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NMPEAUCIOBUE MABHOTO PEAAKTOPA

HAnEx7TA ATEKCEEBHA AIITEYIIOBA

KaHauaaT COLMOJIOTUYECKUX HaYK,

nupekTop CankT-IleTepOyprckoro ¢puauana
HMHcTUTyTa UICTOPUM €CTECTBO3HAHUS U TEXHUKH
um. C.W. BaBuiosa Poccuiickoii akaneMuu HayK;
TJIaBHBIN peNaKkTOp XypHaia

«Co1noIorust HAyKU U TEXHOJIOTUI»,
Cankr-IletepOypr, Poccus;

e-mail: asheulova n@bk.ru

K 15-netuio xxypHana «Coumnonorna HayKm m TeXHONOrUn»

VIK: 316+050
DOI: 10.24412/2079-0910-2025-4-7-11

Joporue Koyjieru, aBTopbl 1 YMTaTeIu!

3aBepiiasi MeCcTHAAUATHIA TOM HalIero XXypHaja, Mbl (PUKCUPYeM BaXKHYIO BEXY B €ro
HUCTOPUM. 32 MUHYBILINE Tofbl XXypHa «Cormonorus Hayku u TexHosioruit» (CHuT) mpo-
1IeJI IyTh OT nepBoro B Poccuu cnennanu3upoBaHHOTO M3AaHUS, MOCBSIIIEHHOTO COLM-
OJIOTMYECKMM acMeKTaM HayYHOMU AeSITeTbHOCTH, 10 MIPU3HAHHON IIOLIAIKK 171 00CYXK-
NIeHUsI aKTyaJbHbIX MPOOJIEM OTEYECTBEHHOTO U 3apy0eXKHOIO HayKOBEAECHUSI.

CHuT 6b11 co3nan B 2010 r. mo nauuuatuse CaHkr-IleTepoyprckoro ¢punuana MH-
CTUTYTAa UCTOPUM ecTecTBO3HaHUsI U TexHuku uM. C.M. BaBunosa Poccuiickoit akane-
MUY HayK. Ero mosiBieHre BO MHOTOM ObLIO OOYCJIOBJEHO HAKOIUIEHHBIM OIBITOM IIe-
TepOYPIcKOii LIKOJIbl COLIMOJIOTMU HayKu. MexXmyHapoJHas 1IKOoJia COLIMOJIOTMI HayKu
U TEeXHUKU, eXeroqHuK «[1pobaeMbl AeSITeIbHOCTU YUEHOIO M HAyYHBIX KOJUIEKTUBOB»,
MacIITabHbIe SMITUPUYECKUE UCCIET0BaHMSI HAYYHOTO MTOTEHIIMAala — BCe 3TO 3aJI0KII0
¢dyHIaMeHT /11 HOBOTO U3AaHMUSI.

3a 15 et BBIIIIO 62 BHITYCKa, OMYOJIMKOBAHO 868 cTaTeil, cyMMapHOE YKCJIO LIMTUPO-
BaHnuii B PUHL npesbicuno 3 770. ZKypHan o6pen MexayHaponHoe npu3HaHue: ¢ 2017 r.
OoH uHaekcupyetcs B Emerging Sources Citation Index (Web of Science), BKJIIoUeH B niepe-
yeHb BAK, 3anumaet 2-e mecto B peritudre SCIENCE INDEX no tematuke «HaykoBe-
JIeHue». DTU MoKa3aTesd OTpaXaroT He TOJIbKO KOJTUYECTBEHHbI POCT, HO U KaYECTBEH-
HOE pa3BUTHE XypHaJja, ero YKpeIruIsiomecs: O3UIMK B HAyYHOM COOOIIECTBE.

© Ameynosa H.A., 2025



8 COLMO0NOrNA HAYKW W TEXHONOTWI. 2025. Tom 16. Ne 4

KypHain u3HayaibHO ObLT OPUEHTUPOBAH Ha IIMPOKUI CIIEKTP MPOOJIeM, CBI3aHHBIX
C COLIMAJIbHBIMU acCMeKTaMU HayKU U TEXHOJOTU. AHAIU3 TeMaTUYECKOTO pacrpeee-
HUS MyOJIMKALMI TMTOKa3bIBAET YCTOMUMBOE SIAPO UCCIENOBATEIbCKUX UHTEPECOB: HAYKO-
BeneHue (399 mybamkanwit), commosiorus (134), ucropus Hayku (102), pumocodus (61).
DTa CTPYKTypa OTpaxkaeT MEeXIUCLUMIIMHAPHBIA XapaKTep W3AaHMsI, €ro CTpeMJICHUE
O0BEIUHUTD PA3IMYHbIC TONXOAbI K U3YYEHUIO HAYKU KaK COLIMabHOTO MHCTUTYTA. [1y-
OJIMKAllMU OXBaThIBAIOT BECh CMIEKTP TUIMOB HAYYHBIX TEKCTOB: OT AMITUPUIECKUX HCCIIe-
JIOBaHU 10 pelieH3Ui, UHTEPBbIO, MAaTepPUATIOB KOH(hEPEHIIUIA.

Oco0y10 poJib B KM3HU XKypHajia UTPaloT TeMaTUYECKUE BBIMTYCKU, KOTOPbIE MO3BOJISI-
10T c(poKycHUpoBaTh BHUMaHUE HAYYHOTO COOOIIECTBA HA 3HAYUMBIX COOBITUSIX U MPOOIIe-
max. K 300-netuto Poccuiickoil akageMun HayK ObLJIO TTOATOTOBJIEHO BOCEMb BBIITYCKOB
(2023—2024), cTaBLIMX IUIOLIAAKON IJ1S1 OCMBICJEHUSI UCTOPUU U COBPEMEHHOTO COCTOSI-
Hus poccuiickoit Hayku. K 90-netuto MMET PAH Bbiluin HoMmepa, B crieMaabHbIX pyo-
pUKax KOTOPBIX OTAAETCS JaHb YBAXKEHUS YUPEXKIESHUIO — OCHOBATEIO XXypHaa.

BbrlycK, MOCBSIIEHHBI MCKYCCTBEHHOMY MHTEJUIEKTY KaK IpaiBepy COLIMaIbHbIX
TpaHcdopmanuii (2024), TpoaeMOHCTPUPOBA TOTOBHOCTD XKypHaJla 0OCYXAaTh CaMble
OCTpbI€ BBI30BBI COBpeMEHHOCTU. Matepuasl o 5S0-1eTUu uccieA0BaHU HAYKU U TEXHO-
Joruit (STS) MO3BONMWIM OLIEHUTh TUHAMUKY U3MEHEHUSI 9TOT0 MEXAUCIIUIIMHAPHOTO
MOJII U HAMETUTb MEPCIEeKTUBbI €r0 pa3BUTUs. MexXnyHaponHble TeMaTUYECKUE BbIITY-
CKM, TIOCBSIIEHHbIE HayKe 1 TexHojorusiM B Kutae u Unauu, pacimpuiu reorpacduto
Hay4YHOTro nuajiora.

3a 15 et cBoero cyiectBoBaHust CHUT 00beIMHUI IIMPOKOE COOOIECTBO UCCIEN0-
Bateseii. Cpeau opraHu3aluii, b apduaranmny ObLIN 3asiBJieHb aBTOpaMy Ha CTpaHU-
1ax XypHajia, — BeAyllue poccuiickue HayuHble eHTpbl U yHuBepcuteTol: UMET PAH
(204 nyomukanum), Cankr-IleTepOyprckuii rocynapcTBeHHBIN yHUBepcUTeT (85), Dene-
paJIbHBIN HaydHO-UCCIea0BaTeIbcKUit counonorudyeckuii ueHTp PAH (47), Hauuonanb-
HBII UCCIIeN0BaTEILCKII YHUBEPCHUTET «BhIcIas mkoira skoHoMuKn» (35). [1pencrasie-
HBI TaKKe 3apy0exkHble YHUBEPCUTEThl — OT [lekuHckoro 1 HaHbsIHCKOTo TeXHOJIOrnye-
ckoro 1o Konymouiickoro u YTpexrckoro.

PenakiimoHHas mojavMTUKa XypHaja BCeraa CTporuIach Ha COUeTaHUU aKaAeMUYeCKO
CTPOTOCTU U MTPAKTUYECKON OPUEHTUPOBAHHOCTU. MBI CTPEMUWJIMCH HE TOJBKO K TEOPETU-
YEeCKOMY OCMBICJIEHUIO COLIMATbHBIX aCTIEKTOB HAYKW, HO U K TOHUMAaHUIO TOTO, KaK 3TU
3HaHUS MOTYT CIIOCOOCTBOBATh COBEPIIEHCTBOBAHMIO HAYYHOI MOJUTUKHU, OpraHU3aluu
Hay4YHOI HayKu, pabOThI C HAYYHBIMU KaJpaMu.

ITpob6aeMaTrika HaydHOI MOOUIBHOCTU, BO3PACTHON CTPYKTYPhl HAYYHOTO COOO0IIIe-
CTBa, MOJOXEHUS MOJIOJBIX YUEHBIX, KOTOpas MOAHUMAIACh B CAMbIX MEPBbIX BBIITyCKaX,
OCTaeTCs aKTyaJbHOU U ceronHs. Bornpochl duHaHCUPOBaHUS HAYKU, MEXaHU3MOB IOCy-
JApCTBEHHOI'O PEryJIUPOBAHUSI, B3aUMOJEHCTBUS HAYKU U OM3HECA MPOIOJIKAIOT Tpeho-
BaTh BHUMATEJIbHOTO COILIMOJIOTMYECKOr0 aHaI13a.

C camoro Hayaja XypHaJl NPUACPXUBAETCS MPUHIIMIIOB OTKPBITOro noctyra. Bce
OITyOJMKOBAHHbBIE CTaTbU TOCTYIHBI OECIIJIATHO, TTOJIb30BaTEIM MOTYT YUTaTh, CKAUUBAaTh,
pachpoCcTpaHsTh U LUTUPOBATh MaTepUaIbl O€3 CIIEIMATIBLHOTO pa3pelieHus. ITo pellie-
HUe ObLJIO MIPUHSTO UCXOAS U3 YOSXKIEHUS, YTO HAyYHOE 3HAHUE MOJDKHO OBITh TOCTYII-
HBIM, YTO COLIMOJIOTUSI HAYKY MPU3BaHA CIIYXKUTh HE TOJBKO Y3KOMY KPYTY CLIELIMAIMCTOB,
HO U BCEM, KTO MHTepecyeTcs pobdeMaMu pPa3BUTUS HAYKU 1 TEXHOJIOTUMA.

BxutioueHue KypHaja B MeXIyHapoaHble 0a3bl JaHHBIX, oaydyeHue DOI nnsg Bcex
crareii, uHnekcamus B Web of Science, u3HayanbHasi IBYSI3bIYHOCTD (PYCCKUI U aHTIWIA-
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CKMIi SI3BIKM) — BCE 3TO paclIUpsieT ayIUuTOPUIO U3IaHUSs, eJlaeT pe3yabTaThl POCCUIi-
CKMX MCClIeIOBAaHUI BUAUMBIMU JIJIsI MUPOBOTO HAYYHOTO COOOIIIECTBA.

CHuT 0GepexHo XpaHUT MaMsTh 0 cBoux ocHoBatesisix. Camyus ApoHoBud Kyreb,
CTOSIBILIMI Y UICTOKOB U3AaHMsI, OTIPEACIN ero JULo U Leau. KOouneliHble BbIMYCKU, MO~
CBSIIIIEHHBIE BhlIamOIIMMCS YdeHbIM — oT PoGepta MeprtoHa no AnekcaHapa ¢goH I'ym-
0oJIbaTa, OT KJIACCUKOB POCCUIICKON COLIMOJIOTUU JO COBPEMEHHBIX UcCcenoBareneii, —
HAITOMUHAIOT O Ba)KHOCTHM MCTOPUYECKOM MaMsITU, O HEOOXOIAMMOCTU AMajiora MexXay
TTOKOJICHUSIMU, MEKIY HaYYHBIMU TPATUIINSIMMU.

BMmecTte ¢ Tem XypHasl oTKpbIT HoBoMy. Paznen «[lepBbie miaru B Hayke», MaTepua-
JIbI MOJIOABIX MCClIeoBaTeNel, Myo KAl acClMpaHTOB U HAUMHAIOIIUX YUeHBIX CBUIE-
TEJIbCTBYIOT O BHUMAaHUM K HAYYHOU MOJIOAEKU, O CTPEMJIEHUM MOAIepKaTh (POpMUPO-
BaHME HOBOTO MOKOJIEHHSI CITeLMATMCTOB B 00J1aCTU COLIMOJIOTUM HAyKU U TEXHOJIOTUI.

IToaroroBuB 1IeCTHAALIATHIA TOM, Mbl BUIUM Iepel cO00i KaK JOCTMXKEHUS, TaK U
HepelleHHble 3amauu. HayuHblil maHamadT cTpeMUTENIbHO MEHSsIeTCs: UMdpoBU3aLUs
HayKu, TpaHc(hopMaIus CUCTEMBl HAayYHBIX KOMMYHUKAIWA, HOBBIC (DOPMBI OpraHmu3a-
LI MCCNIeTOBaHU, MpoOJeMbl MCKYCCTBEHHOIO MHTE/JIEKTa U OOJBbIIMX JAHHBIX Tpe-
OYIOT MPUCTAJILHOTO COLMOJIOTHUYECKOro BHUMaHus. [lepen poccuiickoil HayKoi CTOSIT
Ccepbe3HbIe BbI30BbI, CBSI3aHHBIE C HEOOXOIMMOCTBIO COXpAaHEHUSI HAyYHOTO MOTeHIMaa,
obecrneyeHusl BOCITPOU3BOACTBA HAyUYHBIX KaJpoOB, MHTErpalliu B I100AJbHOE HAayuHOE
MPOCTPAHCTBO MPU COXPAaHEHUU HALIMOHAJIbHOW UIEHTUUYHOCTH.

MBI OT YMCTOTO cepala GJarogapyuM BeeX, KTO Ha MPOTSIKEHUU 3TUX JIET MOIIePXKU -
BaJT 3KypHaJI: aBTOPOB, PELIEH3EHTOB, YICHOB PEAAKIIMOHHON KOJUIETUU U PeIaKIIMOHHO-
ro copeta, untateieii. 2KypHas «CouMogorus HayKu M TeXHOJIOTUii» HaMepeH U BIIpeab
OCTaBaThCS TUIOIIAAKOMN TSI 0OCYKIEHUST ITUX MPOoOJeM, 71l TOMCKa OTBETOB Ha CIIOX-
HbI€ BOIPOCHI, CTOSIIIIKE Mepe] HAYyYHBIM COOOIIIECTBOM.

On the 15" Anniversary of the Journal
“Sociology of Science and Technology”

Napi4 A. ASHEULOVA

S.1. Vavilov Institute for the History of Science and Technology
of the Russian Academy of Sciences, St Petersburg Branch;
St Petersburg, Russia;
e-mail: asheulova n@bk.ru

As we reach the sixteenth volume of our journal, we mark a significant milestone in its
history. In recent years, the “Sociology of Science and Technology” (SST) has evolved from
the first specialized publication in Russia devoted to the sociological aspects of scientific ac-
tivity into a recognized platform for discussing pressing issues in Russian and international
science studies.

The St Petersburg Branch of S.I. Vavilov Institute for the History of Science and Tech-
nology, Russian Academy of Sciences (IHST RAS) was the driving force behind the estab-
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lishment of SST in 2009. The St Petersburg school of the sociology of science, which had
been accumulating potential for some time, was the driving force behind this emergence.
The foundation for the new journal was created by the International School for the Sociol-
ogy of Science and Technology, the yearbook “Problems of the Activities of Scientists and
Scientific Collectives,” and large-scale empirical studies of scientific potential.

It is evident that over a period of 15 years, a total of 62 issues have been published, in-
corporating 868 articles. In addition, the total number of citations in the Russian Science
Citation Index (RSCI) has surpassed 3,770. The journal has gained international recogni-
tion, as evidenced by its indexation in the Emerging Sources Citation Index (Web of Science)
since 2017, its inclusion in the list of journals approved by the Higher Attestation Commission
(VAK), and its second-place ranking in the SCIENCE INDEX rating in the “Science Stud-
ies” category. These indicators not only reflect quantitative growth, but also the qualitative
development of the journal and its strengthening position in the academic community.

From its inception, the journal has been oriented towards a wide range of issues re-
lated to the social aspects of science and technology. A thorough analysis of the thematic
distribution of publications reveals a stable core of research interests, namely science stud-
ies (399 publications), sociology (134), history of science (102), and philosophy (61). It is
evident that this structure is indicative of the interrelation between the various elements
involved. The publications encompass the entire range of scientific genres, encompassing
empirical research, reviews, interviews, and conference materials.

Thematic issues assume a particular significance in the life of the journal, enabling us to
direct the scholarly community’s attention towards significant events and problems. A total
of eight issues (2023—2024) were meticulously prepared for the 300" anniversary of the Rus-
sian Academy of Sciences. These issues served as a valuable platform for reflecting on the
history and current state of Russian science. Special issues devoted to the 90" anniversary of
IHST RAS paid tribute to the institution that founded the journal.

The issue dedicated to artificial intelligence as a driver of social transformations (2024)
demonstrated the journal’s readiness to engage with the most acute challenges of our time.
The materials marking 50 years of Science and Technology Studies (STS) enabled an as-
sessment of the trajectory traversed by this interdisciplinary field, in addition to outlining
prospects for its future development. The geographical scope of our scholarly dialogue has
expanded to encompass international thematic issues on science and technology in China
and India.

For a period of 15 years, SST has facilitated the establishment of a wide-ranging com-
munity of researchers. The institutions listed in author affiliations include prominent Rus-
sian research centers and universities. The following institutions have been identified as
having published the greatest number of academic papers in the field: the Russian Acad-
emy of Sciences (204 publications), Saint Petersburg State University (85), the Federal
Centre of Theoretical and Applied Sociology of the Russian Academy of Sciences (47), and
the National Research University “Higher School of Economics” (35). Representation of
foreign universities is also notable, with institutions such as Beijing University, Nanyang
Technological University, Columbia University and Utrecht University among those in
attendance.

The journal’s editorial policy has historically been founded on a duality of academic
rigor and practical relevance. The present study has sought to provide theoretical insight
into the social aspects of science. In addition, an attempt has been made to ascertain how
this knowledge can contribute to improving science policy.
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Issues such as scientific mobility, the age structure of the scientific community, and
the situation of young researchers, which were already raised in the very first issues, remain
highly relevant today. The ongoing necessity for rigorous sociological analysis is evidenced
by the persistent challenges concerning research funding, state regulatory mechanisms, and
the intricate relationship between scientific endeavors and commercial interests.

Since its inception, the journal has been committed to the principles of open access. All
published articles are available, free of charge, and users are permitted to read, download,
distribute, and cite the materials without requiring special permission. This decision was
based on the conviction that scientific knowledge should be accessible, and that the sociol-
ogy of science should serve not only a narrow circle of specialists, but also the general public
interested in the development of science and technology.

The journal’s inclusion in international databases, the assignment of DOIs to all arti-
cles, indexing in Web of Science, and its bilingual format (Russian and English) all contrib-
ute to broaden the journal’s audience and make the results of Russian research visible to the
global scholarly community.

SST is meticulous in its preservation of the memory of its founders. It is evident that
Samuel Aronovich Kugel played a pivotal role in the genesis of the journal, significantly
contributing to its conceptualization and the establishment of its overarching objectives.
Anniversary issues dedicated to distinguished scholars — ranging from Robert K. Merton
to Alexander von Humboldt, from the classics of Russian sociology to contemporary re-
searchers — serve as a reminder of the significance of historical memory and the necessity
for dialogue between generations and scholarly traditions.

Concurrently, the journal remains receptive to novel contributions. The section entitled
“First Steps in Science,” which showcases contributions from young researchers, along with
publications by doctoral and graduate students, serves as a testament to our commitment to
nurturing academic youth and fostering the development of a new generation of specialists
in the sociology of science and technology.

As the sixteenth volume is brought to a close, both the accomplishments achieved and
the challenges that have yet to be addressed are evident. The scientific landscape is under-
going rapid transformation, characterized by the digitalization of science, the evolution of
scholarly communication systems, novel forms of research organization, and the challenges
posed by artificial intelligence and big data. These developments necessitate close socio-
logical examination. Russian science is currently facing a number of significant challenges.
These challenges are related to the preservation of its scientific potential, the assurance of
the reproduction of research personnel, and the integration of the country into the global
scientific community while maintaining national identity.

It is with great pleasure that we extend our profound gratitude to all those who have
provided support to this journal over the past years. This includes the authors who have
contributed their scholarly works, the reviewers who have diligently evaluated these contri-
butions, the members of the editorial board and editorial council who have dedicated their
time and expertise to the journal, and finally, our esteemed readers who have consistently
demonstrated their interest and engagement with our publications. The journal “Sociology
of Science and Technology” aims to provide a platform for the discussion of these issues and
the pursuit of solutions to the complex questions facing the scientific community.
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Islamic mathematicians developed several geometric forms that integrate mathematics and art. Arab
mathematics educators and students are oblivious to this illustrious history. An engaging educational
program is being created to address students’ inadequacies in geometrical thinking. This study
examines the geometrical reasoning abilities of tenth graders, active learning methodologies, and
Islamic motifs. It seeks to establish an interactive educational atmosphere beyond the classroom by
incorporating Geogebra and MOODLE as a Learning Management System. A quazi experimental
design of two groups: experimental group 118 and control group 120. Pre-tests and post-tests were
administered. A test of 20 items was developed. Validity and reliability (Cronbach’s alpha 0.81) were
assessed. The school’s learning management system (LMS) was made accessible to students for the
retrieval of course materials, assignments, training, and assessments beyond classroom hours. The
results show the fewer levels in the experimental group significantly differ from those in the control
group at o = 0.05 on the geometrical thinking assessment. A statistically significant difference in
geometrical thinking test means (o = 0.05) exists among the four subgroups of the experimental group:
poor, average, above average, and excellent, across visual, analytical, informal deduction, and formal
deduction levels. The findings advocate for mathematics educators to implement the learning program
and utilize its foundation to develop innovative teaching methodologies. Such studies are uncommon
as they integrate active learning with Islamic culture, contemporary technology, geometric reasoning,
and many educational ideas. This document facilitates integration for mathematics educators.

© Mofeed A. Abumosa, 2025



SOCIOLOGY OF SCIENCE AND TECHNOLOGY. 2025. Volume 16. No. 4 13

Keywords: geometrical thinking; Islamic patterns, dynamic applications; GeoGebra; MOODLE, active
learning.

Introduction

Geometry is an essential component of mathematics that holds significant relevance
in students’ daily lives [Jablonski, Ludwig, 2023]. The study of geometry not only enhances
students’ problem-solving abilities but also serves as a tool for connecting various math-
ematical concepts [Desai et al., 2021]. TIMSS (Trends in International Mathematics and
Science Study) 2019 provides comprehensive data on student achievement in mathematics
and science across various countries, including Jordan.

The focus here is on Jordan’s performance in geometry, a key domain in mathematics.
Jordan is a developing country in the MENA region and shows a decrease in its students’
level in TIMSS. Jordan’s average mathematics achievement at the eighth-grade level was
below the TIMSS scale center point of 500, indicating challenges in overall mathematics
proficiency, including geometry [ Murtiyasa et al., 2019]. The most important points raised
in the report are: Geometry and Cognitive Development includes content domain analysis:
Jordanian students demonstrated particular difficulty in the geometry content domain, with
scores significantly lower compared to other mathematical domains such as algebra and
data representation [Kuzle, 2023; Andini et al., 2017]. This suggests the need for targeted
interventions to enhance students’ geometrical thinking skills. Also, for International Com-
parison: When compared to international benchmarks, Jordanian students’ performance in
geometry was consistently below the international average, highlighting a need for targeted
interventions in this area [ Trimurtini et al., 2023]. The Contextual Factors includes the fol-
lowing: Teacher Preparation and Resources: Challenges in geometry achievement are partly
attributed to inadequate teacher preparation and a lack of resources dedicated to teaching
geometry effectively.

Teachers reported a need for more professional development in teaching geometry
[TIMSS 2019 Contextual Questionnaires, 2019; Haj-Yahya, 2022]. Classroom Environment:
Factors such as class size, availability of teaching materials, and instructional time also
played a significant role in students’ performance in geometry. Schools with better resourc-
es and more instructional time in geometry saw relatively higher achievement [ TIMSS 2019
Methods and Procedures, 2019]. In summary, Jordanian students face significant challenges
in geometry as reflected in the TIMSS 2019 results. Addressing issues related to teacher
preparation, resource availability, and instructional time could potentially improve perfor-
mance in this critical area of mathematics. For more detailed information and specific data,
you can refer to the TIMSS 2019 International Results in Mathematics and Science and the
TIMSS 2019 Methods and Procedures |1.S.C. Boston College, 2023].

The objective of this study is to construct an instructional program that incorporates
technology, specifically Geogebra and MOODLE as a Learning Management System, in or-
der to establish an immersive learning environment outside the traditional classroom set-
ting. Implementing active learning strategies can perhaps mitigate the issue of low academic
performance in geometry.

The elaborate and repeated geometric forms of Islamic patterns offer a comprehensive
framework for strengthening geometric thinking. These patterns frequently employ basic
geometric shapes such as equilateral triangles, squares, and hexagons, which are carefully



14 COLMO0IOrNA HAYKW W TEXHONOTWI. 2025. Tom 16. Ne 4

organized to form intricate and visually appealing designs. A profound comprehension of
geometric principles, such as symmetry, tessellation, and spatial reasoning, is essential for
studying and creating Islamic patterns. The use of tools such as GeoGebra greatly improves
the learning process by providing a dynamic and interactive platform where students can
visualize and modify geometric forms [Gladys, 2023]. GeoGebra enables learners to inves-
tigate the connections between angles and sides, engage in experimentation with various
geometric transformations, and experience the direct effects of their manipulations on the
overall pattern. This practical method not only reinforces their comprehension of geometric
principles but also enhances their imaginative and analytical thinking abilities, cultivating a
deeper admiration for the aesthetic and mathematical elegance of Islamic designs.

The Van Hiele levels of geometric thinking, as examined in the study of Mahlaba and
Mudaly (n. d.), provide a sequential framework for comprehending geometry. The theory,
formulated by Pierre and Dina van Hiele during the 1950s, delineates five discrete stages:
identification, examination, arrangement, inference, and precision. At the perceptual level,
learners categorize shapes by their holistic visual characteristics. The analysis stage entails
comprehending shapes based on their inherent features. At the level of ordering, learners
can systematically arrange these qualities and comprehend the connections between distinct
forms. The deduction level is defined by the capacity to employ axioms, definitions, and
previously established theorems to infer new properties and demonstrate theorems. Ulti-
mately, the rigour level encompasses comprehending the abstract essence of geometry and
its fundamental frameworks, enabling logical thinking within and extending beyond Euclid-
ean geometry. Advancement through these stages necessitates a transition from following
set rituals to engaging in exploratory discussions, wherein learners progress from mimicking
answers to autonomously investigating and substantiating geometric principles.

Table 1. The levels of geometric thinking distributed according to geometric skills

Level skill Recognition Analysis Deduction

Visual Recognize geometric Recognize the relation- | Uses information about a
shapes by its’ picture ship between different geometric shape to deduce
without knowing the shapes | kinds of geometric shapes | more information
prosperities

Descrip- | Naming a geometric shape. | Describes the relation- Understand the difference

tive Explain statements that ships between geometric | between the definition,
describe geometric shape shapes. Defines geometric | postulate and theorem

concepts clearly.

Logical Understand the meaning of | Uses the prosperities Uses logic to prove and
shape reservation in different | of geometric shapes being able to deduce new
situations to identify the subset knowledge from given facts

relation

This study is focused only on four stages of geometric thinking: Visual, Analytic, Infor-
mal deduction, and Formal deduction. The four levels were obtained from tablel. In this
work, the term “Visual level” refers to the ability to identify geometric shapes only based
on their visual representation, without any knowledge of their specific properties. Analytic
refers to the process of describing the relationships that exist between different geometric
shapes. Provides precise definitions of geometric topics. Informal deduction refers to the
process of using available information about a geometric shape to draw further conclusions.
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Formal deduction refers to the process of utilizing logical reasoning to establish proof and
derive new knowledge based on existing facts.

