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Abstract

This article analyzes the pedagogical potential of artificial intelligence technologies in developing digital competencies in
higher education students, focusing on the contradiction between the rapid adoption of Al in educational practice and the lack
of a systematic understanding of its impact on the structure of digital literacy. The study's methodological basis is a systematic
literature review according to the PRISMA 2020 protocol using Scopus data from 2010 to 2025. Using six targeted search
combinations, a bibliometric analysis was conducted, covering publication dynamics, document typology, and the maturity of
research areas. After screening and thematic classification, 28 articles from journals ranked Q1-Q4 were analyzed.

The results revealed five key thematic clusters: conceptualization and measurement of students' Al/digital literacy; teacher
competencies and institutional conditions for Al use; the impact of generative Al and chatbots on the development of digital
skills; the use of learning analytics to support self-regulation and data management; strategic and methodological reviews of
Al integration in higher education. Bibliometric data show exponential growth in research on generative Al and a steady
expansion of work on digital skills. Analysis has shown that Al can enhance the development of digital competencies only in
the presence of thoughtful pedagogical design, developed Al competencies of teachers, and ethically sound institutional
frameworks.

The scientific novelty of the study lies in the formation of an analytical framework that describes Al as a multi-level
pedagogical factor influencing the structure of students' digital competencies and revealing prospects for further research,
including analysis of long-term effects, the context of developing countries, and the integration of Al into university digital
transformation strategies.

Keywords: artificial intelligence, digital competencies, Al literacy, higher education, generative Al, learning analytics.
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CTYAEHTTEPAIH IM®PJIBIK KY3BIPETTLIITTH KAJIBIIITACTBIPYIAFBI
'KACAHJIbI UHTEJJIEKTTIH MEJATOTUKAJIBIK OJIEYETI: 3AMAHAYH
3EPTTEVYJIEPTE ILIOJTY

Anoamna

Makana >KOFapbl MEKTEN CTYACHTTEPiHIH LU(PIBIK KY3BIPETTUTIKTEPIH KAJBINTACTBIPYIAFbl JKacaHIbl HHTEIUICKT
TEXHOJIOTHSUIAPBIHBIH MTE/IArOTHKAIIBIK SJIeyeTiH TaJlaiibl, OiniM Oepy NpaKkTHKAachIHa yKacaH (bl MHTEIUIEKTTI JKeeN eHIi3y
MeH OHbIH L{MdpiblK cayaTThUIBIK KYpbUIBIMBIHA SCEpIH JKyHeln TyCiHOeyLIUTiK apachlHAAFbl KaWIIbUIBIKTApFa Hazap
ayaapazasl. 3epTTeyIiH oaicHaManbIK Herisi 2010-2025 xbuimapaarsl Scopus JAepeKTepiH maiaaiaHa oTeIpsimn, Prisma 2020
XaTTamachbl OOWBIHINA Kyieni omeOH Miomy OOk TaObUIAABL. AJTBI MaKCaTThl i3/ey KOMOWHAIMSACHI HETI3IHIC
0achUIBIMIAP/IBIH, IMHAMHUKACHIH, KY)XKaTTap/blH THUIOJOTHSCHIH JKOHE 3€pTTey OarbITTapbIHbIH IKETUTYyiH KAMTHTHIH
OMOIIMOMETPUSIIBIK, TAIAAY KYprizinai. CKpUHUHITEH JKOHE TaKbIPBINTHIK JKikreyneH keitin Q1-Q4 xypHanmapeiHaH 28
Makaya TaJIaHIbl.

Hotmwxkenep ©Oec HeEri3ri TAKBIPBINTHIK KIACTEPIi AaHBIKTambl: CTyneHTTepAiH K/mudpiblk  cayaTTBUIBIFBIH
TYKbIpbIMJIaMaJiay JKOHE 6JIley; OKBITYIIBUIAPABIH KY3BIPETTUIIKTEpl JKoHE >KacaHAbl HWHTEIUICKTTI MailaiaHy bIH
WHCTUTYIMOHAIBIK Karaaiiapsl; reHepatuBTi KM MeH 4aTOOTTAapABIH CaH/ABIK JarIbulapibl JaMbITyFa dcepi; ©3iH-e3i
peTTeyi koHe AepeKTepl Oackapybl KoJay YIIiH OKbITY aHAIMTHUKACHIH MaiiaaHy; jkoHe jkorapsl OimiM Oepyneri KU
MHTErPaIMSICBIHBIH CTPATErMSUIBIK JKOHE 9/JICHAMAIIBIK IHOJTyJIapbl. bubianomerpusuibik nepekrep renepatusti KU GoiibiHina
3epTTeyJIepAiH SKCIOHEHIHAIIBl OCYIH JKOHE CaHJBIK JaFapuiap OOMbIHIIA KYMBICTHIH TYPaKThl KEHEIOIH Ky)KaTTailIpl.
Tanmay XU caHgplk Jarabuiapabl  JaMbITY[bl TEK OWIACTBIPHUIFAH MEJArOTUKAIBIK JW3aiiH, >KaKChl JaMbIFaH
OKBITYIIBUIAP/IBIH JKACAH/Ibl HMHTEJUICKT KY3BIPETTUIIKTEP] KOHE AITHKAIBIK TYPFBIIAH HETi3/eNreH HHCTHTYLHOHAIIBIK
KYPBUIBIM/IAp apKbUIbI FaHa KAKCAPTA aNaThbIHBIH KOPCETTI.

3eprreymin kaHanmsEel KM cTynmeHTTepAiH LU(PIBIK Ky3BIPETTUTIK KYpBUIBIMIApBIHA ocep €TeTiH KeIl JIeHTeii
TMeIATOTUKATBIK (DaKTOp PETIHIC CHIATTAUTHIH KOHE Y3aK MEp3iMIIi ocepliepAi Tajamayasl, JaMyIIbl eJIepAiH MOHMOTIHIH
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xone XU yHuMBepcuTeTTepIiH mUPPIBIK TpaHchopMamus CTpaTervsuiapblHa HMHTErpaIsuIayIbl Koca ajFaHaa, ofaH opi
3epTTeY JKOJAAPbIH alllaThIH aHATUTHKAIBIK KYPBUIBIMIBI 331pIIeye sKaThIp.

