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Abstract. The rapid development of artificial intelligence (Al) is transforming
higher education from a traditional mode of information distribution to an intelligent,
adaptive, and self-renewing system. In this paper, we analyze the evolution of
paradigms of education in the so-called “presingularity era” when Al has attained a
high level of capability and when final decisions are still made by humans. The goal
1s to construct a digital learning model for higher education using the theoretical bases
of neuroeducation, brain-based learning and Al-based cognition. The methodology of
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the work is based on a methodical analysis of scientific publications, international
strategic documents and domestic experience, integrated with a qualitative approach
and grounded Theory. The analysis considers the evolution of educational models from
“Education 1.0” to “Education 6.0”, emphasizing a transition from a teacher-centered
system to an anthropo-digital synergy where the learner is a subject of coevolution
and the teacher acts as a cognitive partner in collaboration with Al. This study also
provides insights into the relationships among neuroeducation, brain-based learning
and Al-based cognition. Cognitive load theory is used to explain how Al reduces the
intrinsic load, limits the extraneous load and increases the germane load. The risks
of Al cognition, such as weakening cognitive activity, fragmented attention and Al
dependence, are also identified. The suggested paradigm combines neuroplasticity,
brain-based learning, cognitive load optimization and Al cognition into a single model
in which Al supports human thinking but does not replace it. The results have theoretical
and practical consequences for educational science and the digital transformation of
higher and postgraduate education in Kazakhstan (Smart. EDU).

Keywords: technological singularity, neuro-digital learning, neuroeducation,
brain-based learning, Al cognition, cognitive load theory
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AnHoTanusi. Makanaza »acansl UHTEUIEKTTIH (Al) KapKbIHIBI JaMYBI )KOFa-
pbI OU1iM Oepy/l akmaparThl TapaTyablH AICTYPIl PEKUMIHEH UHTEUIEKTyallbl, Oeil-
IMJIEJITIII JKOHE ©31H-031 KaHApTaThIH XKyiere aitHanapipyna. byn makamama 013 Al
JKOFapbl JEHreieri MyMKIHAIKTepre *KEeTKEeH KOHE COHFBI HISIIIMIEPl agamaap ol
1€ KaObUIAANThIH «CUHTYIISIPIBIKKA AEHIHT1 I9yip» A€l arajaTbiH Ou1iM Oepy mapajaur-
MaJapbIHBIH SBOJIIOIUSACHIH TalgaiiMbI3. MakcaT xorapsl OUTiM Oepyne HeHpoOiTiM
Oepy/iH, MUFa HETI3[IEJTeH OKBITYIBIH >kKOHE Al-TaHBIMHBIH TEOPHSUIBIK HET13/1epiH
naiiianaHa OThIPBIN, HEUPOLUPPIBIK OKBITY MOJETIH KypYy. ZKYMBICTBIH 9/liCHaMachl
FBUIBIMU OacChUIBIMIAP/IBIH, XaJIbIKAPAJIbIK CTPATErHsUIbIK KYXKATTap/blH jKOHE OTaH-
JIBIK TOKIPUOEHIH 9fiCHAMAJIBIK TaJlJayblHA HET13/I€TITeH, CallajIblK TOCUIMEH XKoHE He-
rizaenreH TeopusiMer Oipikripuired. Tammgay Oinim 6epy moaenbaepinin «bimim 1.0»-
neH «bimiM 6.0»-re 3BOTIONUICHIH KapacThIpaabl, EAarorke OarbITTaFaH KYHeIeH
aHTpONO-UU(PIIBIK CHHEPIUsiFa ayblCyabl Oaca kepcereal. bimim anymibl OipieckeH
IBOJIIOLIUAHBIH CyOBeKTICI 0ombin TadbLaaabl, an neaaror Al-meH Oipiecinm KOrHU-
THBTI CEPIKTEC PETIH/IE OPEKET eTeli. 3epTTey COHBIMEH Karap HelpoOinim Oepy, Mura
HETI3/Ie/ITeH OKBITY JkoHE Al-TaHbIM apachIHAarbl OalIaHBIC Typalibl TYCIHIK Oepei.
KoruuTusTti xykreme teopusicbl Al-MeH 1K1 *KYKTeMEH1 Kajail a3alTaTbIHBIH, Cbl-
PTKBI KYKTEMEHI KaJlail IMIEKTEUTIHIH oHE KOCHIMINA >KYKTeMEH1 Kajall apTThIpa-
TBIHBIH TYCIHIIPY YIUiH KosnjgaHbuiaabl. CoHpaii-ak, Al-TaHbIMHBIH KOTHUTHUBTI O€J-
CEHJIUTIKTIH dJIcipeyl, (parMeHTTENTeH 3eiiH koHe Al Toyenaunk CHUSKTHI KayinTepi
aHbIKTaJIFaH. ¥ ChIHBUIFAH NapaJurMa HEWpOIIaCTUKAJIBIKTBIKTBI, MUFa HEri3/1ereH
OKBITY/IbI, KOTHUTUBTI KYKTEMEHI OHTaWIaHABIPYyAbl xKoHe Al TaHBIMABIKTEI Al-MeH
TYJIFaHbIH OIJIayblH KOJIJANTBIH, OHbI aJMacThIPMaWThIH OlpbIHFail Mojesbre O1pik-
Tipell. AJNbIHFaH HOTHXKeJep O11iM Oepy FbulbIMbI MeH Ka3akcTaHaarbl )KOFaphl )KoHE
JKOFapbl OKY OpHBIHAH KEeH1HT1 O11iM OepyaiH HudpIIbIK TpaHCHOPMALIUACHI YIIIH TEO-
PUSIIBIK KOHE TIPAKTUKAIBIK cajgapra okeneni (Smart. EDU).

