Science Almanac of Black Sea Region Countries. 2025;11(2):7—12. eISSN 24141143

SOCIAL AND POLITICAL PHILOSOPHY

UDC 004.89 Original Theoretical Research
https://doi.org/10.23947/2414-1143-2025-11-2-7-12 .

Hybrid Intelligence is a Highly Converged Model
of Human-Computer Interaction

Elena B. Ivushkina , Nelly I. Morozova
Institute of Service and Entrepreneurship (branch) of DSTU in Shakhty, Shakhty, Russian Federation

D4 ivushkina62@mail.ru

Abstract

Introduction. The relevance of the study is explained by the fact that in the age of rapid development of science
and technology related to the development and application of the concept of machine learning, operating with big
data, artificial intelligence (AI) has achieved the ability to surpass people in each separate area. The development
of hybrid intelligence faces cognitive differences, the digital gap between man and machine, and other challenges.
Strengthening the interaction between cognition and perception can be the key to overcoming weaknesses. The
purpose of the article is to conduct research on the development of a model of human-computer interaction, to study
a new model of this process.

Materials and Methods. The work uses analysis and synthesis, a comparative method. The architecture of hybrid
intelligence is built on the basis of a combination of the idea of human participation in the process and the confrontation
between man and machine. The method of comparative and systematic analysis of similarities and differences between
human intelligence, Al, and Al systems is also used.

Results. There are three main cognitive perspectives in current Al research: technological, human, and human-machine
cooperation. Modern research mainly focuses on the theoretical elaboration and application of mixed intelligence and
the construction of a hybrid intelligent architecture model. The confrontation between man and machine cannot be
understood simply as competition between man and machine, and its ultimate goal is still to achieve a harmonious
stable state of symbiosis between man and machine. It is emphasized that the interaction of man and computer
involves the participation of man and machine, while the degree and status of this participation differ. “Interaction”
reflects two-way information transmission and is machine-driven, while “cooperation” reflects human-dominated
shared decision-making.

Discussion and Conclusion. Currently, a new round of scientific and technological revolution and industrial transformation
is taking place. Big data applications and innovations in theoretical algorithms are driving intelligence. Technologies such
as 5G and cloud intelligence take the development of distributed artificial intelligence to the next level allowing data to
generate knowledge through cloud learning. Thus, thanks to the cooperation of machine intelligence and human mind,
the merger of man and machine became the ultimate goal of the intelligence development. Human mind and machine
intelligence adapt to each other and realize a common evolution and optimization of intelligence. Hybrid intelligence is
a highly converged combination of rationality and sensitivity, intuition and logic, memory and data storage, as well as
calculations, which is the future direction of the intelligent technologies’ development.
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OPMZMHLUZbHoe meopemudecKkoe ucciedosamue

Fl/lﬁpl/lllﬂblﬁ HHTECJJIEKT — BBICOKOHBEPIreéHTHasA MOJI€JIb
B3anMoOAeiicTBHS YejJ0BeKa U KOMIILIOTEpPa
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WHetutyT cdepbl 00CITy>KUBaHHS ¥ IPEAIPUHIMATENBCTBA, (rumal JJOHCKOro rocyiapcTBEHHOIO TEXHHYECKOTO YHUBepeuTeTa B I. [11axTel,
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AHHOTaI A

Beeoenue. AxTyamsHOCTH paOOTHI OOBSICHIETCS TEM, YTO B BEK CTPEMHUTEIFHOTO Pa3BUTHSI HAYKU W TEXHOJIOTHH, CBS-
3aHHBIX C Pa3padOTKOW W NPUMEHEHHEM KOHUENLUH MAIIUHHOTO OOy4YeHHs, ONEPUPYIOILEro ¢ OONBIIUMU JaHHBIMH,
nckyccTBeHHbIH nHTeIeKT (M) mocTur crmiocoOHOCTH PEeBOCXOINTS JIFOCH B KaXIOH OTIeNbHONW obnacTi. PasBurne
THOPHTHOTO MHTEJUICKTA CTAIKUBACTCS ¢ KOTHUTHBHBIME PA3IHIUSIMU, TA(POBBIM Pa3pEIBOM MEXK]y YCIOBCKOM M Ma-
IIUHOW M APYTUMU MIpoOiieMaMu. YKpEIUICHHE B3aUMOJEHCTBHS MEX Iy MMO3HAHUEM U BOCIPUATHEM MOXKET CTaTh KO-
YOM K IPEOAOJICHHUIO Y3KHX MecT. LIens cTaThl — MpOBeCTH MCCIeJOBAaHUE PA3BUTHS MOJICITH B3aUMOICHCTBHS YeTIOBEKa
Y KOMIIBIOTEPA, U3yUUTh HOBYIO MOJIENIb ATOTO MpoIiecca.

