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Abstract: The organization of control processes is based on specialized paradigms and ontologies
(subjectness, cybernetic, etc.). Control paradigms and ontologies set requirements for Al, which
determine the development of Al, as well as the creation of mechanisms for controlling and neutralizing
negative consequences. Reflexivity in the control of social systems has become increasingly important in
recent decades. The article examines the place and role of Al in ensuring reflexive activity in the
subjectness paradigms of control. The evolution of subjectness paradigms is considered from the
standpoint of the development of scientific rationality. The proposed approach can be used to solve
urgent problems of IFAC and TECIS due to the increasing role of hybrid reality environments
(subjectness, digital, physical), including the problems of convergence of natural and artificial

intelligence.
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1. INTRODUCTION

Reflexivity in the control of social systems in recent decades
has become increasingly important, as evidenced by the
widespread use of reflexive technologies in control decision
support systems, in information wars, in organizing color
revolutions, in election campaigns, etc. These facts allow us
to conclude that new control paradigms have been found,
which have confirmed their adequacy for large social
systems. In the 21st century, states that do not possess
modern reflexive control technologies are doomed to become
objects of control.

Reflexivity is the ability of active systems to build models of
their state and behavior, as well as similar models for other
systems (Lefebvre, 1967). These can be systems of both
natural and artificial intelligence. In the philosophical aspect,
this is due to the change of the dominant of the causal
approach to the dominant of the teleological approach, with
interdisciplinary integration in the construction of new
methods and means of modeling and methodological support
of various kinds of control subjects, with the creation of new
paradigms for the integration of heterogeneous knowledge,
etc.

The widespread development of these studies in cybernetics
is largely associated with the works of V.A. Lefebvre, who
offered formal descriptions of reflexion and reflexive
processes, introduced the concepts of a reflexive system and
reflexive control (Lefebvre,1967,1982). Von Foerster put
reflexivity at the heart of second-order cybernetics.
Cybernetics of the first order is the cybernetics of
"observable systems" (N. Wiener), cybernetics of the second
order of "observing systems" - with reflexion (Foerster,
1979). Further development of cybernetics is also associated
with reflexivity, V.E. Lepskiy proposed third-order

cybernetics of "self-developing polysubject (reflexive-active)
environments" (Lepskiy, 2018a).

Reflexivity has taken its rightful place in the systems

approach and cybernetics. It significantly expanded the £&—>

traditional approaches to management, which were based on
the functional approach, in particular, it was based on
"operations research". Reflexivity contributed to the
development of a structural-functional approach and a
subjectness-oriented approach (Lepskiy, 1998).

The main directions of the study of reflexivity in control are
associated with the support of decision-making processes,
management in conflict interactions, the organization and
overcoming of "subjectlessness" and the development of the
reflexive abilities of subjects in social systems with the
organization of reflexive processes in self-organizing and
self-developing systems, etc.

The current trend of the rapid development of digitalization
and artificial intelligence requires an analysis of the influence
of AI on reflexivity in control, both its support and its
blocking.

The article presents the results of a philosophical and
methodological analysis of the place and role of Al in
supporting reflexivity in the processes of control social
systems. To solve this problem, it is proposed to use
subjectness paradigms corresponding to the stages of
development of scientific rationality (Stepin, 2005) and
cybernetics (Lepskiy, 2018a). In fact, each subjectness
paradigm is associated with the corresponding ontologies or
systems of ontologies, which make it possible to determine
the place and role of active forms of Al in interaction with
subjects, carriers of natural forms of intelligence (Lepskiy,
2018d).
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2. INSTRUMENTAL AND CONCEPTUAL
APPROACHES TO ARTIFICIAL INTELLIGENCE

When studying the possibilities and limitations of using Al in
control processes, many problematic issues arise related to
the break in paradigms that set ideas about Al outside of the
control paradigms. Currently, the dominant paradigms are
those that consider Al not as means included in control
activities and the corresponding control paradigms, but as
independent objects of research in the paradigms
corresponding to the specifics of these objects.