Problem Statement

Although Islamic mathematicians have a rich history of creating complex geometrical
designs that combine mathematics and art, a considerable number of Arab mathematics
educators and students are still unaware of this important heritage. The pupils’ inadequate
awareness of this topic leads to a deficiency in their ability to reason geometrically, which is
a vital talent in the field of mathematics education. Conventional instructional techniques
frequently fall short in captivating students and cultivating profound comprehension of ge-
ometrical principles. Thus, there is a requirement for inventive educational programs that
not only integrate the cultural history of Islamic geometrical patterns but also utilize con-
temporary technical tools to improve students’ geometrical thinking abilities.

Null Hypotheses

1. There is no significant difference in the geometrical thinking skills between tenth
graders who participate in the Islamic patterns-based program and those who receive tradi-
tional geometry instruction.

2. The use of active learning strategies in conjunction with Islamic patterns-based ge-
ometry instruction does not result in significant improvements in students’ post-test scores
according to their level of achievement.

Operational Definitions

1. Geometrical Thinking Skills: The capacity to comprehend, analyses, and utilize ge-
ometric ideas and principles, assessed using a 20-question examination created exclusively
for this research, guaranteeing accuracy and consistency with a Cronbach’s alpha coefficient
of 0.81.

2. The Islamic patterns-based program is an educational program that integrates the ex-
amination and utilization of historical Islamic geometric designs into geometry lectures.
This is achieved through the use of dynamic apps like GeoGebra and is administered using
the MOODLE learning management system.

3. Active learning refers to instructional techniques that involve students in the learning
process through interactive activities, conversations, and hands-on exercises. This is in con-
trast to passive learning, where students simply absorb knowledge from the teacher without
actively participating.

4. GeoGebra: A versatile mathematical software that combines geometry, algebra, and
calculus, serving as a tool to enhance interactive learning and investigation of geometric
principles.

5. MOODLE is an open-source learning management system that allows for the deliv-
ery of course materials, exercises, training, and assessments. It provides students with the
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ability to access and interact with educational content outside of the traditional classroom
environment.

6. Previous achievement level: the participants were categorized into two groups based
on their academic performance in ninth grade. The threshold was set at 80 out of 100. If a
student’s grade exceeds 80, they are considered above average; otherwise, they are consid-
ered average or below.

Methodology

A quazi experimental design was employed, with two groups (Exp 118 and control 120).
A pre- and post-test was administered. A 20-item exam was developed. Consideration was
given to validity and reliability (Cronbach 0.81). So that students may engage with the pro-
gram even when class was not in session, the school’s learning management system (LMS)
was made public, including all course materials, exercises, training, and exams.

The first step was creating a teaching framework. The researcher has constructed the
subsequent framework to direct the process of lesson preparation. The initial component
is the explanation, which involves the teacher providing a thorough and comprehensive ex-
planation of the topic during class. This ensures that students understand the fundamental
principles. Additionally, video explanations are available for students to access outside of
class, allowing them to review and enhance their understanding at their own pace.

The second component is training, which emphasizes individual practice. Students en-
gage in individualized training to hone their skills and deepen their understanding of the
subject area. In addition, the option of group training is being taken into consideration.
Interactive exercises that foster collaboration among students to collectively solve obstacles,
hence enhancing their problem-solving skills.

The final element is sharing. Students present their work to the teacher. Teacher Feed-
back provides students with essential instructions, offering feedback on how to improve
their work and highlighting their areas of expertise. Furthermore, the practice of provid-
ing feedback from peers is strongly promoted. Students participate in the evaluation and
constructive critique of their peers’ work, offering useful insights and suggestions to help
improve their peers’ work. Furthermore, a Knowledge Assessment was conducted. Periodic
assessments are conducted to assess students’ understanding and retention of the material,
ensuring their advancement towards their educational goals. Finally, Direct Teacher Assis-
tance occurred. The teacher offers personalized assistance to address specific requirements
and respond to queries from students. This framework ensures a comprehensive approach
to teaching by incorporating clear instruction, practical training, and continuous feedback
to support student learning and development.

The second step was developing lessons based on Dynamic Instructional Design (DID) to
deliver the activities [ Y. An, 2021]. The following is an example of a lesson prepared for the
experimental group. The same content was used the control group with a main difference
represented with using the usual geometric tools and grid papers instead of using Geogebra
in creating the Islamic pattern.
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Fig. 1. Elements of the Teaching Framework!

Lesson Plan (DID Model) Dynamic Instructional Design

Title: Islamic Pattern Using Equilateral Triangles. Subject: Geometry and the process
of using logical thinking to solve geometric problems.

Summary: Students can create Islamic patterns using Geogebra. At first, students ma-
nipulate the activity by moving the points using a dragging motion. Afterwards, they watch
an educational film. Subsequently, students proceed to create a similar pattern and subse-
quently analyze the arrangement they have constructed in order to develop an innovative
design. Additionally, they are driven to investigate new relationships between angles or sides.

Step 1: Understand The Learner

Tenth grade students: Individuals aged 15-16, undergoing simultaneous growth in
their academic and social-emotional domains. Transition to high school: Involves
experiencing increased autonomy and accountability, as well as undergoing
hormonal and physiological transformations. Academic challenges: Overcoming
heightened expectations and heavy workloads, effectively navigating social
dynamics in a more expansive educational setting [12].

Step 2: Define Objectives
Learning outcomes:

comprehend the constituent elements of an Islamic pattern employing Equilateral
Triangles;

utilize Geogebra software to generate an Islamic pattern composed of equilateral
triangles;

generate a novel Islamic motif by incorporating various polygons;

examine the correlation between the lengths of the sides and the measures of the
angles;

! The picture was generated via ChatGPT.
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Skills to acquire:

proficiency in creating geometric forms using Geogebra;
creating a geometric design inspired by Islamic art;
engaging in the exchange of ideas with colleagues;

Geometric reasoning abilities:

enhancing spatial visualization skills;
analysis of patterns;
uncovering novel connections.

Step 3: Establish The Learning Environment
Physical Environment:

classroom Arrangement: Organize the desks into clusters to promote collaborative
work and facilitate group discussions. Make sure that every cluster is equipped with
a computer or tablet that has Geogebra software installed;

required materials: Computers or tablets, internet connectivity, projector,
instructional videos;

Emotional Environment:

cultivate a nurturing and cooperative ambiance that promotes students’ willingness
to openly express their thoughts and seek clarification;

promote the appreciation of different viewpoints and innovative methods in the
design of patterns.

Distance learning Environment: MOODLFE learning management system (LMS) was
used to publish the learning material and to create online environment for students to share

ideas.

Step 4: Identify Teaching and Learning Strategies
Educational Approaches:

In

Class:
Explanation: Commence the session with a concise discourse on Islamic patterns
and the utilization of equilateral triangles, accompanied by visual illustrations;
Demonstration: Illustrate the process of utilizing Geogebra to generate patterns.
Enable students to engage in hands-on practice by manipulating points and
observing the instructive film;
Training and Sharing via Collaborative Learning: Facilitate students to engage in
small group activities where they can collectively develop their patterns, promoting
peer interaction and receiving feedback;
Training Independent Practice: Instruct students to individually build a new pattern
using different polygons, promoting creativity and the application of previously
learnt ideas;

Learning Activities:

Manipulative Exercise: Students manipulate points by dragging them in Geogebra;

At home:

Educational Video at home: Watch a Video at home that provides an explanation of
the process behind the production of Islamic patterns;

Pattern Creation: Students generate a comparable pattern and analyses its structure
in order to develop an original design;

Exploration: Foster students’ curiosity and urge them to investigate novel
relationships between angles and sides.

Step 5 involves the identification and selection of support technologies.
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Geogebra: Principal instrument for generating and manipulating geometric patterns;
Instructional Videos: Visual resources designed to assist comprehension of
geometric principles and the process of pattern formation;

Online Resources: Gain access to supplementary tutorials and exemplars of Islamic

patterns (https://www.geogebra.org/f/svqqd6obcdz);

Projector: Used to exhibit demonstrations and educational movies to the entire
class;

Tablets / Computers: To facilitate students’ usage of Geogebra and enable their
access to online resources.

Step 6: Assessment Strategy

Formative Assessment:

Observation: Continuously observe students’ participation and advancement in activi-
ties, offering prompt feedback and support.

Group Feedback: Facilitate collective conversations to evaluate comprehension
and promote peer evaluation.

Summative Assessment:

Pattern Submission: Assess students’ final patterns made in Geogebra based on their
inventiveness, correctness, and utilization of geometric principles. The students
submit their pattern via the lesson link created by the researcher (https://www.
geogebra.org/classroom/t6hxvrec).

Reflective Essay: Instruct students to compose a concise essay in which they
contemplate their process of learning, the obstacles they encountered, and the
novel connections they uncovered between angles and sides.

Step 7: Reflection, Evaluate, and Revise the Design

Self-Reflection: Prompt students to introspect on their learning experience and
evaluate the efficacy of the instructional tactics employed;

Teacher Reflection: Evaluate the efficacy of the lesson, the level of student
involvement, and the attainment of learning objectives.

Evaluation:

Gather feedback from students regarding the lessonls comprehensibility, level of
involvement, and the practicality of Geogebra;

Evaluate assessment outcomes to identify areas of achievement and areas requiring
enhancement.

Revision:

Modify the lesson plan after carefully considering feedback and assessments to
rectify any highlighted shortcomings;

Please consider implementing supplementary assistance for students who are
encountering difficulties with geometric concepts or the utilization of technology;
Revise educational materials and resources as necessary to improve clarity and
increase engagement.

The third step involved the creation of Geogebra applets and the production of instruc-
tional videos. The fourth step entailed the creation of the geometric thinking assessment.
The test was verified by referees. Furthermore, the Cronbach alpha coefficient was em-
ployed to validate the recallability, yielding a value of 0.81. Two teachers were trained on the
lesson plans as the final phase. The initial instructor, a female with a decade of expertise,
is employed at a private educational institution in Amman. Previously, she instructed four
sections consisting of tenth-grade students, totaling 118 individuals. The second individu-
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al is a female who has accumulated eleven years of experience working at another private
school in Amman. She formerly instructed four sections of tenth grade, including a total of
120 students. Both schools are situated in the eastern part of Amman and share numerous
similarities. The allocation of the experimental and control group was randomized. Both
teachers receive identical materials; the sole distinction is in the manner in which students
generate and cultivate Islamic Patterns. The experimental group utilizes Geogebra software,
while the control group employs traditional geometry instruments such as a protector, ruler,
compass, and grid papers. The lessons were a weekly enrichment activity. These activities
have a duration of six months. The delivery of the lessons starts in October 2023.

Results and Discussions

Table 2 shows statistical analysis of t test related to the first hypotheses.

Table 2. Independent Samples t Test

Levene’s Test
. . Partial Eta
group N | Mean | SD F Sig. t df Sig. Squared
T 118 | 871 | 271 | 0.711 | 0.400 | 0.011 | 236 | 0.991
Control 120 8.71 2.31 0.48
Postiest |EXP 118 | 13.74 | 2.33 '
OSHESt Tontrol | 120 | 10.99 | 1.82 | 6.374 | 0.012 | 10.138 | 236 | 0.000

Data Description

The data presents the results of an Independent Samples t Test, comparing the means of
two groups (Experimental and Control) across two conditions (pretest and posttest).

Variables and groups

Groups: Experimental and Control.
Pre-test Analysis:

— The variances between the Experimental and Control groups are not significantly
different.

— There is no significant difference in the pretest scores between the Experimental
and Control groups.

Post-test Analysis:

— The variances between the Experimental and Control groups are significantly
different in fever of experimental group.

— There is significant difference in the post test scores between the Experimental and
Control groups in fever of experimental group.

Effect Size: The effect size is large, indicating a significant impact of the group differ-

ences.

This analysis provides a detailed view of the comparison between the Experimental and

Control groups, highlighting the significant difference in the post test scores in fever of the
experimental group.

Table 3 shows statistical analysis of t-test related to the second hypotheses.
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Post-test Analysis

There is significant difference in the post test scores between the two groups of previous
achievement level (Average and Below; Above Average). The results show significant differ-
ence in all geometric thinking skills for above average students.

The current study set out to test the hypothesis that tenth graders who take part in an
Islamic patterns-based program and those who get more conventional geometry lessons do
not differ significantly in their ability to think geometrically. A quantitative study was carried
out to test this idea by comparing the geometrical reasoning abilities of two sets of tenth
graders. According to the study’s findings, students who were taught geometrical thinking
skills through an Islamic patterns-based program outperformed their counterparts who were
taught standard geometry. This discovery provides more evidence that teaching geometry
with Islamic patterns can help students better grasp and apply the language of geometry. It
is possible that the distinctive aspects of the Islamic patterns-based curriculum explain the
disparity in geometrical reasoning abilities between the two sets of students. It seems that by
relating the material to students’ cultural and religious backgrounds, this method of teaching
promotes a more profound awareness and comprehension of the fundamental mathematical
concepts. In addition, the study agrees with other studies that have shown how effective it is
to teach mathematics with real-world, practical applications in order to boost students’ an-
alytical and problem-solving skills. In general, the study’s results have significant bearing on
geometry teaching since they support the idea that incorporating Islamic patterns is a good
way to enhance the geometrical reasoning abilities of tenth graders. The precise processes
by which teaching geometric concepts using Islamic patterns improves students’ learning
should be the focus of future studies, as should the approach’s long-term effects.

Furthermore, the findings demonstrated a noteworthy disparity in all aspects of ge-
ometric reasoning abilities among students who performed above average. Above-average
students benefit from participating in Islamic patterns’ activities. Furthermore, they have a
significant capacity for self-directed learning, autonomy, and exceptional levels of achieve-
ment. This method has the potential to foster success among these students.

Conclusion

The results of this study have important implications for mathematics educators and
curriculum developers. By incorporating Islamic patterns into geometry instruction, teach-
ers can create a more inclusive and engaging learning environment that resonates with the
cultural backgrounds of their students. Moreover, the findings suggest that a well-designed,
culturally-responsive instructional program can effectively support the development of ge-
ometric thinking skills, even for students who may initially struggle with the subject matter.

In conclusion, the present study provides empirical evidence for the effectiveness of
an Islamic pattern-based geometry program in improving the geometric thinking skills of
students across various achievement levels. These findings contribute to the growing body of
research on the integration of cultural elements in mathematics education and underscore
the importance of tailoring instructional approaches to the diverse needs of learners.
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PasBuTHE HaBbIKOB reOMeTpUYECKOro MblLLJIeHUSA
Y AECATUKNACCHUKOB C MOMOLLbIO MPOrpamMMmbl,
OCHOBAHHOM Ha UCNAMCKUX NAaTTepHax:
aKTUBHOE 0OyYyeHne U AMHAMUYEeCKoe NPpUMeHeHue

Mowomng A. Asymoc4

OTKpBITHI apaOCKUiI1 YHUBEPCUTET,
Wopnanus;
e-mail: m_abumusa@aou.edu.jo

HcnaMckue MaTeMaTUKK pa3paboTalii HECKOJIBKO FeOMeTpUIeCKUX (hopM, 0OBeTUHSIONINX MaTe-
MaTHKY ¥ UCKYCCTBO. ApaOCKHe MpernoaaBaTe/ M MaTeMaTUKU U CTYICHTHI 3a0bIBAIOT 3Ty CJIIABHYIO
ucropuio. Ceiiyac co3maeTcsl yBeKaTelbHass oOpa3oBaTe/ibHas porpaMMa, Ipu3BaHHask BOCITOJI-
HUTh MpoOEbl B TEOMETPMYECKOM MBIIIICHUN ydalmxcs. JJaHHoe MccaenoBaHue M3ydaeT CIio-
COOHOCTH JIECSITUKJIACCHUKOB K T€OMETPUIECKOMY MBIIIUIECHUIO, METOIbI aKTUBHOTO OOYyYeHUs 1
HCIaMCKKe MOTUBBI. Llelblo rcciiemoBaHusl SIBIISIETCST CO3MaHe MHTePAKTUBHOM 00pa3oBaTeIbHOM
cpenbl 3a TpenejaMuy Kjacca IyTeM Mcrosib3oBaHusl Geogebra u MOODLE B KauecTBe CUCTEMbI
yrpaBjieHus1 o0ydeHreM. [IpoBeneH KBa3MaKCIepUMeHTaIbHBIN IIPOEKT C IBYMsI TPYIIIIaMU: DKCIIe-
pumeHTanbHOM (118 yen.) u KoHTposbHoM (120 yesn.). [TpoBeaeHbI MpeaBapUTEIbHbIE 1 UTOTOBBIC
TecThbl. PazpaboraH Tect u3 20 myHKTOB. OLIeHUBAIMCh BAJIUIHOCTh U HAAEXKHOCTD (asibda KpoHoba-
xa — 0,81). Cucrema ynpapieHust ooydeHuem (CYO) 1miKoJibl Obl1a MpeaocTaBieHa yJaluMcst 1UIst
MorcKa y4eOHBIX MaTepUaIoB, 3alaH1ii, TPDEHUHIOB U OLIEHOK BHE ayIUTOPHBIX 3aHSTUIA. Pe3yib-
TaThl ITOKA3bIBAIOT, YTO TIPH OLIEHKE TEOMETPMUYECKOTO MBIIIUICHUSI YPOBHM B 9KCIIEPUMEHTATIbHOI
IPYIIIe 3HAYUTEIHHO OTJMYAIOTCS OT TIOKa3aTesieid B KOHTpoJIbHOI rpytie rpu o = 0,05. Cratuctu-
YeCKM 3HAYMMasi pa3HUIla B CPEIHMUX 3HAYCHMSIX TecTa Ha reoMeTpuieckoe MbluieHue (o = 0,05)
HabIIomaeTCss MEXIy YeThIPbMST TTOATPYIIaMU 9KCIIEPUMEHTAIBHOI TPYIIIIBL: «IJIOX0», «CPEIHE»,
«BBIILIE CPETHET0» U «OTJIMYHO» IO YPOBHSIM BU3YaJTbHOIO, aHAJIUTUYECKOro, He(hOpMaJIbHOTO U
dopMaibHOTO BBIBOIA. Pe3ybTaThl MCClieTOBaHMsI CBUAETEILCTBYIOT O HEOOXOMMMOCTH BHEAPEHUS
9TO# y4eOHOI MpOorpaMMbl TIPENoaaBaTe/IIMU MaTeMaTUKUA 1 pa3paboTKK Ha e OCHOBE MHHOBA-
LIMOHHBIX MeTONMK 00ydeHus1. [1omoGHbIe CClieNoOBaHYsI BCTPEYAIOTCs PEIKO, TTOCKOJIBKY OHU UH-
TErpUPYIOT aKTUBHOE O0YyYeHUE C MCIAMCKOM KYJbTYpOil, COBpEMEHHBIMU TEXHOJOTUSIMH, TeOMEe-
TPUYECKUM MBIIIIJICHUEM U MHOTUMM IPYTMMU 00pa3oBaTeIbHbIMU MaesIMU. JlaHHOE MCclenoBaHue
CITOCOOCTBYET MHTETPALMK IIperoaaBaTeseil MaTeMaTUKY.

Karouesvte cao6a: reoMeTpuIeCcKOe MBIIIIICHUE, UCITAMCKUE TTATTEPHBI, TMHAMUYECKOe IMPUMEHe-
Hue, GeoGebra; MOODLE, akTuBHOe 0OyueHue.
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Generative artificial intelligence (GenAl) is an emerging yet promising tool in education, and its
use in classrooms is still at an early stage. Therefore, the present study explores Saudi high school
teachers’ awareness and existing practices as well as perceived challenges of GenAl in education. Data
were collected using an online survey from 104 high school teachers and quantitatively analyzed. The
analysis results reveal that most teachers reported being familiar with the use of GenAl in education
(66%), but fewer indicated that they regularly use it in their teaching practices (43%). Generating
presentations emerged as the most common use case, while ChatGPT is the most used tool. Moreover,
nearly half of the participants indicated awareness of the possibility that GenAl produces biased or
incorrect content. The findings point to several challenges hindering GenAl adoption in this context,
among the most reported are a shortage of technological resources (84%), limited access to training
programs (79%), and the absence of specialized support staff (78%). There were also concerns that
GenAl tools might reduce opportunities for collaboration and knowledge sharing, and critical thinking
skills. Additionally, among the shared concerns are maintaining privacy as well as academic integrity.
Hence, the study provides a timely look at how this technology is being received in the context of
Saudi high schools and emphasizes the need for training and infrastructure support to enable the
effective integration into the educational system.

Keywords: generative artificial intelligence, educational technology, teaching practices, teacher
perceptions, technology adoption.

Introduction

Over the past few years, there has been a noticeable shift in how content is created and
a rise in tools capable of generating original content by learning from patterns found in
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large datasets. These tools, often referred to under the general term of generative artificial
intelligence (GenAl), can generate content from written text and images to computer code
depending on how they are trained and the prompts they receive | Feuerriegel et al., 2024;
Saetra, 2023]. They have gained wide adoption in a short time due to their capability to
produce content that is human-like [Wu et al., 2023; Imran, Almusharraf, 2024]. However,
regardless of their many benefits, especially in terms of convenience, efficiency, and stream-
lined tasks, they also raise new and at times complicated challenges.

In education, these tools can support teachers in lesson planning and in tailoring in-
structional materials to suit the diverse needs of their students as well as reimagining tradi-
tional teaching methods [ Kasneci et al., 2023; Pahi et al., 2024]. They are shifting and trans-
forming the way teachers, students, and technology interact within the classroom. Research
also indicates that these tools have the potential to serve as active partners in the learning
process and can foster more dynamic and engaging educational experiences [7ang et al.,
2024]. In addition, they can be especially helpful in the classroom by encouraging open dis-
cussion, supporting group work, and offering quick feedback that helps students think more
critically and stay engaged with the subject. Beyond that, they can assist teachers with the
practical side of their work, like putting together lesson plans, creating tests, or organizing
class materials. This kind of support becomes even more valuable in larger classrooms where
managing daily tasks can be overwhelming. By easing that load, teachers are better able to
focus on connecting with their students and helping them learn more effectively.

However, and despite the aforementioned benefits, its use in education also brings sev-
eral challenges. A key concern is its ability to produce correct responses, which students may
misuse to complete assignments. This brings attention to issues related to academic honesty
and the risk of Al-enabled misconduct [Mah et al., 2024; Trust et al., 2023]. When some stu-
dents use these tools inappropriately, it creates an unfair advantage over those who choose
to complete their work independently, which can be deeply discouraging for students who
value integrity. Another concern is the impact on assessment. When students rely heavily
on these tools, it can become difficult for teachers to accurately evaluate their students’ ac-
tual understanding and progress. Importantly, as these technologies become more present
in educational spaces, schools must find a way to embrace their benefits without compro-
mising fairness or the authenticity of student learning. Addressing this challenge calls for
clear guidelines that promote responsible and purposeful use in the classroom [Chiu, 2023;
Kasneci et al., 2023]. It also requires that teachers develop a deeper understanding of the
capabilities and limitations of these tools in order to use them effectively and ethically.

Given this context, this study aims to investigate GenAl with a particular focus on its
adoption by Saudi high school teachers, their level of awareness, their current practices,
and the challenges that hinder its effective use. Our interest in GenAl research in the Saudi
Arabian context is an extension of the research contributions that made the country one of
the top ten contributors to GenAl research in education [ Bahroun et al., 2023]. This is due
to GenAl’s influence. For instance, within two months of its release in November 2022,
ChatGPT had one hundred million users, making it the fastest-growing user application
ever [ Lo, 2023]. This extensive adoption makes it necessary to study its integration into high
school education, especially given the lack of research in this particular area. Through this
study, we seek to contribute to the ongoing discourse on how GenAl is shaping the future
of education. The results are expected to offer insight, therefore contributing to shaping ef-
fective strategies and practical recommendations that support the thoughtful integration of
GenAl into secondary education.
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Research questions

The present study is guided by three research questions, as follows:
1. What is the level of awareness among high school teachers about using GenAl?
2. What are the current practices of high school teachers in using GenAl?
3. What are the main perceived challenges high school teachers face in using GenAl?
Following, Section 2 presents a general background. Section 3 presents related work.
Section 4 presents the research methods, including participants, instruments used and
procedures followed. Section 5 presents the results of the analysis. Section 6 discusses the
results in light of relevant studies. Finally, Section 7 concludes the paper with directions for
future research.

General Background

In its relatively short existence, GenAl is revolutionizing many industries. It is a type of
artificial intelligence (Al) designed to generate new content by identifying and learning from
patterns in a large amount of training data [Szfra, 2023]. This includes text, images, video,
and audio. The advancements in deep learning have indeed driven this technology into
mainstream applications. While traditional AI models focus on classification, prediction, or
decision-making, GenAl moves further by producing original outputs based on probabilistic
models [ Banh, Strobel, 2024]. Deep learning architectures such as transformer-based models
(e. g., GPTs and GANs) are at the core of GenAl. These models analyse big amounts of
data and generate content that can hardly be distinguished from human-created work. For
instance, GPT-4 and other language models can generate human-like text, while diffusion
models such as Stable Diffusion create realistic images from textual descriptions.

One key characteristic of GenAl is its ability to generate probabilistically varied outputs,
and as such, its models can yield different outputs for the same input prompt, unlike
traditional AI, which produces deterministic results [ Banh, Strobel, 2024]. This characteristic
makes it powerful for creative applications where variability is desirable. Moreover, it
operates at three levels: model, system, and application [ Feuerriegel et al., 2024]. Spatialized
algorithms at the model level generate new content by recognizing patterns within large
training datasets and imitating them. At the system level, infrastructure components come
into play and manage the flow of data and facilitate seamless interaction between users and
the system. Lastly, at the application level, it is applied to real-world scenarios and supports
tasks such as automated content creation, personalized recommendations, and creative
design solutions.

This technology has many applications across industries and is widely used for content
generation and creative writing [Htet et al., 2024]. Many organizations have started
leveraging it to automate content production, reduce costs, and enhance personalization.
For instance, these models generate need- tailored content, social media captions,
video scripts, and marketing copies tailored to different audiences. They can also create
articles, advertisements, product descriptions, and even fictional stories. Furthermore,
they excel in generating and modifying visual content [Bansal et al., 2024]. For instance,
models such as DALL-FE and Midjourney create original artwork and images based on text
descriptions. This capability makes them valuable for design, branding, education, and
entertainment industries. Moreover, Al-generated videos and animations can enhance
storytelling and streamline production processes. Additionally, these tools can assist in
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video editing, deepfake creation, and special effects generation. In software development,
it is revolutionizing the industry through Al-assisted coding tools such as GitHub Copilot,
powered by OpenAl Codex. They help developers write code faster by generating suggestions,
debugging, and automating repetitive coding tasks [Bandi et al., 2023; Idrisov, Schlippe,
2024]. They can improve efficiency and reduce errors. Thus, making software development
more accessible to learners and non-experts. As it advances, this technology holds immense
potential for innovation and collaboration between humans and intelligent systems. It is
transforming industries by enabling automation, enhancing creativity, and supporting
informed decision-making. Its applications include content creation, image and video
generation, personalized education, and more.

In light of the rapid progress in Al, traditional education can no longer withstand these
advancements [Oliveira, De Souza, 2022]. Educators and academic institutions must stay
abreast of emerging technologies and the latest trends. Furthermore, curricula, teaching
strategies, and assessment methods must evolve to align with the technological revolution,
specifically in the Al field. Al has introduced profound changes in education through its
analytical and predictive capabilities [ Tahiru, 2021]. Within Al, GenAl provides highly
advanced applications that simulate human conversations and intelligently interact with
natural language. With its many features, students use GenAl as a study partner [ Burger et
al., 2023]. Teachers are also embracing GenAl for professional development [Alammari,
2024]. GenAl has significant opportunities and contributions in education to improve
teaching and learning processes.

The presence of GenAl in students’ education has many advantages that the traditional
education system lacks. It offers a high-level learning environment that supports students in
many aspects, helping to enhance their performance and develop their skills. GenAl can help
create a personalized environment that generates learning resources and content based on the
student’s level of knowledge. In other words, it can provide personalized recommendations
that suit students’ strengths and weaknesses. In addition, it can automatically modify course
difficulty and learning materials based on the student’s performance [ Raj, Renumol, 2022].
Many educational applications integrate GenAl technology to provide students with a
personalized learning experience | Yu, Guo, 2023]. For instance, Duolingo is an application
for language learning that offers customized study plans and personalized feedback to
enhance students’ learning outcomes. Additionally, Squirrel Al is an intelligent learning
platform that tailors personalized plans and content based on students’ progress.