Tyiiin ce3mep: >kacaHIbl MHTEIUICKT, I(PIBIK Ky3bIpeTTitikTep, XKW cayaTTBUIBIFEL, JKOFaphl OiniM, rerepatuBti JKU,
OKBITY QaHATUTHKACHI.
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MNEJATOTMYECKHWHA TOTEHIIHAJ HNCKYCCTBEHHOI'O HHTEJ/VIEKTA B
O®OPMHUPOBAHUU HUP®POBBIX KOMIIETEHIIUU CTYAEHTOB: OB30P
COBPEMEHHBIX UCCJEJOBAHUI

AHnnomayus

CraThsi aHANM3UPYeT TIENArOTUYeCKUil TOTCHIIMAT TEXHOJOTWH WCKYCCTBCHHOTO WHTCIUICKTa B  (DOPMHUPOBAHUHU
IU(POBBIX KOMIETCHIMI CTYICHTOB BBICIICH IIKOJEI, aKIIEHTUPYsl BHUMAaHHE HA TPOTUBOPEYNH MEKAY CTPEMHUTCIHHBIM
BHenperneM MU B 00pazoBaTenbHYIO MPAaKTHKy M OTCYTCTBHEM CHCTEMHOTO TMOHMMAHHSI €r0 BIISTHHSA Ha CTPYKTYPY
mrdpoBoit rpaMoTHOCTH. METOIOIOrMIeCcKO OCHOBOM MCCIICIOBAHMS BBICTYIIACT CHCTEMATUIECKHI JIUTEPAaTypPHBIH 0030p
mo mporokory PRISMA 2020 ¢ mcnoms3oBanmeM maHHBIX SCOpUS 3a 2010-2025 rr. Ha ocHOBaHWMHM MIECTH IEIEBBIX
TIOMCKOBBIX KOMOMHAIMI TPOBEAEH OMOIMOMETPHUYCSCKUI aHalM3, OXBATHIBAIOIINNA JHHAMHUKY MyOJIMKANHA, THIIOJOTHIO
JIOKYMEHTOB ¥ 3pEJOCTh HCCIICIOBATEIbCKUX HampaBieHuid. [locie CkpuHMHra M TeMaTH4ecKoW KiacCH(pHUKalUH
MpOoaHATN3UPOBaHO 28 crarteii u3 xypHaios Q1-Q4.

Pe3ynbTaThl BBIABIIM IATH KITFOUCBBIX TEMATHUYCCKUX KJIACTEPOB: KOHUENTyamu3aims U usmepenue WU-/umdposoit
I'PaMOTHOCTH CTYJEHTOB; KOMIIETCHLMM IpENoJaBaTelieil 1 MHCTUTYLMOHAIbHBIE YCJIOBUA HcIoib3oBaHus MU; BiusHue
reHeparuBHoro MU u 4ar-60ToB Ha pa3BuTHE HU(POBBIX HABHIKOB; NMPUMEHEHHE aHAIUTHUKHA OOYUECHHs VIS TIOJUIEPIKKH
caMoperyJsiiii U paboThl C JAHHBIMHU, CTpaTerM4eckue M MeETOoAoJorHdyeckue o0030pel mHTerpauun WM B BbIciee
oOpazoBanue. bubnmoMerpruieckrne TaHHBIE (QUKCHPYIOT SKCIIOHCHITHMANBHBIA POCT WCcienoBaHuii reHepariBHoro U u
YCTOHYMBOE paCIIMpeHHE PadOT, TMOCBAIIEHHBIX HU(PPOBBIM HaBBIKAM. AHaM3 mokaszan, uto MM cnocoOeH ychimBaTh
pa3BuTHE IH(PPOBBIX KOMIICTCHIMH TOJBKO INPH HAJHMYWK TIPOTYMAHHOTO IIEAarOrMYecKoro nm3aiiHa, pasBuTeix MU-
KOMIIETEHLUI NpenoiaBaTesiei U STUYECKH BbIBEPEHHBIX HHCTUTYLIMOHATIBHBIX PAMOK.

Hayunass HOBHM3Ha WCCIEOBaHMS 3aKiFoYaeTcs B (POPMHPOBAHWM aHAIMTHYECCKONH paMKH, omuchkiBaromei MM kak
MHOT'OYPOBHEBBII TeJarornueckuii  (akrop, BIMSIONIMI HA CTPYKTYpbl IM(POBBIX KOMIIETCHIMI CTY[ICHTOB U
pacKpBIBAIOIIMI BaloOIMXCA CTpaH M HHTerpanmio MM B crparerum yHHBEPCHTETCKOM IM(pOoBOH TpaHchopmarmu.
MIePCTIEKTUBHI JAJbHEHIINX UCCICAOBAHIMN, BKITIOYAs aHAIN3 JOITOCPOUHBIX 3P (PEKTOB, KOHTEKCT pa3Bu

KunioueBble cj10Ba: MCKYCCTBEHHbI MHTEIUICKT, LM(poBbIe KommereHuuH, VI-rpaMoTHOCTH, BbICIIEEe 0Opa3oBaHHE,
reHepatuBHbIi M, aHanmnTHKa 00y4eHus.

Introduction. The rapid development of artificial intelligence (Al) technologies has radically
changed the context of higher education: intelligent learning systems, adaptive platforms, educational
analytics, and generative models (ChatGPT, Gemini, Claude, Copilot, etc.) are being actively integrated
into the learning process, shaping new ways for students to work with data, communicate, and self-
regulate. In this environment, digital competencies are becoming a key outcome of university education
and an essential part of human capital. Traditional ideas about digital literacy no longer meet the
requirements of the “Al era”: modern students must be able to critically interact with algorithmically
generated content, understand the principles of Al systems, evaluate the transparency of automated
solutions, adhere to academic integrity standards, and use data for educational and career decisions.

The growing demands of the labor market make digital and Al competencies mandatory for
graduates, prompting universities to update their curricula and adopt new teaching models. However,
despite the increase in the number of publications on Al in education, research remains fragmented: the
focus is divided between individual tools, measurement scales, the perception of Al by students and
teachers, and ethical and legal aspects. At the same time, the development of digital competencies as a
comprehensive educational outcome often finds itself on the periphery, and interpretations of the
concept itself vary significantly.

Thus, a scientific gap is revealed: there are no systematic reviews that specifically examine the
pedagogical potential of Al in the development of students' digital competencies, compare different
63
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areas of research, and identify their limitations, including the lack of empirical data in developing
countries.

The purpose of this article is to use the systematic literature review (SLR, PRISMA 2020)
methodology to summarize current research on the pedagogical potential of Al in the formation of
students' digital competencies, identify key areas, results, and methodological deficiencies, and outline
prospects for further work. To achieve this goal, search strategies, bibliometric dynamics of
publications, content clusters of research (Al literacy, teacher competencies, generative Al, learning
analytics, etc.), limitations of existing work, and practical guidelines for educational policy are analyzed.

The article aims to fill the identified GAP by offering a comprehensive analytical framework in
which Al is considered not only as a technological innovation but also as a pedagogical resource for the
development of digital competencies in the context of the digital transformation of higher education.

Materials and methods. The methodological basis of the study is a systematic literature review
(SLR) approach, constructed in accordance with the PRISMA 2020 principles. This protocol provides
for the following sequential steps: formation of a search strategy, screening of sources, assessment of
their compliance with inclusion criteria, data extraction, and final synthesis of results. The PRISMA
methodology ensures transparency in the selection of publications, reproducibility of results, and
minimization of subjectivity, which makes the review compliant with current international requirements
for scientific research.

The search for sources was conducted in the Scopus scientific database, covering the period 2010-
2025. This database was chosen because of its status as one of the most authoritative scientific citation
indexes, covering a wide range of research in the fields of pedagogy, digital technologies, and artificial
intelligence.

2.1. Search strategy and keyword formula

- To identify relevant literature, several combinations of keywords reflecting the relationship
between artificial intelligence, digital competencies, and higher education were formed and tested. The
results of search queries as of November 16, 2025 are presented below.

- Al; Education; University — 421 documents found. The search results are visualized in Figures 1
and 2.

- Artificial intelligence; Digital competencies; Higher education — 14 documents found. Analytical
graphs are shown in Figures 3 and 4.

- Learning using artificial intelligence; Digital literacy — 199 documents found. Detailed analysis —
Figures 5 and 6.