Ty#inai ce3nep: TEXHOIOTUSUIBIK CUHTYJISIPIBIK, HEHPO-LIU(PIIBIK OKBITY, HEM-
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AHHoTanus. B crarbe uccienyrorcst ObICTpOe pa3BUTHE UCKYCCTBEHHOI'O MH-
temiekTa (Al) Tpanchopmupyer Beiciiee 0Opa3zoBaHUE W3 TPAAUIIMOHHOTO CIIOCO0a
pacnpocTpaHeHus UHGOpMAIMK B UHTEJUIEKTYaJIbHYIO, aJallTUBHYIO U CaMOOOHOB-
JSoUIyrocs cucreMy. B nanHoi paboTe aHanm3upyeTrcs SBOJIOLMS Mapaaurm obpa-
30BaHUS B TaK HA3bIBAEMYIO IPEACHHTYJISPHYIO 3MOXy», Korna Al qocTUr BBICOKO-
IO YPOBHS BO3MOXHOCTEW, & OKOHYATEJIbHbIE PEIIEHUs MO-IPEeKHEMY IPUHUMAIOTCS
moabpMu. Llenas cocTonT B mMOCTpoeHUN HEUpO-IIM(PPOBON MOaenn OOydYeHHUsS] B BBIC-
1meM o0pa30BaHUU C UCTIOJIB30BAHUEM TEOPETUIECKUX OCHOB HEeMpooOpazoBaHusi, 00-
y4eHHSI Ha OCHOBE paboThl Mo3ra U Al-kornunuu. Mertomosnorus paboTel OCHOBaHA
Ha METOIMYECKOM aHaIM3€e HayUHbIX MTyOIHUKalMid, MEXIyHAPOIHbIX CTPATErHueCcKuX
JIOKYMEHTOB M OTE€UYECTBEHHOI'O OIbITa, HHTETPUPOBAHHOM C KaYE€CTBEHHBIM IOJXO-
JIOM 1 000CHOBaHHOM T€OpUEH. AHATIN3 pacCMaTPUBAET IBOJIOINIO 00Pa30BaTEIbHBIX
monenei oT «O6pazoanust 1.0» 1o «O6pazoBanus 6.0», MogYEpKUBasi MEPEXOa OT
CUCTEMbI, OPUEHTUPOBAHHOM Ha MperojaBaTelis, K aHTPOINO-UU(pPOBON CHUHEPIUH,
rae oOyyarouuiicst sSBisieTcsi CyObeKTOM KOABOJIOLMH, a MPEroAaBareiib BhICTYAET
B KaueCTBE KOTHUTUBHOrO mapTHepa B coTpyanudectBe ¢ Al. MccienoBanne Takxe
MO3BOJISIET MOHSTHh B3aMMOCBS3b MEX]y HeilipooOpa3oBaHueM, 00yueHHEM Ha OCHO-
Be pabOThl MO3ra M KOTHUTHUBHBIMHU (PyHKIMsIMU Al. Teopusi KOTHUTHBHOW Harpy3Ku
UCHOJIb3yeTCs sl 00bACHEHUS TOT0, Kak Al CHHXaeT BHYTPEHHIOIO HarpysKy, orpa-
HUYMBAET BHELIHIOIO HArpy3Ky U YBEJIMUMBAET PEJIEBAHTHYIO Harpy3Ky. Takxke BbIsiB-
JICHBI PUCKH KOTHUTUBHBIX QYHKIUN Al, Takue kak ocliabieHre KOTHUTUBHON aKTHB-
HOCTH, parMeHTanys BHUMaHus U 3aBUCUMOCTh OT Al. Ilpennoxxennas mapagurma
00BeAMHAET HEUPOIUTACTHYHOCTh, 00yUeHHEe Ha OCHOBE PabOThI MO3Ta, ONTUMHU3AIIHIO
KOTHUTUBHOM HArpy3Kku U KOTHUTHBHBIC QyHKIIMU Al B enunyto monaens, rae Al moa-
JIEP’KUBAET YEJIOBEUECKOE MBIIIEHUE, a He 3aMeHsieT ero. [lonydeHnble pe3ynbraTsl
UMEIOT TEOPETUYECKHUE U MPAKTUUYECKUE MOCIEACTBUS I NeIaroruueckoil HayKu u
1M (poBO TpaHCPOpMAIIMU BBICIIETO U MTOCIEBY30BCKOro 00pa3oBanus B Kazaxcrane
(Smart.EDU).

KuoueBble cjioBa: TexHoOrHuecKas CUHTYISIPHOCTh, HEHpOo-iudpoBoe 00-
y4eHue, HeiipooOpazoBanue, 00y4ueHHe Ha OCHOBE paboThl Mo3ra, Al -KorHuIus, Teo-
pusi KOTHUTUBHOW Harpy3Ku
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nocnegy3oeckozo oopazosanusi Smart. EDUy).

Introduction.

At the present stage, the development of the education system is considered
closely connected with the concept of technological singularity. The rapid development
of Al has had a very large impact on the existing sphere of society, including education.
Owing to this, education began to move from the traditional model of information
delivery to an intelligent, independent and adaptive system. Standard knowledge of an
industrial nature is gradually losing its importance, and new approaches are coming to
replace it on the basis of joint development and wisdom. Previously, the system was
based on the accumulation of documentary data, but its limitations are clearly visible.
Al can perform the functions of processing, analyzing, and synthesizing information
itself. Therefore, the content and methods of education need to be revised. In the
works of Vernor Vinge and Ray Kurzweil, technological singularity is described as
a hypothetical stage in which Al surpasses human intelligence (Luksha, 2025). The
present title is referred to in the scientific literature as the “presingular era”. At this
stage, Al has not yet become a fully autonomous system, although it has reached a high
level. The labor market is also changing. Nevertheless, the decision is still made by a
person, and this has a large weight. At this point, one question becomes relevant: will
Al limit human capabilities or open the way to a new civilizational stage? There is no
unambiguous answer to it. Therefore, the impact of Al on human potential is considered
from a double point of view: whether it is an extender or a deterrent. Such changes
are already felt, so it is advisable to systematically analyze them from a scientific
point of view and prepare them in advance in the fields of education, economics, and
management.