There are numerous examples of such Al paradigms:

— morphological paradigm - Al as a model of the brain;

— logical paradigm - Al as a problem solver;

— neurocybernetic paradigm - Al as a neural network;

— imitation paradigm - Al as a semblance of human
reasoning;

— weak Al paradigm - modeling of human activities that
are traditionally considered to be intellectual;

— the paradigm of strong Al assumes that computers can
acquire the ability to think and be aware of themselves
as a separate person, although not necessarily that
their thought process will be similar to a human;

— the paradigm of general Al, capable of self-learning
and solving various problems in different contexts.

These Al paradigms contribute to the development of Al
problems, but they make it difficult to use these
developments in control processes, leaving many ideas about
Al unaddressed. The organization of control processes is
based on its own specialized paradigms (subjectness,
cybernetic, etc.), which put forward specific requirements for

For the effective use of Al in control processes, it is advisable
to consider two approaches and, accordingly, two
technological levels of ideas about Al. The conceptual level
is directly related to the management paradigms, which
correlate with specialized Al technologies. Instrumental level
deals with understanding of Al as universal means. There is a
difficult problem of establishing connections between these
two levels of understanding of AI (Lepskiy, 1998).

Analysis of trends in the development of control problems
from the standpoint of the development of scientific
rationality (classical, non-classical, post-non-classical) allows
us to conclude that they are largely associated with the
development of the corresponding subjectness paradigms of
management (Lepskiy 2018a, 2018c).

3. REFLEXIVITY OF ACTIVE FORMS
OF ARTIFICIAL INTELLIGENCE

In the context of subjectness paradigms, to ensure
interactions of subjects of mnatural intelligence with
formations of Al, it is advisable to interpret them as active
forms of AI with basic properties of subjects that are
invariant with respect to the type of subject (individual,
group, organization, etc.). In fact, it should be about Al
pseudo-subjects.

The basic invariant properties of subjects are purposefulness,
reflexivity, communication, sociality and the ability to
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develop (Lepskiy 1998, 2018a). These characteristics can be
interpreted as characteristics of Al pseudo-subjects, which is
reflected in numerous publications on cybernetics and Al.

The characteristic "reflexivity" occupies a special place
among all the characteristics of pseudo-subjects. First,
reflexivity is the basis for identifying the stages of
development of control (cybernetics of the first, second and
third order). Second, it provides all the other characteristics
of subjects and pseudo-subjects. Thirdly, it ensures the
integrity of reflexive subjects and pseudo-subjects,
mechanisms of their assembly. Fourthly, reflexivity is at the
heart of the mechanisms for ensuring identity in relation to
macro-subjects.

An important direction in the evolution of Al models is the
improvement of the pseudo-characteristics of subjectness,
approaching the corresponding characteristics of subjects
based on natural intelligence.

The coexistence of subjects of natural intelligence and
pseudo-subjects of Al creates a hybrid environment. In this
environment, both the interaction of heterogeneous
formations and their integration into new types of formations
on the basis of subjects and pseudo-subjects take place. In
this regard, it is advisable to introduce the general concept of
active elements (ACTEL) for subjects and pseudo-subjects.

By ACTEL we mean active elements that have basic
invariant characteristics of subjects, pseudo-subjects, realized
at the substrate level by natural or artificial intelligence, as

well as their combinations. This concept was proposed and £&——>

used by the author for the design of automated organizational
control systems (Lepskiy 1998).

The concept of "ACTEL" is broader than the concept
"Agent" often used in control practice. The agent is delegated
from subjects or pseudo-subjects certain powers to perform
functions. ACTEL can be an Agent, but it can also be an
independent subject or a pseudo-subject. The expediency of
using the concept of "ACTEL" is associated with the
organization of hybrid reality environments, consisting of
carriers of natural and artificial intelligence, as well as
integrated formations of natural and artificial intelligence.