- Adaptive learning; University students; Artificial intelligence — 11 documents found. Results are
presented in Figures 7 and 8.

- Generative Al; Education — 2,038 documents found. Illustrative analysis — Figures 9 and 10.

- Education; Digital skills; Artificial intelligence — 158 documents found. Diagrams and distributions
— Figures 11 and 12.

The use of several combinations of keywords ensured the completeness of the sample and avoided
the loss of relevant studies related to various areas of application of artificial intelligence in the digital
training of students.

2.2. Criteria for inclusion and substantive analysis of sources

The following criteria were used to select publications:

1. Source type: articles in peer-reviewed scientific journals indexed in Scopus (Q1-Q4).

2. Research subject: direct study of the application of artificial intelligence technologies in teaching
digital literacy and digital competencies.

3. Target audience: higher education students; teachers involved in digital or blended learning.

4. Research methodology: experimental studies; quantitative and qualitative methods; mixed
methods; systematic, thematic, and meta-analytical reviews.

Sources that did not meet the specified criteria, as well as duplicate publications, were excluded at
the screening stage in accordance with the PRISMA 2020 protocol (Table 1).
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Table 1. Stages of publication selection according to the PRISMA 2020 protocol

PRISMA stage | Description of actions Number of
publications
(n)
Identification Search for publications in the Scopus database using six 5841
combinations of keywords (2010-2025)
Duplicate entries deleted —317
Total after removing duplicates 2524
Screening Selection by title, abstract, keywords: exclusion of irrelevant 1397
articles
Publications after screening 127
Evaluation of Analysis of full texts for compliance with inclusion criteria
Sfull-text sources | (Al topics, digital literacy/competencies, students/teachers, 127
(Eligibility) research methods)
Excluded after reading the full text (does not meet criteria, 99
poor methodology. different focus)
Publications included in the analvtical SLR 28
Included Final set of works included in the content analysis and 28
comparative table 3

Results and discussion 3.1. Analysis of publication activity and type of scientific works

Analysis of publication activity for the query “Al; Education; University” in the Scopus database for
the period 2010-2025. This allows us to identify the dynamics of research development at the
intersection of artificial intelligence and higher education. This search query covers the broadest range
of scientific works devoted to the integration of Al technologies into the university environment, the
educational process, and the development of students' digital skills. The visual data presented in Figures
1 and 2 make it possible to assess not only the quantitative growth of interest in the subject, but also the
structure of publication types, which is important for understanding the nature of scientific discourse
and the degree of methodological maturity of the research field.
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Figure 1. Number of articles found by searching for keywords in the Scopus database

“Al; Education; University” for 2010-2025
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Figure 2. Types of articles by keyword search in the Scopus database “Al; Education;

University” for 2010-2025
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The data in Figures 1 and 2 show that research in the field of artificial intelligence in higher
education has gone from being a marginal topic to a rapidly developing scientific field: in 2010-2016,
interest was minimal (no more than 1-2 publications per year), but since 2017, there has been steady
growth, coinciding with the spread of adaptive platforms, intelligent learning systems, and educational
analytics tools. A particularly noticeable increase begins after 2021, when the number of works doubles
against the backdrop of global digitization of education and the transition to blended learning, and in
2024-2025, there is a sharp jump from 51 to 201 publications, driven by explosive interest in generative
models such as ChatGPT, Claude, and Gemini, which have radically changed educational practices. The
structure of publications also testifies to the maturity of the field: conference reports (220) dominate,
reflecting the innovative nature of research and its prompt discussion at scientific forums; in second
place are articles in peer-reviewed journals (167), confirming the formation of a stable academic base;
the presence of book chapters (17) and reviews (11) indicates the accumulation of theoretical
generalizations. Taken together, these data demonstrate that over the past five years, the field of “Al in
higher education” has moved from a peripheral status to a dynamic, methodologically diverse, and
scientifically significant area, underscoring the need for a systematic literature review and in-depth
analysis of the growing body of research.

The next stage of the bibliometric analysis was to study publication activity using a narrower
combination of keywords: “Atrtificial intelligence; Digital competencies; Higher education.” This query
allows us to identify the most relevant set of scientific works directly devoted to studying the impact of
artificial intelligence technologies on the formation of digital competencies in the university
environment. Since these three concepts refine the subject of the study and limit the sample to mainly
conceptual and empirical works of recent years, the search results demonstrate the underlying trends in
the development of this scientific field. The visual materials presented in Figures 3 and 4 allow us to
assess the dynamics of the number of publications for 2020-2025 and the structure of document types,
which is important for understanding the maturity of the subject area and the nature of scientific
discourse.

o o

Number of documents

=T ]

2020 2021

Figure 3. Number of articles found by searching for keywords in the Scopus database:
“Artificial intelligence,; Digital competencies, Higher education” for 2020-2025

W Article
m Conference Paper
Book

® Review

Figure 4. Types of articles found by keyword search in the Scopus database for
“Artificial intelligence, Digital competencies, Higher education” for 2020-2025
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The data in Figures 3 and 4 show that research combining artificial intelligence, digital skills, and
higher education into a single analytical framework has emerged relatively recently and has only shown
steady positive growth since 2023: while only one publication was registered in 2020 and there were no
publications at all in 2021-2022, the number of articles increased to five in 2024 and reached eight in
2025, indicating the emergence of this topic as an independent area of scientific research. The structure
of publications also reflects the nature and maturity of the research discourse: articles in peer-reviewed
journals (10) dominate, indicating the high academic status of the topic and its inclusion in international
scientific discussion; conference reports (2) rank second, which is natural for innovative areas where
preliminary results are promptly presented at scientific forums; individual books and reviews
demonstrate the initial stage of the formation of a theoretical basis. Taken together, these data confirm
that research on the role of artificial intelligence in the development of students’ digital competencies is
in a phase of active growth, characterized by an expansion of methodological and thematic coverage,
and requires further systematization, which justifies the relevance of the literature review conducted.

To gain a deeper understanding of how scientific discourse is developing at the intersection of
artificial intelligence and digital literacy, a separate bibliometric search was conducted using the
keywords “Learning using artificial intelligence; digital literacy.” This combination reflects research
focusing not only on the application of Al in education, but also on developing students' skills in
working with digital information, digital security, and critical data analysis. The sample covers
publications from 2010 to 2025 and allows us to assess the level of interest in the topic and determine
which types of scientific documents are most characteristic of this field. The visual data presented in
Figures 5 and 6 demonstrate the growth dynamics of the number of publications and their typological
distribution.
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Figure 5. Number of articles found by searching for the keywords
“Learning using artificial intelligence; digital literacy” in the Scopus database for 2010-2025
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Figure 6. Types of articles found by keyword search in the Scopus database for
“Learning using artificial intelligence; digital literacy” for 2010-2025
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Figures 5 and 6 demonstrate the rapid and almost exponential development of research dedicated to
the use of artificial intelligence for the formation of digital literacy. While publication activity remained
at a minimum level between 2010 and 2017 (0-1 article per year), reflecting the early stage of
development of this topic, since 2018 there has been a noticeable increase in interest, which has turned
into a steady upward trajectory since 2020 against the backdrop of the mass transition of education
systems to digital formats during the pandemic. The sharpest jump was recorded in 2024-2025, when
the number of publications increased from 41 to 94, indicating a significant increase in researchers'
attention to digital literacy in the context of the widespread introduction of generative Al models and the
emergence of new educational analytics tools. The structure of the documents, shown in Figure 6,
further confirms the maturity and diversity of scientific discourse: the predominance of conference
proceedings (76) and peer-reviewed articles (69) indicates a high intensity of scientific communication,
while a significant number of reviews (22) and book chapters (16) indicate the active accumulation and
systematization of theoretical approaches. Less common formats — editorial materials, letters, books —
are indicators of the expansion of the field of research and the involvement of different types of
scientific publications. Overall, the data shows that research into the application of Al for the
development of digital literacy has reached a stage of active growth and institutionalization, becoming
one of the key and promising areas of modern digital pedagogy.