The idea of developing a singularity has been attributed to a number of
researchers. One of the first to note the progressive character of technical advancement
was John von Neumann (Acufia, 2021). In the footsteps of I. J. Goode’s notion of an
“intellectual explosion” (Good, 1966) that described the potential of Al to enhance
itself. Vernor Vinge defined singularity as a qualitative turning point in human
civilization (Vinge, 2008). However, Ray Kurzweil associated it with the exponential
increase in technology development and suggested real-time projection (Kurzweil,
2005). The concept of singularity has developed at the confluence of scientific and
philosophical perspectives and has become an important component of modern
technology discourse. It is better preserved in John von Neumann’s opinions about
this in his obituary of Stanislav Ulam in 1957 than in his own work (Ulam, 1980). The
gradual nature of technological advancement is emphasized, as the growth of humans
is approaching a specific boundary. This notion is clarified by analogy with the concept
of singularity in physics. Whatever the limit at which the law of space and time alters,
the same qualitative shift in human history can be brought about by technological
growth. Later, J. Hood had this thinking. He went on with his task. He developed
idea of “intellectual explosion” on the basis of the self-improvement of Al. From this
perspective, intelligent systems can recursively develop themselves and lead to very
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fast intelligence growth.

The concept of singularity has been systematized inaunique way by Vernor Vinge
(Vinge, 2017). This phenomenon he connected with the arrival of superintelligence
and the “intellectual explosion”. He considered it a qualitative boundary in the history
of mankind. In his latest publications, Vinge paid more attention to the integration
of human intelligence and machine intelligence. In this sense, singularity began to
be understood not as a solely technological transformation but as a product of the
connection between man and technology. This means a change in the social and
cognitive system. Singularity was popularized in the broader scientific community
by Kurzweil (Kurzweil, 2026). He said that technology advancement is exponential,
and could have occurred approximately 2045. Kurzweil predicts that the development
of Al will go hand-in-hand with biotechnology and human-machine fusion, thus
enhancing human cognition. This view enables us to understand singularity not only
as a technological event but as a time of evolution of the planet. It reflects the phrase of
Pierre Teilhard de Chardin “Omega Point” (de Chardin, 2021). Therefore, singularity
is a notion of an evolutionary process emerging from the merging of different scientific
and philosophical concepts. However, today’s science has not adopted it as a universal
model. This statement cannot encompass the complexity of technical and social
development. Thus, singularity in this study is not a speculative one-time event but a
continual and complicated process of human growth. It is not only a mirror of the future
but also of the transformation that is occurring now (Cunningham, 2019). This method
provides a way to look at the development of Al, which intensified significantly after
2020, from a broad evolutionary perspective. In contemporary scientific and public
discussions, word singularity is often connected with the notion of superintelligence
and an “intellectual explosion”. However, that is not the whole of its nature. The
increasing complexity and restriction of human control were also features of earlier
historical times.

With the development of technology, the introduction of neuroscience into
education is also deepening. Brain-computer interfaces are considered the next stage
of neurolearning. In the future, people can interact with digital content directly on a
neurophysiological level. Such systems measure brain activity and provide feedback at
the same time. Al systems can control the level of human attention and independently
adjust the complexity of the material. This reduces excessive cognitive load. Intelligent
systems that consider emotions are also being developed. For example, they could
control anxiety, consolidate attention and direct themselves to adapt to learning.
Independent neuroscience-based technologies are transforming education into a more
flexible system (Goodwin, 2022).

The rapid development of Al has a deep impact on all spheres of society,
especially education. Education is moving from a traditional model of information
delivery to an intelligent, independent and adaptive system. Since Al itself can process,
analyze and synthesize information, the limitations of the former system based on the
accumulation of documentary data are clearly visible. In this regard, there is a need
for a radical review of the content and methods of education. Today’s period is called
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the “era before singularity” in the scientific literature: Although Al has reached a high
level, the decision is still made by man. It is at this point that the double question
of whether Al is an extender or a deterrent to human potential becomes relevant. A
systematic analysis of these changes from a scientific point of view and a preliminary
preparation of the areas of education, economics and management have become urgent
tasks. For Kazakhstan, this relevance is due to the digital transformation of higher and
postgraduate education (“Smart. EDU” direction) is directly related. Development of
a neuro-digital learning model for higher education through a systematic analysis of
the transformation of educational paradigms in the era of singularity, the conceptual
foundations of neuroeducation and learning, and international and domestic experience.
Our six research questions are as follows:

RQ1: Will Al limit human capabilities or pave the way for a new civilizational
stage?

RQ2: How have educational paradigms been transformed to meet the demands
of society and the development of technology?

RQ3: How are the areas of neuroeducation, brain-based learning, and Al related
and why are they separated?

RQ4: How can the cognitive load (internal, excessive, useful) be effectively
balanced in Al-supported learning?

RQS5: Will Al support a person’s thinking, or will it make him or her dependent
on it?

RQ6: What learning model that combines neuroscience, cognitive psychology
and Al can meet the requirements of modern education?

