisdom Based
/ Economics

Society

*Mass * The economy *Society is
production, is based based on
based on the directly on the (collective)
growing production, wisdom for the
division of distribution common good,
labor, and use of new models of
dominates knowledge production
economics and and and sharing
society. information. appear
. J/ . J/

Figure 1: The emergence of a wisdom-based society

Transformation of educational systems on a global scale is facilitated by three
main factors.

1. The growing complexity of socio-technical systems (such as transport, energy,
telecom, mass production, etc.), socio-economic, political and cultural
environments, which are increasingly acquiring the features of VUCA.

2. The growing inefficiency of the modern education system due to insufficient
possibilities for its transformation, along with continued investment in industrial
models of education and the reproduction of outdated “ways of cognition”
(epistemology) that do not prepare society for answers to the challenges of the
21st century.

3. Active development of information and communication technologies,
mathematics, cognitive sciences, biopharmaceuticals and other related sciences,
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providing incredible mobility, the ability to process "big data", automation of a
number of cognitive processes in artificial intelligence systems, as well as new
ways of personal and collective learning and development based on these tools.

This creates ideal conditions for the emergence of open personal (network)
education based on relevant and advanced content, involving many new
educational providers, cooperation between learners and teachers, creating
motivating interactive educational environments and spaces. All this will allow
educational systems to become more flexible, varied and personalized - and at
the same time more and more global.

Numerous global challenges not only pose a threat to our existence - but also
open up opportunities for updating ways of thinking, creativity, decision-
making and activities. There is an unprecedented basis for cooperation,
creativity and innovation on a global scale. Education becomes both a response
to emerging challenges, and the main point of influence for the emergence of a
complex society and the self-realization of every person on Earth. If “evolution is
the way of learning the Universe, and learning is the way of man’s evolution”
(Laszlo, 2018), then the human community expects a focused development of the
ability to learn and lead in such a way that together create a prosperous and
desirable future on Earth and, possibly, beyond.

Global changes in attitude towards work and lifestyle mean a growing demand
for new individual and collective competencies. In a complex society, universal
knowledge and methods of action disappear, and much more important than
specific competencies (that is, the ability to act effectively in a given context) are
meta-competencies - such as creative abilities, the ability to negotiate and
collaborate, empathy, etc. Similar “soft” skills are becoming increasingly
important for getting a job, building a successful career, professional self-
realization, improving the quality of life and implementing an active citizenship.

Professional and social life is radically changing: more and more people are
involved in creative activities in horizontal, globally distributed organizations
and communities supported by information technology. Work in such
organizations does not contradict the achievement of personal and more global
social goals, and continuous development in them becomes a requirement and
an integral part of life. These changes are reinforced by the accelerating
transformation of global markets and supply chains, the massive disappearance
of traditional areas of employment and the emergence of new areas of work -
caused by the flow of technological and social innovations, the spread of new
global technological, financial and environmental standards. In these conditions,
organizations, communities, regions and economies seek to strengthen their
competitive advantages - and this leads to massive demand for “competencies of
the future”, allowing people to successfully operate in the context of the
expected socio-economic and technological changes. A common understanding
of future competencies includes (SES, 2012; PwC, 2013; OECD, 2019; Skidelsky,
2020):

1. various professional (“hard”) competencies and knowledge associated with
changes in technology and organization of work;

©2020 The authors and I[LTER.ORG. All rights reserved.



86

2. “soft” professional competencies and universal knowledge that can be applied
in all professions, social and personal situations (including those associated with
the wave of technological transformation), such as (Regine,2020; Singh &
Sharma, 2020):

* competencies and knowledge that help to cope with the fundamental
variability, uncertainty, complexity and ambiguity of the future - including
competencies of cooperation, creativity, entrepreneurship, etc., as well as
competencies related to strengthening personal “sustainability” (for example,
acquisition healthy habits and the ability to cope with stress) and the ability to
understand the future (understand and / or implement various scenarios of the
future and develop appropriate strategies for individual and collective actions);

* competencies and knowledge that help to cope with the growing complexity
of civilization - including systemic thinking, the ability to solve problems and
find new opportunities (as well as artistic, poetic and other thinking), etc.

* knowledge and competencies that help to live in the world of information and
communication technologies - including basic programming skills, information
retrieval, processing and analysis skills (for example, “knowledge mapping”,
mind - mapping), information hygiene / media literacy, etc. One of the most
important skills is the ability to manage your attention, the basic ability to direct
and hold attention in the face of information overload (which can be trained
through many contemplative practices);

* knowledge and competencies related to what “machines cannot do” -
including empathy / emotional or interpersonal intelligence, bodily - kinesthetic
intelligence and naturalistic intelligence, as well as strengthening the ability to
create and sincerely serve others;

* knowledge and skills related to focused multidisciplinarity, the desire to
achieve mastery in various fields of work and life.