To clarify the nature of scientific discourse and determine the degree of maturity of research related
to adaptive learning and the use of artificial intelligence in working with university students, a separate
bibliometric search was conducted using the keywords “Adaptive learning; university students; artificial
intelligence.” This combination allows us to identify publications that focus on the role of Al in
individualizing learning trajectories, adapting learning materials, and assessing student performance.
Since adaptive learning is one of the key areas of Al implementation in higher education, the analysis of
publication dynamics and document type structure is of considerable interest. The visual results are
presented in Figures 7 and 8.
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Figure 7. Number of articles found by searching for the keywords
“Adaptive learning; university students, artificial intelligence” in the Scopus database for 2010-2025
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Figure 8. Types of articles found by searching for keywords in the Scopus database:
“Adaptive learning; university students, artificial intelligence” for 2010-2025
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The data in Figures 7 and 8 show that research on adaptive learning using artificial intelligence in a
university environment has remained a developing and small field for a long time: in 2010-2012, there
were only a few publications, and in 2013-2018, there was a complete hiatus in publishing activity,
reflecting both the technological immaturity of adaptive systems and the lack of integrated models for
the application of Al in higher education. Only since 2020, against the backdrop of accelerated
digitalization of education, has the first noticeable surge (2 publications) appeared, followed by wave-
like dynamics of interest in 2022 and 2024. The most significant growth is observed in 2025, when the
number of publications reaches five, indicating the formation of sustained scientific interest in Al-based
adaptive educational models. The typological structure of publications confirms the early stage of
institutionalization: the dominance of conference reports (8) indicates the experimental nature of
research and active discussion of new models on scientific platforms; peer-reviewed articles (2) reflect
the initial penetration of the topic into academic journals, and the appearance of a single book indicates
the first attempts to systematize the theoretical basis. Taken together, these data show that research on
adaptive learning using Al is in its infancy, but is demonstrating accelerating growth and increasing
interest from the scientific community, which underscores the need for further analysis and
systematization of approaches to the development of adaptive educational models in the context of the
digital transformation of higher education.

One of the most significant areas of contemporary educational discourse is the study of the impact of
generative artificial intelligence (Generative Al) on the education system. The emergence of new-
generation models such as ChatGPT, Gemini, Claude, Copilot, and others — has led to a sharp increase
in researchers' interest in issues related to their pedagogical application, ethical implications, impact on
learning outcomes, and the formation of digital competencies. To identify the scale of scientific activity,
a bibliometric search was conducted using the keywords “Generative Al; Education” for the years 2020-
2025.

The data presented in Figures 9 and 10 allow us to assess not only the dynamics of publications in
this field, but also the typology of scientific documents, which is important for understanding the
structure and maturity of the research direction, as well as for identifying the main forms of scientific
communication characteristic of a rapidly developing technological sphere.
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Figure 9. Number of articles found by keyword search in the Scopus database
“Generative Al; Education” for 2020-2025
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Figure 10. Types of articles by keyword search in the Scopus database “Generative AI;
Education” for 2020-2025
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Figures 9 and 10 clearly demonstrate the unprecedented growth of scientific interest in generative
artificial intelligence in the field of education, which has quickly become one of the most rapidly
developing areas of modern pedagogical science. While publication activity remained minimal in 2020-
2022 (1-2 articles per year), reflecting the early stage of generative Al technology, a sharp jump was
recorded in 2023 to 142 publications, coinciding with the widespread distribution of the GPT-3.5 and
GPT-4 language models and the beginning of a global discussion on the transformation of the
educational process under the influence of Al. In 2024, the number of works increased more than
fivefold, reaching 722 publications, and in 2025, it reached 1,170, indicating exponential growth in
scientific interest and the establishment of generative Al as a key research topic on a global scale. The
structure of publications also confirms the intensity and maturity of the field: the majority are articles in
peer-reviewed journals (917), followed by conference proceedings (862), reflecting the activity of both
academic journals and professional scientific forums. A significant portion consists of reviews (99) and
book chapters (94), indicating an accumulation of theoretical generalizations and attempts to
systematize the rapidly growing body of research. The wide range of publication formats, from editorial
materials to data documents, underscores the scale and diversity of scientific communication. Taken
together, these data confirm that research on generative Al in education is at its peak, significantly
influencing the rethinking of educational models, raising issues of pedagogical design, academic
integrity, and ethics, and requiring further comprehensive analysis to develop scientifically sound
approaches to integrating Al into the learning process.

To assess the extent to which issues related to the interconnection between education, digital skills,
and artificial intelligence technologies are reflected in scientific discourse, a bibliometric analysis was
performed using the keywords "Education; Digital skills; Artificial intelligence.” This combination
covers a wide range of studies focused on the digital competencies required by students and teachers, as
well as the use of Al in teaching, assessment, learning management, and the development of digital
literacy. Publication activity on these keywords is an indicator of the integration of digital skills into the
modern educational agenda and demonstrates how rapidly interest in the development of digital
competencies is growing against the backdrop of Al implementation.

The visual data presented in Figures 11 and 12 allow us to analyze both the growth dynamics of the
number of publications for 2010-2025 and the structure of the types of scientific documents that form
this field of research.
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Figure 11. Number of articles found by searching for the keywords “Education;
Digital skills; Artificial intelligence” in the Scopus database for 2010-2025
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Figure 12. Types of articles by keyword search in the Scopus database “Education;
Digital skills; Artificial intelligence” for 2010-2025
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The data in Figures 11 and 12 demonstrate the steady and accelerating development of research
dedicated to the formation of digital skills in the educational environment amid the active introduction
of artificial intelligence technologies. In 2010-2016, publication activity remained at a minimum level
(1-2 articles per year), reflecting the early stage of development of digital educational technologies and
the lack of independent attention to digital skills as a subject of research. Since 2017, there has been a
gradual increase in interest, which has intensified significantly in 2020-2021 (7 and 14 articles),
coinciding with the rapid transition of educational systems to online formats and mass digitization. The
most pronounced increase in publications is recorded in 2024-2025, when their number rises from 22 to
80, indicating a rapid expansion of scientific discourse and increased attention by researchers to the
problem of preparing students to work in an Al-saturated digital environment. The structure of the
documents also confirms the maturity and multifaceted nature of the field: the predominance of
conference papers (69) and peer-reviewed articles (56) reflects a combination of intensive discussion of
new results and the formation of a solid scientific base; a significant number of book chapters (14) and
reviews (9) indicate the accumulation of theoretical and methodological foundations. Additional formats
— books, notes, newsletters, editorial materials — demonstrate the expansion of scientific communication
channels. Taken together, these data show that research on digital skills in the context of artificial
intelligence is in a phase of active growth and institutional consolidation, becoming a key area of
modern pedagogy and requiring further development of methodologies, learning models, and strategies
for integrating Al into educational systems.