The scientific novelty of the study consists of the reconceptualization
of technological singularity not as a single future event, but as a continuous,
multidimensional evolutionary process already in progress, which makes it possible
to consider the development of artificial intelligence in education in the broad
evolutionary environment of human cognition rather than in a narrow technological
environment. On this basis, the study systematizes the evolution of educational
paradigms from “Education 1.0” to “Education 6.0” and substantiates the regular
transition from a teacher-centered model to an anthropo-digital synergy, in which the
learner becomes a subject of coevolution and the teacher a cognitive partner acting
together with Al. Neuroeducation, brain-based learning and Al-based learning are
integrated and differentiated for the first time in a common analytical framework by
their goals, scientific foundations, methods and dangers, and cognitive load theory is
employed to characterize Al-supported learning to demonstrate how Al can decrease
the intrinsic load, increase the germane load and constrain extraneous load while
generating hazards such as cognitive offloading, attention fragmentation and Al
dependency. The main contribution is an original neuro-digital learning model that
combines neuroplasticity, brain-based learning, cognitive load optimization and Al
cognition into a single anthropo-digital pedagogical system based on the principle
of Al complementing and reinforcing human thinking, not replacing it, thus turning
the learner from a passive user of the digital environment into an active subject who
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manages his/her own cognitive development. The theoretical and practical value of the
study is also increased by the application of the model to the digital transformation of
higher and postgraduate education in Kazakhstan (Smart.EDU).

Materials and methods.

Research methodology

The methodological basis of the study is a systematic analysis of scientific
publications, international strategic documents and domestic experience in the
transformation of educational paradigms, neuroeducation and teaching in the era
of singularity, and digital transformation in higher education. Such an analysis is
aimed at identifying the scientific and theoretical foundations of the digitalization of
the educational environment, as well as a comparative study of foreign and national
approaches. To achieve this goal, methods of a qualitative methodological approach
and grounded theory are used. (Turner, 2021). This approach allows one to construct a
conceptual model from empirical data on the basis of systematic analysis. The proposed
methodology consists of five stages aimed at developing a model of neuro-digital
learning in higher education and identifying and analyzing the conceptual foundations
and international and domestic experience. These stages are described in Fig.1 and
presented as a practical example.

Ve Methodology
) -
| — Phasel — Phase 2 — Phase3 — — Phase4 — : Phase 5
I » > Dimensions I Component
| Literature review Content analysis Definition Deﬁ.!:litiun ‘ :—’ Proposed model
| y
\

- == = = = Theoretical-methodological framework — — — — — — — — —

Fig. 1. Applied research methodology

Figure 1 presents the methodological basis for the development of a neuro-digital
learning model. It shows a five-step research process that combines theoretical analysis,
conceptual synthesis, comparative analysis, model construction and interpretation of
its application to higher education. Additionally, in the literature review, we identified
the advantages and disadvantages of the Education 6.0 model (Table 1).

Research has also influenced these changes. They allowed us to take a different
look at the learning process and paved the way from pedagogically oriented models
to student-oriented paradigms. In addition, technological progress has changed the
content and format of education. This has created new opportunities for personalization,
expansion, and flexible organization of training. As a continuation of these changes,
the concept of “Knowledge 6.0” was formed. This model characterizes the education
system both in the present and in the future. Its main features are high-level
personalization; immersive learning; and the wide use of new technologies such as
Al IoT, and blockchain (Gandawa, 2026; Gandawa, 2025). Such a “smart evolution”
is carried out through high-quality technological programs and takes the education
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system to a new level.
Table 1. Advantages and disadvantages of the Education 6.0 model

Advantages

Disadvantages

Through high-level personalization of Al and data
analytics, the ability of each student to form an individual
learning trajectory is expanded.

Data security and privacy risks exacerbate
the problems of collecting large amounts of
student data, protecting personal data, ethical
use of data, cybersecurity, there is a need

to implement the principle of “privacy by
design”.

The integration of technology and the human factor in the
educational process, Al, Big Data and neurotechnologies
are combined with supporting human cognitive and social
development.

Ethical issues and personality the balance of
technology risks that technology is not seen
as an end, but as a means, and that humanistic
values may be weakened.

Support for continuing education the education system will
focus on continuous training and retraining.

Effects on psychological well-being increased
digital workload, the influence of Al tools

on motivation, and an increase in stress and
emotional distress.

Experiential and real - life oriented learning the integration
of theory and practice on the basis of experiential learning
is enhanced.

Digital inequality inequality of infrastructure
and resources, an increase in the gap between
students.

The development of metacritics develops critical thinking,
adaptability, self-regulation and the ability to solve
complex problems.

The negative effects of generative Al are
reduced cognitive effort, dependence on ready-
made responses, and the risk of weakening
critical thinking skills.

Inclusive and accessible educational opportunities digital
technologies provide a wide range of access to education,
which reduces geographical and physical restrictions.

The complication of the role of a teacher is
the merger of the roles of a facilitator, mentor,
analyst, an increase in the professional load,
the need for continuous acquisition of new
competencies.

Data-based management and decision-making it is possible
to improve the quality of education through the analysis of
learning outcomes.

The risk of hyper personalization is a
weakening of the common educational base,
fragmentation of educational content, a
decrease in social cohesion.

B

“Education 6.0” is not only the continuation of the previous models or just
another new version. It is a wider and more systematic approach to the overall
development of the individual. Here, education is not a matter of giving out
information. The emphasis is on leadership, entrepreneurship, critical thinking and
the development of a personality designed to cope with future change. Nontraditional
thinking, new ideas and innovative activities are important. In this model, the use of
advanced technology plays a main role. However, technology is considered only as a
tool, and in its application, it is considered important to respect the principles of ethics
and sustainable development. This favor the social responsibility of the student and
develops the ability to adapt to a changing environment

Results.