Mamepuanst u memoosl. B pabote IPUMEHSIOTCS aHAJIH3 U CHHTE3, KOMITAPATUBUCTCKUIA METOI. APXUTEKTypa THOPHI-
HOTO MHTEJJIEKTa MOCTPOEHA Ha OCHOBE COYETaHUs MJIEW Y4YacTHs YeJIOBEKa B MPOIECCe M MPOTUBOCTOSHUS YeJOBEKa
1 MamuHBL. Mcmone3yercss Takke METO CPaBHUTENBFHOTO M CHCTEMAaTHYECKOTO aHAJN3a CXOACTB W PAa3NUINN MEKIY
yejroBeueckuM uHTelniekToM, MU n UM -cuctemamu.

Pesynomamut uccnedosanusn. B TeKylux UCCIEIOBAHUAX MCKYCCTBEHHOTO MHTEIUICKTAa CYIIECTBYIOT TPH OCHOBHBIE
KOTHUTHBHBIC TOYKH 3PCHUS: TEXHOJIOTHUCCKAs, YSIIOBEUCCKAsI I COTPYIHNIECTBO YeIOBeKa M MamIiHbL. COBpeMEHHBIC
HCCJICIOBAHKS B OCHOBHOM COCPEJOTOUCHBI HAa TEOPETUUECKOM MPOPa0OTKE U MPUMEHEHUH CMEIIAHHOTO MHTEIUICKTa U
MTOCTPOCHUH MOZETH THOPUIHON MHTEIIEKTYaIbHOW apXUTEKTyphl. [IpOTHBOCTOSIHIE YeIoBeKa W MAIIMHBI HEJIb3S T0-
HUMAaTh MPOCTO KaK KOHKYPEHIUIO MEXKIY YEIOBEKOM M MAIlIMHOM, U €r0 KOHEUHOMH 1eJIbI0 TIO-MIPEKHEMY SBIISIETCS 10-
CTH)KEHHE TAPMOHUYHOTO YCTOMYUBOTO COCTOSTHUS CMMOM03a YeloBeKa U MamuHbl. [Toq4epkHyTO, 9TO B3aUMOACHCTBHE
YeIoBEeKa M KOMITHIOTEpa MPEATIONaraeT yJyacTue YeJI0BeKa U MAIIMHBI, IPU 3TOM CTEIICHb M CTATyC 3TOTO YYaCTHS pa3-
U4YaTcs. «B3auMoneicTBrIe» OTpaXkaeT JBYCTOPOHHION Nepeiady HHGOPMAIIUH U YIIPABISICTCS MAIIIMHOM, B TO BpeMs
KaK «COTPYIHHUYECTBOY» OTPakaeT COBMECTHOE MPHHATHE PEIICHHIA, B KOTOPOM JTOMHHHPYET YEITOBEK.

Oobcyscoenue u 3akatouenue. B Hactosuiee BpeMsl MPOUCXOAUT HOBBIM BUTOK HayYHO-TEXHUYECKON PEBOJIOLUU U TIPO-
MBIIUTEHHON TpaHchopmanuu. [Ipumenenne OONBIINX JAaHHBIX W WHHOBAIIMH B 00JACTH TEOPETHUYECKHUX alTOPUTMOB
CIOCOOCTBYIOT PAa3BUTHIO MHTEIUICKTA. Takue TEXHOJIOTHH, Kak 5SG 1 00JaYHbI HHTEIUICKT, BEIBOAAT PA3BUTHE PACIIpe-
lle_]'[éHHOFO I/ICKyCCTBeHHOFO HUHTCJIJICKTA Ha HOBBIﬁ ypOBeHB, I103BOJISIA JAHHBIM FeHepHpOBaTI) 3HAHUA HOCpeI[CTBOM 06-
y4eHus B oonake. Takum oOpazom, Oaaromapsi COTpYIHHYESCTBY MAIIMHHOTO MHTEIUICKTA W 9eJI0BEYECKOTO pasyMa CITUs-
HHE Y€JIOBEKa U MAIIMHBI CTAJIO0 KOHEYHOM LIeJIbI0 pa3BUTHS UHTEIUIEKTA. YeloBeUeCKUil pa3yM U MalllMHHBIA UHTEIIJIEKT
aIanTHPYIOTCS APYT K APYTY M PeaTn3yioT OOIIYIO0 SBOJIOIHMIO M ONTHMHU3AINIO MHTEIUICKTa. [ MOPHIHBIA MHTEIICKT
MPEJCTaBIsAeT cO00M BRICOKOKOHBEPTCHTHOE COYCTAHUE PAIMOHATBHOCTH W UYBCTBUTCIBHOCTH, UHTYUIIMH U JIOTHKH,
MaMATH ¥ XpaHEHUS TaHHBIX, & TAKKE BRIYUCICHUN B PACYETOB, UTO SBISIETCS OyAyITUM HallPaBIEHUEM Pa3BUTHS MHTEII-
JIEKTYaJIbHBIX TEXHOJIOTHHA.