For enhancing student learning, collaborative learning is a key element where students
work together and share knowledge to solve problems; this helps students gain useful skills
like leadership, problem- solving, and communication [Qureshi et al., 2023]. GenAl helps
students brainstorm to come up with ideas and topics for discussions. Additionally, it is
used to summarize group discussions to highlight the most important points. It could be
used in research collaborations with students and gamified exercises that increase students’
sense of engagement and belonging. GenAl can be integrated within a core curriculum or
as learning activities for students [ Zhou, Schofield, 2024].

It is undeniable that the student learning process is central to the entire educational
landscape. The primary goal of educational curricula, activities, strategies, and systems is
student learning. The presence of GenAl in the educational landscape creates a supportive
environment for the student’s educational process. This, in turn, is reflected in students’
learning outcomes and skills. ChatGPT and other tools like GitHub Copilot help students
understand and write code [[Idrisov, Schlippe, 2024]. Moreover, GenAl tools enhance
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students’ writing skills, especially in correcting grammatical errors and sentence structure
[Maphoto et al., 2024]. Chan and Hu [Chan, Hu, 2023] argued that GenAl plays a pivotal
role as a virtual tutor that tailors educational assistance and promptly addresses students’
inquiries. In addition, they serve as valuable research instruments for idea generation,
information synthesis, and the summarization of extensive text data to assist researchers in
data collection and analysis.

GenAl technologies are quality enhancement instruments for educators. GenAl can
markedly diminish educators’ workloads, enabling them to focus better on instruction
and student interaction. GenAl offers enormous potential to generate diverse educational
resources. The possibilities are immense, from creating tests, assignments, and videos
to creating educational clips, games, and virtual reality for students’ in-depth learning.
Mittal et al. [Mittal et al., 2024] demonstrated various tools that can support teachers in
providing diverse learning materials to enrich the experience of teaching and learning. For
example, Craiyon Al tool generates images by converting the description entered as text into
images. Synthesia Studio generates videos through models that generate numerous pictures
concurrently and then combine them to create a movie. AudioPal M is an extensive language
model designed for voice comprehension and generation. GameSynth develops games by
generating diverse critical elements of games, such as characters, objects, environments,
sounds, and music.

GenAl tools reduce the burden on the teacher by automating repetitive tasks. They
help in preparing the lesson plan, including all the processes and steps related to that,
for instance, setting learning outcomes, writing the content, designing learning activities
and teaching strategies, and creating a realistic timeline and assessment [van den Berg, du
Plessis, 2023]. In addition, GenAl software can help educators with student assessments.
It can automatically create diverse assignments and a variety of test questions, including
multiple-choice, true or false, and short essay questions. In addition, it can create grading
rubrics and grade handwritten assignments [Khlaif et al., 2024]. GenAl applications are
witnessing rapid development, offering advanced capabilities that have changed many
aspects of daily, professional, social, and academic life. Education has benefited greatly
from integrating this technology into learning and teaching practices, as it has provided
facilities and support to students during their educational journey and has offered assistance
services to teachers in multiple forms. This can be reflected positively in the quality of
educational outcomes.

Related Work

This section has two parts. The first part presents studies’ findings on teachers’
perceptions of GenAl integration into education and its major functions and benefits. The
second part addresses the challenges from the teachers’ perspective.

Teachers’ perceptions of generative Al

Oneoftheessentialelementsinexploring GenAl’sroleineducationisexaminingteachers’
perceptions of its integration in education. Kaplan-Rakowski et al. [Kaplan-Rakowski et
al., 2023] studied teachers’ perceptions and found that they had positive perceptions about
GenAl, as 75.51% of teachers see this technology as enhancing professional development.
In addition, Kong et al. [Kong et al., 2024] identified the key factors influencing teachers’
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acceptance of GenAl in education, including self-efficacy (SE), perceived usefulness (PU),
and attitude towards technology (ATT). However, subjective norms (SN) and perceived
ease of use (PEU) show weaker influence.

Further studies explored GenAl’s roles in teaching routines, on top of them are lesson
preparation, assessment, and administrative tasks. For lesson preparation, GenAl helps
teachers explore new teaching methods and strategies and provides feedback on performance
[Chiu, 2023]. Most participating teachers were willing to adapt their teaching methods
because they were aware they needed to keep up with advanced fechnology. Since that will
affect students’ readiness to integrate this technology into the workplace [Bower et al.,
2024]. On the other hand, Cooper [Cooper, 2023] stressed the role of teachers in examining
all Al-generated content, as it can yield incorrect or misleading results. In addition, Tang et
al. [Tang et al., 2024] stated that the best way to utilize GenAl in teaching is by using it as a
discussion and interactive partner rather than a reliable source of knowledge. Interestingly,
Cheah et al. [Cheah et al., 2025] and Beege et al. [ Beege et al., 2024] found that GenAl is
rarely used within classroom activities.

For assessment tasks, Mena Octavio et al. [Mena Octavio et al., 2024) pointed out
some GenAl capabilities, such as automated grading that can attain unbiased grading,
insightful writing feedback, and generate assignments tailored to each student’s level.
Chiu [Chiu, 2023] stated that usual homework should be reduced, and students should
be given critical thinking tasks and oral evaluations. The emphasis on oral and face-to-
face assessments is also recommended by [Bower et al., 2024]. The necessity to adapt
assessments is clearly noticeable, as different studies recommend different methods.
For instance, Hadi Mogavi et al. [Hadi Mogavi et al., 2024] suggested self- and peer-
assessment and project-based tasks.

Regarding administrative tasks, teachers believe in GenAl’s efficiency in automating
these routine tasks. Thus, it would save teachers time for more productivity [ Ng et al., 2025].
However, the studies indicate that only a few teachers benefit from these advantages of
GenAl, as shown in [Cheah et al.,2025].

Teachers’ challenges in using generative Al

Just as studies have presented the benefits and advantages of integrating GenAl tools
in education, they have also highlighted the challenges that may hinder optimal use. The
challenges are related to a lack of experience and training, technical and financial obstacles,
administrative workloads, and differing levels of awareness among teachers. One of the
major barriers to GenAl adoption is the lack of expertise and training among educators.
Many teachers are unfamiliar with the GenAl tools and lack the proficiency necessary to
integrate them effectively into their lesson plans [ Kong et al., 2024]. While some institutions
offer short-term training workshops, these programs are often insufficient and fail to
provide the practical skills required for a classroom application. As Aldawsary [Aldawsary,
2024] highlighted, the lack of training is one of the most significant challenges facing the
use of GenAl in education. It is increasingly clear that there were few specialized training
courses and programs designed to strengthen and augment teachers’ use of GenAl as an
effective tool in their classrooms. Moreover, few teachers continue to keep pace with the
rapid developments of this technology. To address these challenges, structured training
programs and standardized Al certification courses should be developed to help teachers
feel confident in using GenAl educational tools [Aldawsary, 2024; Cheah et al., 2025].
Overcoming these obstacles is crucial for the successful adoption of GenAl in schools.
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Thus, establishing teacher training programs would increase the probability of successfully
integrating GenAl into teaching without compromising the quality of education.

Furthermore, schools frequently struggle with outdated facilities that hinder effective
GenAl adoption. Few classrooms possess the necessary computing power, internet
bandwidth, or capabilities of cloud storage to facilitate the deployment of Al systems [ Wardat
et al.,2024; Petrucco et al.,2025]. This leads to a digital divide, where richer educational
institutions benefit from GenAl while poorer institutions lag behind [Han et al., 2024].
In addition, the compatibility issue arises when Al-based tools fail to seamlessly fit into
existing learning management systems (LMS) and learning applications [ Cheah et al., 2025].
Educators also suffer from the reliability of content produced by GenAl, particularly in fields
requiring precise accuracy, such as math and physics [ Ng et al., 2025]. The possibility of Al-
generated content being biased and misleading can also make these issues more complicated,
requiring teachers to review and verify information before presenting it to students. Further,
most teachers do not have technical support while teaching, which significantly leads to
unsolved GenAl-related problems [Kong ef al., 2024]. A study conducted by Wardat et al
[Wardat et al., 2024] indicates that GenAl systems and techniques used by teachers are
difficult and impractical to implement since they require technical skills and expertise, and
most of the teachers are not technically trained. Therefore, facing such systems becomes
difficult for them in the absence of technical support.

The cost of implementing GenAl in education remains a significant obstacle, too.
Many schools, particularly those in low-income regions, cannot afford expensive GenAl
tools, software subscriptions, and hardware upgrades [Petrucco et al., 2025]. Also, the
free versions of GenAl tools often come with limited functionality, making it difficult for
teachers to fully integrate these tools into their curriculum [Ng ef al., 2025]. Additionally,
financial constraints prevent institutions from investing in teacher training and professional
development [Kong et al., 2024]. Government or private funding and developing cost-
effective GenAl solutions are necessary to bridge the financial gap. Unfortunately, most
educational institutions have limited budgets, restricting them from providing the required
facilities [Aldawsari, 2024]. This can widen the gap in the use of GenAl, as some educational
institutions suffer financial constraints.

The lack of clear policies and administrative support also limits GenAl adoption in
schools. Many educational institutions have not established formal guidelines on the usage of
GenAl. Thus, leaving teachers uncertain about ethical considerations, student data privacy,
and the role of GenAl in assessments [ Cheah et al., 2025; Wardat et al., 2024]. Furthermore,
administrative resistance to technological change prevents the successful implementation
of Al-driven solutions. Some decision- makers fear that GenAl could replace traditional
teaching methods rather than integrate with them. To foster GenAl integration, policymakers
must develop regulatory frameworks, provide administrative support, and create GenAl
ethical policies that address concerns about bias and transparency [ Han et al., 2024].

Manystudiesshow differencesinteachers’ awareness of GenAl’seducational possibilities
[Bower et al., 2023]. While some educators view this technology as enhancing the quality of
teaching and customizing content as per students’ needs, others express concern over its
impact on academic integrity and human interaction in classrooms. According to Lee and
Song [ Lee, Song, 2024], some teachers are worried that Al will reduce the need for teachers.
Kong et al. [Kong et al., 2024] found that it is difficult for teachers to create customized
educational content for each student in the class due to the lack of appropriate, affordable
tools, lack of training, and the cost barrier. Therefore, the actual use remains limited.
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Insummary, the studies reviewed outlined several challenges teachers face in integrating
GenAl into education. These are the lack of expertise and training, technological barriers,
financial constraints, administrative hurdles, and varying levels of awareness among
teachers. In addition, the absence of well-defined regulatory frameworks and ethical
guidelines hinders the effective adoption of GenAl within teaching curriculum. While
GenAl could improve teaching quality and tailor learning journeys, many questions arise
regarding academic integrity and the role of the human teacher going forward. It is necessary
that policymakers, educational institutions, and technology developers collaborate to come
up with GenAl-powered education systems that benefit teachers and students alike.

Table 1 summarizes the key findings of the reviewed empirical studies on teachers’

perceptions regarding the benefits and challenges of GenAl in education.

Table 1. Key findings from reviewed empirical studies

Reference

Method

Key Findings

Cheah et al., 2025

Mixed methods, 89 U.S.
teachers

GenAl mostly used outside the classroom.
Challenges: privacy, ethics, limited policies

Beege et al., 2024

Quantitative, 102 German

Limited in-class GenAl use. Challenges:

STEM teachers plagiarism detection, legal risks.
Kaplan-Rakowski | Mixed methods, GenAl aids professional growth. Challenges:
etal., 2023 147 teachers privacy, limited readiness
Kong et al., 2024 | Quantitative, 367 teachers | Acceptance driven by SE, PU, ATT. Challenges:
in Hong Kong costs, bias, equity, adaptability

Chiu, 2023

Qualitative survey and
focus groups, 88 teachers

GenAl supports innovation. Challenges: lack of
K-12 integration strategy

Boweretal., 2024

Mixed methods,
318 teachers

Supports new teaching methods. Challenges:
integrity risks, unequal access

Cooper, 2023

Exploratory self-study

Caution needed with GenAl content use

Mena Octavio et

Qualitative case study,

GenAl enables personalised feedback and grading

al., 2024 1 teacher
Hadi Mogavi et Qualitative social media GenAl encourages self/peer and project-based
al., 2024 analysis assessments

Ngetal., 2025

Qualitative, 76 Canadian
teachers

Used for admin tasks. Challenges: readiness,

competence, literacy

Tanget al., 2024

Action research,
4 teachers, Australia

Best used interactively, not as authoritative
source

Aldawsari, 2024

Quantitative, 390 U.S.
school teachers

GenAl enhances outcomes. Challenges: funding,
training gaps

Al Darayseh, 2023

Survey, 83 science teachers

GenAl acceptance based on SE, stress, and
perceived ease

Lee, Song, 2024

Clustering, 162 teacher/
GPT responses

Need ethical standards. Concerns over GenAl
replacing teachers

Petrucco et al.,
2025

Survey, 1,223 Italian
teachers

Mixed views on GenAl. Challenges:
confidence, experience

Elstad, FEriksen,
2024

SEM, 5 Oslo high schools

Self-efficacy links to GenAl utility. Challenges:
poor guidance, privacy concerns

Wardat et al.,
2024

Survey, Abu Dhabi math
teachers

Integration depends on training and workload.
Challenges: lack of experts
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The literature review highlights significant gaps in research on GenAl in high school
education, particularly in the Saudi context. While existing studies examined teachers’
perceptions, readiness, and challenges related to GenAl integration in Western and Asian
education systems, there is limited research focusing on Saudi high schools. Existing studies
emphasize concerns such as technology affordability, ethical issues, lack of policies, and
teachers’ limited Al literacy, yet none directly address the unique educational landscape
of Saudi Arabia. Furthermore, most research explores GenAl’s role in STEM education
or administrative tasks, leaving a gap in understanding its broader pedagogical applications
and identifying which available tools and current practices are most widely adopted by
teachers. Given Saudi Arabia’s increasing focus on digital transformation in education, a
study exploring teachers’ perspectives on GenAl in Saudi high schools is crucial. It can
inform policy decisions, teacher training programs, and Al implementation strategies,
ensuring that GenAl adoption aligns with national educational goals and addresses local
challenges effectively.

Research Method

Research participants

In this study, a quantitative method was used to collect data. The main objective was to
explore and investigate the current practices of GenAl among Saudi high school teachers,
and the benefits it provides, and the challenges and barriers that affect its effective use. Data
were collected using a questionnaire of 34 items. The sample consisted of 104 teachers from
different disciplines and working in various regions across Saudi Arabia. These participants
shared their current use of GenAl, the benefits they gain from it, and the challenges and
barriers that limit its integration in education. Table 2 shows the demographic data of
participants.

Instrument

The present study used a survey to collect data from participants, as its approach was
quantitative [ Takona, 2024]. The questionnaire consists of 34 items. A total of 26 items
based on a 3-point Likert scale and two items based on multiple-choice boxes, while six
multiple-choice items related to demographic data. A 3-point Likert scale is commonly
used in questionnaires to measure perceptions [ 7Taherdoost, 2019]. It provides respondents
with three options: disagree (1), neutral (2), and agree (3). This simplified format is useful in
educational contexts where clarity and ease of completion are priorities. The questionnaire
consists of five parts. Demographic data in the first section explores participants’ profiles,
including their gender, educational background, area of expertise, type of school they
work in, years of experience, and region of work. This section seeks to provide essential
information about participants’ backgrounds. In the second section, teachers share their
views on awareness of the use of GenAl in education. It focuses on their familiarity with this
technology, their regular use of it, and their understanding that it may generate incorrect
results. In the third section, teachers describe their current practices with GenAl and the
tools they use. Teachers can select from the displayed options and also write their own
responses. The fourth section describes the key challenges associated with integrating
GenAl into education. It is divided into five subsections: Expertise and training, technology
barriers, financial constraints, administrative constraints, and lastly, concerns. Each of
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Table 2. Demographic data

Characteristics Items Number | Percentage
Male 28 26.9%
Gender Female 76 73.1%
Diploma 1 1%
. . . Bachelor’s degree 88 84.6%
Educational qualification Master’s degree 2 11.5%
PhD 3 2.9%
Science 39 28.8%
Mathematics 8 7.7%
Computing and Information Technology 14 13.5%
Arabic language 9 8.7%
English language 9 8.7%
Area of expertise Social Sciences 11 10.6%
Islamic studies 15 14.4%
Business Administration 4 3.8%
Art Education 1 1%
Physical Education 1 1%
Life Skills 1 1%
Fitness and Physical Health 1 1%
Public 82 78.8%
Type of school Private 21 20.2%
International 1 1%
Less than one year 2 1.9%
. . 1 to 4 years 4 3.8%
Years of teaching experience More than 4 years to 10 years 14 13.5%
More than 10 years 84 80.8%
Central Region 7 6.7%
Western Region 90 86.5%
Region of work Eastern Region 1 1%
Southern Region 5 4.8%
Northern Region 1 1%

them addresses a specific dimension of the barriers hindering the use and integration of this
technology among high school teachers.

Procedure

The survey instrument was developed using Google Forms. It went through an expert
review to ensure the clarity and relevance to the research questions. As a result, minor
revisions were made, and the final version was then distributed through different online
platforms used by high school teachers in Saudi Arabia. These include educational forums,
WhatsApp groups, Telegram channels, and high schools’ social media accounts. The data
collection process took place over a period of four weeks. Participation was voluntary, and
informed consent was obtained from all participants at the start of the survey. Participants
were informed of the study’s purpose. They were also assured of data confidentiality and
anonymity. The data collected was then compiled into a secure Excel sheet for analysis.
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Results

This section presents the analysis results of the collected data. The first subsection
presents the analysis of teachers’ current practices and how they are engaging with GenAl
toolsintheirteaching. The second subsection presents the results of awareness and challenges
teachers face with the use of GenAl. The challenges are categorised into expertise and
training, technology barriers, financial constraints, administrative constraints, and lastly
concerns.

Teachers’ current practices of GenAl in education

In this section, teachers were asked two main questions about their practices and
their GenAl tools. The results of the first question (What is your current use of GenAl?)
indicated that the three most selected practices for teachers are generating presentations
(55.8%), research (46.2%), and designing and preparing lessons (40.4%). Other popular
applications include assisting in writing (30.8 %), generating images (29.8%), and generating
videos (26.9%). Less frequent uses involve grading (16.3%), developing assessments (e. g.,
homework and exams) (13.5%), ITQAN classes (12.5%), which are one of the developments
of secondary education programs that aim to provide students with specific job skills
that align with the needs of the labor market (Ministry of Education, Saudi Arabia), and
administrative work (e. g., admissions and scheduling) (9.6%). Overall, the results suggested
a strong trend toward using GenAl for content creation and search support, with limited
use for administrative and assessment-related tasks. The minimal usage was for school
radio (1%). Figure 1 shows how educators currently use GenAl in education based on
104 responses.

Current Uses of Generative Al in Education (n=104)

Generating presentations ® 58 (55.8%)
Research ® 48 (46.2%)
Designing & preparing lessons @ 42 (40.4%)
Assisting in writing * 32 (30.8%)
Generating images ® 31(29.8%)
Generating videos ® 28 (26.9%)

Problem Solving f———————————9 20(19.2%)

Use Case

Grading f=——————————e 17 (16.3%)
Developing assessments ————————=e 14 (13.5%)
For ITQAN classes f=—————# 13 (12.5%)
Administrative work F———# 10 (9.6%)

Other [ 1(1.0%)

0 10 20 30 20 50 80 70
Number of Responses

Fig. 1. Teachers’ practices of GenAl
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The results of the second question (Which GenAl tools have you used?) indicate that the
three most common GenAl tools for teachers are ChatGPT (82.7%), Canva (56.7%), and
Google Gemini (27.9%). A smaller percentage used presentation and media generation tools
such as SlidesAi.io, LimeWire, and Animated Drawings (each at 4.8%). Tools like Animaker
(3.8%) and NapKin (2.9%) had more limited use. Only 1% of respondents selected “Other,”
which included Grok. These findings suggest that the most commonly integrated GenAl
tools into educational practice are language-based tools, such as ChatGPT, and visually
oriented tools, such as Canva. Figure 2 illustrates the tools of GenAl most commonly used
by the participating high school teachers.

Most Commonly Used Generative Al Tools in Education (n=104)

ChatGPT 9 86 (82.7%)

Canva 59 (56.7%)

Google Gemini ® 29 (27.9%)

Animated Drawings = 5 (4.8%)

LimeWire —e 5 (4.8%)

Al Tool

SlidesAi.io [ 5 (4.8%)

Animaker —® 4 (3.8%)

NapKin [—e 3 (2.9%)

Other ® 1 (1.0%)

0 20 20 %0 80 100
Number of Responses

Fig. 2. Common GenAl tools used by teachers

Awareness and perceived challenges

In the two main dimensions, teacher awareness about the use of GenAl in education
and the challenges facing its use, the frequency, percentage, mean, and standard deviation
were used to analyze teachers’ opinions according to agreement, disagreement, or neutrality
levels. The mean helps to understand the general opinion or perception of the respondents.
On a 3 point Likert scale, a mean close to 3 suggests a high level of agreement. The standard
deviation indicates the spread or variability of responses around the mean. Table 3 presents
the results.

Table 3. Awareness and challenges

Survey Item |Disagree (1)| Neutral (2) | Agree (3) | Mean | SD
Teacher awareness about use of GenAl in Education
1. I am familiar with the use of GenAl in 14 (13%) | 21(20%) |69 (66%)| 2.52 0.71
education
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Continuation of the table 3

Survey Item Disagree (1)| Neutral (2) | Agree (3)| Mean SD
2. I regularly use GenAl tools in education 20 (19%) | 39 (38%) |45(43%)| 2.24 0.75
3. I am aware that the use of GenAl may 17 (16%) | 31(30%) |56 (54%)| 2.37 0.74
generate incorrect results
4. 1 am aware that GenAl may generate 9 (9%) 46 (44%) |49 (47%)| 2.38 0.64

biased or unfair results

5. I follow the latest developments in the use | 20 (19%) | 28 (27%) |56 (54%)| 2.34 0.78
of GenAl in education

Challenges Facing the Use of GenAl in Education
a. Expertise and Training
6. There is a lack of specialists and expertsin | 3 (3%) 20 (19%) |81 (78%)| 2.75 0.50
GenAl to consult when needed
7. There is a lack of training programs to 8 (8%) 14 (13%) [82(79%)| 2.71 0.60
enhance the use of GenAl in education
8. There is a lack of awareness among 7 (7%) 22 (21%) |75(72%)| 2.65 0.60
teachers about the importance of using
GenAl
b. Technology Barriers
9. Using GenAl requires more effort 41 (39%) | 19(18%) |44 (42%)| 2.03 0.91
compared to traditional teaching methods
10. Using GenAl requires technology 4 (4%) 13(13%) |87 (84%)| 2.80 0.49
resources such as (Internet connection, Pc
devices, computer lab, etc.) which may not
available
11. Using GenAl requires English language | 28 (27%) | 28 (27%) |48 (46%)| 2.19 0.84
12. There is some difficulty in learning about | 17 (16%) | 32 (31%) |55(53%)| 2.37 0.75
various types of GenAl
¢. Financial Constraints
13. The high financial costs associated with 19 (18%) | 39 (38%) |46 (44%)| 2.26 75
using and updating GenAl create a barrier
d. Administrative Constraints
14. The school administration does 42 (40%) | 25(24%) |37 (36%)| 1.95 0.87
not prioritize the use of GenAl in the
educational process
15. The workload placed on teachers hinders | 15 (14%) | 21 (20%) |68 (65%)| 2.51 0.74
their ability to use GenAl
16. The number of students in the classroom | 29 (28%) | 18 (17%) |57 (55%)| 2.27 0.87
makes it difficult to use GenAl effectively in
education
e. Concerns
17. Using GenAl will limit opportunities 24 (23%) | 30(29%) |50 (48%)| 2.25 0.81
to interact with colleagues to exchange
knowledge and expertise
18. Using GenAl will hinder the 32(31%) | 23(22%) (49 (47%)| 2.16 0.87
development of common or transferable
skills, such as teamwork, problem-solving,
and leadership skills
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End of the table 3

Survey Item Disagree (1)| Neutral (2) | Agree (3)| Mean SD
19. Using GenAl will diminish critical 11 (11%) | 31(30%) |62(60%)| 2.49 0.68
thinking, leading to over-reliance on it
20. Using GenAl in education increases 11(11%) | 31(30%) |62 (60%)| 2.49 0.68
the risk of creating incorrect or fabricated
content
21. Using GenAl in education may 11 (11%) | 39 (38%) |54 (52%)| 2.41 0.67

compromise user privacy and security
22. Using GenAl for grading can be incorrect| 11 (11%) | 41(39%) |52 (50%)| 2.39 0.67
compared to human grading in terms of
fairness and accuracy

23. Using GenAl tools may lead to parity of | 12 (12%) | 37 (36%) |55(53%)| 2.41 0.69
academic assessment among students in a
way that does not reflect their actual levels
24. Using GenAl makes students more 19 (18%) | 31(30%) |54 (52%)| 2.34 0.77
independent, potentially reducing their
appreciation for the expertise of teachers
25. Using GenAl makes it difficult for 18 (17%) | 30 (29%) |56 (54%)| 2.37 0.76
teachers to evaluate how students arrived at
their answers

26. Using GenAl increases plagiarism and 11 (11%) | 29 (28%) |64 (62%)| 2.51 0.68
cheating

Teacher awareness about use of GenAl in education

This analysis presents the results of five items that explore teachers’ awareness of the
use of GenAl in education. In response to the first statement, “I am familiar with the use
of GenAl in education,” 66.35% of respondents agreed, while 13.46% disagreed (M = 2.5,
SD = 0.7) which therefore suggests that most teachers are aware of GenAl in educational
contexts. The 13.46%, however who disagreed give the indication that there are still teachers
who are not familiar with GenAl. As a result, highlighting the need for further awareness
initiatives. In response to the second statement, “I regularly use GenAl tools in education,”
43% of teachers reported that they regularly use such tools (M = 2.24, SD = 0.75). On the
other hand, a relatively high percentage (38%) responded neutrally, which may suggest that
these teachers have only recently begun using GenAl tools or may not yet fully understand
their practical applications in education. Additionally, 19% of teachers indicated that they
do not use these tools at all. For the third item, “I am aware that the use of GenAl may
generate incorrect results,” more than half of the teachers (54%) agreed, indicating that
they understand these tools can produce incorrect results (M = 2.4, SD = 0.74). However,
30% of teachers responded neutrally, which may suggest that they are not fully aware or
may not realize that GenAl tools can sometimes generate incorrect outputs. In response to
statement 4, “I am aware that GenAl may generate biased or unfair results,” the responses
showed a lower standard deviation (M = 2.38, SD = 0.64), indicating stronger consistency
among participants. The percentage of teachers who were aware of the potential bias in
GenAl was47%, which is relatively lower compared to their awareness of the risk of incorrect
results. Additionally, 44% of teachers responded neutrally, suggesting that some may not
fully understand the concept of bias in GenAl outputs. In response to statement 5, “I follow
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the latest developments in the use of GenAl in education,” the results showed (M = 2.35,
SD = 0.78), a total of 54% of teachers reported that they stay informed about the latest
developments in GenAl. However, nearly half of the teachers were either neutral (27%) or
disagreed (19%), indicating that while some teachers are proactive and stay updated, others
are not yet engaged in following recent advancements.

Perceived challenges
The results related to perceived challenges are organized into five dimensions, as follows:

Expertise and Training

The analysis of the questionnaire revealed varying levels of agreement among respond-
ents regarding the perceptions of GenAl challenges in education. The results of the expertise
and training analysis indicated a strong perception among participants regarding the insuf-
ficiency of support and preparedness for using GenAl in education. The statement “There
is a lack of specialists and experts in GenAl to consult when needed” received a high level
of agreement (M = 2.75, SD = 0.50). This analysis shows that there is limited expert con-
sultation. The item “There is a lack of training programs to enhance the use of GenAl in
education” also showed notable agreement (M = 2.71, SD = 0.60). It emphasizes the shared
concern of teachers about the availability of professional development programs. The last
item “There is a lack of awareness among teachers about the importance of using GenAl”
had a lower mean (M = 2.65, SD = 0.60). However, it still indicates an awareness issue. The
low standard deviations of all items suggest that responses were consistent.