A bibliometric analysis of six search combinations conducted using the Scopus database for the
period 2010-2025 revealed general and specific trends in the development of scientific research in the
field of integrating artificial intelligence into education, digital literacy, and the formation of digital
competencies. The diversity of search queries provided a multidimensional understanding of the
dynamics of scientific discourse — from the general direction of “Al in higher education” to highly
specialized topics such as adaptive learning, digital skills, and generative artificial intelligence.

The summary table systematizes the data obtained and allows for a visual comparison of the scale of
scientific activity, the structure of publications, and the level of methodological maturity of various
research areas (Table 2).

Table 2. Summary characteristics of publication activity by Scopus
search combinations (2010-2025)

Number Peak of
L Analysis of o Dominant Characteristics of the

MNe | Search combination ; . publications S

period publica- document types scientific field
tions (year)

1 | Al; Education; 2010-2025 | 421 2025 (201 Conference The broadest field; rapid
University publication) proceedings growth in interest since

(220), articles 2021, establishment as a
(167) mature area of research.

2 | Artificial 2020-2025 | 14 2025 (8 Articles (10), A narrow but growing
intelligence; Digital publications) reports (2) field of research; to be
competencies; established as an indepen-
Higher education dent subject from 2023.

3 | Learning using 2010-2025 | 199 2025 (94 Reports (76), A rapidly expanding field;
artificial intelligence; publications) articles (69), emphasis on digital
digital literacy reviews (22), literacy and data skills

book chapters development.
(16)

4 | Adaptive learning; 2010-2025 | 11 2025 (5 Reports (8), The subject is in the early
university students; publications) articles (2) stages of development;
artificial intelligence research is mainly

experimental and
conceptual.
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5 | Generative Al; 2020-2025 | 2038 2025 (1170 Articles (917), The most rapidly
Education publications) reports (862), developing area;
reviews (99), exponential growth
book chapters following the emergence
(94) of ChatGPT and other
models.

6 | Education; Digital 2010-2025 | 158 2025 (80 Reports (69), A mature sector; steady
skills; Avrtificial publications) articles (56), growth due to
intelligence book chapters digitalization and the

(14), reviews (9) | updating of educational
standards.

The summary data presented in Table 2 demonstrate significant differences in the scale, dynamics,
and structure of scientific research on various combinations of keywords. The most ambitious and
rapidly developing area is the study of generative artificial intelligence in education, where there has
been exponential growth in publications since 2023. In contrast, research on adaptive learning is
characterized by limited but steadily increasing popularity, reflecting the gradual introduction of
adaptive technologies into educational processes.

Broad search queries such as “Al; Education; University” and “Education; Digital skills; Artificial
intelligence” demonstrate both a high level of accumulated research and structural maturity: a
significant proportion of these queries are articles and conference reports, which is a sign of active
expansion of academic discussion. Narrow queries related to digital competencies and digital literacy
show intense growth in publications over the past three years, confirming the relevance of the topic for
the university sector.

Summarizing the results, we can conclude that the field of research devoted to the integration of Al
into education shows a steady trend toward expansion and methodological enrichment. Various areas
feature both established research priorities and promising, rapidly developing thematic niches, which
underscores the need for further interdisciplinary research and systematic analysis of global experience.

3.2. Content analysis of scientific works 1. Research on Al and digital literacy among students A
number of studies focus on conceptualizing and measuring the digital/Al literacy required by students in
the context of the rapid adoption of Al. Laupichler et al. conduct a scoping review of research on Al
literacy in higher and adult education, systematizing more than three dozen empirical and conceptual
works and identifying four key areas: cognitive understanding of Al principles, critical attitude towards
algorithms, practical skills, and ethical attitudes (Laupichler et al., 2022).

Yang et al., based on the PRISMA protocol, analyze a corpus of publications on Al literacy
education programs for students and demonstrate that most courses focus on the instrumental use of Al,
while critical digital literacy (issues of bias, transparency, and accountability) is covered much less
extensively (Yang et al., 2025).

Biagini et al. emphasize in their systematic review of Al literacy that higher education programs
remain fragmented: universities either introduce separate Al modules into ICT courses or develop
specialized disciplines, but rarely build comprehensive trajectories for the formation of digital
competencies that span several years of study (Biagini, 2025).

An important contribution to understanding the structure of competencies is made by Baskara, who
proposes a conceptual framework for “digital literacy in the Al era,” which includes technical awareness
of algorithms, data skills, critical thinking, and ethical reflection. The author shows that classical models
of digital literacy (information and media literacy) do not sufficiently take into account the specifics of
generative models and automated data processing (Baskara, 2025).

At the level of measuring digital literacy in the context of Al, the tool developed by Hwang et al.,
who developed and validated the “digital literacy in the Al era” scale for college students, is indicative.
The study is based on quantitative methodology: a survey of several hundred students, exploratory and
confirmatory factor analysis, Cronbach's alpha reliability assessment, and structural modeling. The
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authors highlight the factors of technical skills, critical evaluation of algorithms, and understanding of
the social implications of Al (Hwang et al., 2023).

Xiao shows, based on structural modeling (SEM), that a higher level of Al literacy among students in
online courses is positively associated with their academic performance and self-efficacy, with the
ability to critically interpret the responses of Al systems playing a mediating role (Xiao et al., 2024).

Taken together, these studies demonstrate that the first major area of research is the redefinition of
digital literacy to include Al and the development of reliable measurement tools. Methodologically,
systematic and scoping reviews dominate, as well as quantitative studies using surveys and
factor/structural analysis.

2. Digital and Al competencies of university teachers At the same time, research is being conducted
on the digital and Al competencies of teachers working in digital and blended learning environments.
An article by Ng et al. analyzes how teachers' Al competencies are related to their ability to organize
21st-century learning. The study is based on a large-scale survey of teachers and modeling of structural
relationships between digital skills, AI competencies, and skills such as critical thinking and
collaborative learning among students (Ng et al., 2023).

Strutynska proposes a framework of Al competencies for educators, including pedagogical,
technical, and ethical-legal components, based on an analysis of regulatory documents, existing digital
competency frameworks (DigCompEdu, etc.), and the results of empirical studies on the
implementation of Al in education (Strutynska et al., 2021).

From the perspective of university practice, the work of Mah et al.is interesting, where quantitative
surveys and regression analysis show that even with a positive attitude of teachers towards Al, the
intention to integrate it into courses is limited by low levels of Al literacy and a lack of institutional
support, i.e., there is a gap between attitudes and actual practice (Mah et al., 2025).

These studies emphasize that the development of students' digital competencies is impossible without
the parallel development of teachers' Al competencies, as well as without organizational support and
appropriate policies in higher education institutions.

3. Generative Al and ChatGPT as a tool for developing digital skills The most rapidly developing
area has been the assessment of the impact of generative Al (primarily ChatGPT) on student learning
and digital skills. A large-scale meta-analysis by Wang & Fan shows that the use of ChatGPT in the
educational process on average improves learning outcomes, enhances subjective perceptions of
learning, and promotes the development of higher-level skills, although the effect is highly dependent
on task design and the degree of pedagogical support (Wang & Fan, 2025).