KiroueBble ciioBa: HWHTCIIICKT, I‘I/I6PPIZ[HLIﬁ HWHTCIICKT, B3aHMMOJICHCTBHUE YSTIOBEKA 1 MalIuHBbI, I/ICKyCCTBCHHHﬁ HUHTCII-
JICKT, HayKa, TEXHOJIOI'UsL

Jdas uurupoBanmus. Veymxkwnaa E.b., Mopo3oa HUW. [nOpunHBI WHTEIEKT — BBHICOKOHBEPTCHTHAS MO-
JieNlb B3aUMOJEHCTBHS 4eloBeKa U KOMIbloTepa. Hayuwwiti anvmanax cmpan Ilpuyepnomopwa. 2025;11(2):7-12.
https://doi.org/10.23947/2414-1143-2025-11-2-7-12

Introduction. The relevance of the study is explained by the fact that in the age of rapid development of science
and technology related to the development and application of the concept of machine learning, operating with big data,
artificial intelligence (AI) has achieved the ability to surpass people in each separate area. At the same time, compared
to human intelligence, Al is limited in the mode of entering and processing data, and also has disadvantages: Al is
embodied in digital logic and complex calculations, but it does not work in a complex environment with emotions and
purposefulness. Thus, the trend in the development of intellectual science is the mixed intelligence of man and machine,
which we will call hybrid intelligence. The purpose of the article is to conduct a study of the development of a model of
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human-computer interaction to comprehensively study a new model of this process. In this case scientific concepts related
to hybrid intelligence and its architectural model are of interest.

Materials and Methods. The work attempted to clarify concepts related to hybrid intelligence through the method
of analysis and synthesis, the comparativist method. The architecture of hybrid intelligence is built on the basis of a
combination of the idea of human participation in the process and the confrontation between man and machine. The
method of comparative analysis was used to identify similar AI concepts and systematically analyze similarities and
differences between human intelligence, Al, and Al systems.

Results. Currently, the development of artificial intelligence (Al) is faced with many problems, such as cognitive
differences, disunity, digital inequality between man and machine. There is no academic consensus on the definition
of Al. Being an interdisciplinary field, it includes computer science, robotics, data science, neuroscience, philosophy
and other disciplines. The report [1] comprehensively assessed the dynamics, problems, opportunities and prospects
of modern AI: the future of Al is the merger of human and computer intelligence, namely hybrid intelligence (HI) of
man and machine.

There are three main cognitive perspectives in current Al research: technological, human, and human-machine
cooperation. The technology-oriented point of view claims that Al in the future will surpass people in all respects, that
Al is theoretical and technical support for a human-machine intelligence system to achieve complex goals. This is mainly
achieved through a combination of traditional robotics technologies and artificial intelligence technologies to increase the
naturalness, safety and reliability of human-machine interaction and cooperation in terms of system modeling, interaction
with perception, and joint control. In addition, technocentrism questions the fairness and effectiveness of human decision-
making. For example, D. Kahneman [2] shows that the human decision-making process can be seriously distorted, since
people tend to use heuristic approaches and can get biased results.

Anthropocentric experts have tried to make people’s role more visible by focusing on a key topic: the impact of
automated labor on people’s sense of satisfaction and meaningfulness of life. Researchers [3, 4] do not deny the role of
technology, but emphasize the importance of integrating intelligent technologies into a human-oriented system, since they
foresee the possible negative consequences of using artificial intelligence technologies and do not consider it as a tool that
will ultimately replace people.