Technology barriers

This part highlights perceived technology-related challenges in teachers’ experiences
with GenAl. The item “Using GenAl requires more effort compared to traditional teaching
methods” received a relatively low mean score (M = 2.03, SD = 0.91), indicating mod-
erate disagreement and notable variation in responses. This implies that, although some
teachers find GenAl challenging, others may not perceive it as a significant barrier. On the
other hand, the item “Using GenAl requires technology resources such as Internet con-
nection, PC devices, computer lab, etc., which may not be available” showed the highest
level of agreement in this section (M = 2.80, SD = 0.49). This reflects a strong concern
about infrastructural limitations. Moreover, the items “Using GenAl requires English lan-
guage” (M = 2.19, SD = 0.84) and “There is some difficulty in learning about various types
of GenAl” (M = 2.37, SD = 0.75) revealed moderate levels of agreement. That indicates
that language proficiency and tool complexity present challenges for some teachers. The
responses generally varied regarding technological infrastructure, language requirements,
and the perceived effort required in using GenAl.

Financial constraints

The survey results suggest that financial barriers play a moderate role in limiting the
adoption of GenAl in education. More precisely, for the statement “The high financial
costs associated with using and updating GenAl create a barrier” (M = 2.26, SD = 0.75),
although 44% of respondents agreed, 38% remained neutral, and 18% disagreed. This dis-
tribution indicates that while cost is recognized as a barrier by many, it is not universally
perceived as a major barrier. The presence of a substantial number of neutral responses sug-
gests that financial limitations may be more significant in some schools than others, possibly
influenced by budget allocations, access to funding, or differing stages of GenAl integration.
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Administrative constraints

For administrative-related challenges, responses were more varied. The statement as-
serting that school administrations do not prioritize the use of GenAl had the lowest mean
score across the survey and a relatively high standard deviation (M = 1.95, SD = 0.87).
A considerable number of respondents (40%) disagreed with this claim, indicating that
in many cases, school leaders may indeed be supportive of GenAl integration. However,
the variability in responses points to contextual differences across schools. In contrast, the
workload placed on teachers was viewed as a significant barrier to GenAl use, receiving a
higher mean score of 2.51. With 65% of respondents agreeing, this issue emerged as one of
the most widely acknowledged challenges, suggesting that even when administrative sup-
port exists, practical burdens on teachers may still hinder effective integration. The size of
classrooms was also affirmed as a barrier (M = 2.27, SD = 0.87 ), with agreement from 55%
of respondents, emphasizing that logistical constraints can further complicate GenAl adop-
tion in educational settings.

Concerns

Several concerns about the broader adoption of GenAl were affirmed by participants.
Many high school teachers agreed that GenAl may hinder essential educational outcomes
and ethical standards. For instance, two statements, “Using GenAl will diminish critical
thinking and lead to overreliance” and “Using GenAl in education increases the risk of
creating incorrect or fabricated content,” each received a high mean score of 2.49, with 60%
of respondents agreeing with both. These concerns reflect deep apprehensions about the
intellectual quality of learning experiences shaped by GenAl tools. Similarly, issues such as
plagiarism and cheating (M = 2.51, SD = 0.68), as well as challenges in fairly grading stu-
dents (M =2.39, SD = 0.67), were strongly endorsed, underscoring fears that GenAl could
disrupt academic integrity. Other concerns, including privacy risks (M = 2.41, SD = 0.67),
reduced opportunities for peer interaction (M = 2.25, SD = 0.81), and difficulties in assess-
ing how students arrive at their answers (M = 2.37, SD = 0.76), were also acknowledged.
While some items, such as the effect on transferable skill development, received slightly
lower mean scores (e. g., M = 2.16), the overall pattern points to a prevalent unease about
how GenAl may affect the depth, fairness, and relational aspects of the learning process.

Discussion

In this section, we discuss the study’s results through which we address the research
questions. The questions were about the level of high school teachers’ awareness of using
GenAl, their current practices, and the challenges they encounter while using it. The
following subsections discuss the study results for each question.

Teachers’ awareness of GenAI (RQ1)

To address the first research question (What is the level of awareness among high school
teachers about using GenAl?), we used five core indicators: familiarity, regular use, inaccu-
rate and biased results awareness, and follow-up with the latest developments in its appli-
cation in education. According to the study’s findings, the percentage of teachers reporting
familiarity with GenAl use in education is higher than that of those who regularly use it.
This indicates a gap between GenAl familiarity and its implementation. This aligns with
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one of the most frequent conclusions drawn from numerous global studies: teachers’ use
of GenAl is limited, as shown in [ Beege et al., 2024; Ng et al., 2025]. Moreover, the results
showed modest agreement with GenAl’s potential to produce inaccurate or biased results.
Therefore, the lack of awareness of these important issues inevitably confirms the necessity
of enhancing teachers’ Al literacy. Lastly, regarding whether teachers follow the most recent
advancements in using GenAl in education, the results show differing degrees of interest
among teachers. This finding is corroborated by Cheah et al. [Cheah et al., 2025]. Over-
all, the study’s findings suggest that the Saudi high school teachers were generally familiar
with GenAl. However, they employed GenAl less frequently in their work practices. This
indicates the importance of promoting teachers’ Al literacy and establishing ethical and
instructional guidelines.

Teachers’ current practices of GenAI (RQ2)

The study findings also answer the second research question (What are the current prac-
tices of high school teachers in using GenAl?). The study showed that applying GenAl
for content generation received significant attention and good usage by Saudi high school
teachers. This indicates two key points: First, multimedia is appropriately utilized by teach-
ers, which enhances the teaching and learning process [Salinas- Navarro et al., 2024]. Sec-
ond, teachers tend to engage more with direct and familiar uses of GenAl, such as content
generation, rather than indirect or support-oriented tasks, like handling administrative work
(scheduling and planning, data entry, and summarizing meeting notes). Similarly, several
studies showed the lack of GenAl usage in facilitating administrative work [Cheah et al.,
2025; Kong et al., 2024]. The results also show a variation in the number of teachers ben-
efiting from GenAl in their most important practices: two-fifths reported using GenAl to
design and prepare lessons. At the same time, fewer teachers have applied these tools to
develop assessments or perform grading. These findings align with [ Cheah et al., 2025]. This
consistency underscores a common trend among teachers to prioritize content preparation
over evaluative tasks when adopting GenAl. In addition to these basic practices, the results
showed that teachers have adopted GenAl to assist in several academic tasks and student
support. By way of illustration, GenAl was employed for research, problem solving, and
writing assistance. Furthermore, fewer teachers incorporated GenAl into ITQAN classes,
showing some teachers’ awareness of the role of GenAl in personalized and skill-focused
education. All these uses illustrate a new trend of employing GenAl for cognitive engage-
ment and student development.

Regarding the most commonly used tools among teachers, the results revealed four
distinct tiers of tool usage, aligning closely with their reported practices. At the top tier,
ChatGPT stands out as the most widely used tool, likely due to its popularity, ease of use,
and multifunctionality. In the second tier, Canva was used by more than half of the par-
ticipants, reflecting its strong presence as a tool for creating presentations. The third tier
includes Google Gemini, which was used by just over a quarter of the participating teach-
ers. Gemini and ChatGPT work on natural language processing and generating helpful and
precise text. However, Gemini seemed less popular among Saudi teachers. These top three
tools reflect the predominant ways teachers engage with GenAl, primarily for content cre-
ation and research. Lastly, the fourth tier includes Animated Drawings, LimeWire, SlidesAl.
io, Animaker, and NapKin, each reported by only a few teachers. Despite their specialized
functions, the limited interest in these tools may stem from teachers’ unfamiliarity or the
challenges associated with their use, which may necessitate training or guidance.
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Our findings indicate that teachers leverage GenAl primarily focusing on content gen-
eration, research, and instructional support, specifically lesson preparation. Also, the results
related to the most commonly used tools confirmed the nature of teachers’ practices with
GenAl.

Challenges in GenAl use (RQ3)

The findings of this study provide clear insights into the main challenges that high
school teachers in Saudi Arabia perceive when integrating GenAl tools into their teaching
practices. These findings are directly tied to the third research question (What are the main
perceived challenges high school teachers face in using GenAl?). Five primary areas of con-
cern emerged: lack of expertise and training, technological barriers, financial constraints,
administrative challenges, and ethical concerns. These results align with previous research
on GenAl adoption in educational contexts.

The most noticeable challenge identified was the lack of sufficient training and the ab-
sence of expert support. These results reveal that teachers strongly recognize the need for
structured, in-depth training and professional development programs customized to their
practical needs. Previous research has highlighted the importance of training and support.
According to Al Darayseh [A/ Darayseh, 2023], training is essential to enable science teach-
ers to integrate GenAl tools to boost learning outcomes. Similarly, Wardat et al. [ Wardat et
al., 2024] emphasized that mathematics teachers require well-prepared training on how to
integrate GenAl tools into their curricula effectively. In addition, Cheah et al. [ Cheah et al.,
2025] have also previously pointed out that most current workshops are short and inade-
quate to support meaningful classroom integration.

Technological challenges were also reported as a major obstacle to GenAl adoption.
The majority of respondents showed that GenAl requires adequate infrastructure, such as
internet access, PCs, and other computing devices. Although GenAl may help to automate
aspects of the teaching process, challenges associated with language abilities and the com-
plex nature of GenAl tools still occur for some teachers. These results are in line with pre-
vious studies. For instance, Wardat et al. [ Wardat et al., 2024] emphasize collaborating with
technology companies to obtain adequate technology infrastructure and GenAl- enhanced
educational resources.

Financial constraints were also considered as an obstacle, even to a slightly lesser ex-
tent. Teachers expressed concerns about affordability in respect to GenAl tools and updates,
suggesting that full integration of such technologies would at least be delayed by these costs.
This is particularly problematic where access to full versions is restricted (free tools generally
provide only minimal capabilities). In addition, financial limitations can limit investment
in schools’ infrastructure and teacher development [ Ng ef al., 2025]. Such economic differ-
ences may lead to uneven availability of Al resources, especially across public schools [ Han
etal., 2024].

The administrative impediments findings provide an important insight: the lowest mean
score in the entire dataset is in the items’ perceptions or beliefs related to the support and
crucial part that school administration plays in the successful implementation of GenAl
tools within the classroom. In addition, the relatively large standard deviation and range
of responses demonstrate variability across diverse school contexts; some teachers work in
supportive environments, and others do not.

This disparity demonstrates the significance of the school’s leadership in the develop-
ment of perceptions towards educational innovation. In our work, the Saudi context indi-
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cates a positive administrative attitude towards embracing GenAl tools in the curriculum.
This result is different from previous worldwide studies such as: [Al Darayseh, 2023; Ald-
awsari, 2024; Chiu, 2023; Elstad, Eriksen, 2024; Kong et al., 2024; Wardat et al., 2024; Cheah
etal.,2025], where less support for GenAl integration was received from the administration.

Moreover, teacher workload and large class sizes hinder the practical implementation
of GenAl. Although some teachers may incorporate GenAl tools into everyday teaching re-
sponsibilities (e. g., lesson planning, grading, assessment, etc.) as supported and prioritized
by school leadership, they are still burdened by other responsibilities. Without a supportive
administrative framework, even highly motivated teachers may struggle to effectively inte-
grate GenAl into their daily teaching [ Cheah et al., 2025; Wardat et al., 2024]. Beyond class-
room conditions and infrastructural barriers, the study revealed substantial concerns about
including the GenAl tool in education. Participants were most concerned that the GenAl
could lead to increased plagiarism and cheating, reduced critical thinking, overreliance on
technology, and the development of false or misleading content. There were also fears over
potential privacy risks to students and whether Al-assisted grading was accurate and fair.
These ethical and pedagogical concerns are present in many other GenAl studies. Which
emphasizes the importance of human supervision and the responsible use of GenAl tools in
education [ Bower et al., 2023; Lee, Song, 2024].

In general, despite a high inclination to the use of GenAl tools by high school teachers
in Saudi Arabia, there are also a few obstacles in the way of that happening. Lack of training
and expert assistance, as well as financial issues. These are considered the most important
obstacles that reduce the utilization of these technologies.

Conclusion

This study sought to explore Saudi high school teachers” awareness of GenAl, their cur-
rent practices, and perceived challenges in using it in education. Participants showed a con-
siderable level of awareness and there is as well a growing interest among them in following
GenAl latest developments and trends. In addition, the findings of the study revealed that
the common current uses among teachers were generating presentations, research, and de-
signing lessons. However, despite increased awareness and interest in this technology among
teachers, they shared many challenges and concerns. Most teachers reported that there is a
lack of technological infrastructure. In addition, there is a clear consensus on the need for
expert guidance and professional development programs to enhance GenAl use. The finding
suggested that economic factors are not the key impediment for Saudi teachers. The results
of the administrative constraints indicated that teaching workloads limit teachers’ ability to
adopt GenAl tools in their practice. There are numerous reported concerns regarding the
use of GenAl. The most significant is the potential for increased cheating and plagiarism.
Other frequent concerns were the decrease in critical analysis skills as well as the creation of
incorrect content. To enhance the GenAl experience for Saudi teachers in high schools, it
is essential to provide targeted professional development, access to expert guidance, and im-
proved technological infrastructure within the educational environment. Our study has some
limitations that need to be clarified. First, the findings were based only on the quantitative
analysis of the collected data from the questionnaire. Second, the study focused on the high
school teacher’s perspective, without involving other perspectives, for instance, from stu-
dents and leaders. Third, the study was conducted using a cross-sectional approach.



SOCIOLOGY OF SCIENCE AND TECHNOLOGY. 2025. Volume 16. No. 4 45

References

Al Darayseh, A. (2023). Acceptance of Artificial Intelligence in Teaching Science: Science
Teachers’ Perspective, Computers and Education: Artificial Intelligence, no. 4. DOI: 10.1016/j.
caeai.2023.100132.

Alammari, A. (2024). Evaluating Generative Al Integration in Saudi Arabian Education: A
Mixed-Methods Study, PeerJ Computer Science, no. 10, €1879. DOI: 10.7717 /peerj-cs.1879.

Aldawsari, R. (2024). Role of Artificial Intelligence in Education from the Perspectives
of Teachers, Library Progress (International), 44 (3), 17740—17753. Available at: https://www.
researchgate.net/publication/385345421 Role of Artificial Intelligence In_Education from_Th
e Perspectives_of Teachers (date accessed: 08.11.2025).

Bahroun, Z., Anane, C., Ahmed, V., Zacca, A. (2023). Transforming Education: A Comprehensive
Review of Generative Artificial Intelligence in Educational Settings through Bibliometric and Content
Analysis, Sustainability, 15 (17), 12983. DOI: 10.3390/sul51712983.

Bandi, A., Adapa, P.V.S.R., Kuchi, Y.E.V.P.K. (2023). The Power of Generative Al: A Review of
Requirements, Models, Input—Output Formats, Evaluation Metrics, and Challenges, Future Internet,
15 (8), 260. DOI: 10.3390/1i15080260.

Banh, L., Strobel, G. (2023). Generative Artificial Intelligence, Electronic Markets, 33 (1), 63.
DOI: 10.1007/s12525-023-00680-1.

Bansal, G., Nawal, A., Chamola, V., Herencsar, N. (2024). Revolutionizing Visuals: The
Role of Generative Al in Modern Image Generation, ACM Transactions on Multimedia Computing,
Communications and Applications, 20 (11), 1-22. DOI: 10.1145/3689641.

Beege, M., Hug, C., Nerb, J. (2024). Al in STEM Education: The Relationship between Teacher
Perceptions and ChatGPT Use, Computers in Human Behavior Reports, no. 16. DOI: 10.1016/j.
chbr.2024.100494.

Bower, M., Torrington, J., Lai, J. W.M., Petocz, P., Alfano, M. (2024). How Should We Change
Teaching and Assessment in Response to Increasingly Powerful Generative Artificial Intelligence?
Outcomes of the ChatGPT Teacher Survey, Education and Information Technologies, vol. 29, 15403—
15439. DOI: 10.1007/s10639-023-12405-0.

Burger, B., Kanbach, D.K., Kraus, S., Breier, M., Corvello, V. (2023). On the Use of Al-Based
Tools Like ChatGPT to Support Management Research, European Journal of Innovation Management,
26 (7), 233—241. DOI: 10.1108/EJIM-02-2023-0156.

Chan, C.K.Y., Hu, W. (2023). Students’ Voices on Generative Al: Perceptions, Benefits, and
Challenges in Higher Education, International Journal of Educational Technology in Higher Education,
20(1),43. DOI: 10.1186/s41239-023-00411-8.

Cheah, Y.H., Lu, J., Kim, J. (2025). Integrating Generative Artificial Intelligence in K-12
Education: Examining Teachers’ Preparedness, Practices, and Barriers, Computers and Education:
Artificial Intelligence, vol. 8, 100363. DOI: 10.1016/j.caeai.2025.100363.

Chiu, T.K.F. (2023). The Impact of Generative Al (GenAl) on Practices, Policies and Research
Direction in Wducation: A Case of ChatGPT and Midjourney, Interactive Learning Environments, 32
(10), 6187—6203. DOI: 10.1080/10494820.2023.2253861.

Cooper, G. (2023). Examining Science Education in ChatGPT: An Exploratory Study of
Generative Artificial Intelligence, Journal of Science Education and Technology, 32 (3), 444—452.
DOI: 10.1007/s10956- 023-10039-y.

Elstad, E., Eriksen, H. (2024). High School Teachers’ Adoption of Generative Al, Nordic Journal
of Comparative and International Education, 8 (1). DOI: 10.7577 /njcie.5736.

Feuerriegel, S., Hartmann, J., Janiesch, C., Zschech, P. (2024). Generative Al, Business &
Information Systems Engineering, 66 (1), 111—126. DOI: 10.1007/s12599-023-00834-7.

Hadi Mogavi, R., Deng, C., Juho Kim, J., Zhou, P., D. Kwon, Y., Hosny Saleh Metwally, A.,
Tlili, A., Bassanelli, S., Bucchiarone, A., Gujar, S., Nacke, L.E., Hui, P. (2024). ChatGPT in
Education: A Blessing or a Curse? A Qualitative Study Exploring Early Adopters’ Utilization and



46 COLMO0IOrNA HAYKW W TEXHONOTWI. 2025. Tom 16. Ne 4

Perceptions, Computers in Human Behavior: Artificial Humans, 2 (1), 100027. DOI: 10.1016/j.
chbah.2023.100027.

Han, A., Zhou, X., Cai, Z., Han, S., Ko, R., Corrigan, S., Peppler, K.A. (2024). Teachers,
Parents, and Students’ Perspectives on Integrating Generative Al into Elementary Literacy Education,
in CHI Conference on Human Factors in Computing Systems. DOI: 10.1145/3613904.3642438.

Htet, A., Liana, S.R., Aung, T., Bhaumik, A. (2024). ChatGPT in Content Creation: Techniques,
Applications, and Ethical Implications, in Advanced Applications of Generative Al and Natural
Language Processing Models (pp. 43—68), IGI Global Scientific Publishing. DOI: 10.4018/979-8-
3693-0502-7.ch003.

Idrisov, B., Schlippe, T. (2024). Program Code Generation with Generative Als, Algorithms, 17
(2), 62. DOI: 10.3390/a17020062.

Imran, M., Almusharraf, N. (2024). Google Gemini as a Next Generation Al Educational Tool:
A Review of Emerging Educational Technology, Smart Learning Environments, 11 (1), 22. DOI:
10.1186/s40561- 024-00310-z.

Kaplan-Rakowski, R., Grotewold, K., Hartwick, P., Papin, K. (2023). Generative Al and
Teachers’ Perspectives on Its Implementation in Education, Journal of Interactive Learning Research,
34(2), 313—338.

Kasneci, E., SeBler, K., Kiichemann, S., Bannert, M., Dementieva, D., Fischer, F., ...
Kasneci, G. (2023). ChatGPT for Good? On Opportunities and Challenges of Large Language
Models for Education, Learning and Individual Differences, no. 103, 102274. DOI: 10.1016/j.
lindif.2023.102274.

Khlaif, Z.N., Ayyoub, A., Hamamra, B., Bensalem, E., Mitwally, M.A., Ayyoub, A., ...
Shadid, F. (2024). University Teachers’ Views on the Adoption and Integration of Generative Al
Tools for Student Assessment in Higher Education, Education Sciences, 14 (10), 1090. DOI: 10.3390/
educscil4101090.

Kong, S.C., Yang, Y., Hou, C. (2024). Examining Teachers’ Behavioural Intention of
Using Generative Artificial Intelligence Tools for Teaching and Learning Based on the Extended
Technology Acceptance Model, Computers and Education: Artificial Intelligence, no. 7. DOI:
10.1016/j.caeai.2024.100328.

Lee, S., Song, K. (2024). Teachers’ and Students’ Perceptions of Al-Generated Concept
Explanations: Implications for Integrating Generative Al in Computer Science Education, Computers
and Education Artificial Intelligence, no. 7, 100283—100283. DOI: 10.1016/j.caeai.2024.100283.

Lo, C.K. (2023). What Is the Impact of ChatGPT on Education? A Rapid Review of the
Literature, Education Sciences, 13 (4), 410. DOI: 10.3390/educscil3040410.

Mah, C., Walker, H., Phalen, L., Levine, S., Beck, S.W., Pittman, J. (2024). Beyond CheatBots:
Examining Tensions in Teachers’ and Students’ Perceptions of Cheating and Learning with ChatGPT,
Education Sciences, 14 (5), 500. DOI: 10.3390/educscil4050500.

Maphoto, K.B., Sevnarayan, K., Mohale, N.E., Suliman, Z., Ntsopi, T.J., Mokoena, D.
(2024). Advancing Students’ Academic Excellence in Distance Education: Exploring the Potential of
Generative Al Integration to Improve Academic Writing Skills, Open Praxis, 16 (2), 142—159. DOI:
10.55982/openpraxis.16.2.649.

Mena Octavio, M., Gonzélez Argiiello, M.V., Pujola, J.-T. (2024). ChatGPT as an Al L2
Teaching Support: A Case Study of an EFL Teacher, Technology in Language Teaching & Learning, 6
(1), 1-25. DOI: 10.29140/tltl.vbn1.1142.

Ministry of Education, Saudi Arabia. (n. d.). Secondary School Tracks System. Available at:
https://moe.gov.sa/ar/education/generaleducation/StudyPlans/Pages/SecondarySchoolTracks.
aspx (date accessed: 28.04.2025).

Mittal, U., Sai, S., Chamola, V., Sangwan, D. (2024). A Comprehensive Review on Generative
Al for Education, IEEE Access, no. 12, 142733—142759. DOI: 10.1109/ACCESS.2024.3468368.

Ng, D.T.K., Chan, E.K.C., Lo, C.K. (2025). Opportunities, Challenges and School Strategies
for Integrating Generative Al in Education, Computers and Education: Artificial Intelligence, no. 8.
DOI: 10.1016/j.caeai.2025.100373.



SOCIOLOGY OF SCIENCE AND TECHNOLOGY. 2025. Volume 16. No. 4 47

Oliveira, K.K.D.S., De Souza, R.A. (2022). Digital Transformation towards Education 4.0,
Informatics in Education, 21 (2), 283—309. DOI: 10.15388/infedu.2022.13.

Pahi, K., Hawlader, S., Hicks, E., Zaman, A., Phan, V. (2024). Enhancing Active Learning
through Collaboration between Human Teachers and Generative Al, Computers and Education Open,
no. 6, 100183. DOI: 10.1016/j.cae0.2024.100183.

Petrucco, C., Favino, F., Conte, A. (2025). Teachers’ Perceptions on the Introduction of
Generative Al in Schools: A Mixed-Method Study on the Opinions of 1,223 Teachers in the Veneto
Region, Italy, Education Sciences and Society, no. 2, 17—37. DOI: 10.3280/ess2-20240a18406.

Qureshi, M.A., Khaskheli, A., Qureshi, J.A., Raza, S.A., Yousufi, S.Q. (2023). Factors Affecting
Students’ Learning Performance through Collaborative Learning and Engagement, Interactive
Learning Environments, 31 (4), 2371—-2391. DOI: 10.1080/10494820.2021.1884886.

Raj, N.S., Renumol, V.G. (2022). A Systematic Literature Review on Adaptive Content
Recommenders in Personalized Learning Environments from 2015 to 2020, Journal of Computers in
FEducation, 9 (1), 113—148. DOI: 10.1007/s40692-021-00199-4.

Setra, H.S. (2023). Generative Al: Here to Stay, but for Good?, Technology in Society, no. 75,
102372. DOI: 10.1016/j.techsoc.2023.102372.

Salinas-Navarro, D.E., Vilalta-Perdomo, E., Michel-Villarreal, R., Montesinos, L. (2024).
Using Generative Artificial Intelligence Tools to Explain and Enhance Experiential Learning for
Authentic Assessment, Education Sciences, 14 (1), 83. DOI: 10.3390/educsci14010083.

Taherdoost, H. (2019). What Is the Best Response Scale for Survey and Questionnaire Design?
Review of Different Lengths of Rating Scale / Attitude Scale / Likert Scale, International Journal of
Academic Research in Management (IJARM), § (1), 1—10.

Tahiru, F. (2021). Al in Education: A Systematic Literature Review, Journal of Cases on
Information Technology, 23 (1), 1-20. DOI: 10.4018/JCIT.2021010101.

Takona, J.P. (2024). Research Design: Qualitative, Quantitative, and Mixed Methods Approaches
(6™ ed.), Quality & Quantity, no. 58, 1011—1013. DOI: 10.1007/s11135-023-01798-2.

Tang, K.S., Cooper, G., Rappa, N., Cooper, M., Sims, C., Nonis, K. (2024). A Dialogic
Approach to Transform Teaching, Learning & Assessment with Generative Al in Secondary
Education: A Proof of Concept, Pedagogies: An International Journal, 19 (3), 493-503. DOI:
10.1080/1554480X.2024.2379774.

Trust, T., Whalen, J., Mouza, C. (2023). Editorial: ChatGPT: Challenges, Opportunities, and
Implications for Teacher Education, Contemporary Issues in Technology and Teacher Education,
23 (1). Available at: https://citejournal.org/volume-23/issue-1-23/editorial/editorial-chatgpt-
challenges-opportunities-and- implications-for-teacher-education (date accessed: 09.11.2025).

Van den Berg, G., du Plessis, E. (2023). ChatGPT and Generative Al: Possibilities for Its
Contribution to Lesson Planning, Critical Thinking, and Openness in Teacher Education, Education
Sciences, 13 (10), 998. DOI: 10.3390/educscil3100998.

Wardat, Y., Tashtoush, M., Alali, R., Saleh, S. (2024). Artificial Intelligence in Education:
Mathematics Teachers’ Perspectives, Practices and Challenges, Iraqi Journal for Computer Science
and Mathematics, 5 (1), 60—77. DOI: /10.52866/ijcsm.2024.05.01.004.

Wu, T., He, S., Liu, J., Sun, S., Liu, K., Han, Q.L., Tang, Y. (2023). A Brief Overview of
ChatGPT: The History, Status Quo and Potential Future Development, IEEE/CAA Journal of
Automatica Sinica, 10 (5), 1122—1136. DOI: 10.1109/JAS.2023.123618.

Yu, H., Guo, Y. (2023). Generative Artificial Intelligence Empowers Educational Reform:
Current Status, Issues, and Prospects, Frontiers in Education, no. 8, 1183162. Frontiers Media SA.
DOI: 10.3389/feduc.2023.1183162.

Zhou, X., Schofield, L. (2024). Using Social Learning Theories to Explore the Role of Generative
Artificial Intelligence (Al) in Collaborative Learning, Journal of Learning Development in Higher
Education, 30 (30). DOI: 10.47408/jldhe.vi30.1031.