In addition, the ability to succeed in the expected future depends on the
fundamental aspects of the human personality that determine how she lives and
acts - what is often called “character” (OECD, 2019). Character traits are usually
considered congenital or emerging at an early age. Nevertheless, modern
approaches to psychotherapy and human development methods show that even
fundamental character traits (eg. optimism) (Rashid & Seligman, 2018) or
“developmental orientation” (Diener & Dweck, 1980) can be acquired and
adjusted in any age. Therefore, such “life strategies” can be considered
competencies of a special type, which we designate as “existential
competencies”. These competencies include the ability to set goals and achieve
them (willpower), the ability to self-awareness / introspection (awareness), the
ability to learn something / unlearn / relearn (self-development) and others.

Probably, the classification of “soft” skills is also worth clarifying, since many of
them (for example, cooperation skills) are much more complex, based on more
basic and wuniversal competencies (for example, communication skills or
emotional intelligence).
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Table 1: Life cycle of types of knowledge and skills

TYPE OF KNOWLEDGE
AND SKILLS

META-KNOWLEDGE
AND SKILLS

Relevance increases over time

EXAMPLES OF
KNOWLEDGE AND
SKILLS

Ways to operate objects in

consciousness or in physical
reality. First of all, various
methods of cognition and
creativity, including logical
and cognitive, emotional,
hysical and other intellects

APPROXIMATE
DURATION OF
ACTUALITY,
TIME FOR
THEIR
DEVELOPMENT

To take into account the diversity of competencies, we propose the use of the
following four-level competency model, presented in Table 1, where four types
of competencies are presented: competencies associated with a specific context;
cross - contextual competencies; meta-competencies (primarily, types of
thinking); existential competencies.

It takes different amounts of time to master the competencies of different levels.
Context competencies can be mastered or adjusted in a short learning period,
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but they can also quickly become obsolete due to a constantly changing situation
(for example, the competencies of working with word processing programs or a
machine for mechanical processing, as they may become unnecessary due to
changes in technology.). Cross-contextual competencies retain their relevance
longer (over years or even decades), but they take more time to master. Meta-
competencies, especially existential ones, remain relevant for the longest time.
They usually develop early in a person's formation and rarely change during
life. However, those who are capable of intentionally improving their
“existential competencies” can also change many aspects of their lives.

The question arises, what part of these skills should be studied and at what level
(secondary education, higher education). In the 2020 GRALE report (Global
Report on Adult Learning and Education), rethinking the concept of literacy
begins with the conclusion that “literacy” is usually perceived as the ability to
read and write. In addition, the report increasingly mentions language skills,
since most people live in a multilingual society or have a migrant background,
using oral and written communication in different languages (Walters,2020).

This scheme determines that many future skills will be based on technical
competencies, using ICTs and the Internet. The skills of the 21st century (Bourn,
2018) are the integration of skills in technological singularity. It is the formation
of such skills that will be the main component of the curriculum in higher
education institutions for adaptation in the business environment.

Thus, according to the report “The Future of Education” (Cedefop, 2010),
Cedefop predicts an increase in demand in Europe for higher and secondary
education. The report provides an analysis of how to change the demand in
different professions in the future. The demand for highly qualified specialists is
increasing: legislators, top managers, technical support professionals, and
salespeople. The demand for clerks, artisans, workers in agriculture and fisheries
is decreasing.Visualization of future learning outcomes is shown in Figure 2.

Today, few doubt that the future of any company directly depends on its ability
to manage knowledge. The development of procedures for the detection,
transmission, replenishment and exchange of knowledge becomes one of the
main areas of activity of leading companies. A good tool for this is knowledge
management, which is defined as the interaction between People, Places, and
Things in a meaningful context. In the conditions of an innovative economy, in
the process of knowledge management, one must also take into account a
number of factors, the priority of which is: human, technological, individual,
organizational, global, factor of time.

The “competencies of the future” (or “competences of the 21st century”) are
aimed at satisfying the need to change economic and social systems. By
mastering the “competencies of the future”, we can become more complex
people and communities that are able to live in a new complex society.
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Figure 2: Visualization of future learning outcomes

Moreover, the development of society and the economy in the direction of
greater complexity will occur faster and will be all the more sustainable as the
larger percentage of the population in large numbers can master these
competencies of the future. However, today there is a gap between traditional
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education systems and the learning process that is required to master the "skills
of the future."