Educational models are constantly evolving. They are also subject to change
with a changing society. If the economy is refreshed, new technology is introduced, or
people’s values move, and then education, the style and the content of its instruction
become clear. At any stage of the education system. it was possible to prepare a
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competitive specialist that society needed. Consequently, learning theories have also
changed, with a focus on providing people with the knowledge, skills and competences
needed to address complex social challenges. The old system, gained through the
industrial revolution, was based on a fixed curriculum, the leading role of a teacher
and a rigorous evaluation. It is designed primarily for the training of skilled personnel
for manufacturing. Society needed something else later. The theories of learning have
evolved, the pedagogical method has been reformed, different technologies have
become widespread and the economy has gradually shifted to a knowledge-based
paradigm. These developments called for the reform of the school system (Shaji,
2025). A stepwise evolution was developed from the “Education 1.0” model, where the
teacher plays a key role in the “Education 6.0” model, where the student is an active
participant (Fig. 2). Figure 2 describes the evolution of educational paradigms from
“Education 1.0” to “Education 6.0”.
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Fig. 2. Evolution of educational models

The development of educational models does not stop with changes in the
content and methods of training. It is aimed at identifying and revising the role of the
student in the process. The “Education 1.0” model, which was formed at the beginning
of the XX century under the influence of the industrial revolution, relied on strict
discipline, standardized content and conveyor logic. At that time, the learner was often
considered a passive person who received ready-made information. The main goal of
the system is to train the personnel needed by industry. However, over time, this model
began to be criticized since it did not consider the personality, interests and thinking
of a person. During this period, scientists such as John Dewey, Jean Piaget, and Lev
Vygotsky reported that learning should be based on experience, personal development
and social interaction. Thus, the idea was formed that knowledge is not transmitted
ready-made but is actively compiled by a person himself. By the middle and end of the
XX century, the amount of data related to the analysis of educational results increased,
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and the internet became widespread. This influenced the formation of the “Education
2.0” model. Although elements of personalization were introduced during this period,
the main role of the teacher in teaching remained. Even if the technology was used, it
did not radically change the learning system.

At the beginning of the XXI century, the development of digital technologies
and the spread of constructivist theories paved the way for the “Knowledge 3.0” model.
In this model, more attention was given to the interests of the student and the individual
educational trajectory. However, excessive emphasis on personalization in some cases
weakens the skills of communication between people. After that, the “Education
4.0” model was formed. Joint reading, problem-oriented tasks and the application of
knowledge in a life situation came to the fore here. However, too much attention to
a specific practical skill inhibits the full development of metacritics. To reduce this
limitation, the “Education 5.0” model began to be developed. It focuses on personal
development, creativity, critical thinking, innovation, problem solving, digital literacy,
and continuing education. In addition, it aims to create an intelligent educational
environment that relies on the interaction between humans and Al. Here, learning is
adapted to the cognitive, emotional, and social identities of the learner through Al, big
data and adaptive algorithms. Metalearning, digital ethics and algorithmic thinking
are considered important competencies. In this way, the evolution of education was
accompanied by a change in teaching approaches, technologies and educational
philosophies. These changes are important for understanding the possibility of the
concept of “Education 6.0” (Table 2).

Table 2. Comparative knowledge analysis 1.0 — 6.0

Criterion Education 1.0 Education 2.0 Education 3.0 Education 4.0 Education 5.0 Education 6.0
Pedagogical Teacher- Standardization and | Student-oriented Competence- Personality-oriented Anthropo-digital
paradigm oriented control oriented synergy
The role of the Main source of | Observer, appraiser | Mentor, facilitator Moderator Curator, consultant Cognitive partner
teacher knowledge (with AT)
The role of the Passive Performer Active participant Problem solver Personal trajectory Coevolution subject
student receiver owner
Learning approach Lecture, Standardized tasks Project-based Problem-based Personalized learning Hyper-personalized,
memorization learning adaptive
Educational content Fixed Standardized Flexible, inquisitive Interdisciplinary Interdisciplinary Dynamic, self-
creativity renewing
Rating system Written tests National Formative Based on Personalized Predictive and data-
standardized tests assessment competence assessment driven
The role of No or Additional tool Integrated Active use Al and analytics AL XR,
technology minimum neurotechnologies
Training format Classy, Mixed Online, offline Hybrid Digital system Virtual environment,
traditional MR
Basic skills Memory Performance Creativity, Critical thinking, Meta-learning, Cognitive flexibility,
collaboration communication innovation conscious thinking
Cooperation Low Limited High Teamwork Global cooperation Human-AI
collaboration
Personalization level | No Low Average Average High Hyper-
personalization
Training Physical class Organizational Digital space Smart environment | Intelligent system Digital Without
environment Borders-
bioenvironment
The main purpose Education Compliance with Self-study Formation of Disclosure of personal Transformation of
standards competence potential consciousness
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These transformations are proof that the teacher-student connection is
constructed in a very different manner than before. The main role was played by the
teacher, but now the activities and independence of the student are coming to the fore.
Digital technologies and Al are becoming basic elements of the educational process at
the same time. If we see the evolution of the education system, it is quite evident that
the aim of the education system is not only to provide information, as it was earlier.
Today, it is about the attitude of a person, his ingenuity and ability to swiftly adapt
to a new circumstance. Technology and Al have fundamentally changed the learning
space. As the trend of EdTech becomes more extreme, future training systems will
likely evolve to a more flexible style with more intelligence. Thus, the main task of
the education system of today is to teach a person who is easily adaptable to change,
thinks independently, and does not rely on a ready-made answer and freely masters it
in a digital environment.