48 COLMO0IOrNA HAYKW W TEXHONOTWI. 2025. Tom 16. Ne 4

NpumeHeHUe reHepaTUBHOIrO UCKYCCTBEHHOIO UHTENIEKTA
B Bbicwen wkone CayaoBcKkon ApaBuu
rnasamu npenogaBaresiev

P. Arcaxson

YHuBepcuteT KUIbI,
Yuuepcutet Koposiss Aonyin-A3u3sa,
Jxxunna, CaynoBckasi ApaBusi;
e-mail: ralsahafi0063@stu.kau.edu.sa; ralsahafi@uj.edu.sa

J. Airoarkn

Yuuepcurer Koponst Aoayn-Asu3sa,
Jxxunna, CaynoBckast ApaBusi;
e-mail: lalmalki008 1@stu.kau.edu.sa

H. Ar-Amieix

Mcnamckuit yauepcuter Mmama Moxammana M6 Cayna,
Pusin, CaynoBckast ApaBus;
Ynusepcurer Kopons Adayin-Asusa,
Jxunna, CaynoBckast ApaBus,
e-mail: nalsheikh0010@stu.kau.edu.sa; naalshikh@imamu.edu.sa

M. Ainysn

Yuusepcutet Koposst Aonyn-Asusa,
Jxunna, CaynoBckasi ApaBusi;
e-mail: malyobi0037@stu.kau.edu.sa

A. Artam

Yuusepcutet Koposst Adnyin-Asu3a,
Jxunna, CaynoBckast ApaBusi;
e-mail: aallam0019@stu.kau.edu.sa

M. Apjpyinia

Yuusepcutet Koposst Adnyn-A3u3a,
Jxunna, CaynoBckast ApaBusi;
e-mail: maaabdullah@kau.edu.sa

T'eHepaTuBHEBIN UCKyccTBeHHBIN MHTEIEKT (GenAl) — 3TO TOJIBKO BO3ZHUKAIOIINIA B cpepe oOpa-
30BaHUS, XOTh 1 MHOTOOOETIAIONINIT MHCTPYMEHT, M €TO UCIOJIb30BaHNe B KJIaccaxX BCe ele HaXo-
IUTCST HA paHHeU ctamuu pas3sutus. CienoBaTesbHO, TpeaiaraemMasl pabora McciaenyeT OCBeIOM-
JIEHHOCTh TIperiofaBatesiell BeIciieil mKoasl CaymoBCKOW ApaBUM U CYIIECTBYIOIIME TPAKTUKH,
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a Takke MpearnoiaraeMbie podsieMbl ucroiab3oBaHusas GenAl B cdepe obpazoBaHus. JlaHHbIE
ObLTM cOOpaHbI C UCIOJIb30BAaHUEM OHJIaliH-ompoca 104 npernoaasaTeeit BbICHICH 1IKOJbI, a 3aTeM
KOJIMYECTBEHHO MPOAHAIM3MPOBaHbl. Pe3ybTaThl aHaIM3a MMOKa3aJd, YTO YTO IPeroaaBaTeid B
OOJIBIIMHCTBE CBOEM 3HAKOMEI ¢ uctojib3oBaHneM GenAl B o6pazoBannu (66%), HO peTyJIsSIpHO HC-
MOJIB3YIOT €TO B MPENOAaBaTeIbCKOM AesITeTbHOCTY MeHbIlIe (43%). Co3maHue TTpe3eHTalnii OKa3a-
JIOCh CaMbIM OOLIEYMOTPEOUTENBHBIM ClIydyaeM McIoyib3oBaHusl, a ChatGPT — caMbIM UCIIONb3Ye-
MBIM MHCTpYMeHTOM. BoJiee Toro, ojloBMHA yIaCTHUKOB IIPOIEMOHCTPUPOBAIIN OCBEIOMIIEHHOCTh
o ToM, 9To GenAl MOXeT co3maTh MPUCTPACTHBIN MJIM HEKOPPEKTHBINM KOHTEeHT. [loydeHHBIE pe-
3yJIBTaThl YKa3bIBaIOT Ha HECKOJIBKO MPOOJIeM, MpersITCcTBYIommX npuHsatuio GenAl B aToii cde-
pe; cpeny HamboJiee M3BECTHBIX — HeXBaTKa TEXHOJIOTMYECKHMX pecypcoB (84%), orpaHUIeHHBII
TIOCTYIT K y4eOHBIM nporpaMmam (79%) m OTCyTCTBUE CITEHMAIM3UPOBAHHOTO BCITOMOTATEIBHOTO
nepcoHana (78%). 3Bydyaiu TakKe oraceHus, 9To MHCTpyMeHThI GenAl MOTYT COKpaTUTh BO3MOX-
HOCTH JUTSI COTPYIHUYECTBA M pACIIMPEHMs 3HAHUH, a TAKXKe HaBBIKOB KPUTHUIECKOTO MBITTUTCHHMSI.
K obmum mpobiemam Takke OTHOCUTCS COXpaHeHUE KOH(MUACHIMAIBHOCTU, a TakXkKe aKaaeMu-
yecKast 4eCTHOCTh. ClleioBaTeNIbHO, UCCIIeIOBaHMe aeT CBOEBPEMEHHBIN B3IJISI Ha TO, KaK HOBast
TEXHOJIOTHSI IIPOHUKAET B BHICIIYIO TIKOTy CaynoBCKO ApaBUM, M TIOTYEPKUBAET HEOOXOIMMOCTh
00yJYeHUST U TTOAACPXKKIA MHMPACTPYKTYPHI 1151 obecriedeHusT 3¢ HeKTUBHOM MHTETPALIMU 3TOM TeX-
HOJIOTMU B CUCTEMY 00pa30BaHMsI.

Karouesnle caosa: TeHepaTUBHBIN MCKYCCTBEHHBIN MHTEJUIEKT, 00pa30BaTeIbHble TEXHOJIOTUH, TTe-
JTarormndyeckue MpakKTUKH, TTPEIoaaBaTesIbcKoe BOCIIPUATIE, BHEIPEHNE TEXHOJIOTHIA.
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Morocco. The methodological approach used in this study is based on two main axes. On the one
hand, a series of surveys was conducted among teachers and students to assess their perceptions of
virtual labs, identify major obstacles, and suggest potential solutions. On the other hand, a qualitative
analysis of current practices was conducted to establish the current state of virtual labs in Moroccan
educational institutions. The results reveal that the limited use of virtual labs is due to obstacles such
as lack of access to technological resources, the need for teacher training, and logistical challenges.
Additionally, teachers often express reluctance to adopt these methods due to a lack of awareness
or confidence in their effectiveness. By highlighting these challenges, the article recommends the
implementation of specific strategies to promote a more successful adoption of virtual labs, primarily
through teacher training, improved access to technological resources, and the gradual integration of
virtual labs into the Life and Earth Sciences curriculum.

Keywords: educational innovation, ICT in education, virtual lab sessions, Life and Earth Sciences,
pedagogical integration.

Introduction

Practical work in Life and Earth Sciences (LES) represents a fundamental component
of science education. According to Millar (s. d.), it is defined as “any science teaching and
learning activity in which students, working individually or in small groups, observe and /
or manipulate the objects or materials they are studying.” This definition emphasizes the
importance of direct observation and manipulation in practical sessions, enabling students
to develop a deeper and more concrete understanding of scientific concepts.

Information and Communication Technologies for Education (ICTE) are opening up
new opportunities for practical work in science. Simulations and virtual models can replicate
laboratory experiments, granting students greater autonomy in their learning process while
offering teachers innovative methods to enhance student engagement. These tools provide
key advantages such as flexibility, safety, and personalized monitoring of student progress.

However, despite the rise of online learning platforms such as MOOCs, remote sci-
entific experiments have not yet become widespread. The lack of appropriate equipment
continues to pose a challenge to the implementation of practical activities. The integration
of virtual labs (tele-practicals, e-labs), whether in-person or remote, therefore presents a
complex technical and pedagogical issue that is currently the focus of numerous studies.

Previous research [Mastafi, 2014; Madhi, 2014] has highlighted the many challenges
linked to the use of Information and Communication Technologies (ICT) in educational
settings, particularly in scientific disciplines such as LES. Our study builds on these findings
by focusing specifically on virtual practical work, an area that remains underexplored in the
Moroccan context. Other studies [El Kartouti, Juidette, 2023; Btissam, Aziz, 2023; Benali
et al., 2021] have reported significant improvements in student learning outcomes through
ICT, a result that aligns with the objectives of our research centered on virtual labs. Nev-
ertheless, few investigations have directly examined the contribution of virtual practicals in
LES, where the use of simulations and virtual environments shows great promise for boost-
ing student engagement and comprehension.

The analysis by Nafidi and Alami (s. d.) on the adoption of ICT by science teachers
highlights key barriers to integration. Our study distinguishes itself by specifically addressing
virtual practical work in LES, offering a fresh perspective on how these tools can enrich
science education for Moroccan learners. This same study also demonstrates the effective-
ness of digital simulations in the teaching of Earth Sciences, providing valuable support to



52 COLMO0IOrNA HAYKW W TEXHONOTWI. 2025. Tom 16. Ne 4

our research. It illustrates the positive impact that digital technologies can have on student
learning, reinforcing the case for deeper integration of such tools into pedagogical practices
in Morocco, especially in the sciences.

In this context, our research question is as follows: What is the current state of integration
of virtual practical work in LES education in Morocco, and what are the main challenges to
be overcome for successful implementation?

This central question can be broken down into the following sub-questions.

1) To what extent are virtual practicals currently used in Moroccan educational
institutions?

2) What are the main obstacles and innovation challenges related to the adoption of
virtual practical work in LES education in Morocco?

3) What are the perceptions of teachers and students regarding virtual practicals, and
how do they compare in effectiveness to traditional in-person practical sessions?

This study follows a three-phase analytical approach. First, we assess the material
and pedagogical limitations of traditional practical work in Moroccan schools. Second,
we examine the actual adoption of digital tools in LES education, with a particular focus
on virtual practicals. Lastly, we analyze teachers’ and students’ perceptions of these
new methods before presenting recommendations for their effective integration into the
Moroccan educational system.

Methodology

This study is based on a descriptive and exploratory approach, using two anonymous
questionnaires designed to survey LES teachers and secondary school students in Moroc-
co. The aim was to compare the perceptions of these two key actors in order to analyze
current practices related to practical work, the use of educational technologies, as well as
the barriers and enablers associated with the integration of virtual practical work in science
education.

The questionnaires specifically aimed to gather information on:

— the condition and use of school laboratories;

— student involvement in experimental activities;

— perceived obstacles to traditional practical work;

— the use of ICT in LES courses and practical sessions;

— perceptions of virtual practical work as an alternative or complementary solution.

The instruments were distributed online (via Facebook, WhatsApp, and email), with
the support of educational inspectors, school principals, and teachers. The responses were
analyzed to identify general trends, perception gaps, and possible avenues for improving the
integration of digital technologies into LES teaching.

Analysis and Interpretation of Results

We conducted this study during the 2023—2024 school year. The survey was carried
out across several provincial delegations of the National Education in Morocco. Our study
targeted a sample of 4 000 teachers and 2 500 secondary school students, distributed as
detailed in the table below.
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Table 1. Target population of the study

Group Questionners sent Responses received
Teachers 4000 720
Learners 2 500 575

Results related to the teacher questionnaire

Section 1. General Information

This first section aims to analyze the influence of several contextual factors on the
implementation of practical work in schools. These factors include age, level of education,
teaching experience, class size, weekly workload, as well as the geographical location and
type of institution.

The data show that the majority of surveyed teachers are between 30 and 40 years
old (40%), followed by those over 40 years old (34%), while teachers under the age of
30 represent 26% of the sample.

Regarding academic background, 45% of respondents hold a bachelor’s degree, 30% a
master’s degree, 12% a diploma from a teacher training college (ENS), 7% a doctorate, and
6% a CPR diploma.

ENS diploma NN 12%
CPRdiploma I 6%
Doctorate I 7%
Master's degree NN 30%

Bachelor's degree I 45%
Fig. 1. Distribution of teachers by academic degree
The majority of teachers work in urban areas (75.4%), compared to 24.6% in rural
settings. In terms of sector distribution, 97.7% of participants are employed in public schools,
while only 2.3% work in the private sector. Concerning teaching experience, 30.8% report

having between 5 and 10 years of experience, 26.3% more than 15 years, 21.7% between 10
and 15 years, and 21.14% less than 5 years.

more than 15 years N 25,29%
between 10and 15 years _ 21,71%
betweens and 10vears | :o.sc%

lessthan S vears | 2114

Fig. 2. Distribution of teachers by teaching experience
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Section 2. Teaching conditions and laboratories in institutions

The responses collected help to better understand the impact of teaching conditions on
the implementation of practical work in schools.

With regard to weekly teaching hours, 45.7% of teachers report working 24 hours per
week, while 44.5% report working 20 hours per week.

350 320 328
12
2 300
o —
S 250
(5}
o 200
o
@ 150
E
. 100 61
R

0 s

12 16 20 24

Weekly working hours

Fig. 3. Distribution of teachers by weekly teaching hours

In terms of class size, 86% of teachers supervise groups of 30 to 45 students, 9% work
with fewer than 30 students, and 4% with more than 45 students.

more than 45 students per class I 4%

between 30 and 45 students per class _ 86%

less than 30 students per class . 9%
Fig. 4. Average class size as reported by teachers

Regarding the presence of a laboratory, all surveyed teachers report that their institu-
tion has a space dedicated to practical work. However, a large majority indicate that these
laboratories are not always suitable for experimental activities.The frequency of practical
sessions varies significantly: nearly 60% of teachers report organizing them rarely, while
around 20% schedule them once a month.

Overcrowding in classes [ 66,20%

Lack of training in the use of
laboratories

N 37,40%

Drfflhcultl.es mtegrat.mg practical I 32,70%
sessions into teaching programs
Technical problems related to

- ]
equipment 84%

Fig. 5. Obstacles to implementing practical work as perceived by teachers
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The main obstacles identified are technical in nature, mentioned by 84% of respondents
(lack of equipment, expired materials). Oversized classes are reported by 66.2%, followed
by insufficient training in the use of laboratory equipment (37.4%) and curriculum overload
(32.7%).

Section 3. Use of ICTE in the teaching of LES

In this section, teachers were asked about the types of digital tools they use in LES class-
es, as well as their pedagogical purposes.

Regarding practical uses, 89.7% of teachers report using PowerPoint to present their
lessons. YouTube videos are also widely used, with 72.9% of teachers indicating their use.
Digital educational resources (software, animations, interactive modules) are used by 45%,
while 35.5% rely on Internet searches to enhance their sessions. Digital encyclopedias are
mentioned less frequently, at 10.3%.

Digital encyclopedia [l 10,30%
Internet research [ 35,50%
YouTube video [ 72,90%
Digital resources (genius) [N 35%
PowerpPoint [, 70%

Fig. 6. Types of digital tools used by LES teachers

As for the pedagogical purposes of these uses, the majority of teachers (84.9%) report
using ICT primarily to present visual content (slideshows, videos, images). Approximately
56.6% use them to carry out simulations of scientific phenomena. Just over a third (34.2%)
employ them to support collaborative work, and 24.3% use them for formative or summative
assessment.

To conduct formative or summative
24,30%
assessments _ it

To enable students to work
: N 34,20%
collaboratively
To conduct simulations [N 56,60%
To present content (videos, images,
? (Videos maee - o0

slideshows)

Fig. 7. Pedagogical purposes of ICT in LES according to teachers

Section 4. Use of Virtual Lab Sessions (Simulations)

This section aims to assess the use of ICT as an alternative to traditional practical work,
through the analysis of their frequency of use, the resources involved, the perceived bene-
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fits, and the limitations identified by teachers. Regarding laboratory equipment, 51.5% of
teachers report having access to a computer and a projector, while 48.5% do not have either
of these devices. On the question of replacing practical sessions with ICT tools, 80.5% of
teachers report having already used digital tools to replace certain sessions, while 19.5% have
never done so.

Among the main reasons mentioned are the lack of materials (87.9%), the complexity of
carrying out certain practical activities in real conditions (49.3%), and time savings (47.1%).
Other reasons include facilitating access to experiments outside class hours (22.9%), im-
proving teaching effectiveness (22.1%), and reducing costs (15.7%).

To reduce the cost of in-class
experiments - 15,70%

To allow students to access
. - s 22,90%
experiments outside class hours

To increase teaching efficiency [ 22,10%
To save time [N 47,10%
Lab session difficult to conduct [N 49,30%
Lack of equipment NS 7,90%

Fig. 8 Reasons for using ICT to replace certain practical sessions

The most commonly used tools during virtual practical sessions are animations (78.3%),
digital resources (47.8%), simulation software (44.9%), and applications (29%).

Application [ 29%
Animation (Flash) [ 78,30%
Digital resources (genius) [N 47,80%
Simulation software [N 234,90%

Fig. 9. Types of ICT use during the substitution of practical sessions

Regarding training, 42.9% of teachers report having received training in the use of
ICT in LES, while 57.1% have never received such training. Skill acquisition was mainly
achieved through self-training (60.3%), in-person training sessions (30.8%), online courses
(17.8%), or collaboration with colleagues (26.7%).

Teachers identify several advantages of virtual practical work compared to traditional
laboratory sessions. The most frequently cited benefits include reduced risks for students
(58.5%), broader access to experimental activities (53.5%), ease of organization (52.4%),
cost reduction (31.3%), and simplified preparation (45.6%).
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Reduced costs | 31,30%
Easier to organize N 52,40%
o e 0 T O N 53,70%

students

Easier preparation of practical
sessions

Less risk for students N 58,50%

I 45,60%

Fig. 10. Advantages of virtual practical work according to teachers

On the other hand, several limitations are also reported. The lack of physical contact
with equipment is mentioned by 87.7% of respondents, followed by decreased student
motivation (47.9%), difficulties in solving experimental problems (39%), and challenges in
enforcing safety instructions (24.7%).

Fewer opportunities to solve _ 39%
problems related to the experiment ’
Less motivation for students _ 47,90%

Difficulty following safety instructions [N 24,70%

Lack of physical contact with materials
; s, 70%
and equipment
Fig. 11. Disadvantages of virtual practical work according to teachers

Finally, 74.8% of the teachers surveyed state that they would recommend the use of
virtual practical work to their colleagues, while 25.2% would not.

Results Related to the Student Questionnaire

The analysis of responses to the questionnaire addressed to students provided significant
information about the implementation and method of practical work in educational
institutions.

Section 1. General Information

This section describes the general profile of the students who responded to the
questionnaire. The variables collected relate to their level of education, the geographical
location of their school, and other contextual information related to their learning
environment.
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The results show that the majority of participating students — 81.9% — are enrolled in
upper secondary education, while 18.1% are in lower secondary education.

m High School
= Middle School

Fig. 12. Distribution of students by level of education
Next, students were asked to indicate whether their school was located in an urban or

rural area. The results show that the vast majority of students (92.8%) attend school in an
urban setting, while a minority (7.2%) are enrolled in rural schools.

7,20%

= Urban

= Rural

92,80%

Fig. 13. Distribution of schools by geographical setting

Section 2. Use of ICT in the teaching of LES

In this section, students were asked about their experience with ICTE during LES
classes, in terms of usage, accessibility, types of tools used, and their perceived impact on
learning.

The results show that 76.8% of students report using ICT during LES sessions, while
23.2% state that they do not.
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= Yes

= No

76,80%

Fig. 14. Use of ICT in LES according to students

Regarding the most commonly used tools, 60.5% of students report watching You Tube
videos, 58% conduct Internet searches, 55.6% use PowerPoint presentations, while 29.6%
use digital resources and 7.4% rely on digital encyclopedias.

YouTube videos [ 60,50%
Internet research [ 58%
Digital encyclopedias [l 7,40%
Digital resources [N 29,60%
PowerPoint [ 55,60%

Fig. 15. Types of ICT tools used in LES according to students

In terms of access to ICT, 57.3% of students use school computers, 30.5% connect
directly via the Internet, and 17.1% access ICT through applications installed on their
personal devices.

| use them online via the internet. _ 30,50%

I download and install them on my
own devices. - 17,10%

They are installed on school
computers.

Fig. 16. Modes of access to ICT during LES sessions according to students
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Regarding classroom motivation, 89% of students believe that the use of ICT makes
LES lessons more engaging, while 11% do not share this view.

Finally, on the question of learning ease, 87.8% of students agree or strongly agree
that ICT facilitates their learning, 9% disagree or strongly disagree, and 2.2% report being
neutral.

strongly agree [T 41,50%
agree Ta6,30%
indifferent Wl 2,20%
disagree I 5,10%

not at all agree [ 4,90%

Fig. 17. Perceived impact of ICT on learning ease according to students

Section 3. Use of virtual labs (simulation)

In this section, students were asked about their use of ICT during practical work
sessions, particularly as an alternative or complement to traditional laboratory activities.
The results show that 59.3% of students report having used ICT to replace certain practical
sessions, while 40.3% state that they have never done so in this context. When asked about
the frequency of using digital resources to supplement practical work in class, 26.8% of
students say they use them very often, 39% from time to time, 19.5% rarely, and 14.6%
never.

never [ 14,60%

rarely _ 19,50%
occasionally I %
veryoften [N 26,80%

Fig. 18. Frequency of digital resource use to support practical work

Finally, students were asked to give their opinion on whether virtual practical work
(simulators, interactive animations) could replace real-life experiments. The results reveal
that 62.2% of students believe that ICT cannot replace hands-on experiences, while 37.8%
think they can serve as a substitute.
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= Yes

= No

Fig. 19. Students’ opinions on replacing real experiments with virtual practical work

Discussion of Results

The results obtained from both teachers and students provide valuable insight into the
integration of virtual practical work in life and earth sciences education in Morocco. They
highlight favorable perceptions, promising trends of adoption, as well as significant chal-
lenges that need to be addressed.

The analysis of life and earth sciences teachers’ profiles reveals a predominantly young
(30—40 years), qualified, and experienced workforce. This combination creates favorable
conditions for the adoption of pedagogical innovations, provided that teachers are support-
ed through targeted training programs. Disparities between urban and rural areas, particu-
larly in terms of equipment, underscore the need for inclusive policies to ensure equitable
access to digital resources.

On an organizational level, constraints related to teaching workload, class size, and in-
adequate laboratory facilities represent significant barriers to the implementation of tradi-
tional practical work. These findings reinforce the relevance of alternatives such as virtual
practical work, which can help address certain structural limitations.

LES teachers already make extensive use of ICT in their teaching practices — Power-
Point, videos, simulations, and digital resources are commonly employed. This familiarity
with digital tools provides a fertile ground for the gradual introduction of virtual practical
work. However, the success of this transition depends on institutional support, access to
quality resources, and ongoing professional development.

The results indicate a relatively widespread adoption of virtual practical activities (tele-
TP). Their use is primarily driven by the lack of equipment, the complexity of conducting
certain experiments, and the search for practical logistical solutions. Teachers recognize
several benefits, including reduced risk, increased accessibility, and time efficiency.
Nevertheless, important limitations remain: lack of direct contact with materials, reduced
student motivation, and difficulty in replicating all dimensions of hands-on experimentation.

These findings advocate for the complementary integration of tele-TP alongside
traditional practical work, rather than as a full replacement. The fact that most teachers
recommend tele-TP to their peers reflects a generally positive attitude toward this approach.

From the students’ perspective, ICT is generally perceived positively. It makes lessons
more engaging and facilitates understanding. The variety of tools used reflects a diversi-
ty of digital learning practices. However, access to resources remains unequal, particularly



62 COLMO0IOrNA HAYKW W TEXHONOTWI. 2025. Tom 16. Ne 4

depending on school location or availability of personal devices. This highlights issues of
digital equity that must be considered in any virtual practical work integration strategy.

Regarding tele-TP, while students acknowledge their usefulness, the majority believe
they cannot fully replace real-life experiments. This perspective echoes that of the teachers
and underlines the importance of combining virtual and hands-on approaches to provide a
well-balanced and effective scientific learning experience.

Conclusion

Our study highlights the potentials and challenges associated with the integration of
virtual labs in the teaching of life and earth sciences in Morocco. Through the analysis of
perceptions and experiences of teachers and learners, it is evident that virtual labs offer
significant opportunities to enrich LES education. They provide a flexible, safe, and
interactive pedagogical approach, capable of overcoming some of the inherent limitations
of traditional lab work. However, the results also emphasize major obstacles to their
widespread adoption, including the lack of access to necessary technological equipment,
variability in access to digital resources, and the increased need for teacher training in the
use of these innovative technologies.

The general enthusiasm for virtual labs, as shown by the positive recommendation of
their use by a majority of teachers, suggests a fertile ground for their further integration
into the LES curriculum in Morocco. However, this study underscores the importance of a
balanced approach that seeks not to replace, but rather to complement traditional labs with
virtual practices. Combining both methods appears to be the most promising way to offer a
complete and enriching learning experience to students.

To foster a broader and more effective adoption of virtual labs, it is crucial to invest
in improving technological infrastructure within educational institutions, develop targeted
training programs for teachers, and devise pedagogical strategies that fully leverage the
benefits of virtual labs while addressing their limitations. The future of LES education in
Morocco will largely depend on the educational system’s ability to seamlessly integrate
technological innovations into its pedagogical practices, in order to prepare students to
navigate an increasingly digitalized world.
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OrpaHuyeHus, BbI30Bbl U NP06JIeMbl MHTErpaLUu 3aHATUIA
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HNHbopmanimoHHO-KOMMYHUKAIIMOHHBIE TexHosornu B obpazoBanuu (ICTE) urparor rinaBHyro
poJib B cucteMe obpazoBaHuss Mapoxkko. [Ipemiaraemast ctaTbs mpecTaBiIsieT KOMIUIEKCHBIN aHa-
JIN3 OTPAHWYEHUI, BBI30BOB U MPOOJIEM, OTHOCSIINXCS K TIPOBENCHUIO 3aHSITUN B BUPTYAJIbHOMN
JlabopaTtopuu B TIpoliecce TIPernofaBaHms HayK O 3eMJie ¥ HayK O XXu3HU B Mapokko. Meromono-
TMYECKUI TIONXOM, VCTIOIb30BaHHBI B 3TOM WCCIENOBAHWU, OCHOBAaH Ha NByX OCHOBHBIX OCSX.
C omHOI CTOPOHBI, ObUIA TIPOBEIEHA CepPHUsT OMPOCOB CPEAU YUUTENell U yJalluxcsl, YTOObI Ole-
HUTD VX BOCTIPUSITIEC BUPTYaTbHBIX TAOOPATOPUIA, BEISIBUTH OCHOBHBIE TIPETISITCTBUS U TIPENJIOKUTH
BO3MOXHbBIe petieHus. C Opyroii CTOPOHBI, OBUT MTPOBENeH KaYeCTBEHHBIN aHAIN3 COBPEMEHHBIX
MPAKTUK, YTOOBI YCTAHOBUTDH TEKYIIlee COCTOSTHWE BUPTYaJTbHBIX JT1a00OpaTOpUil B MapOKKAHCKUX
00pa3oBaTebHBIX YIPEXKIeHUsIX. Pe3ynbraTsel TOKa3bIBAIOT, UTO TPEMITCTBUSIMU, OTPAHUYNBAIO-
IIUMU UCTIONb30BaHNUE BUPTYAIbHBIX Ta00OPATOPUIA, SBISIOTCS OTCYTCTBUE MOCTYIIA K TEXHOJIOTHU-
YECKUM pecypcaM, HeOOXOMUMOCTh TMOATOTOBKY YUUTENEl U JIoTUCTUIeckue mpodieMbl. Kpome
TOTO, YIUTEJISI YaCTO BBIPAKAIOT HEXETaHUe MUCIIOMb30BaTh 3TU METOIBI TI0 TIPUYNHE HEIOCTATOU-
HOU OCBEIOMJIEHHOCTH WJIM HETOCTATOYHON YBEpeHHOCTH B MX 3ddekruBHOCTH. [lomuepkuBas 3T
MPOOGIeMBI, aBTOPHI CTATbM PEKOMEHIYIOT PeaTu3aliio KOHKPETHBIX CTPATeTUH TSI TIPOBIKEHUS
0oJiee YCTIENTHOTO BHEAPEHUSI BUPTYAJIbHBIX Ta00paTOPUIA, TIPEXK/Ie BCETO —IOATOTOBKY YUUTENei,
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YIIy4IIeHKE JOCTYIa K TEXHOJOTMUECKHUM pecypcaM M MOCTENEHHOCTh B MHTErpallii BUPTYaIbHBIX
JTabopaTopuii B MpOrpaMMbl HayK O 3eMJIE M O XKU3HM.