Abdallah et al., in a 2025 systematic review based on the PRISMA protocol, analyze empirical
studies of ChatGPT's use in higher education. The authors identify three clusters of effects: impact on
academic performance, well-being, and collaboration. They note that when integrated competently,
ChatGPT contributes to the development of information and media literacy, but at the same time raises
questions about academic integrity and students' dependence on automated prompts (Abdallah et al.,
2025).

Schei et al. scoping review covers empirical studies on students’ perception and use of Al chatbots.
The results show that students actively use chatbots to search for information, generate ideas, and
reflect, but most often without sufficient skills to critically evaluate sources and understand the
limitations of models, which poses challenges for the targeted development of digital and information
literacy (Schei et al., 2024).

A number of quantitative studies focus directly on the student audience. Ravselj et al., in a global
online survey of university students, demonstrate that higher digital literacy and experience with Al are
associated with more responsible, “partnership-based” use of ChatGPT — as a tool for independent
learning rather than mechanical copying of answers (Ravselj et al., 2025).

Al-Abdullatif et al. use the UTAUT model to analyze the factors that determine students’ intention to
use ChatGPT in their studies. Statistically significant predictors are expected usefulness, social
influence, and digital self-efficacy; at the same time, the authors emphasize the need to develop critical
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digital literacy in order to minimize the risks of uncritical trust in Al (Al-Abdullatif & Alsubaie, 2024).

Klimova examines students' attitudes toward the use of ChatGPT in academic activities based on a
mixed methodology (survey + qualitative analysis of open-ended responses). Students see Al as a
means of developing language and research skills, but some respondents point to a deterioration in the
“depth” of their own thinking if tasks are based solely on content generation without reflection
(Klimova et al., 2025).

Rajki et al. analyze the factors influencing students' use of Al tools (digital skills, academic
motivation, discipline, course level) and show that the frequency of Al use is positively associated with
academic performance only if students have developed independent work and digital critical thinking
skills (Rajki et al., 2025).

Of particular note is the article by Honigsberg et al., which examines how the integration of
generative Al into course assignments mediates the development of subject-specific and “GAl literacy.”
The authors use qualitative methods (interviews, analysis of student work artifacts) and show that
assignments involving comparing ChatGPT responses with expert sources significantly strengthen
critical analysis and digital literacy skills, while purely reproductive assignments do not have this effect
(Honigsberg et al., 2025).

The article by Ciampa et al. shows how the use of ChatGPT in digital literacy courses transforms the
practices of working with text among adolescents and young adults: instead of linear reading and
keyword searches, students move to dialogic interaction with information, which requires new
pedagogical approaches to the formation of critical digital literacy (Ciampa et al., 2023).Thus, research
on generative Al covers a wide range of methodologies: meta-analyses, systematic and scoping reviews,
quantitative surveys using TAM/UTAUT models, mixed methods, and qualitative case studies. The
overall conclusion is that ChatGPT and similar tools are becoming a powerful catalyst for the
development of digital competencies, but the effect strongly depends on pedagogical design and the
degree of emphasis on critical and ethical components.

4. Al learning analytics, and digital skills development A separate cluster of studies examines
learning analytics (LA) as a form of Al and data analysis applied to support student competency
development. Kleimola & Leppisaari demonstrate in a case study how the use of LA in a university
course allows for the identification of weaknesses in the development of “future competencies”
(collaboration, problem solving, digital skills) and the adaptation of assignments to student levels. The
methodology includes analyzing students' digital footprints in the LMS, visualizing data for teachers,
and conducting follow-up interviews, making the study a typical example of mixed methods (Kleimola
& Leppisaari, 2022).

Tsai et al. in a large-scale review of LA practices in European universities show that, despite rapid
growth in research, the use of LA remains fragmented and is often limited to pilot projects at the level of
individual teachers. Nevertheless, the authors emphasize the potential of LA for monitoring and
developing students' digital skills, provided that there is an ethically sound data policy (Tsai et al.,
2020).

Villalobos Diaz et al. analyze the mediating role of LA in the relationship between students' learning
approaches and their academic performance at Latin American universities, using a quantitative
structural equation model. The authors demonstrate that the use of LA panels increases students'
awareness of their own learning strategies and contributes to the development of self-regulation and data
handling skills, an important component of digital literacy.

Lai et al. view LA as a tool for bridging the gap between students' skills and labor market demands.
Based on an analysis of large data sets on the academic performance and career aspirations of bachelor's
degree students, the authors show that LA helps students identify gaps in their digital and professional
skills and build individual trajectories, while helping universities adjust their curricula .

Finally, a review by Hernandez-de-Menéndez et al. summarizes the state of research on LA, noting a
shift from purely descriptive analytics to predictive machine learning models designed to identify “at-
risk” students early on and support their digital and learning competencies.
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This block of work shows that Al in the form of LA is used primarily for the indirect development of
digital competencies - through data visualization, self-regulation support, and career planning.
Methodologically, case studies and quantitative research with analysis of large training data sets
predominate.

5. Synthesis reviews on Al in higher education A number of articles serve as a “meta-framework” that
embeds individual studies in the broader context of digital transformation in higher education. Adamakis
et al., in a state-of-the-art review of Al in higher education, classify existing applications according to
“pedagogical functions” (personalization, assessment, teacher support, academic management) and
emphasize that studies directly targeting students' digital competencies currently constitute a smaller but
rapidly growing share of publications.

Ocen et al. summarize the innovations, opportunities, and challenges of Al in higher education,
paying particular attention to issues of ethics, academic integrity, and digital inequality. The authors
note that without targeted digital inclusion programs, Al tools can widen the gap between students with
different levels of digital skills.

In a meta-systematic review of more than a hundred studies on Al in higher education, Bond et al.
highlight the lack of research with high methodological rigor (randomized experiments, advanced
statistical analysis), especially in terms of assessing the long-term impact of Al on students' digital
competencies.

Schmidt et al. in their mixed-method study “Integrating artificial intelligence in higher education”
analyze the perception of Al by faculty and administrators, identifying key strategies for academic
innovation - from local pilots to systemic transformation of curricula. One of the conclusions is the need
to include Al and digital literacy in university professional development strategies .

Aguado-Garcia, using a bibliometric approach, shows that in recent years, the focus of Al in higher
education has shifted from purely technological aspects to issues of pedagogy, digital skills, and ethics,
confirming the relevance of your focus on digital competencies.

A review of more than 28 articles from peer-reviewed journals indexed in Scopus (Q1-Q4) showed
that research on the application of artificial intelligence technologies in the formation of digital literacy
and digital competencies in higher education focuses on several consistent thematic areas. For clarity,
these areas are aggregated in a comparative table that reflects key authors, target groups, prevailing
methodological approaches, and main results (Table 3).

Table 3. Main areas of research on Al and digital competencies in higher education

N Key authors and Ta_r get -
The direction audience Prevailing . .