At the heart of the concept of “Education 6.0 is the idea of complementarity
between man and machine. That is, technology is not used to replace a person but
to strengthen his or her creativity, problem-solving ability and innovation ability. In
addition, this model aims to create an environment that supports continuing education,
interdisciplinary solidarity, and ethical decision-making (Nieto, 2026). Owing to this,
the education system strives to become more flexible, more efficient and accessible to
everyone. The main features of this model are as follows (Fig. 3):

- Adaptive Al-based learning has been widely applied. Al can customize the
learning process automatically depending on the student’s abilities and needs;

- The application of blockchain in the preservation and validation of educational
achievements has already started. This enhances the security, openness and credibility
of educational certifications;

- Immersive and interactive learning has developed. Through technologies
such as VR, AR, and MR, the learning process is organized in a format that is closer
and more interesting to practice;

- More emphasis was placed on personal skills. Universal abilities such as
creativity, empathy, and critical thinking have become among the core competencies;

- The principle of continuous education has been strengthened. As the labor
market is changing rapidly, people’s need to constantly reread and acquire new skills is
seen as an important factor. Figure 3 presents the main components of “Education 6.0”.

The development of “Education 6.0” has led to the increasing integration of
technology and pedagogy. This makes the educational process more adaptable than
ever and adaptable to the needs of all (Moleka, 2023). Six guiding concepts underpin
the model. There is one final goal. Completion of the development of personality. To
prepare it for the complicated requirements of today’s society (Fig. 4). Figure 4 presents
the key principles of the Education 6.0 system that support the holistic development
of learners.

The core ideas of the “Education 6.0” model suggest the all-round growth of
the student. They are:

- Holistic learning develops the student’s mind and emotions and social and

This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0

International License
231



INTERNATIONAL JOURNAL OF INFORMATION AND COMMUNICATION TECHNOLOGIES 2026. Vol. 7. Is. 3 (27).

ethical dimensions in conjunction. Therefore, he develops a feeling of sympathy,
responsibility, and the ability to communicate with a person.

- The multidisciplinary approach involves blurring the boundaries between
different areas. Afterward, the student will be able to learn the full knowledge and see
a complicated topic from multiple sides.

- The premise of sustainability and ethics is the concept of environmental
responsibility and sustainable development. Here, the pupil is taught to estimate what
trail his doings leave to society and nature.

- Awareness of the world’s civic cultural diversity, not apathetic to global
problems, the ability to operate freely in varied contexts.

- The idea of lifelong learning encourages continuous learning. Technology and
the labor market are changing so fast that a person has to keep up with it.

- Advanced technologies in the learning process. This includes such tools as Al,
VR, AR and blockchain. With their guidance, you can view a complex concept with
the naked eye and feel it with your hands.
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Fig. 3. Components of “Education 6.0”

Thus, these principles educate the learner not only with knowledge but also
with the skills and values needed in the current world. In an age of rapid technological
progress, education will need to be drastically altered (Swargiary, 2026).

Brain-based learning (educational neuroscience) is a pedagogical approach that
involves organizing learning on the basis of the functioning of the brain. The main idea
here is to create a learning environment that meets the natural perception feature of
the human brain. For this reason, it is not enough to simply provide information in this
teaching. In contrast, active action, experience, and the parallel connection of several
senses come to the fore. This approach helps students to better master knowledge and

skills. In brain-based learning, understanding brain function is central. This is because
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it allows the teacher to compose the educational material not just as a theory but also by
taking into account how the person perceives it. For example, a task involving several
senses, joint work, or an activity that requires active participation keeps information
firmly in memory. Then, a person will be able not only to perceive the material but also
to apply it later in practice. The development of this direction is associated with the
deepening of the scientific understanding of the brain.

Global citizenship

Comprehensive
training

Interdisciplinary
a_pplj_oach

Advanced
technologies

Lifelong |,‘ | Sustainability and
learning S\ /" ethics

Fig. 4. Principles of “Education 6.0”

Brain-based learning is based on several fundamental ideas. One way to do
this is to consider the specificity of the memory system; that is, information must be
organized according to the ability of a person to recall. It would also be good if the
educational content is structured so that attention is kept. New information together
with past expertise help make a person understand the content better. If there is much
knowledge, and it is disorganized, the cognitive load increases, and learning becomes
more difficult. Hence, the proper amount of information is also among the main factors.
Additionally, the role of emotions in learning and memory is considered: material that
touches the soul is usually stored for a long period. One advantage of this method is that
it is free of “neuromyths”, for which there is no scientific basis. Not so here. It is not
unusual, but it is a concept not explained by science. Brain activity was first explained
at a very basic level. Later, the theories of the right and left cerebral hemispheres began
to propagate. The triple-brain notion of Paul McLean also became widespread. The
paradigm suggested that the bottom of the brain was for life, the middle for emotions
and the top for thinking. Although these theories are now subject to critique, they have
shaped the development of educational neuroscience.

The parallel use of such a strategy allows the results of training to be consistently
improved. In the modern education system, neuroeducation, brain-based learning and
Al-based cognition are closely related (Table 3). The ultimate goal of all three is to
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increase the cognitive effectiveness of one study, but the theoretical basis, method, and
technology used are separate. Moreover, the intensive introduction of Al into education
has raised the problem of cognition to a completely new level. Now, a surprise question
came to the fore: will Al support human thinking, or will it make it dependent on it?
The balance between these two extremes has become an urgent problem.