Karoueenie cao6a: inHoBalvu B oopazoBanuu, MKT B o6pazoBaHuuU, 3aHATUS B BUPTYaJIbHOI J1a60-
paTopuu, HAYKH O KU3HU U O 3eMJIe, TTelarormuecKasi MHTerpalius.
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Online peer assessment is an evaluation tool that allows the student to make a value judgment on the
work of peers. This method supports student-centered learning and aims to reinforce their knowledge
through abundant comments and reflective judgment. The current study seeks to examine the impact
of frequent online peer assessment on the construction of the student’s skills in Information and
Communication Technology and consequently on their performance in the final exam. To achieve this
objective, a two-step approach was adopted. Firstly, a questionnaire that allowed a multidimensional
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census of student satisfaction with this evaluation method. Secondly, Learning Analytics which made
it possible to group students according to their frequent participation in scheduled peer assessments,
and then compare them according to their final exam marks of the module. The results showed that
the students who frequently participated in the scheduled peer assessments were satisfied with the
contribution of this experience to their learning, and the comparison test demonstrated that students’
grades in the final exam have been improved due to their frequent participation in peer assessments.
The current findings forecast that the frequent online peer assessment could be a better support for
students learning and consequently improving their results.

Keywords: online peer assessment, LMS, frequent assessment, blended learning.

Introduction

The traditional practice of assessment is focused on the summative function and the
feedback of information from the teacher, resulting in a simple evaluation of learning and
making the learner a passive receiver of the information [Letina, 2015].

Teaching has evolved from a unidirectional transition of knowledge towards the creation
of learning communities where knowledge is generated in a collaborative manner [ Loureiro,
Gomes, 2023]. Increased technological development and the need for the development of
21% century skills [Saykili, 2019] have forced educational stakeholders to integrate alterna-
tive assessment methods into their educational scenarios. Online peer assessment (OPA) is
one of these methods.

Learning with peers is a key skill highly required for lifelong learning, OPA improves
learning of students, effectiveness and critical thinking while promoting the proliferation of
professional skills, such as thinking skills, decision-making, and autonomy /Hoang et al.,
2022]. Appropriating the required standards and being able to evaluate the work of peers
in their light, involves students in a process of self-reflection, which improves their under-
standing of the course content [Amendola, Miceli, 2018], encourages them to optimize their
productions, and strengthens their critical thinking [ Zhang et al., 2021].

Adopting OPA as a programmatic or frequent assessment can help learners stay fo-
cused on the material being taught. It provides frequent feedback, whether from teachers
or their peers, and allows the regulation of learning [/. Day et al., 2021]. On the one
hand, the OPA allows learning gains compared to traditional assessments, and on the oth-
er hand, it ensures speed of delivery and portability. The learner can be informed outside
of regular course hours [Carless, Boud, 2018], which will increase their contact with the
material and allow them to conceptualize reflective feedback on their learning and that of
their peers.

Programmatic evaluation is an evaluation design spread out along the training course,
comprising several lightly weighted evaluations that inform both the student and the teach-
er on the evolution of learning and can be grouped together. in failure/success decisions
[I.N.Z. Day et al., 2018]. A programmatic assessment designed according to a rational meth-
odology optimizes learning because it increases the time spent by students on the task and
helps them to better distribute their study effort [van der Vieuten et al., 2012].

The aforementioned advantages are proven in advanced educational systems where the
learner acts in an innovative and mediated environment from a young age. In Morocco,
traditional evaluation governs the evaluative practices of teachers, the use of alternative eval-
uative practices such as peer assessment either in class or digitally remains very rare [Abder-
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rahmane, 2019]. Moreover, all of the students involved in this research do not have previous
experience in peer assessment.

Through this study, we will examine the impact of a programmatic evaluation based on
OPA on the development of skills of students of the first-year physical education and sports
teaching license in information and communication technology in teaching (ICT) and con-
sequently on the marks obtained in the final exam of the module.

There are two fundamental questions that arise:

— Are students satisfied with the programmatic assessment, and do they identify its

effect on the development of their ICT skills?

— Does the frequency of OPA positively affect learner’s results in the final exam?

For this last question, we put the following two hypotheses:

HO: Frequent OPA has no significant impact on improving student’s performance in
the final exam.

Ha: Frequent OPA has a significant positive impact on improving student’s perfor-
mance in the final exam.

Methodology

Study context

The study took place at the Higher Normal School of Tétouane, Morocco, during the
first semester of the 2022—2023 academic year, it addresses students (n = 204) of the first
year of the physical education and sports teaching license enrolled in the module Technolo-
gy Information and Communication for Teaching (ICT1). This module aims at introducing
students to the new digital technologies and their integrating them into the teaching field.

The ICT1 module was designed in hybrid mode (face-to-face courses, remote pro-
grammatic assessments) by adopting a project-based pedagogy. Three OPA were scheduled
throughout the semester (rewarded by 10% of the continuous assessment grade for each),
while the final exam of the module was organized in person.

We have created a Moodle platform (fice.gnomio.com) to host the scheduled assessments
and facilitate the extraction of learning analytics. As all of the students had no prior experi-
ence in using Moodle or in OPA, a special attention was paid to support and training.

We provided technical support in the form of a tutorial to access the platform, as well
as simulations of the OPA phases in Moodle. An outsourced technical help area of the plat-
form has also been made available to students. The evaluation grids were presented and dis-
cussed with the students during the sessions preceding the opening of each OPA workshop.
The design of these workshops borrowed the typology of Adachi: [Adachi et al., 2018].

In each of the OPA, students were asked to solve a problem encountered in the teaching
of physical education and sports using ICT, then submit their project on the platform for
peer assessment. Each student evaluated 4 projects, and theirs was evaluated by 4 peers to
ensure a good level of reliability in accordance with the literature on this subject [ Falchikov,
Goldfinch, 2000; Li et al., 2016]. Providing a numerical score and at least one qualitative
piece of feedback for each project was mandatory to mark the assessment task as completed.

At the end of each evaluation workshop, a regulatory session was organized to discuss
both, the evaluation process and the quality of the projects in light of the scores and feed-
back given by the peer evaluators. Samples of the highest and lowest rated projects, as well
as their corrections, were presented anonymously. This phase aimed to highlight the strong
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and weak points of the projects and provide instructions on the ethics of feedback provided
to peers. Figurel summarizes the process that we followed to implement this OPA.

Post Ouli ¢ After
| assessment |q— nline peer assessmen J_’ assessment

Y y

Simulation of OPA Kfeacher review of
\4
process + Tutorials assessments
During the
assessment -

(Disclose grades and
feedback

Technical assistance

area Submit projects for

assessment

—

Regulation session

Assessing 4 peer's
projects

Presentation of the
evaluation grids

Fig. 1. Online peer assessment implementation process

Research design

A two-step approach was adopted in this study to answer the research questions. First,
to measure learner satisfaction with programmatic assessments through a questionnaire,
we referred to the first level of the Kirkpatrick model [Kirkpatrick, 1996] revisited by War
and Bounce [Warr, Bunce, 1995], which identifies three facets of satisfaction . To achieve
an in-depth understanding of learner satisfaction with OPA, we examined the data using
descriptive statistics and then assessing the correlation strength between each pair of facets
[Schober et al., 2018].

Secondly, to measure the impact of the frequency of the OPA on the results of the learn-
ers, we checked by crossing the results of the learners in the final exam with the number of
the OPA in which they participated, through an Anova one-way test.

Data collection and analysis

To measure learner satisfaction, data were collected using an online questionnaire via
Google Form addressed to students who participated in at least two scheduled OPA work-
shops (n = 115).

Learner satisfaction was evaluated on the spot by a questionnaire built on a 5-points
Likert scale. The questionnaire focused on reported enjoyment (2 items), perceived useful-
ness (5 items) and perceived difficulty (1 item). The 8 items were intended for the 115 stu-
dents. A good internal consistency has been achieved, Cronbach’s Alpha = 0,717.

The questionnaire results were collected and then coded in SPSS statistics v26 to gen-
erate descriptive statistics and the potential correlations between the three facets. The five
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points of the Likert scale are converted into intervals to situate the results obtained [ Piment-
el, 2010], table 1. The means obtained through a questionnaire are modeled on this table to
define the degree of agreement.

Table 1. Scoring range of Likert scale of the survey

Likert Scale Interval Description
1 1-1,8 Strongly disagree
2 1,8-2,6 Disagree
3 2,6-3,4 Neither agree nor disagree
4 3,4—4,2 Agree
5 4,2-5 Strongly agree

To cross-reference the grades of students (dependent variable) with their frequency of
participation in the OPA (independent variable), Learning Analytics extracted from the
platform were used to form 4 groups according to the frequency of participation in the OPA:

— Group 1: those who participated in all 3 OPA;

— Group 2: those who participated in 2 OPA;

— Group 3: those who participated in just one OPA;

— Group 4: those who participated in none of the OPA.

After forming the groups, an exhaustive list of grades and numbers of participations in
the OPA was established. A one-way Anova test [ Howell, 2013] was conducted to determine
the differences between the groups formed in terms of final exam results.

Results and Discussions

Questionnaire results

First, we evaluated the reactions of the students to the OPA workshops scheduled
throughout the module, with three facets of satisfaction through a questionnaire. The de-
scriptive statistics are presented in table 2.

Table 2. Descriptive statistics of the Likert scale questionnaire

N Minimum Maximum Mean Std. Deviation
Reported Enjoyment 115 2,00 5,00 4,37 0,61
Perceived Usefulness 115 3,00 5,00 4,3 0,44
Perceived Difficulty 115 2,00 5,00 4,40 0,64
Valid N (listwise) 115

For the reported enjoyment facet, we asked students whether they enjoyed this new
assessment experience, the majority of them totally agreed (M = 4.37, SD = 0.61) that as-
sessing peers and receiving feedback from them was a satisfying experience.

The perceived usefulness questions focused attention on the relationship between the
improvement of students’ ICT skills and participation in OPA workshops, (M = 4.34,
SD = 0.43) which affirms a consensus among students towards the positive effect of OPA
frequency on their skills development.
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For the last facet concerning the difficulties encountered, we asked the students if the
gain in competence deserves the time and cognitive investment spent (M =4.40, SD = 0.65),
indicating that the students do not regret the time and effort spent in the OPA workshops,
this facet has the highest standard deviation, suggesting more variation in experiences com-
pared to the other two facets.

Second, to examine the strength of the correlation between the three facets of satisfac-
tion and to gain a deeper understanding of their interconnection, we opted for the correla-

tion analysis of Spearman (table 3).

Table 3. Strength of correlation between the three facets of satisfaction

Reported Perceived Perceived
Enjoyment usefulness difficulty
Reported Correlation Coefficient 1,000 ,463%+* ,450%*
Enjoyment Sig. (2-tailed) ) ,000 ,000
N 115 115 115
Perceived Correlation Coefficient ,463%* 1,000 ,362%*
Usefulness Sig. (2-tailed) ,000 . ,000
N 115 115 115
Perceived Correlation Coefficient ,450%* ,362%* 1,000
Difficulty Sig. (2-tailed) ,000 ,000 .
N 115 115 115

** Correlation is significant at the 0.01 level (2-tailed).

All correlations were positive (0.463, 0.450, 0.362), indicating a positive linear rela-
tionship between each facet pair. These values suggest a weak to moderate correlation (rho
between 0.3 and 0.69). The results also showed that all the P values were lower than 0.01
attesting that the observed correlations are statistically significant.

Strength of correlation between reported enjoyment and perceived usefulness (0.463):
here we observed a moderate correlation, students who appreciated the paired evaluation
process also tended to perceive it as beneficial in terms of acquisition of knowledge and ICT
skills.

Strength of correlation between reported enjoyment and perceived difficulties (0.450):
these two facets also correlate moderately with each other; the students appreciated this
new evaluation method despite the cognitive investment and the additional workload that
it requires.

Strength of correlation between reported enjoyment and perceived usefulness (0.362):
We observed a positive association between these two facets, but it was slightly weaker than
the previous correlations. Students perceive the OPA as beneficial to their course, despite
the effort required to participate in it, which remains remarkable.

Anova test results

We first conducted a normality test (table 4). The Kolmogorov — Smirnov normality
test revealed that the distribution of student’s final grades was normal (P > 0.05) in all
study groups, which allowed us keep the null hypothesis hO and carry out the parametric
Anova test.
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Table 4. Kolmogorov — Smirnov normality test

.. Kolmogorov — Smirnov
OPA_participation Statistic df Sig.
Never participated to OPA 0,129 33 0,174
Student’s grades Participated 1 time to OPA 0,110 56 0,091
Participated 2 times to OPA 0,075 77 0,200
Participated 3 time to OPA 0,137 38 0,069

To measure the impact of OPA frequency on student grades and compare the averages
obtained by each group, we conducted a one-way Anova test (table 5) to identify the
relationship between the final exam scores of students and OPA frequency.

Table 5. One-way Anova test result for student grades and participation in OPA

Sum of Squares df Mean Square F Sig*.
Between Groups 1282,527 3 427,509 162,729 ,000
Within Groups 525,426 200 2,627
Total 1807,953 203
* P <0,05.

The results showed that the groups had significant differences in the grades obtained,
with a Fisher index well above (F = 162.729). The P value (P = 0.000) confirms that there
are at least two groups that are significantly different from each other in terms of the score
obtained on the final exam. Eta squared (n° = 0.709), indicating a large effect of the frequen-
cy of OPA on grades of students. These results led us to retain the alternative hypothesis Ha.
To compare all the groups with each other one by one, we opted for a Tamhane post-hoc
test (table 6).

Table 6. Intergroup Comparison by Tamhane post-hoc test

(I) OPA_participation (J) OPA_participation Mean Difference (I-J) | Std. Error | Sig.
Never participated to participated 1 time to OPA —2,71631* ,46376 ,000
OPA participated 2 times to OPA —5,76136* ,42256 ,000
participated 3 times to OPA —7,40969* ,45858 ,000
Participated 1 time to never participated to OPA 2,71631* ,46376 ,000
OPA participated 2 times to OPA —3,04505* ,27432 ,000
participated 3 times to OPA —4,69337* ,32710 ,000
Participated 2 times never participated to OPA 5,76136* ,42256 ,000
to OPA participated 1 time to OPA 3,04505% ,27432 ,000
participated 3 times to OPA —1,64833* ,26547 ,000
Participated 3 times never participated to OPA 7,40969* ,45858 ,000
to OPA participated 1 time to OPA 4,69337* ,32710 ,000
participated 2 times to OPA 1,64833* ,26547 ,000

* The mean difference is significant at the 0.05 level.

The Tamhane test, which allows multiple comparisons to be made between groups one
by one, gave P values that were well below 0.05 (sig = 0.000), this shows that the average of
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the results obtained by each group differs significantly from the other groups. Inter-group
comparisons showed that the differences in final exam scores between groups increased as a
function of the frequency of participation in the scheduled OPA. As a result, the difference
in averages obtained in the final exam of the module rose to (I - J = 7.40) points between
group 4 and 1, then gradually decreases to a value of (I — J = 1.64) points if we compare the
scores obtained by groups 1 and 2, but it remains significantly different.

Quantitatively speaking, the grades obtained by each group in the final exam show that
the performance of learners improves with their participation in programmatic assessment,
as shown in table 7.

Table 7. The obtained average score for each group

, . .. | 95% Confidence Interval for Mean
Student’s grades N Mean | Std. Deviation Lower Bound Upper Bound
Never participated to OPA |33 7,1364 |2,29200 6,3237 7,9491
Participated 1 time to OPA |56 9,8527 1,76907 9,3789 10,3264
Participated 2 times to OPA |77 12,8977 |1,22117 12,6206 13,1749
Participated 3 times to OPA |38 14,5461 |1,39358 14,0880 15,0041
Total 204 11,4369 |2,98432 11,0249 11,8489

This table shows that students who never participated in the OPA had the lowest
average score (7.13). A gradual increase in the average exam score was observed with a
higher frequency of participation in the OPA. As a result, students who participated in all
scheduled OPA obtained the highest average score (14.54). We also observe that the standard
deviation generally decreased with increasing participation, suggesting a closer distribution
of scores around the mean in groups with higher OPA participation.

Discussion

Previous studies have demonstrated that OPA is one of the most effective methods to
motivate learners [Saeedi et al., 2021], involve them in the construction of their learning,
and develop their transferable skills [ 7ai et al., 2016].

Our research reinforced these claims in Moroccan context. The study of satisfaction
has been dissected into three facets; we have emphasized the usefulness facet perceived
by the learner of the frequency of OPA on the development of skills in ICT. This facet of
satisfaction can be associated with the development of domain-specific skills and changes
in behavior in an authentic situation [Yennek, 2015]. The analysis of the questionnaire
showed that the learners are completely satisfied with the contribution of this method of
evaluation to the construction of their skills. They greatly appreciated the fact that they had
frequent feedback and the opportunity to compare their projects with those of their peers.
This may be due to the anonymity that governs the evaluation process, which improves
student’s perceptions of the learning value of activity [ Panadero, Algassab, 2019], but also
to the frequency of OPA, which each time allows the student to conduct a reflective review
of his projects in light of what he consults and the feedback he receives.

The Spearman correlation test demonstrated that the three facets of satisfaction are
well correlated. The students appreciated the fact of evaluating the work of their peers and
receiving feedback from them; they also perceived the frequency of the OPA as beneficial
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to the development of their ICT skills, despite the intellectual investment required for
complete peer assessment workshops.

However, the correlation between reported enjoyment and perceived usefulness was
the weakest. This implies that gaining ICT skills through the OPA required a remarkable
effort from students. This finding was expected because we were looking to increase student
contact with the course through programmatic assessment.

To consolidate the positive findings detected by the questionnaire, we cross-referenced
the results obtained by the learners in the final exam of the module with the number of
participants in the OPA. The ANOVA test leaves no doubt about the positive effects of OPA
frequency on learner performance. The statistical results showed significant differences
between the groups in terms of performance in the final exam, bearing in mind that all the
students had the same starting point regarding the use of ICT in teaching.

The group that had high averages is the one that participated in all the OPA scheduled
along the module; this can be attributed to the large number of projects consulted (4 projects
per evaluation, i. e., 12 in total) and also to the amount of feedback received from peers,
which undoubtedly provided considerable support for their learning. We also found that
the averages obtained in the final exam decreased with the decrease in participation in the
programmatic assessments, which may be due to the nature of the pedagogical system based
on the construction of learning by the learners. However, when learners avoided the OPA
activity or only participated in it to a limited extent, they had less chance to identify their
strengths, their weaknesses and then regulate them.

Conclusion

This study aimed to determine the contribution of a programmatic OPA to learning of
the students in ICT. We explored this contribution by taking two paths. The first was the
measurement of student satisfaction with this evaluation strategy, while the second made it
possible to detect the existence of significant differences in scores obtained by the students,
depending on their frequency participation in OPA.

Generally, numerous studies have mentioned the role of the OPA as a learning
facilitator for students engaged in this process [ Hodgson et al., 2014], it allows the reception
of diversified information on the quality of the work submitted and consequently guarantees
the opportunity to improve learning [Iglesias Pérez et al., 2022]. We mention that the
majority of these studies come from developed countries where students are accustomed to
new evaluation strategies such as OPA and to the uses of ICT in teaching.

In our study, the results of the questionnaire or the ANOVA test made it possible to
prove a positive contribution of this evaluation strategy to the learning of the students who
participated permanently, knowing that all of the students involved in this study are novices
in ICT and have no previous experience with traditional or online peer assessment.

However, the reproduction of such results requires careful design of the evaluation
system while ensuring permanent support for students during the various OPA phases. The
post-assessment regulatory sessions also play an important role, because, alongside the
regulatory function, it encourages students to take the process seriously, knowing that their
artifacts and their evaluations are controlled by the teachers.

In conclusion, this study reinforced the findings of previous studies that validated the
importance of OPA in building skills, promoting learning, and demonstrating its positive
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impact on student outcomes. However, the transfer of the skills acquired in ICT to the
professional environment thanks to this experience requires a more in-depth study and a
follow-up of the students in their professional situation.
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B3anmHOe OHJIaiiH-OLIEHUBAHUE — 3TO MHCTPYMEHT, KOTOPBII ITO3BOJISIET CTYIAEHTY BHIHOCUTh OLIE-
HOYHBIE CYXIEHUST O paboTe CBOMX KOJIIET. DTOT METOJ MOAACPXKUBACT O0YUEHIE, OPUECHTUPOBAH-
HOE Ha CTYIEHTOB, M HaIlpaBJIeH Ha 3aKpeIlIeHWe MX 3HAHUI MOCPEICTBOM OOLIMPHBIX KOMMEH-
TapueB ¥ pedIEKCUBHOIO CyxXaeHus. JlTaHHOe MCCiIefoBaHye HallpaBIeHO Ha M3y4YeHWE BIUSHUS
PETYJISIPHOM B3aMMHOI OHJIAH-OLIEHKN Ha (DOPMUPOBAHKE Y CTYIEHTOB HABBIKOB B 00JACTH MH-
(bopMaIMOHHO-KOMMYHUKALIMOHHBIX TEXHOJOTUI U, CIICIOBATEIbHO, HA MX PE3yJbTaThl HA UTO-
TrOBOM 3K3aMeHe. Il TOCTVIKEHUsI DTOM e ObLI MCIIOIb30BaH ABYXITAITHBIN oaxon. Bo-mep-
BBIX, aHKETUPOBAaHME ITO3BOJIMJIO COOPaTh MHOIOACIEKTHBIE CBEIEHMS 00 YIOBIETBOPEHHOCTH
CTYIIEHTOB 3TUM METOIOM OLIEHKM. BO-BTOPBIX, aHAJIMTHKA OOYYEHUS TTO3BOJIMIIA CTPYIIITMPOBATh
CTYIEHTOB 10 YacTOTE MX y4acTHs B 3allJIaHMPOBAHHBIX B3aMMHBIX OLIEHKAX, a 3aTeM CPaBHUTH MX
110 UTOTOBBIM OajllaM 3a MOIYJb. Pe3yJbTaThl MOKAa3ajiK, YTO CTYACHTHI, YaCTO y4aCTBOBABIIIKE B
3aIUIaHMPOBAHHBIX B3aMMHBIX OLIEHKAX, ObUIM YIOBJIETBOPEHBI BKJIAIOM 3TOTO OIIBITA B CBOE 00y4e-
HUE, a CPAaBHUTEJIBHBIN TECT MTPOAEMOHCTPUPOBAJI, YTO OLIEHKM CTYIEHTOB Ha UTOIOBOM 3K3aMeHe
YIYYIIAIUCH OJ1arogaps UX 4acTOMY YY4acTHIO B B3aMHBIX oLleHKaX. TeKyIue pe3yIbTaThl IPOrHO-
3UPYIOT, YTO YacTasl B3auMHasi OHJIalfH-OLIEHKA MOXET CTaTh 6osiee 9(PhEKTUBHOM MOIIEPKKOMA TSI
00yYeHHUsI CTYIEHTOB U, CJIEOBATEIBHO, TS YITYYIICHUS UX PE3YJIBTATOB.

Karouesnle caoea: B3aiMHOE OHJIAiH-OlIEHMBAaHKE, CCTEMa yIIPaBJICHUS 00yYeHUEM, YacTast OLICH-
Ka, CMEIIaHHOE O0YyUYCHUE.
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This article contributes to an exploratory study examining the integration of Information and
Communication Technologies in Education within teachers’ instructional practices as well as its
effects on teaching and learning outcomes. This paper analyses the current state of ICTE within the
Moroccan context and identifies measures that may facilitate the effective integration of these tools
into teachers’ practices, addressing the constraints and challenges impacting the education system.
The measures implemented by stakeholders for the integration of ICTE in Morocco and other
regions have been analysed, drawing from specialised literature on the topic. These findings were then
compared with the results of semi-directive interviews conducted with a sample of 20 participants
engaged in the ICTE sector. The analysis of data from our qualitative study revealed two primary
dimensions: the institutional dimension and the human dimension. These dimensions are central to
the measures that may enhance the effective integration of ICTE within the Moroccan education
system.

Keywords: teachers’ practices, ICTE, education, Moroccan teachers, learner, instructional, education
system.

Introduction

The swift advancement of Information and Communication Technologies in Education
(ICTE) has significantly altered teaching and learning methodologies globally, presenting
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new avenues for improving educational results [ Fullan, Langworthy, 2014]. The integration
of these technologies into instructional practices presents a complex challenge, shaped by
institutional, infrastructural, and human factors [ 7erds, 2022]. The favourable outcomes at-
tained through ICTE in leading nations motivated educational authorities in various regions
to oversee the substantial influence of ICTE on pedagogical approaches and learning mo-
dalities and to engage in the digital sphere [ UNESCO, 2021]. This involvement aims to align
with the technological advancements mandated by globalization and address the challenges
and hindrances associated with the educational system.

The literature scrutiny provides insights into typologies categorizing factors rel-
evant to ICTE integration, such as the model emphasized in the research conducted by
[Rasmy, Fiévez, 2015] underscoring technological, pedagogical, and human dimensions
as fundamental prerequisites for pedagogical innovations in education. Alternatively,
the typology proposed by [Asamoah et al., 2022] emphasizes initiatives like establishing
computer labs, staff resource center, internet facilities, learning management systems,
and library software solutions. Incorporating ICTE, requiring educators to have adequate
technological training for effective implementation [ Gogia et al., 2024; Kraft, Lyon, 2024],
ICT positively affects all stakeholders in Education, especially Teachers’ pedagogical beliefs
and attitudes.

In Morocco, as in other regions, the integration of ICTE presents potential benefits
and significant challenges, requiring a thorough analysis of the current environment and the
strategies necessary for effective implementation [Voogt ef al., 2013]. This article presents
an exploratory study that investigates the role of ICTE in teachers’ instructional practices
and its effects on teaching and learning outcomes. This study examines the current state
of ICTE integration within the Moroccan context, identifies significant challenges, and
investigates potential solutions to enhance its application in education. This research
examines specialized literature alongside insights from semi-structured interviews with 20
stakeholders in the ICTE sector, identifying two critical dimensions — institutional and
human — that influence the successful adoption of these technologies.

The results highlight the necessity for collaborative initiatives among policymakers,
educators, and other stakeholders to overcome obstacles and fully utilize ICTE’s potential
within Morocco’s educational framework. This report delivers a diagnostic evaluation of
existing conditions and presents recommendations to inform future strategies for sustainable
and effective ICTE integration.

Literature Review

The integration of Information and Communication Technologies (ICT) into our
daily lives significantly influences our lifestyles and cognitive functions [Catapani, 2018].
Integral to the progress of several sectors, ICT is pivotal in the contemporary age of digital
transformation and globalization. Consequently, the ways of learning and teaching are
likewise influenced. The literature study evaluates existing research on the efficiency and
usability of ICTE, summarizes its perceived advantages, and its positive impact on the
educational system. The purpose is to determine the measures and situations conducive to
the effective integration of ICTE. This review is split into two sections: perceived benefits
of incorporating ICTE into the international education system and integration of ICTE in
the Moroccan setting.
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Perceived benefits of integrating ICTE
into the international education system

Numerous studies [Ahmed Al-Hunaiyyanl et al., 2021] have illustrated the benefits of
integrating ICTE into educational systems, highlighting favourable results for all individuals
involved in teaching and learning activities. ICTE is recognised as a significant factor
impacting educational quality, particularly in relation to academic achievement [Adarkwah,
2021], student engagement, and teaching methodologies [ Martin et al., 2022]. This research
has facilitated an analysis of the effects of ICTE on educational processes.

The impact of ICT on educational processes

The incorporation of ICTE in educational environments presents two outcomes:
initial resistance to change and subsequent advancements in the integration process,
notwithstanding challenges such as diminished social interaction, inadequate teacher
preparation, and issues related to inefficiencies and disruptions within the educational
system [ Bibeau, Québec, 2007]. Through ICT, the instructional engagement becomes more
effective and relevant in terms of communication and knowledge sharing between educators
and students [7ahiri et al., 2023]. This interaction is largely rooted in a constructivist
framework rather than an instructive one under the cover of ICTE [Medina-Garcia et al.,
2021].

The integration of ICTE should not be perceived merely as an incorporation of
educational tools but rather as a transformation of educational methodologies, as innovative
teaching methodologies, enhanced pedagogical strategies, and skillfully utilizing diverse
tools and innovative technologies to improve the quality of education. The capabilities and
contributions of ICTE contribute to strengthen various educational demonstrations and
communication initiatives [ Messaoudi, Talbi, 2012]. Through simulation software reflecting
reality, complicated processes at microscopic and macroscopic levels can be clarified,
overcoming constraints associated with hazardous or short-lived experimental equipment.