MNe works ; Main conclusions and accents

of research (approximately) (research methodologies
participants)

1 | Conceptualizin | Baskara (2025); College and Quantitative New models of digital and Al
gand Hwang et al. university surveys; literacy are being formulated,
measuring (2023); Xiao students; development and including technical skills, a critical
students' (2024); Laupichler | sometimes validation of attitude to algorithms, and an
digital/Al etal. (2023) adult students scales; factor and understanding of the ethics and
literacy structural analysis; | social consequences of Al. Reliable

scoping and tools for measuring digital
systematic reviews | competencies in the "Al era" are
being created.

2 | Development of | Ngetal. (2023); University Quantitative It is shown that teachers' digital and
Al Strutynska (2021); | professors, surveys (SEM, Al competencies have a direct
competencies Mah et al. (2025) teachers of regression); impact on the formation of students'
of teachers and digital and conceptual and digital skills. Barriers have been
institutional mixed courses, | framework identified: insufficient teacher
policy sometimes the | articles; analysis of | training, lack of institutional

administration | regulatory support and clear strategies for
documents and implementing Al. Frameworks of
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existing competencies and

competence recommendations for policy in

frameworks higher education institutions are
proposed.

3 | Generative Al | Wang & Fan Undergraduate | Meta-analysesand | Generative Al can enhance learning
and chatbots (2025); Abdallah and graduate systematic reviews | outcomes, motivation, and the
(ChatGPT, etal. (2025); Schei | students; (PRISMA); large- | development of digital literacy
etc.)asa etal. (2024); sometimes scale surveys (information retrieval, processing,
medium for the | Honigsberg et al. mixed samples | (TAM/UTAUT); and criticism), but only with
formation of (2025); Ravseljet | of studentsand | mixed methods meaningful pedagogical design.
digital skills al. (2025); Al- teachers (survey + The risks have been identified:

Abdullatif et al. interview/content | academic dishonesty, dependence

(2024); Klimova analysis); case on hints, lack of critical thinking.

(2025); Rajki et al. studies of courses | The need for a regulatory and

(2025); Ciampa et ethical framework for the use of

al. (2023) ChatGPT and similar systems is
noted.

4 | Learning Kleimola & University Case study; LA is used to monitor learning
analytics and Leppisaari (2022); | students (LMS | analysis of digital | activity, identify "risky" students
big educational | Tsaietal. (2020); | data, academic | footprints of early, and support self-regulation
data analysis Diaz et al. (2024); | performance students; predictive | and career planning. It indirectly

Lai et al. (2025); journal); modeling and promotes the development of digital
Hernandez-de- sometimes machine learning; | competencies (working with data,
Menéndez et al. teachers as quantitative self-assessment, digital reflection),
(2020) users of LA research (SEM, but requires a well-thought-out data
panels regression) privacy policy and digital ethics.

5 | Synthesis Adamakis et al. System level: Meta-reviews, There is a shift from technological
reviews and (2025); Ocenetal. | higher bibliometric enthusiasm to more balanced
strategic (2025); Bond et al. | education analysis, models of Al integration: attention
frameworks of | (2024); Schmidtet | systems, conceptual articles; | is shifting to digital competencies,
Al in higher al. (2025); universities, mixed ethics, inclusion, and human
education Aguado-Garcia teachers and methodologies agency. There is a lack of rigorous

(2025) students (as (surveys + empirical research on the long-term
elements of the | document analysis) | impact of Al on the quality of
digital graduate education, especially in
ecosystem) the context of developing countries.

3.3. Conceptual Framework for Understanding the Pedagogical Impact of Al on Digital Competency
Development

Building on the results of the systematic literature review, this study proposes an analytical
framework conceptualizing artificial intelligence as a multi-level pedagogical factor shaping the
development of students’ digital competencies. Contemporary research increasingly demonstrates that
Al does not influence learning outcomes directly; instead, its pedagogical effects are mediated through
several layers of educational systems, institutional policies, instructional decisions, and students’ own
learning practices. However, previous studies rarely integrate these layers into a single explanatory
model, which limits the understanding of how Al-driven tools translate into measurable competencies
and human capital outcomes.

To address this gap, the framework presented in Figure 13 synthesizes insights from the five thematic
clusters identified in the review: Al/digital literacy, teachers’ Al competencies, generative Al tools,
learning analytics, and strategic models of Al integration in higher education. The model distinguishes
four structural levels (system, institutional, pedagogical, and individual) and connects them with a
horizontal causal chain that explains how Al tools embedded in learning environments are transformed
into digital competencies and broader human capital outcomes.

This framework helps conceptualize Al not merely as a technological innovation, but as a structured
pedagogical ecosystem requiring alignment between national strategies, university policies, instructional
design, and student agency. The figure below visualizes this multi-level process.
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Figure 13. Multi-level analytical framework of Al as a pedagogical factor in the development
of students’ digital competencies

The analytical framework in Figure 13 demonstrates that the development of students’ digital
competencies in the Al era is a multi-layered and interdependent process. The upper levels — system and
institutional — form the structural conditions that enable or constrain the pedagogical use of Al. National
strategies, digital inclusion policies, and ethical regulations determine access to Al technologies, while
universities operationalize these requirements through Al platforms, data governance mechanisms,
learning analytics systems, and teacher development programs.

The pedagogical level acts as the core mediating mechanism. Teachers’ Al competencies, together
with instructional design choices — such as the types of assignments, scaffolding, feedback formats, and
the integration of generative Al or analytics dashboards — shape how students actually interact with Al
tools. Without pedagogical mediation, Al remains a purely technical resource and fails to support deep
learning or the formation of critical digital skills.
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The individual level captures the micro-processes through which students transform Al interactions
into competencies. Learning practices such as information search, co-writing with generative models,
data interpretation, reflection, or collaborative problem-solving serve as the immediate channels through
which digital competencies develop. These competencies include Al literacy, critical thinking about
algorithms, ethical Al use, and the ability to work with data — core skills demanded by the modern labor
market.

Finally, the framework situates digital competencies within a broader context of human capital
outcomes, including employability, innovation capacity, lifelong learning readiness, and civic
participation. This emphasizes that the pedagogical use of Al is not only an instructional matter, but also
a strategic component of human capital development at national and institutional levels.

Overall, the framework clarifies why fragmented, tool-focused approaches to Al implementation
often fail: sustainable development of digital competencies emerges only when all four levels-systemic,
institutional, pedagogical, and individual - are aligned. The model therefore offers a conceptual basis for
designing Al-enhanced curricula, developing teacher training systems, and shaping evidence-based
digital transformation policies in higher education.

Conclusions. A systematic review of contemporary research on the pedagogical potential of
artificial intelligence in developing students' digital competencies allows us to draw a number of general
and conceptually significant conclusions that reflect the state, possibilities, and limitations of the field
under study.

First, an analysis of publication activity shows that the topic of Al integration in higher education is
experiencing a phase of rapid growth, especially after 2020 and the emergence of generative models.
However, the quantitative growth in publications is not always accompanied by methodological depth:
many studies assess short-term effects without offering long-term models for the formation of digital
competencies. Despite the growing number of works, the depth of operationalization of the concepts of
“digital competencies” and “Al literacy” remains uneven, which makes it difficult to compare results.