4. REFLEXIVE TECHNOLOGIES
OF INTERACTION OF ACTIVE FORMS OF NATURAL
AND ARTIFICTAL INTELLIGENCE

The basic principle of organizing interactions and integrating
active forms of natural and artificial intelligence (pseudo-
subjects) in hybrid reality environments should determine the
procedure for their reflexive coordination. For understanding
the specifics of self-regulation of reflexive activity, the
principle of “double subject” is of the greatest importance.
The essence of this principle is to improve various types of
activity of subjects (pseudo-subjects) by organizing
interaction with partners who have adequate positions, in the
formation of such partners, transferring to other subjects
(pseudo-subjects) established types of activity, organizing
based on the analysis of the activity of subjects of their
"digital twins" (models of holistic subjects). This principle
determines the technological procedures for interaction and
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integration of ACTELs in hybrid reality environments
(Lepskiy 1998, 2018d).

This principle defines the most important technological
procedures of the self-developing reflexive-active hybrid
environment and the organization of knowledge:
— procedure of reflexive decomposition of subjects
(identification of subject positions);
— procedure of the virtual subject identification;
— procedure of virtual active elements generation;
— procedure of discharge from subjects of the formalized
types of activity;
— procedure of reflexive synthesis (creation of activity
models, models of activity subjects, personal models,
etc.).

The principle of the double subject can be interpreted as
dynamic transformation of subjects in the virtual group
subject.

There is reason to believe that taking into account the
principle of a double subject in the organization of systems
using Al will make it possible to take the next step towards
creating systems with the inclusion of Al elements that do not
go beyond the control of their creators. The principle of the
dual subject also provides grounds for the assertion of the
essential role of reflexive activity when considering Al in the
subjectness paradigms of control (Lefebvre 1986; Lepsky
2018b).

5. REFLEXIVITY IN SUBJECTNESS PARADIGMS
OF CONTROL
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In non-classical scientific rationality, the focus is jointly on
the object of research and the means of research; the subject
of research remains out of consideration. This type of
rationality corresponds to the formation of a second-order
cybernetics (F. Foerster). The dominant subjective paradigm
"Subject — Subject" reflects the essence of second-order
cybernetics, i.e. cybernetics of "observing systems". The
subject of control is interpreted as one of the participants in
the control processes, in which the object of control also
plays an active role. The dominant approach in providing
activity, communicative and reflexive activity is the
subjectness-activity approach [Rubinstein 1997, 438], in
which the role of the subject increases significantly and,
accordingly, the role of reflexivity increases. The focus is on
communicative reflection.

In post-non-classical scientific rationality, the scope of
scientific reflexion is expanding. The focus of attention is
simultaneously and jointly: the object, the subject and the
means of research. From the involvement of the subject in the
consideration of the research process, it follows the
involvement in the consideration of value-target structures, as
well as the social environment and culture influencing it. It is
fundamentally important that, along with intrascientific
values, extrascientific social values and research goals are
also taken into account. This scientific rationality
corresponds to the stage of formation of third-order
cybernetics [Lepskiy, 2018]. Self-developing systems are at
the center of attention in management problems [Stepin 2003,
628—629]. The dominant subjectness paradigm in control is

becoming the paradigm “Subject — Meta-subject (self- £<—>
developing environment)”. A self-developing poly-subject 40 pt
system (environment), endowed with the properties of 0.556in
subjectness, into which the subject is immersed and with 14.1mm
which the subject can interact through reflection, is
considered as a metasubject. The focus is on metareflexion in

relation to the metasubject. A family, an organization, a

country, or humanity can act as a metasubject [Lepskiy

2010].