Table 3. Neuroeducation, brain-based learning and Al-based communication

Criterion Neuroeducation Brain-based learning Al-cognition

Purpose Implementation of Aligning learning with the Support and modeling
neuroscience data in the natural principles of brain cognitive processes through Al
educational process functioning

Scientific Cognitive neuroscience, Neuropsychology and Al, Cognitive Science,

basis psychology, pedagogy learning science Learning Analytics

Main focus Neural mechanisms of Attention, emotion, memory | The cognitive interaction
learning and memory and motivation between human and Al

Methods Neuroeducation, active Multi sensory learning, Adaptive learning, Al
recall, intermediate storytelling, collaboration pedagogue, predictive
repetition analytics

Cognitive Strengthening neural Deep assimilation of Cognitive reinforcement and

impact connections information and increased information automation

motivation

Advantages Strengthens long-term Increases training efficiency | Creates a personalized learning
memory environment

Risks Cognitive overload Separation of attention Al dependency and cognitive

load reduction

The role of Active cognitive subject | Emotional and cognitive Hybrid learner (personality +

the student participant Al)

The result Cognitive flexibility Deep learning and Formation of neuro-digital

involvement cognition

Al-based cognition has become one of the street areas of Science today. It is not
limited to the automation of education. Al began to influence the cognitive activity of
a person itself (Table 4).

Table 4. Cognitive implications of Al cognition

Al-the phenomenon of | Description Cognitive implications

cognition

Reducing cognitive load | Transfer of the functions of Weakening of independent
thinking and memory to Al cognitive activity

Al-generated memory Memory support via Al Quick search and

organization of information

Attention fragmentation | Fragmentation of attention due to A decrease in deep focus and
digital stimuli analytical thinking

Algorithmic thinking Thinking through algorithmic logic | Structural analysis
intensifies, but creativity
may be limited

Al dependency Excessive dependence on Al tools | The weakening of
metacognition and critical
thinking
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Cognitive load theory has a separate place in the interpretation of neuroeducation
and Al-supported learning. It allows you to distinguish what load the brain is facing
in a digital learning environment where Al is used (Fig. 5). Figure 5 describes the
cognitive load structure in digital learning supported by Al.

m Extraneous Load mGermane .oad mIntrinsic Load

Fig. 5. The structure of the cognitive load in digital learning

The internal load accounts for the largest share. It depends on a few variables.
Complexity of the educational material and initial pupil preparation. Al systems can
alleviate this burden slightly by organizing information, analyzing it for everyone and
providing individual feedback. An overload not directly related to learning content is
an overload. In the digital world, it is due to the collision of several activities, a variety
of notifications, an excess of information and the dispersion of attention. Rather,
Al systems are more prone to overclock this overload if they are not pedagogically
adequately developed. Exercise that uses valuable mental energy for meaningful
thought, deep learning and the creation of new neural pathways. This load is closely
related to neuroplasticity and is crucial for improving analytical thinking, metacognition
and problem-solving skills (Table 5).

Table 5. Cognitive load theory and Al relationship

Cognitive load component | Content Al communication
Intrinsic Load Natural complexity of the Al interprets complex content
material step by step
Extraneous Load Excess information load Excessive digital stimuli
increase cognitive load
Germane Load Cognitive resource aimed at Strengthens the concept of Al
structuring knowledge through mapping and reflexive
learning
Discussion.

Research shows how necessary it is to properly balance the cognitive load in
Al-supported learning. Al is not a tool that replaces all human thinking. It should be
used as a system that supports, and strengthens cognitive ability. In the modern era
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of Al the education system is not limited to digitalization but is being rebuilt on a
neurocognitive basis. Neuroeducation, the relationship between brain-based learning
and cognitive load theory, formed the basis for the formation of a new anthropo-
digital pedagogy supplemented by Al In the framework of, the proposed neuro-digital
learning model sees the learner as an active participant in the cognitive partnership
between humans and Al and not as a mere user of Al. This is one of the new paradigm
directions in modern educational science. Today, the education system is changing
significantly under the influence of neuroscience, cognitive psychology and Al. Thus,
neuroeducation and brain-based learning have become the leading scientific directions
for understanding the changeable and adaptive nature of the learner’s brain. In the
framework of neuroeducation, the learning process affects the formation of new neural
connections in the brain. Brain-based learning involves aligning learning approaches
to the natural cognitive mechanisms of the brain.

The development of Al technology has also brought the problem of cognition to
a new level. Now several concepts describe the change in human cognition. Reduced
cognitive load, memory with Al, distraction, algorithmic thinking, and Al dependency.
In reducing the cognitive load, a person transfers part of the work of memory to a digital
device and an Al system. This, at first glance, allows you to focus more on a complex
analytical task, but also carries the risk of weakening long-term memory. External
memory systems created by Al make it easier to store and rediscover information.
Only in this case may the activity of independent thinking decrease. In addition, the
continuous flow of information in the digital environment destabilizes attention and
dulls the ability to read deeply and focus for a long time. Therefore, in the modern
education system, honing deep thinking and constant attention has become one of the
main tasks. In the era of Al, algorithmic thinking is a new type of logical, structured
thinking. It helps to solve the problem systematically, although if it is exceeded, it
can introduce creativity and critical reflection. Al dependency is the risk that a person
relies excessively on Al in decision-making. Therefore, the main pedagogical principle
of using Al is not to replace human intelligence but to support and strengthen it.
Cognitive load theory plays an important role in explaining these problems.

Al technology can optimize the quality of training by tuning and changing the
major component of the load. For example, picturing a complex idea decreases the
internal load, filtering out unnecessary information lessens the overload, and reflection
and knowledge mapping increase the useful cognitive load. The integration of Al and
neurotechnology into higher education raises ethical issues that extend beyond the
effectiveness of digital learning. Within the proposed neuro-digital learning model,
ethical governance should therefore be considered an integral component of human
Al cognitive interaction rather than an additional technological requirement (Fig. 6).
Figure 6 shows a neuro-digital learning model that integrates neuroplasticity, brain-
based learning, cognitive load, and Al cognition into an anthropo-digital pedagogical
system aimed at supporting Al cognitive synergy.