4. Results

Accelerating social and cultural change places additional demands on the
continuous updating of skills and knowledge. As a result, the processes of the
“new” education should have greater flexibility and greater diversity compared
with existing educational systems. In contrast to the “hard” educational
practices of institutions of the industrial era, educational ecosystems allow the
most comprehensive way to integrate the diversity of educational opportunities
available in a particular territory. Educational ecosystems can include both real
and virtual spaces, provide opportunities for individual and collective
development in a wide range of human activities. They can also take into
account the needs of learners that appear and change throughout their lives,
including the processes of transition through life stages, social roles and skill
levels - the processes of “initiation” education, which should again revive in our
culture.

Princeton University and University College London conducted a study aimed
at determining how the use of artificial intelligence could affect the education of
students (Driscole,2018). Princeton University commissioned a research
company McKinsey & Company research, the essence of which was that during
the course of the semester, an MRI scan of students is carried out to study
artificial intelligence and understand how the learning process affects changes in
the brain. Namely, it analyzes how many times a student looks at lectures, how
quickly he understands the essence, which parts of the learning he is given the
hardest. The research results help to create a more personalized learning product
that promotes learning even faster.

China is actively using robots in classrooms as teachers and learners assistants.
The State Council of China announced the use of artificial intelligence in primary
and secondary education. In 2018, the first textbook on artificial intelligence for
high schools was created in China. Japan also began using robots to teach
English in their private schools (Andriushchenko, Kovtun et al., 2019).

According to the constant technological singularity, algorithms of machine
learning are developing rapidly. And the software, approaches and models on
which they learn are enormous. That is why, in the era of digitalisation, the
competence to use information and communication technologies are the
necessary and crucial condition for survival and the search for good work. The
gap between those who can freely use ICTs and those who cannot even afford
access to ICT will eventually scale (Hubanova et al., 2020).

In 2009, the Joint Research Center of the European Commission, the Institute for
Prospective Technological Studies in Seville, began a large-scale research to
study “Future Education”. The purpose of this research, which is shown in
Figure 3, is strategy formulation in the field of the education system that would
adequately prepare learners for life in the future society. As well as what
competences they will need for self-realization and development of society in
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the period 2020-2030. This research is based on the “Learning Spaces in the
Future” (Badia, 2006; Redecker & Punie,2013; Anastasiades, 2016).
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Figure 3: Conceptual map of the future of learning
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To ensure the health of the educational ecosystem, it is necessary to create tools
and processes that support personal and collective learning and development
throughout life, including:

* processes and tools that help define the goals (individual or collective) of
learners, analyze their motivation to learn and preferred learning formats (for
example, learning in a competitive environment, in collaboration or through
individual research; reward based on internal or external rewards, etc.);

* educational processes that are integrated into the (individual or collective)
educational trajectory and develop various aspects of personal and collective
existence (cognitive, social, emotional, physical) through holistic educational
experiences, including play and co-creation;

* processes and tools that measure learning outcomes (such as new acquired
competencies, artifacts created as a result of creative learning, reputation gained
through participation in educational experience, etc.), as well as indicators of the
quality of the educational process (level of interaction, level of joy, etc.);

* educational technologies that support personal and collective education
processes, including virtual personal assistants and various educational
resources;

* educational spaces and technologies that help connect personal and collective
educational trajectories, aligning individual educational needs with evolving
community needs.

These processes can be integrated into "ecosystem" systems of educational
process management (in which personal and collective learning paths can be
combined, and which connect learners with many learning spaces and
educational opportunities). In the logic of such a model, the educational
institutions that we are familiar with (schools and universities) may exist as
some of the sites offering educational opportunities - or, they may become
centers of educational ecosystems, where educational processes are supported
by a number of educational technologies, including;:

1. Solutions that enhance the individual educational process (due to applications
using "big data" and artificial intelligence), including: virtual tutors, personal
virtual assistants ,; personalized interactive learning materials and applications;
personal wearable devices for monitoring the psychophysical state, etc.

2. Solutions that enhance collective educational processes, including: collective
virtual assistants (facilitators, moderators) that support the productive work of
the group; collective self-regulation tools, etc.