40pt  The philosophical and methodological foundations for the
0.556 in analysis of reflexivity in the control of social systems can be
14.1 mm the representations of scientific rationality proposed by V.S.
Stepin. This is classical, non-classical and post-non-classical
rationality (Stepin, 2005). The rationale for this choice can
also be the connection between these stages of development
of scientific rationality with the evolution of ideas about
cybernetics (Lepskiy 2018a; Umpleby 2014; Umpleby and

others 2019).
The Table 1. shows the relationship between subjectness

On the basis of modern concepts of the philosophy of  paradigms and basic types of reflexive activity.

science, we have proposed a systemic vision of the evolution
of control problems, which can become the basis for
understanding the place and role of Al in ensuring reflexivity

Table 1. Basic philosophical and methodological bases
for the analysis of reflexive activity

(Lepskiy 2018b, 2018d).

Type of Basic Basic areas Types of
In the philosophy of science, there is an idea of three stages scientific | paradigms of reflexive
in the development of science and, accordingly, of three types rationality knowledge activity
of sci.entiﬁc raFionality: classical, non-classical, and post-non- Classical | “Subject— | Cybernetics | Personal
classical (Stepin, 2005). Obiect” ]

ject reflexion

In classical scientific rationality, the focus is on the object of Non- “Subject— | Second- Communi-
research, while the researcher himself and the means of classical | Subject” order cative
research are completely outside the consideration and cybernetics | reflexion
interpretation of the knowledge gained. This rationality Post-non- | “Subject— | Third-order | Meta-
corresponds to the stage of formation of classical cybernetics classical | Meta- cybernetics Subject
(N. Wiener). The dominant subjective paradigm "Subject — Subject” reflexion
Object" reflects the essence of classical cybernetics, i.e.

cybernetics of "observable systems". The dominant approach
was the activity approach (Leontiev 1978), in which the role
of the subject and reflexivity is significantly limited.

The fundamental feature of the three types of scientific
rationality is that each subsequent type of scientific
rationality includes the previous one as a particular paradigm.
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Therefore, post-non-classical scientific rationality includes all
the considered types of reflexive activity that are present in
classical and non-classical rationality. Moreover, reflexive
activity becomes dominant in post-non-classical scientific
rationality.

6. REFLEXIVITY AND ARTIFICIAL INTELLIGENCE
IN THE "SUBJECT — OBJECT" PARADIGM

In the paradigm "Subject — Object" the activity approach
predominates, as a result, reflexivity turns out to be without
the necessary attention. Stimulation and support of reflexivity
is relevant in non-standard cases to ensure decision-making
processes in problem situations. Their resolution requires the
subject to go beyond the established control activity, requires
a "reflexive exit". The problem of "reflexive exit" attracted
the attention of methodologists (Shchedrovitsky 1975) and
psychologists.  Psychologists  (V.A.Petrovsky,  Ya.A.
Ponomarev, D.B. Bogoyavlenskaya and others) identified it
as a problem of oversituational activity.

For control practice, this problem is of interest in two aspects.
First, when identifying and improving the ability of managers
to oversituational activity. Secondly, when developing
mechanisms to stimulate and support oversituational activity.
The second aspect can be of interest when setting and solving
new complex problems using Al. To solve them, active forms
of Al can be used, which should ensure the creation of a
pseudo-subject partner (digital twin) for the subject of
control, helping to assess the current situations of break
points in control activities, offering either existing solutions,
or stimulating a reflexive output to search for non-standard
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matrix in models of the theory of games with zero sum)
(Lefebvre 1967).

Reflexive control is one of the forms of reflexive
technologies that include a wide range of technologies for
controlling the reflexive activity of subjects and pseudo-
subjects. Three groups of reflexive technologies have been
proposed: imitation of reflexive activity, reflexive control,
and reflexive programming (Lepskiy 2018b). These reflexive
technologies can be used both in conflict situations and to
support joint activities in various fields of activity (Lepskiy
2018d; Kauffman 2016; Espejo and others 2021; Miiller
2015; Novikov 2016).

The use of Al is possible in providing all types of reflexive
technologies by creating adequate types of Al pseudo-
subjects (digital subjects). In fact, we can talk about the
creation of communities of pseudo-subjects corresponding to
the reflexive structures of specific reflexive technologies.