Researchers who support the point of view of human-machine interaction [5-7] believe that Al is an advanced form
of collective intelligence. Studying the development process of basic Al technologies, we came to the conclusion that Al
has entered the stage of mixed intelligence consisting of many intelligent technologies. The so-called hybrid system is
a system that spontaneously combines intelligent systems with complementary characteristics, mainly using intelligent
technologies including expert systems, neural networks and fuzzy logic [8].

Modern research in mixed intelligence field focuses on theoretical elaboration and application of mixed intelligence and
construction of a hybrid intelligent architecture model. As mentioned earlier, humans rely more on intuition and therefore
have limited rationality, and machines do better at analysis, but they lack strong cognitive abilities and comprehension
skills. AT will not be able to compete with human intelligence in perception, reasoning, induction and learning for a very
long time. This requires introducing the role of humans into the artificial intelligence system. It should be noted that the
confrontation between man and machine cannot be understood simply as competition between man and machine, and its
ultimate goal is still to achieve a harmonious stable state of symbiosis between man and machine.

One of the most important difficulties is the difference in the perception of the world by people and computers when
it is difficult to integrate human and machine intelligence. First, the perception and training of machines is limited in time
and space and cannot be changed, while the perception of people is subjective and arbitrary. Second, machine perception
of time and space is formal and specific, while people have subjective perceptions and expectations, and they adapt
to the environment. Third, the basis of cognition is abstraction and representation. A person’s high ability to abstract
corresponds to the high ability of machines to represent knowledge. For machines, the ability to abstract information and
extract knowledge determines the degree of difference between human and computer cognition.

Big data and artificial intelligence are inextricably linked: artificial intelligence relies on the existence and accumulation
of big data and helps unlock the potential of data storage. However, big data not only contributes to the progress and
development of artificial intelligence, but also limits the ideas of transforming artificial intelligence. The new “digital
gap” caused by the monopoly on artificial intelligence technology has become an important problem in the development
of intelligent technologies.

In a big data environment, human perception and knowledge of big data is especially important. Human intelligence
must not only understand complex theories created by big machine thinking models based on big data, but also reveal the
essence of things and solve complex problems based on large models. The problem of the “digital gap” between man and
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computer arises when people cannot develop the ability to perceive and process complex information in conditions of
huge amounts of data generated by machines.

The above dilemma reflects the high difficulty of reconciling the cognitive and behavioral levels of the brain and
machine. At the moment, the merger of man and machine at the stage of application has a clear division of labor between
man and machine. The process of human understanding of the world is essentially the process of using concepts, attributes,
and connections to perceive the world.

In hybrid intelligent systems, both man and machine can develop together through enhanced cognition and achieve
outstanding results at the system level [9, 10]. By expanding the possibilities of cognition, hybrid intelligence can flexibly
coordinate various contradictions and paradoxes in human-machine intelligence. In human and machine data processing,
the architecture for processing unstructured information (e. g., natural language) will have some structured gradient,
and machine structured data, according to syntax, it will focus on unstructured cognition and interpretation. In such a
situation, not only the use of reasoning based on justice but also combining it with non-public rational reasoning makes
the entire process of cognitive conclusion more rigorous and justified in order to achieve the ultimate goal of improving
cognitive abilities.

Another key to the success of hybrid intelligence is that people can understand how machines perceive the world and
make effective decisions based on their thinking and self-expression. Thus, in the process of interaction, the key point is
the transformation of the mode of thinking of man and machine. Fusion in thinking requires not only machines to perceive
and understand human behavior but also humans to understand data-driven machine thinking. Only when perceptual
interaction is achieved can intelligent integration be realized in the full sense of the word.

People are able to move from one area of knowledge to another, but machines are not. Therefore, the establishment
of a two-way interaction between man and machine is a breakthrough towards the creation of real hybrid intelligence.
On the one hand, the machine itself can use the mutual cooperation between machines and the feedback mechanism
provided by the machine to “perceive” and strengthen machine intelligence through the game in order to realize the
self-development of machine intelligence. On the other hand, as machine intelligence develops, people can also be
inspired by machine feedback to enrich their own experience and knowledge, as well as improve their perception and
cognitive abilities.