3. Solutions combining individual and collective educational processes,
including:

* knowledge repositories (online libraries of books, articles, simulations, online
encyclopedias), as well as educational online platforms (with curated content);

* educational spaces for cross-learning (peer - to - peer) training and mentoring
support, including social networks and online gaming universes (including
virtual and augmented reality);
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* “markets of opportunities”, connecting individual learners with educational
opportunities existing in organizations and communities, including requests for
participation in a project / task / game (such “markets” can be imagined as
online platforms for job search with significantly wider functionality.
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Figure 4: Visualization of the learning process of the future

Since learners can participate in one or several educational communities, and
any community will involve many simultaneously studying people at different
stages of development, it is necessary to create synergies between educational
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experiences through their dynamic interaction. In the course of collective
learning, learners are offered certain roles and specific tasks, and their
individual educational experiences “collect” collective educational experience.
At the same time, collective learning possesses the properties of synergetic
phenomena and cannot be reduced to the “sum of its parts” - in the process of
such learning, collective competencies arise that are unique to each educational
community. Visualization of the learning process of the future is presented in
Figure 4.

Thus, education becomes an integral part of human life: part of work, creativity,
family, play, love and any other human affairs. In VUCA - the world,
responsibility for one’s own life and development cannot be shifted solely to
external forces (school, teachers, parents), and development cannot be ensured
through a system of rewards and punishments (Liezina et al. 2020). At present,
schools and universities often perform a disciplinary function and force people
to study and engage in self-development. But as the world becomes more
complex and less predictable, the only way to strengthen the sustainability of
society in the long run is to assign to everyone its responsibility for their own
education. Moreover, all the main educational innovations that have been
discussed over the past 20 years - personalization and individual trajectories,
online platforms and learners studying from each other, etc.,, require the
transformation of a critical mass of society from passive consumers of
knowledge into active “self-guided” learner. The architecture of the educational
ecosystem of the future is shown in Figure 5.
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Figure 5: Model of the educational ecosystem of the future

From the leaner's perspective, this multidimensional space can be described
through at least two semantic axes:

* Local / global formats: some educational opportunities are built around local
content and direct physical contact (for example, group projects at school or
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learning in an urban environment), while others are based on global content and
remote interaction (for example, learning on global online - platforms);

* Human-to-human / human-to-technology contact: some educational processes
take place in the form of mentoring or peer education, while others are created
by technology, online resources, video games and wearable devices.

In addition to schools and universities, which will remain a significant part of
ecosystems, but will gradually turn into “pillars” of educational network spaces
- as ecosystems develop, at least three other spaces will become increasingly
important:

* global educational online platforms will become the ultimate providers of
global knowledge and educational content;

* urban education formats will continue to evolve in response to the growing
needs of “self- guided” learners of all ages;

* spaces of continuing education will be built around high-tech personalized
educational experiences, as well as collective experiences of human interaction
and co-creation.

A “self-guided” learner is able to set the goals of his learning, determine the
pace and other parameters of the learning process, use and create the necessary
educational resources, and immerse himself in various educational experiences
(including experiences whose results cannot always be predicted) that ensure
holistic development throughout all life. Moreover, it is “self-guided” learners
that create a request for new personalized educational formats using new
technologies, including online courses, educational applications, training
through practice, etc. So, the learning process should be diverse (limited in time,
personalized, comprehensive). Learners should be at the center of this process,
and this is important in order to acquire the competencies of the 21st century.

5. Conclusion

The increase in the percentage of self-guided learners to the level of “critical
mass” (according to recent studies (Global Education Futures. 2020), about 10%)
is the main prerequisite for the start of a “revolution in education ". Therefore,
we believe that in the next decade, educational innovations should be aimed
primarily at developing formats that ensure the transition to a new state: first of
all, at pedagogy and andragogy, which can significantly increase the level of
independence and self-government. Educational institutions interested in
joining this process and wishing to become part of the “new” educational
environment need to strengthen the component related to the formation of
relevant competencies, including the formation of motivation for learning and
development, setting personal goals, choosing educational technologies and
practices, selecting / creating leading content. If we move to mass self-guided
education throughout life, it is obvious that it is necessary to move away from
the usual concept of “continuing education” as professional development in
adulthood (and often in the workplace) - on the contrary, it is necessary to
develop and maintain various aspects of the human personality, and not just
those associated with a dominant social role. Genuine continuing education will
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not only mean preparing for overcoming the challenges of certain periods of life
(for example, socialization or the beginning of professional activity), but also
will deal with thresholds and transitions between these periods - that is,
accompany the change of a person's social roles. In a world of high uncertainty,
education cannot have a predetermined ultimate goal - it is an individual and
joint journey in which we not only learn to learn but help each other move along
the development path.
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