The impact of ICTE integration on teachers

Teachers hold a vital place in the education system, and any introduction of innovation
within the system necessarily leads in a shift in their duties and instructional methods. When
teachers engage in the process of implementing ICTE, they typically enhance their abilities
by exploring new instructional activities with their lernears. Teachers’ ICT expertise
increases motivation and usage of ICT [Medina-Garcia et al., 2021]. The amount to which
ICTE is incorporated differs among teachers based on their particular skill levels: some
educators try to create interdisciplinary abilities through ICTE utilization, while others
confine themselves to its didactic application. Three unique sorts of teachers arise based on
their interest levels in new technologies: innovators, hesitant adopters, and resisters | Ertmer
etal.,2012].

The integration of ICTE represents not merely a shift in teaching practices but rather a
significant challenge involving the strategic use of technology to foster student autonomy,
promote innovative approaches, and ensure quality knowledge acquisition; this transition
necessitates a considerable amount of time. Benefits of ICTE, such enhanced pedagogies
and technology integration, which are connected to change in teachers’ attitudes and
the increase of their competencies, can only be realized if educators possess inventive,
analytical, and imaginative talents [ Kearney et al., 2020].
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The vast array of resources and information accessible on the internet enables
teachers to design and implement their lessons effectively, as well as compensate for any
lack of materials [Pettersson, 2021], teachers praised the ICTE role in boosting teaching
quality. In their work [Medina-Garcia et al., 2021] highlights out in a conceptual model
created and validated through PLS with 142 teachers that ICTE in education increases
inclusiveness, motivates teachers, and supports various needs. On other hand, Multimedia
is a vital educational instrument that fulfils teachers’ interests, promotes their roles and
enhances comprehension [Mayer, 2021]. Collaboration among professionals is essential
for success, hence the role of ICTE, which empowers teachers to collaborate with peers
in a community of practice setting, offering opportunities to enhance the learning process
[ Trust et al., 2023], evaluate learners, and guide them effectively towards solutions through
asynchronous (forums, emails, etc.) and / or synchronous (webinars, video conferences,
etc.) modes [Seufferheld, Scagnoli, 2011].

The impact of integrating ICTE on learners

The implementation of ICTE is transforming the methods by which learners acquire
knowledge and skills. This transition prompts inquiries into the benefits for learners and the
potential skills that may be developed. Currently, students can utilize e-learning to access
university services remotely, eliminating the need for physical attendance and effectively
addressing educational disruptions, thereby creating a flexible educational framework
[ Dhawan, 2020; Terds, 2022]. This action signifies a departure from the traditional notion
that knowledge is exclusively acquired within the confines of a physical university [ Rapanta
et al., 2021]. The modern educational environment features collaborative discussions,
shared resources, and enhanced accessibility for a wider audience [Kurnaedi, 2025]. This
is achieved through direct control and interaction, which promote effective lesson delivery
and greater participation in remote learning contexts. There exists a mutually beneficial
relationship between technology and learners that can accelerate the integration of ICTE.

ICTE encourages learners to take ownership of their educational journey and jointly
develop knowledge alongside educators and peers; this can be achieved through the
dedication of practitioners in collaborative design. This collaborative approach increases
motivation among learners, encouraging active engagement and exploitation of their talents
for the collective growth of the class [Bovill, 2020]. ICTE supports easy communication
between learners and overcoming communication obstacles; this may enable the training
of virtual communities through various communication technologies such as discussion
forums, e-learning platforms, and social networks [Khan et al., 2021]. The advantages of
ICTE emerge in higher academic achievement, cognitive development, increased autonomy
[Sailer, Homner, 2020], and a deeper comprehension of knowledge among learners [ Mayer,
2021].

Integration of ICTE in the Moroccan context

The integration of ICTE: a multidimensional effort by the Moroccan government

Any educational approach must utilise human, material, and financial resources, con-
sidered essential for its efficacy. The improvement of infrastructure and the upskilling of
stakeholders engaged in ICTE integration, together with the development of contextually
appropriate digital resources, are the primary concerns for education policymakers [ Nto-
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rukiri et al., 2022]. The initiatives and procedures enacted demonstrate the Moroccan gov-
ernment’s steadfast dedication to integrating ICTE within the educational system [OECD,
2018]. This commitment beyond simple policy requirements or legislative texts, manifesting
in concrete actions and efforts aimed at the effective execution of ICTE, coupled with the
provision of substantial people and material resources [Ajhoun, Daoudi, 2018]. The tech-
nological advancements in Morocco were acknowledged in a report by the ECA!, ranking
Morocco among the top five North African countries that have effectively implemented
policies for digital integration, alongside initiatives to develop action plans for enhancing
ICTE integration in education.

The incorporation of technology into the curriculum was a collaborative choice. The
engagement of stakeholders and a bottom-up approach resulted in success [ Pariares, 2025].
The Ministry of National Education is creating favourable conditions to enable educators
and students to engage effectively in the ICTE integration process by offering access to
digital resources and promoting autonomous learning among students [ Lamtara, Bouzi-
ane, 2025a]. Furthermore, the Ministry provides school administrators with resources for
effective management and improving service quality for educational stakeholders, while
the comprehensive national ICTE development strategy is developed in response to sub-
stantial changes in teaching methods and learning preferences | Lamtara, Bouziane, 2025b].
To alleviate resistance to change, it is essential to first inform educators about the benefits
of ICTE in education prior to initiating the integration process [ Hazzat et al., 2024]. The
recommendations presented at the French-speaking ministerial conference on the infor-
mation society (TMSI) focus on several facets, including expanding the accessibility of
ICTE across all educational tiers, encouraging ICTE integration, preparing educators, and
advancing the creation of digital resources customised to local requirements [Lamtara,
Bouziane, 2025b].

A concise overview of initiatives implemented and techniques employed
to facilitate the incorporation of ICTE

To operationalise and implement the State’s policy, the education ministry is launch-
ing various programs and strategies within the education sector, underscoring the necessity
of aligning ICTE initiatives with national educational policies to ensure sustainability and
relevance. In 2006, the Ministry commenced the implementation of the “GENIE” plan
to promote the extensive adoption of ICTE by providing schools throughout the Kingdom
with computer resources and internet access. The administration of the “GENIE” initia-
tive initiated an emergency plan (2009—2012) to assess and diagnose progress, highlighting
the active participation of educational stakeholders [ Dardary et al., 2019]. The plan seeks
to leverage attained results, identify obstacles, and rectify shortcomings such as equipment
shortages, inadequate software, and insufficient teacher training [ Kadiri, 2022].

Simultaneously with the implementation of the programs and emergency strategy, the
Ministry is promoting targeted large-scale projects aimed at improving connectivity qual-
ity and ensuring efficient data transmission speeds. Examples of these projects include the
MARWAN? initiative [ Team, 2023], governance and management schemes such as the AP-

! The Economic Commission for Africa (ECA) was established in 1958 to encourage economic
cooperation between its member states (the nations of the African continent).

2 Moroccan Academic and Research Wide Area network.
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OGEE3 program, and NATIONAL STRATEGY DIGITAL MOROCCO 2030. These en-
deavours, coordinated by the Ministry, are crucial to the larger e- Maroc plan, which aims to
overcome the digital divide and establish Morocco as a trailblazer in ICTE [ Ferouali, 2021].
The important programs and their description are listed in table 1.

Table 1. Programs related to ICTE initiated by the Ministry

Type of Program program description

E-SUP program Establishment of digital work environments (ENT)
Enhancement of the ICT infrastructure of accredited research
institutions
Creation of digital educational materials (RPN)

MARWAN program: A national non-profit IT network specifically for education, training,
and research

NET-U program Provision of WIFI coverage in university facilities and dormitories to

connect them to the Internet (150 potential university establishments
and dormitories)

INJAZ program Provision of ICT access and utilization services for students
LAWHATI program Provision of “2 in 1 Tablets” to higher education students, vocational
training participants, and educators at competitive prices

SIMARech: Information | Engaging all stakeholders in the emergency program of the Ministry of
system for scientific and Higher Education, emphasizing meticulous planning of strategies
technical research
APPOGEE Administration of educational matters (enrollments, examinations,
etc.)

The current stage of integration of ICTE in the Moroccan environment

The Moroccan government is aggressively seeking to create a position within the area of
information and knowledge society. Nevertheless, certain researches have found flaws and
discontentment about the integration of ICTE across various courses [Amaghouss, Zouine,
2022; Lamtara, Bouziane, 2025b]. Specifically, a study conducted by [Omar, Benjelloun,
2013] who talk about poor ICT integration in Moroccan life and earth sciences education
despite recognized benefits and underlined the inefficacy of the strategies adopted in utilis-
ing the capabilities of these developing technologies, whereas for [ Narayanan, Komalavalli,
2022], giving learners with computers, regardless of the approaches applied, is adequate for
boosting their comprehension.

Countries including Europe, Canada, and the USA have made notable advancements
in the integration of ICTE within their educational institutions, a milestone that Moroccan
universities have not yet reached, highlighting a potential disparity in comparison to their
counterparts in developed nations [OECD, 2015]. The integration of ICTE in this sector
faces significant challenges and barriers, including cultural, technical, and contextual fac-
tors specific to each country, as noted by [Alfelaij, 2016]. A limited proportion of educators
have successfully integrated ICTE into their pedagogical methods, even though they ac-
knowledge its positive effects on teaching practices. A study by [ Mastafi, 2015] indicated that
the limited or absent use of ICTE in Moroccan schools is due to the slow implementation
of ICTE-related initiatives.

3 Application for the Organization and Management of Teaching and Students.
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Methodology

Our research commenced with a deductive methodology to examine the effects of ICTE
integration on stakeholders in the educational framework, the strategies employed, and the
current state of ICTE integration in relation to the Moroccan government’s comprehensive
initiatives. The study utilises specialised literature. Given the varied origins of strategies and
the present state of ICTE, we will limit our analysis to those strategies that arise specifically
from the context of Morocco. Thus, utilising an inductive methodology, we conducted a
series of interviews with practitioners in the ICTE sector who have practical experience in
teaching and / or learning. We conducted a thematic analysis of insights from the interviews,
categorising the factors related to strategies and conditions that facilitate the effective inte-
gration of ICTE in Morocco into a two-dimensional framework: institutional and human.
This initial phase of our study is exploratory, aimed at developing a framework of strategies
and conditions that promote the effective integration of ICTE. This framework will serve
as a tool for Moroccan policymakers to assess the degree of ICTE integration in educators’
instructional methodologies.

Findings

In this section, the measures and conditions conducive to the effective integration of
ICTE have been identified by focusing solely on a thematic analysis of data obtained from
perceptions and representations gathered through interviews with individuals engaged in
ICTE and possessing practical experience in education. The participants were in virtual-
ly total agreement regarding the significance of several elements influencing the improved
integration of ICTE. In order to highlight the procedures and conditions that permit the
successful integration of ICTE within the Moroccan setting, they have been grouped into
two basic dimensions: the institutional dimension and the human dimension.

Raising awareness of ICTE benefits

Implementation of ICTE integration

Institutional

The political and institutional determination dimension

to incorporate ICTE

Supporting and monitoring teachers in

the process of integrating ICTE CONDITIONS AND

FACTORS THAT
Encouraging teachers to use ICTE PROMOTE THE
EFFECTIVE
INCORPORATION OF ICTE
Teacher commitment
to ICTE integration
Human
dimension Teacher skills in the

process of integrating
ICTE

Fig. 1. Human and institutional dimensions that support the successful integration of ICT
in the Moroccan context
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This classification appears comprehensive to us, as all variables required for guaran-
teeing the successful integration of ICTE centre around it. Table 2 delineates the distinct
dimensions included as conditions, the factors linked with each dimension, and the items
connected to these factors.

Table 2. Conditions and factors that promote the effective incorporation of ICTE
and the items connected to these factors within the Moroccan context

Institutional dimension

to incorporate
ICTE

Dimen- Dimensional
f Items
sion factors

The commitment and active support of all the components (Delegations
and Schools) of the education system in the process of integrating ICTE.

The political The room for manoeuvre given to the school to exercise its new role with

and institutional | freedom and autonomy

determination A global vision based on human, material, and financial resources in line

with international guidelines.

Opening Moroccan schools to their socio-economic environment

Providing teachers with a wide range of digital resources adapted to the
Moroccan context

Raising awareness of ICTE benefits

Enriching social relations between players, exchange, and collaboration
between learners

Enhancing teaching resources (text, video, tutorials, etc.) to ensure that
content is mediatised, attractive and accessible.

Learner effort and autonomy in learning pace,

Raising Flexibility offered by facilities and the absence of time constraints
awareness of Correcting misperceptions about ICT reduces teachers’ possible
ICTE benefits

resistance to change in their practices

Creating an information bank for traceability of exchanges, making it
easier for learners to refer to answers already proposed in similar situations
(history, suggested links, etc.).

Ease of assessing learners

Overcoming problems posed by learners who are behind schedule or in
difficulty, and the positive effects of ICT on pupils’ results

Encouraging
teachers to use
ICTE

Valuation of teachers’ work by stakeholders

Recognition of teachers’ efforts and initiatives

Consolidating participation in learners’ performance development

Material and moral motivation of teachers.

Updating teacher training plans in terms of teaching methods

Consulting teachers about their needs, in-service training for ICTE

Implementation | integration.
of ICTE integra- | Introduction of in-service training specifically tailored to the integration
tion of ICTE.

Introducing digital resources in textbooks

Sharing and capitalising successful experiences

Supporting and
monitoring
teachers in

the process of
integrating ICTE

Evaluation after different stages of the ICTE integration process, from the
use phase to the appropriation phase.

Developing teachers’ skills to enable them to make ICT their own

Daily, ongoing support and monitoring for teachers as they integrate
ICTE.
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End of the table 2
Dimen- Dimensional
f Items
sion factors
Teach it The commitment of the teacher as the central pedagogical player in the
me:rft gfg{f}gﬂ " | education system to the success of the ICTE integration project.
= . : The involvement of the teacher in the various phases of the integration of
5 integration ;
g ICT to overcome any resistance to change.
QE) The teacher’s central role in the success of the project, involvement in
5 different integration phases to overcome resistance, development of
é Teacher skills in | techno-pedagogical skills
=) the process of Innovation in teaching methods
= integrating ICTE | Cross-disciplinary skill development
Combining new technologies with teaching methods
Creating a conducive climate for student exchange and synergy

Discussion

After reviewing the outcomes gained regarding the aspects related to the institutional
and human dimensions as indicators that may assist the successful inclusion of ICTE into
teachers’ instructional practices within the Moroccan setting, as indicated in Table 2. The
scholarly examination provides insights into alternative classifications of factors pertaining
to the assimilation of ICTE, such as the framework employed in the research conducted by
[Rasmy, Fiévez, 2015] which underscores the significance of technological, pedagogical,
and human elements as a crucial prerequisite for any transformation or instructional
advancement in the educational framework. The Key aspects impacting ICT adoption
in educational contexts are administrative support, organizational competence, ICT
infrastructure, perceived usefulness, and simplicity of use. whereas for [ Medina-Garcia et
al., 2021], a teacher’s enthusiasm for ICT in curricular development, teaching experience,
and the institutional setting are Key elements impacting the integration of ICTE.

Initiatives to enhance the integration of ICTE associated
with the institutional framework

The political and institutional commitment to integrate ICTE

Several studies [ Messaoudi, Talbi, 2012; Omar, Benjelloun, 2013] have underscored the
significant role of political determination in the process of ICTE integration. Moreover,
active encouragement from educational institutions, particularly schools and universities,
serves to inspire educators to incorporate ICTE. [Asamoah et al., 2022] recommends in
his research that universities should implement a robust and practical ICTE policy and
promptly take necessary actions. Moreover, Political determination influences the pace of
economic integration in developing countries. [ Omar, Benjelloun, 2013] have also stressed
the pivotal role of digital resources as valuable assets for time-saving and lesson facilitation.
These resources should be tailored to the Moroccan context, even incorporating them into
the school curriculum /el Madhi et al., 2014], simply because a tailored approach considering
local realities is crucial for effective outcomes.
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Numerous research [GEM Report UNESCO, 2023; Kassaw et al., 2024; Nurtayeva et
al., 2024] have highlighted the crucial influence of political will in the integration of ICTE.
Furthermore, proactive support from educational institutions, especially schools and
universities, motivates educators to integrate ICTE. [Nurtayeva et al., 2024] proposes in
his research that colleges should create a robust and practical ICTE policy and swiftly take
required actions. Furthermore, political resolve affects the speed of economic integration in
developing nations [ Zinoveva, Moskovskaya, 2024]. | Castillo et al., 2021] have emphasised
the crucial importance of digital resources as essential assets for efficiency and lesson
enhancement. These resources must be adapted to the Moroccan environment, potentially
integrating them into the school curriculum, as a customised strategy that considers local
realities is essential for achieving effective outcomes [ Berrada et al., 2020].

Increasing knowledge on ICTE integration

Various studies suggest that the initiation of integrating ICTE should start with raising
awareness of its contributions to teaching and learning, particularly its advantages for
teachers’ instructional methodologies [Scherer et al., 2020], despite the majority of youths
being digital natives, there exists a minority resistant to change, often due to misconceptions
about ICTE or limited access to new technologies . Therefore, focusing awareness-raising
and informational efforts is vital [ European Commission. Joint Research Centre, 2022]. It is
vital to emphasise that continual and comprehensive awareness activities will only positively
impact teaching methods if upheld consistently. In this sense, the study of [ Cabasan, 2024]
advises boosting awareness of ICTE integration among educators and students by financial
assistance for devices, enhanced internet infrastructure, and intensive teacher training
programs.

Promoting the utilization of ICTE among teachers and learners

As a means of honouring the dedication demonstrated by educators engaged in
reforming instructional approaches, it is appropriate for the undertaken activities to be
praised, motivated, and endorsed by the relevant local authorities [Sinnema et al., 2023].
Conversely, substantial investment in hardware, software, and the technological framework
of educational institutions is imperative, specifically emphasizing the establishment of a
functional multimedia facility accessible to educators, thereby facilitating their adoption
and dissemination of ICTE tools [el Madhi et al., 2014]. To this purpose, the Ministry of
Education has established the INJAZ project, which strives to provide graduate learners with
a laptop to facilitate an individualised teaching and learning environment. Investigations in
this domain frequently reveal that supplying devices without addressing the connectivity
problem merely shifts the digital divide from the computer lab to the student’s residence
[Moore et al., 2018].

Implementation of ICTE integration

A substantial body of scholarly literature emphasises teacher training as the primary
factor, illustrating the institution’s dedication to improving educators’ abilities to effectively
incorporate ICTE into their teaching methodologies [Cabasan, 2024]. Effective ways
for teacher training in ICTE integration boost confidence and skill in using ICT tools.
Furthermore, have highlighted the imperative for educators to possess expertise in ICTE and
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associated integration methodologies, hence accentuating the importance of implementing
and / or updating teacher training programs [Scherer et al., 2018]. These proposals accord
with those of [Omar, Benjelloun, 2013], who highlight the urgent imperative to overhaul
teacher training. Engagement, consultation, and collaboration with educators from the first
phase of training development are essential, facilitating the customisation of courses and
the creation of adaptive educational environments that align with educators’ requirements
and expectations.

Furthermore, a contemporary researcher supports a radical change in teaching and
learning methodologies because of emerging technologies and a flood of information, as
opposed to proponents of agradual ICTE integration approach [ Drysdale, Braithwaite,2017].
These methodologies can bridge theory and practice and foster adaptability in dynamically
changing educational landscapes. Indeed, in the context of ICTE, any initiative to reform
teaching and learning techniques without educational engineering will certainly falter
[ Doulougeri et al., 2024]. The growing role demanded by this transition pushes educators
to build new abilities appropriate to the novel conditions, either through training programs
or by creating a collaborative environment favourable to sharing experiences with peers
[Omar, Benjelloun, 2013].

Assisting and monitoring instructors during the ICTE integration process

In addition to training and equipping educational institutions, enabling measures and
monitoring systems are important for educators to internalize ICTE and embed them into
their instructional techniques. Evaluation following any ICTE-related operation is crucial
for identifying obstacles and finding strategies to surmount them [Drysdale, Braithwaite,
2017]. To do this, [Amaghouss, Zouine, 2022] states that stakeholders must establish
active, dedicated, and proficient committees to manage the ICTE integration process.
The integration of school administration and academic supervision can boost support
for educators, successful ICTE integration involves support and encouragement teacher
educators by watching their practices, giving resources, and encouraging positive attitudes
[OECD, 2019]. It’s also much better to focus on the major educational stakeholders
inside the educational system who play a direct part in the teaching and learning process.
Consequently, successful ICTE integration relies on the attitude and level of commitment
displayed by instructors in embracing the new technology [Mastafi, 2015]. In fact, the
commitment and skills of teachers are crucial elements for enhancing the integration of
ICTE, which is associated with the human dimension and is considered as a key aspect in
this process.

The changing landscape brought about by advancements in technology necessitates that
teachers possess the ability to innovate their teaching methods, integrate new technologies
with new teaching approaches, and foster an environment that promotes collaboration
and interaction among learners. A framework outlined by (Africa and UNESCO BREDA:
Regional Office for Educationin Africa2011) highlightsvariousskills (technical, pedagogical,
methodological, and didactic) that are essential for teachers to effectively integrate ICTE
into their classrooms [Mastafi, 2015]. It is crucial to recognize that technologies serve as
mere tools to support teachers, hence the importance of enhancing employability skills
among prospective teachers by blending traditional and digital teaching methods required
for the successful integration of ICTE.

Advancements in technology require teachers to innovate their teaching methods,
integrate new technologies with contemporary approaches, and cultivate an environment
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that encourages collaboration and interaction among learners [ Turnsek, 2024]. A framework
presented by Africa and UNESCO BREDA (2011) identifies essential skills for teachers,
including technical, pedagogical, methodological, and didactic competencies, necessary
for the effective integration of ICTE in classrooms [Liang, Law, 2023]. Recognising that
technologies function solely as tools to assist educators is essential. Therefore, enhancing
employability skills among future teachers is vital through the integration of traditional and
digital teaching methods necessary for the effective incorporation of ICTE [Narayanan,
Komalavalli, 2022].

The essential role of ICTE in the field of education is progressively acknowledged
along with discussions held among communities and governmental entities. Despite
this, contrasting opinions exist that challenge the effectiveness and practicality of ICTE,
proposing that an optimistic viewpoint towards its incorporation fails to consider certain
limitations [ Hatamleh, 2024].

Conclusion

The incorporation of ICTE faces several enduring challenges. The utilization of
these educational tools fluctuates between instances of failure and success. The present
state of ICTE integration diverges markedly from the expected results, notwithstanding
the execution of various programs and strategies. There exists a disconnect between the
practical usage of digital tools and the functionality of the technological infrastructure
provided to Moroccan educators to address educational constraints. The proficiency
of teachers in ICTE does not meet the levels outlined in the UNESCO framework.
There is significant interest in identifying measures that can facilitate the integration of
these technologies. Research findings categorise the factors contributing to the effective
integration of ICTE into two dimensions : institutional and human, as illustrated in figures
1 and 2. Nevertheless, quantifying the genuine impact of ICTE on learning and the amount
of teachers’ adoption of these technologies is problematic due to the absence of appropriate
standards and frameworks tailored to the Moroccan environment. Furthermore, the low
sample size hampers the generalization of data regarding the successful incorporation
of ICTE. Nonetheless, a set of principles and prerequisites conducive to the seamless
integration of ICTE has been established, which will be provided to Moroccan authorities
as a tool to evaluate the extent of ICTE integration in teaching practices. Additionally, aside
from political support, a combined effort between institutional attempts and school-based
initiatives is vital to surmount difficulties and develop competency in ICTE. Consequently,
further study, taking into account the numerous players involved in the teaching-learning
operation, is needed to develop a full list of metrics within a specific contextual framework
appropriate to the Moroccan educational landscape.
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Ipennaraemast pabota — IIIar Ha MyTH UCCJICAOBAHMS MHTErpalliid MHGOPMAIIMOHHBIX U KOMMY-
HUKaLMOHHBIX TexHosiornii B oopazoBaHuu (ICTE) B pamkax yueOHOM MpaKTUKU yUUTEJICH, a TaK-
JKe ee BJIMSIHUS Ha MpernoaaBaHue 1 pe3yJbTaTbl 00ydeHus. B ctaThe MpoaHaIu3MpoOBaHO TeKyllee
nosioxkeHne ICTE B MapoKKo U BBISIBJIEHBI MEPbI, KOTOPbIE MOT'YT COlEeCTBOBATh 3(D(HEeKTUBHOM
MHTErpalliy 3TUX MHCTPYMEHTOB B MeIarorn4eckylo MpakTHKYy, ¢ yKa3aHueM OTpaHUYeHMIA 1 TTPO-
GJieM, BIMSIONIMX Ha CHUCTEMY 00pa3oBaHUs. DTU Mephbl, pealu3yeMble 3aMHTePECOBAHHBIMU CTO-
ponamu it uHTerpaunu ICTE B Mapokko u apyrux o6aacTsx, poaHaIM3UPpOBaHbl ¢ OMOPOii Ha
CIIeIIMAIM3UPOBAHHYIO JTUTepaTypy IO JaHHOI TeMe. DTU BBIBOABI 3aTeM OBbLIM COMOCTABJIECHBI C
pe3ybTaTaMy ITOJIyCTPYKTYPUPOBAHHBIX MHTEPBbBIO, TIPOBEICHHBIMM C BHIOOPKOM M3 20 y9acTHU-
KoB, BoBjieueHHBIX B chepy ICTE. AHanu3 gaHHBIX MPOBEICHHOI0 Ka4YeCTBEHHOTO UCCIeI0BaHUS
BBISIBWII JIBa TJIABHBIX aCIleKTa: MHCTUTYLMOHAIBHBIM M YeJOBEYeCKUiA. DTH acIeKThl 3aHUMAIOT
LIEHTPAJIbHOE MECTO CpeAu Mep, KOTOpble MOTYT yCHIUTh apdexkTuBHOCTh MHTerpauuu ICTE B Ma-
POKKaHCKOI CUCTeMe 00pa30BaHUsI.

Karouesnle caosa: riefarornyeckasi mpakTuka, WHGOPMAIIMOHHbIE 1 KOMMYHUKALIMOHHBIE TEXHO-
JIOTMM B 00pa3oBaHUU, 0Opa30OBaHKME, MAapOKKAHCKUE IpernogaBaTe/in, yJalluiics, o0yJaomuii,
cucTeMa 00pa3oBaHusl.
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Introduction

Relevance of the research topic in question

Sustainable energy technologies must prioritize equity and justice to ensure inclusive-
ness, benefit all segments of society and address inequalities in energy access and environ-
mental burdens. Developing and deploying these technologies with social equity in mind
promotes equitable development and prevents the exacerbation of existing inequalities.

The following papers provide a more detailed discussion of this assertion.

The authors [Zaidan, Antoine Ibrahim, 2024] propose using oversight and compliance
mechanisms within global energy-related frameworks, international human rights law, and
the 2030 Agenda to achieve energy justice. Energy justice is the fair distribution of energy
benefits and burdens among different communities and individuals.

Energy poverty is a global issue affecting households and communities, affecting
public health and social equity. It is defined as the lack of access to modern and afforda-
ble energy services. Recent research on energy poverty [Jones, Reyes, 2023] highlights five
themes: definitions and metrics, behavioral aspects, effectiveness of energy assistance
programs, efficiency of energy policy, and the energy transition and environmental jus-
tice.

Sustainable development implies fairness in the distribution of benefits and resources,
such as resources and constraints. The study [ 76rnblom et al., 2025] provides a list of factors
to analyze the relationship between sustainability and social justice from a social psychology
perspective, focusing on global food availability and local distribution of renewable energy
resources.

The review [ Wang, Lo, 2021] examines the concept of a just transition away from fossil
fuels, highlighting five themes: labor-centeredness, integrated justice, sociotechnical theory
of transition, governance strategy, and public perception.

The low-carbon energy transition is critical to mitigating climate change, but it can
lead to injustices for marginalized communities. These include increased energy burdens,
unaffordability, loss of property values and unequal health benefits. Four main areas of the
low-carbon energy transition are discussed in [Kime ef al., 2023]: deployment of renewable
energy, decommissioning of fossil fuel infrastructure, electrification of transport and decar-
bonization of residential buildings.

While the focus on equity and justice in sustainable energy technologies is crucial, it is
also important to consider the challenges in implementing these principles. To do this, the
concept of sustainable technologies needs to be defined in more detail.

The definition of sustainable technologies

Sustainable technologies aim to reduce negative environmental and social impacts
while promoting the efficient use of resources. These technologies are designed to promote
economic growth and social development without compromising the needs of future gen-
erations.