An example of the possibility of using the system of Al
pseudo-subjects to ensure reflexive activity is decision
support in the context of negotiation processes, when a
partner uses 36 Chinese stratagems. Reflexive analysis of 36
Chinese stratagems made it possible to associate a certain
reflexive technology with each stratagem. This makes it
possible, due to the complication of the reflexive technology,
adequate to the used stratagem, to neutralize the threat of
manipulative influences and to transfer interaction from
conflict to partnership (Lepskiy 2018b). In practice, the
problem of operational forecasting and identification of the

soliifons s upmen i il i I gherid be s G applied stratagem arises. This problem could be successfully <>
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The reflexive activity of the control object within the
framework of the “Subject-Object” paradigm remains out of
consideration.

7. REFLEXIVITY AND ARTIFICIAL INTELLIGENCE IN
THE "SUBJECT — SUBJECT" PARADIGM

The role of communicative activity and the forms of reflexive
activity (communicative reflexion) increases sharply in the
subject-subject paradigm of subjectness. This manifested
itself in the transition from the activity-based approach to the
subjectness-activity approach (Rubinstein 1997).

Intensive studies of the possibilities of using reflexive
activity in control processes, using the example of conflict
situations, were carried out in the 60s — 70s of the last century
in the USSR under the leadership of V.A. Lefebvre (Lefebvre
1967). Mathematical models have been developed and
experimental studies have been carried out. The concept of
reflexive control is proposed, which has found wide
application in the military sphere, educational technologies,
economics, etc.

In the context of Al, it should be noted that automata
(pseudo-subjects) were created that, taking into account the
stereotypical forms of a persons’ reflexive activity, could
replay them in conflict interactions, even without knowing
the person's goal (for example, the sides of the payment

and advise the use of adequate reflexive technologies based
on the principle of a double subject.

Note that the sphere of education could become one of the
most relevant for the use of Al in supporting various forms of
reflexive activity in the "Subject-Subject”" paradigm.

8. REFLEXIVITY AND ARTIFICIAL
INTELLIGENCE IN THE "SUBJECT — META-SUBJECT"
PARADIGM

The “Subject — Meta-subject” paradigm is formed in the
context of post-non-classical scientific rationality, in which
the focus is on self-developing human-sized systems (Stepin
2005). It is important to note that control sciences are
influenced by both intrascientific and extrascientific (social)
values. At the same time, self-developing human-sized
systems are organically integrated into the culture.

These considerations give grounds for introducing the
concept of self-developing polysubject (reflexively active)
environments, which are considered as integral formations —
Meta-subjects. Subjects included in them (pseudo-subjects)
can identify themselves with them. Subject aspects in such
environments have increased, which stimulated the formation
of a subjectness-oriented approach, providing convergence
with activity and subjectness-activity approaches.
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The Meta-subject is a virtual entity that enhances the role of
reflexive activity in the subjective paradigm “Subject — Meta-
subject (self-developing environment)”. A new form of
reflexive activity appears — Meta-subject reflexion.

The existence of subjects and pseudo-subjects in self-
developing poly-subject (reflexively active) environments is
set by a system of ontologies, which ensures the assembly
into a whole (Meta-subject) of subjects (pseudo-subjects)
included in the environment. Pseudo-subjects can be of three
types: digital twin, digital subject, and digital meta-subject.

We have developed the system of ontologies: support of the
established types of activities (communication) and their
subjects (“accompanying”); support of subjects in the points
of disruption of established types of activity (communication)
and the reproduction of their subjects ("support");
development of established types of activity (communication)
and their subjects (“development”); the design of new types
of activities (communications) and new  actors
(“construction”); implementation of innovative projects of
new types of activities (communications) and new actors
(“innovation”). This system of ontologies has undergone
scientific, methodological and practical approbation (Lepskiy
1998, 2018a; Umpleby and others 2019; Espejo and others
2021).

The setting of tasks for Al should be carried out through the
system of ontologies of being of subjects and pseudo-
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