Based on the above problems and a key factor in the development of hybrid intelligence, a model of hybrid intelligence’s
architecture can be distinguished. The main part of the hybrid intelligent system includes both a man and a computer. The
internal structure and operation of the system consists of the following levels: data source, data transfer, data processing,
and application. In addition, the entire system also includes an external environment. Machine intelligence, represented
by the computer, can achieve a rational, accurate and efficient state for transmitting and using objective data, and can
also be trained on data from the environment. Some functions that people have not understood yet, but which they
extract and compare, are that human-oriented human intelligence generates knowledge through the perception of the
environment, relies on experience, and then transfers knowledge to the machine to help it better learn and perceive the
environment. In the process of human-machine interaction and their collaboration, continuous interactive learning in the
external environment allows the system to develop cognitive abilities and interact through perception, thereby achieving
a more perfect result than when making decisions only by machines or people.

Against the backdrop of the era of big data, the combination of data and knowledge-based methods should be a way of
continuous learning and the overall development of the man-machine system. At the data source level, people can provide
high-quality data about swarm intelligence with characteristics of multimodality, rich content, space-time binding, human
nature, etc., and form high-quality data sources by exchanging objective network data. At the level of data transmission
in a swarm intelligence environment, the delay in transmitting perception data can be reduced due to interaction with a
computer network.

At the data processing level, human cognitive abilities and experts’ experience can help the machine to perform
data association more efficiently and accurately, combining and understanding them. In particular, in cases where some
tasks cannot be solved using existing machine intelligence technologies, joint human-machine calculations become the
key to data processing. At the application level, based on the joint processing of data by man and machine, a machine
can have developed abilities for perception and judgment, and its ultimate goal is to provide support in forecasting and
decision-making, as well as cooperate with people to make the final decision. The accuracy of the final decision is largely
determined by the ability of a man to comprehensively analyze, while a machine performs an indirect assessment of the
result of the “interaction” obtained as a result of calculations. This unique decision-making process, combining intuition
with “interaction”, is an important feature of human-machine intellectual cooperation.

Thus, hybrid intelligence is the result of interaction and cooperation between man, machine and environment. This is
a steady state resulting from the overlapping of the changing states of these three elements. Therefore, maintaining the
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coordination and stability of these three elements is key. People in the system represent group intelligence. A machine
includes not only equipment, but also methods of working with data, which is also associated with the natural and social,
real and virtual environment.

Thus, artificial intelligence is an advanced form of intelligence that combines the advantages of machine and man.
Unlike collective intelligence, which emphasizes the use of collective functions to enhance machine intelligence, Al pays
more attention to solving complex problems simultaneously by both participants, which is more advanced interaction and
cooperation. Although human-computer interaction involves human-machine involvement, the extent and status of this
involvement varies. “Interaction” reflects two-way information transmission and is machine-driven, while “cooperation”
reflects human-dominated shared decision-making. As a possible ultimate form of artificial intelligence, hybrid intelligence
represents an ideal opportunity for human-machine symbiosis.

Discussion and Conclusion. Currently, a new round of scientific and technological revolution and industrial
transformation is taking place. Big data applications and innovations in theoretical algorithms are driving intelligence.
Technologies such as 5G and cloud intelligence take the development of distributed artificial intelligence to the next
level allowing data to generate knowledge through cloud learning. Thanks to the cooperation of machine intelligence and
human mind, the merger of man and machine has become the ultimate goal of the intelligence development. Human mind
and machine intelligence adapt to each other, support each other, contribute to each other, and realize a common evolution
and optimization of intelligence.

In a big data environment, the success of the big data model-based hybrid intelligence paradigm requires developing
a new mindset. As the amount of data has increased, it has become obvious that human intelligence lags behind artificial
intelligence in all areas. The human brain gradually has to adapt to big data and integrate with machine intelligence to
create scale models to understand complex environments and solve complex problems.

As an organic system of human, machine and environmental integration, hybrid intelligence can absorb heterogencous
information from multiple sources faster and more efficiently. In the process of intelligent data processing, machine
computing and human perception of information are combined to create a unique approach to understanding and adapting
to external changes through cognitive amplification and interaction with perception.

Thus, hybrid intelligence is a highly converged combination of rationality and sensitivity, intuition and logic, memory
and data storage, as well as calculations, which is the future direction of the intelligent technologies’ development.
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