This model is an anthropo-digital pedagogical system that combines
neuroplasticity, brain-based learning, cognitive load theory and Al cognition in one
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channel. His original idea is simple. Al should not replace students’ thinking but should
again support and strengthen their cognitive abilities. In the model, while neuroplasticity
is the adaptive backbone of the learner’s brain, brain-based learning involves creating
a learning environment that is compatible with the natural cognitive process. The
cognitive load optimization mechanism attempts to strike a balance between internal,
external and useful cognitive load. In the Al-cognition phase, Al systems function as
tools for metacognitive support, reflection, and cognitive partnership. Then a cognitive
synergy is born between a person and the Al: the learner ceases to be an indifferent
user in the digital environment and becomes an active subject who himself or herself
controls his or her cognitive development. In short, the neuro-digital learning model
combines neuroscience, cognitive psychology and Al, a new paradigm trend in modern
educational science. His ultimate idea is that Al does not replace human intelligence
but rather expands its cognitive potential.

The major contribution of this study is the neuropedagogical learning
model, which merges four previously separate research areas, namely, neuroscience
(neuroplasticity), brain-based learning, cognitive load theory, and Al-driven cognitive
processes, into one operational framework. Most of the present digital learning
models make use of only one of the areas or are neutral with respect to the cognitive
architecture of the learner. However, the proposed model sees them as interdependent
layers within a single process, where neuroplasticity forms the adaptive base, brain-
based learning forms the learning environment, and cognitive load theory provides the
regulation of the distribution of mental effort and cognitive processes driven by Al to
provide metacognitive support.

The second aspect of innovation is the explicit technique of artificial
intelligence intervention. Instead of describing Al as a general tool of “adaptation”,
the model describes its function from the perspective of cognitive load theory: Al
alleviates internal load by structuring complex information, reduces external load by
filtering irrelevant stimuli, and increases relevant load through reflection and matching
of knowledge. The learner is not conceived as an object that can be optimized by
an algorithm but as a codeveloping entity that maintains agency in its own cognitive
development. The model structurally embeds meta-awareness and reflection rather than
having to add them as a way of dealing with the known dangers of using Al, such as
reduced independent cognition, fragmentation of attention, and excessive dependence.

These features distinguish this model from the approaches that currently
dominate in this field. Adaptive learning optimizes content delivery on the basis of
performance data but does not consider either brain function or student independence;
intelligent education focuses on technologically saturated environments; and Al-
enabled learning complements the performance of specific tasks, while largely
ignoring the risk of addiction; and “Education 6.0”, although broad and humanistic,
functions as a social paradigm rather than an operational learning model. The proposed
model connects the microlevel neurocognitive processes with the macrolevel digital
infrastructure and management in the context of the Kazakh program Smart. EDU.
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Neuro-digital learning model
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Fig. 6. Neuro-digital learning model
Conclusion.

This study examined changes in educational paradigms during the presingularity
period. The results of the research provide a description of the singularity as a
continuing, multidimensional evolutionary process that is taking place in the present,
not a single event that is to take place in the future. From this point of view, it was
demonstrated that considering the development of Al not in the limited technological
context but in the broad evolutionary context of human cognition and the education
system is necessary.

The analysis of the changes in educational models from “Education 1.0” to
“Education 6.0” demonstrates a legal movement from the traditional teacher-oriented
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system to the anthropo-digital synergy. The reason for this transition is a fundamental
change in the role of the teacher and the learner. The learner becomes a subject of
coevolution, not a passive recipient, and the pedagogue evolves into a cognitive partner
working together with Al rather than a sole supplier of knowledge. The concept of
“Education 6.0” is an expanded systematic approach that does not limit education to
the supply of information but is focused on the overall development of the individual
and the formation of critical thinking and meta-processes.

This study revealed the synergy of neuroeducation and brain-based learning
with Al cognition. All of them are different from each other in terms of theory and
tactics, but the final purpose is to improve the cognitive effectiveness of shared
learning. Cognitive load theory helps explain this relationship. Al systems can reduce
the internal burden by parsing complex content in phases, minimize overload by
filtering out extraneous information, and increase useful cognitive load by mapping
reflection and knowledge. Moreover, the results of this study revealed that the negative
effects of Al cognition should not be ignored, as they involve a weakening of cognitive
activity, fragmentation of attention and a dependence on Al.

The proposed neuroscience learning model is not a universal technological
solution, but a conceptual and methodological framework that adapts to a specific
educational environment. The model combines neuroplasticity, brain-based learning,
cognitive load regulation, and Al supported learning in a single educational system.
Its main principle is that Al should not replace the student’s thinking, but complement
and contribute to the development of cognitive capabilities. This approach maintains
the cognitive autonomy of the learner and sees him as an active subject who controls
his learning and cognitive development, and not as a passive consumer of the digital
environment. The implementation of the model requires pedagogical support of the
teacher, technological accessibility and compliance with ethical requirements. At the
present stage, due to the fact that its educational effectiveness has not been empirically
confirmed, widespread generalization of the results is limited. In this regard, at the
next stage of the study, it is necessary to pilot the model in higher education and assess
its impact on cognitive autonomy, metacognitive consciousness, critical thinking,
learning activity, cognitive load, as well as the risks of over-dependence on Al Thus,
the developed model is aimed at combining the principles of neuroscience, cognitive
psychology and Al in the process of higher education and is of theoretical and practical
importance amid the ongoing digital transformation of higher education in Kazakhstan
(Smart.EDU).
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