Secondly, the review showed that Al has significant pedagogical potential, but its impact on students'
digital competencies is ambiguous and depends on the conditions of use. Generative models and
intelligent systems are indeed capable of supporting the development of analytical, data processing,
critical thinking, and digital reflection skills, but only if there is a well-thought-out pedagogical design.
Without methodological support, Al can lead to superficial learning, reduced cognitive effort, and the
replacement of independent work with automated solutions. Thus, Al alone does not guarantee the
development of digital competencies — the role of the teacher, the organization of the learning
environment, and the ethical framework are critically important.

Thirdly, research emphasizes that the development of students' digital and Al competencies is
impossible without the accompanying development of teachers' competencies. It is teachers who
determine how Al will be integrated into the learning process, which tasks will develop digital literacy,
and which, on the contrary, will contribute to dependence on automated prompts. Studies show that a
lack of teacher training, insufficient institutional support, and the absence of strategic policies limit the
educational impact of Al.

Fourth, learning analytics demonstrates high potential for the indirect development of digital
competencies. Using learning activity data enhances self-regulation, the ability to interpret information,
and analyze one's own learning strategies-key components of digital literacy. However, these benefits
are realized only through adherence to ethical data processing standards, transparency of algorithms, and
accessibility of analytical tools for students.

Fifth, the systematization of the results revealed a key research gap (GAP): most existing studies
consider Al technologies as local tools, but rarely as a component of a holistic model for developing
digital competencies at universities. Insufficient research has been conducted on:

- the long-term effects of Al use on the development of digital competencies;

- the impact of Al in different institutional and national contexts, especially in developing countries;

- the integration of Al into curricula and university strategy at the systemic level;
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- the balance between automation and the development of human agency in learning.

Finally, the review's findings demonstrate that Al should be viewed not only as a technological
innovation but also as a pedagogical transformation, requiring comprehensive changes — from teacher
training to curriculum revisions and the formulation of ethical regulations. The pedagogical potential of
artificial intelligence can significantly enhance the development of students' digital competencies, but
realizing this potential requires a strategic, scientifically sound, and pedagogically sound approach.

Taken together, this study demonstrates that developing digital competencies in the Al era is a multi-
layered process requiring interdisciplinary analysis, experimental verification, and institutional support.
The findings can serve as a foundation for reforming educational programs, developing national policies
for the digital transformation of higher education, and designing future research aimed at deeply
understanding the role of Al in human capital development.
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[U®PJILIK BLUIIM BEPY TEXHOJOTHSJIAPBI HETT3IHJE CTYJIEHTTEPTE
KA3AK TIITH UHTET PALMSIIBIK OKBITY IBIH CHHEPTETUKAJIBIK MOJIEJI

Anoamna

Makanana mudpislk OUTiM Oepy TEXHOJOTHSUIAPBIH KOJIAHY HETI3iHIE Ka3ak TiUTl KCIPECCHUBTIK CTHIMCTHUKACHIH
MHTETPAIMSIIBIK OKBITYIBIH FHUTBIMU-OIICHAMAIBIK, HETI3/1epl KapacThIPhUIAIbL. 3epTTCYIiH MaKcaThl — UGPIIBIK OUTIM Oepy
TEXHOJIOTHSUIAPBl KaFJaiblHIa Ka3aK TUT IKCHPECCUBTIK CTHIMCTHKACHIH IMOHAPAIBIK KOHCONUIALMANAY HOTHKEJIepiH
CHHEPTeTHUKANBIK MOJIENBICYIIH KaKSTTUIrN MEH MYMKIHAIKTEPiH aHBIKTay. 3epTTey OapbIChIHAA FRUIBIME oieOueTTepi
TaJay, CaJbICTBIPY, XKyHerey, MOJeIbAeY, UHIAYKIMSA, ASOYKIH JKOHE CHHEPreTHKAIbBIK Tocin KoymaHpuinel. Kazak Timi
9KCIIPECCUBTIK CTUIIMCTHKACHIH OKBITYIBIH MHTEIPALMSUIBIK MapaIiurMaiapbl xKyHeseHIl, TUK KyObUIBICTapABIH H(PPIBIK
OutiM Oepy OpTachIHIAFbl e3apa OalIaHBICHl TaNJAHIBI. VIHTEPaKTHUBTI OKBITY SMIiCTEpi, MYJIBTHMEIUSIIBIK PecypcTap,
mudpIBIK TIaThopManap JKOHE JKacaHIpl MHTEUIEKT MYMKIHAIKTEepiH MainaiaHy apKeUIbI OUTIM aTylibUTapablH TUTIIK,
KOMMYHHKATHBTIK >KoHE IHQPIBIK KY3BIPETTEPiH NAMBITY KOIAPBl aHKBIHIAIIRL. 3epTTey HOTIKECIHAE Ka3ak TLTHIH
9KCIPECCUBTIK CTWJIMCTUKACHIH HUMPIBIK OutiM  Oepy TEXHOJIOTHSJIaphl HETI3IHIE HMHTErPaldsuIblK  OKBITYIBIH
CHHEPreTHKaJbIK MOJIENi 93ipJIeHill, OHBIH KYPBUIBIMIBIK KOMIIOHEHTTEpl, NEAarorukajblK LIapTTapbl JKOHE FhUIBIMH-
omicTeMelNiK Heri3fepi YChIHBULIBL. ¥CBIHBUIFAH MOJENb OLTIM allylIbulap/IblH TaHBIMABIK OENCEHAUNINH apTThIpyFa,
TMIOHAPAIBIK OalJIaHBICTBI KYIIEHTYre, KOMMYHHKATUBTIK Ky3bIPETTUIIH JAMBITYFa )KOHE Ka3akK TUTH OKBITYbIH THIMAUTTIH
apTThIpyFa MyMKIHJIK Oepei.

Tyiiin ce3mep: Tmemarorvka, 3aMaHayd OLUTIM, Ka3aK TiTl, OUQPIBIK TEXHOJOTHS, IOHAPAIBIK KOHCOIHIAINS,
HHTErPalHsUIbIK OKBITY.
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CUHEPI'ETUYECKASA MOJAEJb UHTEI' PUPOBAHHOI'O OBYYEHUA
CTYJAEHTOB KA3ZAXCKOMY A3bIKY C HCITIOJIB3OBAHUEM IM®POBBIX
OBPA30OBATEJIBHBIX TEXHOJIOT U

Annomayus
B crartee paccMaTpHBarOTCS HayYHO-METOJIOJOTMYCCKAE OCHOBBI HMHTETPHUPOBAHHOTO OOYUYCHHUS BBIPA3HTEIHHOU
CTIIMCTUKE Ka3aXCKOTO sI3bIKa Ha OCHOBE MPHMEHEHHs IU(PPOBBIX 00pa30BaTENBHBIX TeXHONOTWHA. llenb wcciaenoBaHus
3aKIIOYACTCS B ONpPEICICHHHA HEOOXOMUMOCTA M BO3MOXKHOCTEH CHHEPIeTHYECKOr0 MOJCIUPOBAHUS PE3yIbTaTOB
MOKIUCIUIDIMHAPHON —KOHCOJNMAAIIMK  BBIPA3UTCIIBHOW CTHJIMCTHKH Ka3aXCKOTO s3BIKA B YCIOBHSAX LU(PPOBBIX
00pa30oBaTeNbHBIX TEXHOJIOTHIA. B X0/e MccieoBaHus UCTIOIE30BaHbl METO/IBI aHAIM3a HAYYHOH JINTEPaTyphl, CPABHCHUS,
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