These are the most common publications that contain the term “sustainable technolo-
gies” in their titles.

The article [Dada et al., 2025] reviews biogas biodesulfurization technologies for in-
dustrial applications with a focus on aerobic and anoxic biofilters, biotrickling filters and
bioscrubbers. Biodesulfurization technologies are characterized by high efficiencies of up to
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99%. They are cost-effective, but precautions must be taken to avoid the risk of explosion
and hydrogen sulphide gas poisoning.

Superhydrophobic surfaces with exceptional water-repellent properties are crucial for
various applications. Methods to achieve superhydrophobicity include polymer grafting, dip
coating, chemical deposition, and etching [Shahzadi et al., 2024]. The use of nanomole-
cules, fluorocarbons, silicones, and natural waxes is also discussed.

Through the Sustainable Development Goals (SDGs), the United Nations seeks to ad-
dress clean water, sanitation and climate issues. Reverse osmosis membrane technology is
widely used for water supply [ Nurjanah et al., 2024].

A study [Lowy et al., 2024] examines cost-effective electrochemical carbon dioxide
reduction (ECO2RR) methods for converting atmospheric CO, into fuels, particularly C,
molecules and C,_; alkanes. The authors found no thermodynamic obstacles to perform
CO, electroreduction.

Thus, publications with the term “sustainable technologies” in the title usually offer
purely technological solutions without analyzing the social aspects of their implementation.

Using the term “sustainable energy technologies” in the title of publications in the Sci-
enceDirect abstract database yielded two publications that mention social aspects.

The study [Eppe et al., 2025] analyzing the psychological determinants of sustainable
energy technology adoption found that personal norms, attitudes, and perceived behavio-
ral control have the strongest positive associations with adoption outcomes. Environmen-
tal concerns and perceived monetary costs increased over time, while other constructs re-
mained stable. This meta-analysis suggests the need for targeted interventions to promote
sustainable energy technologies.

New sustainable and renewable energy technologies play a central role in mitigating or
adapting to climate change. The authors [ Milani et al., 2024] analyzed articles from Scopus,
Web of Science and Psychlnfo databases. Results showed that beliefs related to context and
technology had a greater influence on social acceptance than purely individual (e. g., cogni-
tive) or sociodemographic variables.

The two articles cited above reveal the psychological aspects of the perception of new
sustainable energy technologies. However, the socio-economic aspects remain uncovered.

Articles categorized under sustainable technologies and social issues were related to UN
sustainable development topics.

The paper [Corsi et al., 2020] reviews literature on technology transfer for sustainable
development, focusing on resource depletion, climate change, and social impacts. Results
show a lack of social impacts in scientific works, with main impacts being health improve-
ment, quality of life, and poverty alleviation.

The study [Raman et al., 2025] takes an integrative and critical approach to explore
how Social Entrepreneurship aligns with the SDGs and promotes inclusive, sustainable and
innovative change. A systematic literature review was conducted to ensure rigor and trans-
parency in the selection of studies from 2015 to 2024. The review identified thematic gaps
in the existing literature, including under-researched areas such as sector-specific finance,
digital innovation, entrepreneurship in emerging sectors, adoption of sustainable technol-
ogies, and contextualizing Social Entrepreneurship into SDG-related outcomes. The find-
ings reveal that SEs contribute to SDGs 4, 8, and 9 by using inclusive models and digital
tools, such as Al and blockchain technology. SEs also advance SDGs 10, 11, and 12, which
are enabled by institutions (SDG 16) and partnerships (SDG 17).
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Publications that fulfill the request for the presence of the terms “SDG 7,” “technolo-
gy,” and “social” in titles and abstracts are mostly from the last three years. Examples are
given below.

To achieve Goal 7 of the 2030 Agenda for Sustainable Development, the extraction of
fossil fuels remains critical to the transition to low-carbon energy and renewable sources.
Efforts to improve oil recovery at low cost are necessary, but environmental conservation
must be prioritized [ Quintella et al., 2025].

Solar desalination is a sustainable solution to climate change and water scarcity. It con-
tributes to achieving key SDGs, such as No Poverty, Zero Hunger, Clean Water and Sanita-
tion, Affordable and Clean Energy, and Combating Climate Change. Solar desalination also
provides economic and social benefits [ Madhuri et al., 2025].

The paper [Abdelkareem et al., 2025] explores the impact of electric vehicles (EVs) on
the SDGs and their social, economic, and environmental impacts. It highlights EVs’ sig-
nificant influence on SDGs such as Affordable and Clean Energy, Industry, Innovation,
Infrastructure, Sustainable Cities and Communities, Responsible Consumption and Pro-
duction, and Climate Action. The paper examines case studies from diverse contexts.

The study [ Obaideen et al., 2024] analyzes 19 235 publications on wireless power trans-
mission (WPT) from 2015 to 2023, highlighting its significant contribution to the SDGs
SDG 7 (Affordable and Clean Energy) and SDG 3 (Good Health and Wellbeing) in the
economic, environmental and social spheres.

In general, the literature review shows that there are publications on the topic of this
study, but there are few of them found by direct queries. A solution can be achieved by
broadening the search context.

The motivation and objectives of this study are due to the fragmented nature of publi-
cations on the topic of interest (as noted in the title) and the low probability of finding a
sufficient number of publications comprehensive analysis of topic. Therefore, it was decided
to conduct the study in two stages: in the first stage, to identify the topics of publications
that can be attributed to the relevant issues of energy technologies for SDG 7. And also, to
develop a convenient method for graphical representation of the actual research topics. The
second stage involves conducting a separate study revealing the social aspects of sustainable
energy technologies identified as relevant in the first stage.

The choice of the Dimensions.ai platform as a source of bibliometric data was based on
two reasons: open access to the database and the availability of a filter on the SDGs.

Note: the justification of the proposed context expansion is confirmed by the fact that,
of the 15 000 bibliometric records analyzed in this paper, 777 contained the term “social.”
This is significantly more than could be found using direct queries.

Materials and Methods

The data source for the bibliometric records was Dimensions.ai, current as of June 30,
2025.

The export filters were: publication affiliation with the SDG 7 sustainability theme;
publication type: “Article”; publication years: 2020—2025 and journals: “Energies,” “Re-
newable and Sustainable Energy Reviews,” “Energy,” “International Journal of Hydrogen
Energy,” “Applied Energy,” “IEEE Access,” “Sustainability,” “Journal of Cleaner Produc-
tion,” “Renewable Energy”.
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For each year, 2 500 of the most relevant records containing the term “technology” in
their title were exported. A total of 15 000 bibliometric records were exported.

The following programs were used to analyze and visualize bibliometric data: VOSviewer
[Waltman et al., 2010] and Scimago Graphica | Hassan-Montero et al., 2022].

Results and Discussions

Since the data exported from Dimensions.ai does not contain keyword fields, the texts of
the title and abstract fields were used in this work.

Using the default VOSviewer parameters, the program identified a total of 241 267 terms,
7 032 of which occurred five or more times. By utilizing the recommended 60%, the
4 219 most relevant terms and further 1 000 terms with the highest total link strength were
selected to build a term co-occurrence network. Under these conditions, five clusters were
obtained.

A disadvantage of the approach with default parameters was the large number of one-
word terms of general character, e. g., energy, system. Therefore, only terms consisting of
two or more words were retained for further research. Such terms among 1 000 previously
selected ones were 662 and the graph of their co-currencies is shown in fig. 1.
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Fig. 1. Five clusters of the network based on the co-occurrence of 662 non-single-word terms from
15 000 bibliometric records

The main purpose of such charts is to identify the dominant topics described by a set of
keywords. At the next stage, the selected set of keywords can be used to find publications that
are most representative of the topic under consideration.

There is no single “true” choice of a set of keywords for the subsequent literature search.
Therefore, this paper presents two alternatives: in the first case, tables of terms are con-
structed for each cluster: 10 most frequently occurring terms (Occurrences), 10 with high
normalized citations (Avg. norm. citations) and those occurring in newer publications (Avg.
pub. year); in the second case, graphs of the network of co-occurrence of key terms for each
cluster are constructed in the coordinates average normalized citation — average year of
publications in which the key term occurs.

To illustrate that, each table or graph is followed by the article(s) corresponding to that
set of key terms, as well as a brief summary of the article abstract.
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Table 1. Each of the top ten terms from the first cluster ranked by occurrence, citation,
and novelty

Occurrences Avg. norm. citations Avg. pub. year
h2 production circular bioeconomy catalyst design
gasification technology animal manure catalyst stability
microbial fuel cell microbial fuel cells reaction pathway
gasification process bio oil yield valuable chemical
hydrogen yield waste biomass preparation method
lignocellulosic biomass biomass pyrolysis main product
bio oil water gas shift reaction hydrogen rich syngas
syngas production methane pyrolysis environmental remediation
biohydrogen production bioethanol production kinetic analysis
food waste preparation method efficient conversion

The following key terms were used to find an example article: H, production; circular
bioeconomy; catalyst design [Chen et al., 2023].

This review examines the design, synthesis and application of waste-based electrocat-
alysts for clean hydrogen energy with a focus on the circular economy. The cost-effective
use of spent catalysts in water electrolysis, following the principle of circular economy,
makes a significant contribution to the sustainable development of green hydrogen pro-
duction.

Table 2. Each of the top ten terms from the second cluster ranked by occurrence, citation,
and novelty

Occurrences Avg. norm. citations Avg. pub. year

wireless power transfer higher data rate precise control

energy trading high throughput federated learning

fifth generation network function virtualization | mode control

communication system deep learning technology mean absolute error

base station massive mimo deep reinforcement learning

iot device markov decision process 6g network

convolutional neural network | high data rate consensus mechanism

wireless communication 6g network deep deterministic policy
gradient

unmanned aerial vehicle phasor measurement unit reconfigurable intelligent
surface

wireless network cloud computing long short term memory

The following key terms were used to find an example article: wireless power transfer;
higher data rate; precise control [ Trigui et al., 2020]. The paper presents a wireless power
and downlink data transfer system for medical implants using a 10 MHz inductive link. The
system uses a Carrier Width Modulation (CWM) scheme for high-speed communication
and efficient power delivery. The system operates under a wide range of data rates, with a
maximum data rate of 3.33 Mb/s and a maximum power delivery of 6.1 mW at 1 cm coils
separation distance. The system’s genericity allows operators to choose the best compro-
mise between power and data rates without reconfiguring the receiver.
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Table 3. Each of the top ten terms from the third cluster ranked by occurrence, citation,

and novelty

Occurrences Avg. norm. citations Avg. pub. year
water splitting photoelectrochemical water hydrogen adsorption
splitting
surface area water molecule catalytic efficiency

activation energy

solid state hydrogen storage

solid state hydrogen storage
technology

electrode material hydrogen adsorption synergistic interaction

hydrogen production rate | photocatalytic hydrogen hydrogen storage material
production

specific surface area hydrogen storage material density functional theory

metal organic framework | hydrogen efficiency molecular dynamic

reaction kinetic

photocatalytic activity

charge transfer

promising candidate

photocatalytic performance

hydrogen storage capacity

electrochemical
performance

liquid organic hydrogen carrier

hydrogen storage application

The following key terms were used to find an example article: water splitting; photo-

electrochemical water splitting; hydrogen adsorption [Fu et al., 2024]. Oxygen vacancies
enhance charge transfer between active sites and adatoms, reducing the system’s work func-
tion and enhancing redox capacity. This reduces hydrogen adsorption-free energy for the
hydrogen evolution reaction and overpotential for the OER, facilitating photoelectrochemi-
cal activity of overall water splitting. Oxygen vacancies also reduce hydrogen adsorption-free
energy and overpotential.

Table 4. Each of the top ten terms from the fourth cluster ranked by occurrence, citation,
and novelty

Occurrences Avg. norm. citations Avg. pub. year
economic growth load capacity factor chinese city
panel data quarterly data digital infrastructure

dual carbon
natural resource rent

ecological sustainability
nonrenewable energy consumption

renewable energy consumption
technology innovation

green technology innovation green innovation policy uncertainty
environmental degradation empirical finding threshold effect
environmental regulation green technological innovation higher quantile

empirical result
long run
environmental quality

brics country
negative shock
regional heterogeneity

load capacity factor
ecological sustainability
economic policy uncertainty

The following key terms were used to find an example article: economic growth; load
capacity factor; Chinese city [Usman et al., 2024]. This study examines the impact of clean
energy expansion and natural resource extraction on China’s load capacity factor from 1970
to 2018, highlighting the potential for a sustainable decarbonized economy in the country.
It emphasizes the need for investment in clean energy sources and efficient use of available
natural resources to mitigate the environmental impact of non-renewable energy.
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Table 5. Each of the top ten terms from the fifth cluster ranked by occurrence, citation,

and novelty

Occurrences

Avg. norm. citations

Avg. pub. year

current density

anion exchange membrane

slow Kinetic

oxygen evolution reaction

efficient hydrogen production

alkaline condition

ma cm?2

water electrolysis technology

seawater electrolysis

hydrogen evolution noble metal
reaction

synergistic effect

catalytic mechanism

alkaline water electrolysis alkaline water electrolysis

catalytic activity water electrolyzer electrocatalytic water
splitting

active site large scale hydrogen production electronic structure

catalytic performance sustainable hydrogen production m koh

mass transfer
hydrogen evolution

bifunctional electrocatalyst
oxygen evolution reaction

bifunctional electrocatalyst
proton exchange membrane water
electrolysis

The following key terms were used to find an example article: current density; anion
exchange membrane; slow Kinetic [Serban et al., 2025]. The study presents a simple electro-
deposition method for a self-supported Ni,Mo—MoOx catalyst, which is a cost-effective al-
ternative to platinum group metal (PGM) catalysts used in modern AEM water electrolyzers
for green hydrogen production. The cooperation between MoOx and Ni,Mo enhances the
Volmer step of HER due to their superior activity.

The challenge of this approach is that terms with high-level characteristics, such as fre-
quent occurrence and high average citation and occurrence in new publications, may rarely
appear together in the title and abstract of a single paper. Therefore, few publications can be
found, making it difficult to compile a reference list to address the topic in detail.

As an alternative, an approach based on a graphical representation of terms co-occur-
rence network for each of the five clusters, shown in coordinates of average normalized
citation and occurrence in new publications, is considered below. In addition, 4 sub-clusters
are formed for each cluster. This grouping increases the visibility of the co-occurrence of
terms, which improves the understanding of the subcluster topic and the ability to find a
more accurate list of publications by the subtopic. This enables the identification of a rele-
vant topic that meets several parameters at once: average normalized citation, occurrence of
terms in new publications, and total link strength of terms. The latter is achieved by setting
a threshold for the total link strength parameter. The elegance of this approach lies not only
in its visibility, but also in the fact that it can be implemented within a single free program —
Scimago Graphica.

Each of the five figures (fig. 2—6) consists of two graphs. The upper graph shows the
structure of one of the clusters corresponding to fig. 1. The lower graph is plotted on the
same data using the Scimago Graphica program in coordinates Average normalized number
of citations and Average publication year of the documents in which a keyword occurs. The
terms of the bottom graph were additionally clustered using the algorithm based on Clau-
set, Newman and Moore [Clauset et al., 2004], built into the Scimago Graphica program.
Additional clustering was used to narrow the set of terms reflecting the current topic and,
consequently, the set of terms within one community.

Fig. 2 shows the terms co-occurrence graph for the first cluster presented in fig. 1.



SOCIOLOGY OF SCIENCE AND TECHNOLOGY. 2025. Volume 16. No. 4 103

high puril drogen 5
gh purig@ghydrog Py preparatigp method

coulombigefficiency — maximum gger density
1 Igproducti catalytigprocess
arge scalgproduc ey - N
industrial @astewater 4
catalyg@design %
catalysggtability -
g)i’crob iel cell high@uriyy e . g
ctiogl 1 gli\'latdaﬂ:on
L NN e nism '.’ fate
ickal v ure adsorpnon &
rescto T ¢ =] /

me(han!yrolysl

response surf/’ methodology

asp.)lus
i hyuwge.xch gas

- labgpate

energy@penalty
St "°Q“"‘ captireghrocess -
L ¥ = negame emission . P
.\“._, S : - moist onle/;, o7 com"ow gasificaen agent
sV . I'conversion

= <
cifular bipeconomy @ - z
- animalgnanure

M VOSviewer

Average normalized number of citations

25
125 biomass pyrol@
O duster |
X O duster 2
O duster 3
< O duster 4
175 dark fermentation
/ ; h2_production
bio oil
15 N
\ pyrolysis technol .’;
lignocellulosic. biomass =AVe | A+
125 y ( ) A7
/\% = reaction-mechanism
asification process ) 2 A
%ﬂ L hydrogen Yield
I ; = ;
. ; SN o
) gasequrpwduct » . /= Tesidence igme KX A
L2 f»w;{’ P e NG
} steam gasification )~ <A T oygen cartier )L
833 8 ~ solid furel= 3 NS
¥ conversion-rate
05

W6 20T 2028 WS 20 001 NN NN3 0024 NS W6 NNT AN 009 0B 203
Average publication year of the documents in which a keyword occurs

Fig. 2. A graph describing a promising research topic employing terminology from the first cluster

In this case, the topic biomass pyrolysis has a good citation rate and frequently appears in
new publications. It has a Total Link Strength of 72 and an occurrence of 25. (The total link
strength for a node is the sum of the strength values of all the links connected to that node.)

The following two publications may be considered as examples:
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Fig. 3. A graph describing a promising research topic employing terminology from the second cluster

The study [Al-Rumaihi et al., 2022] reviews pyrolysis techniques, reactor types, and pa-
rameters to optimize biochar production from co-pyrolysis of plastic and biomass feedstock.
It identifies temperature, heating rate, reactor bed height, residence time, pressure, feed-
stock type, and blending ratio as determinants affecting yield, stability, and carbon content
of biochar (2022 / 371-Year / Cited).

The increasing energy consumption and environmental concerns highlight the need for
renewable and clean energy sources, particularly hydrogen. The paper [ Nguyen et al., 2024]
reviews recent advancements in biomass pyrolysis and gasification, focusing on technical
problems, efficiency, and mechanisms (2024 / 124).

Fig. 3 shows the terms co-occurrence graph for the second cluster presented in fig. 1.

In this case, the topic 6g network has a good citation rate and frequently appears in
new publications. It has a Total Link Strength of 71 and an occurrence of 21. The topic is
quite extensive, so let’s add the term iote device, which occurs 69 times and has a Total Link
Strength — 171.

The following two publications may be considered as examples:
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The 6G Internet of Things (IoT) has gained considerable attention with the advent of
5G networks. To address issues such as information transmission, data aggregation and
power supply. A variance-based integration model is proposed for the 6G IoT approach,
which considers energy, communication, and computation and integrates the optimization
of transmission beams via the improved ant colony optimization model to balance system
performance, energy consumption, and computational complexity [Ramamoorthy et al.,
2023] (2023 / 11).

The paper [Sefati et al., 2024] provides a literature review on Iol resource management
in 6G cellular networks. A comparative study of IoT resource management techniques, an
overview of how resources are managed in LTE, 5G and 6G networks, an analysis of ap-
plications such as Intelligent Transportation Systems (ITS), Industrial IoT (11oT) and Mobile
Crowdsensing (MCS), and a discussion of upcoming challenges (2024 / 16).

Fig. 4 shows the terms co-occurrence graph for the third cluster presented in fig. 1.
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In this case, the topic hydrogen storage material has a good citation rate and frequently
appears in new publications. It has a Total Link Strenth of 92 and an occurrence of 33.

The following two publications may be considered as examples:

Efficient and safe hydrogen storage is one of the main challenges for large-scale hydro-
gen energy. Solid hydrogen storage materials that perform well under ambient conditions are
promising for future hydrogen storage technologies. In this study [Bao et al., 2023], struc-
tural controllability and physicochemical parameters are analyzed to theoretically justify
strategies for the synthesis of metal-organic frameworks (2023 / 41).

The article [Shu et al., 2025] presents an analysis of hydrogen production strategies,
storage and transportation technologies, and a wide range of applications. Particular at-
tention is paid to hydrogen storage technologies, which are rapidly evolving and critical
for sustainable development. The article also discusses hydrogen storage material selection,
cost-effectiveness, safety, and future development trends. In addition, the article discusses
hydrogen transportation methods, fuel cell technology, hydrogen combustion and its poten-
tial in low-carbon transportation (2025 / 24).

Fig. 5 shows the terms co-occurrence graph for the fourth cluster presented in fig. 1.

In this case, the topic green technological innovation has a good citation rate and fre-
quently appears in new publications. It has a Total Link Strenth of 104 and an occurrence
of 22.

Note: In addition to the term green technological innovation, the graph also uses the
term green technology innovation. When conducting a study like ours, it is reasonable to
use VOSviewer to analyze texts in two stages. The first stage is the usual procedure. The sec-
ond stage involves correcting selected keywords. When using VOSviewer for index or author
keywords, it is possible to perform lemmatization beforehand to exclude similar spellings
of terms. However, this is not possible when using VOSviewer for texts because key terms
are extracted based on linguistic analysis. For example, the ending may be important. One
possible solution is to use thesaurus_terms files in the second pass.

The following two publications may be considered as examples:

The study [Jiakui et al., 2023] explores the impact of green financing, financial devel-
opment, and green technology innovation on green total factor productivity in 28 Chinese
provinces from 2011—2021. Results show that green financing significantly enhances green
productivity, and legislation can accelerate its growth (2023 / 459).

The study [Fang, 2023] examines the effects of economic complexity index, energy
sector investment, green technical innovation and industrial structure growth on carbon
dioxide emissions in 32 provinces in China from 2005 to 2019. The results show that the
economic complexity index is responsible for the worsening trends in China’s carbon diox-
ide emissions, while renewable energy investment, green technical innovation and industrial
structure contribute to their reduction (2023 / 151).

It should be emphasized that the selected articles not only have a high citation rate, but
also have a relevance to the other clusters in this fig. that is expressed in terms: green finance,
green technology innovation, empirical finding, Chinese city (close in meaning to Empiri-
cal insights from China, case study of China).

The top part of the fig. 5 shows that the overall cluster topic is relevant to the economic
growth theme.

Given the high citation rate of the selected publications, the frequent co-occurrence of
many key terms, and the direct relevance to economic growth, it is appropriate to examine
this subtopic in more detail in subsequent studies.
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Fig. 5. A graph describing a promising research topic employing terminology from the fourth cluster

Fig. 6 shows the terms co-occurrence graph for the fifth cluster presented in fig. 1.

In this case, the topic alkaline water electrolysis has a good citation rate and frequently
appears in new publications. It has a Total Link Strength of 72 and an occurrence of 36.

The following two publications may be considered as examples:

The review [Maier et al., 2022] discusses advances in alkaline water electrolysis with
polymer electrolyte membranes for hydrogen production, with emphasis on cost, efficiency,
and durability. In addition, the current understanding of mass transfer and its characteriza-
tion/diagnosis in water electrolyzers with polymer electrolyte membranes is reviewed, with
emphasis on the flow channels, liquid-gas diffusion layer, and polymer electrolyte mem-
brane (2022 / 157).
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Fig. 6. A graph describing a promising research topic employing terminology from the fifth cluster

The review [Emam et al., 2024] explores alkaline water electrolysis, a technology for
producing hydrogen, and offers insights for achieving sustainable growth. Focusing on large-
scale systems and industrial applications, it highlights the technology’s economic feasibility,
cost considerations, and transformational impact. Key discoveries, critical assessments, and
areas for future research are highlighted, including electrode materials, safety standards,
scaling efficiencies, operational flexibility, and surface modification techniques (2024 / 93).

To achieve a better view of the graphs generated by the Scimago Graphica program

additional constraints were used:

Average normalized number of citations (avg.norm.ci-
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tations) > = (0.5. The number of nodes displayed on the graph was controlled by the fo-
tal link_strength filter (~60—70). This parameter can be considered an additional relevance
criterion for topics — terms with significant connections to other terms better reflect the
topic of publications.

It is worth noting that while using the terms from the tables required searching for pub-
lications in general-purpose search engines such as Semantic Scholar, the terms presented
in figures 2—6 made it possible to find suitable publications in the source files exported from
dimensins.ai and used in this study.

Publications found using the key terms presented in the graphs are often of a review
nature and are more suitable for identifying general trends in research on the topic under
study. The combination of three terms from the tables, strongly narrows the search result,
so it may be more suitable for identifying rather specific problems relevant at the given time.

Conclusion

The text analysis of 15 000 bibliometric records concerning technologies related to the
SDG-7 theme allowed to identify 5 clusters of topical problems mainly related to renewable
energy, wireless energy transmission, water electrolysis, hydrogen production and storage,
especially in solid materials and problems related to economic growth.

The most relevant research topics characteristic of the first cluster can be described by
the following key terms: H» production, gasification technology, microbial fuel cell, gasi-
fication process, circular bioeconomy, catalyst design, catalyst stability, reaction pathway,
biomass pyrolysis. According to fig. 2, biomass pyrolysis can serve as a promising research
topic.

The most relevant research topics characteristic of the second cluster can be described
by the following key terms: wireless power transfer, energy trading, precise control, federat-
ed learning, mode control, mean absolute error, deep reinforcement learning, 6g network,
higher data rate. According to fig. 3, 6g network and deep reinforcement learning can serve
as promising research topics.

The most relevant research topics characteristic of the third cluster can be described
by the following key terms: water splitting, hydrogen adsorption, catalytic efficiency, solid
state hydrogen storage technology, synergistic interaction, hydrogen storage material, pho-
toelectrochemical water splitting. According to fig. 4, hydrogen storage material can serve as
a promising research topic.

The most relevant research topics characteristic of the fourth cluster can be described by
the following key terms: economic growth, load capacity factor, Chinese city, quarterly data,
ecological sustainability, digital infrastructure, non-renewable energy consumption, natural
resource rent. According to fig. 5, green innovation can serve as a promising research topic.

The most relevant research topics characteristic of the fifth cluster can be described by
the following key terms: current density, oxygen evolution reaction, anion exchange mem-
brane, efficient hydrogen production, water electrolysis technology, slow kinetic, alkaline
condition, seawater electrolysis. According to fig. 6, alkaline water electrolysis can serve as
a promising research topic.

Limitations and Future Research: The analysis showed that nuclear and hydro power
are not present as relevant topics in the collected bibliometric data. However, they belong
to the clean energy and SDG 7. Thus, it seems reasonable to examine how the SDG-7 topic
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affiliation filter query is organized and expand it. It also makes sense to broaden the list of
quality energy-related journals.

In bibliometric records exported from Dimensions.ai, there is no “Keywords” field.
Therefore, VOSviewer was used to work with the text fields of titles and abstracts. A pre-
liminary morphological analysis was conducted, and noun phrases were selected. It is rea-
sonable to carry out this work in several stages. First, perform morphological analysis and
identify noun groups. Then, add key terms that reflect the subject of study, select them in
text fields, and normalize them. Finally, carry out clustering, as is done for keywords.

The results showed that the most promising research topics are often purely technolog-
ical in nature. It would be useful to conduct a separate study reflecting the social aspects of
energy transition and sustainable energy technologies using terms such as “affordable ener-
gy” and “energy equity”. Then find areas where technology and society intersect.
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Boro passutust 7 — «Hucrast U AOCTYITHASI SHEPTUsI», MyTeM aHalIn3a OMOJIMOMETPUICCKUX JaH-
HBIX T1aTopMbl Dimensions.ai. Bcero 6p110 mpoananu3uposaHo 15 000 3amuceii 3a mepuon 2020—
2025 rr., onyGJMKOBAaHHBIX B JIEBSITH XKypHaJlaX, HauboJiee peJieBAHTHBIX pacCMaTPUBAaeMON TeMe.
ITokazaH MeTON OMpene/cHUs] aKTyaIbHbIX TeM MCCIeIOBAaHUN HAa OCHOBE COBMECTHOM BCTpeva-
€MOCTH KJIFOUYEBBIX TEPMUHOB C YYETOM LUTUPOBAHUSI U CPEIHETO BPEMEHM MyOJIMKAIIMU CTaTeid,
B KOTOPBIX 3TH TEPMUHBI BCTpEYatoTCs. B MccienoBaHuM KCTIONb30BATUCH OECIIIATHBIE TPOrPaMMBbL
IIsT OMOTMOMETPUUECKOTO aHaIn3a W BU3yanusauun — VOSviewer nu Scimago Graphica. AXTyaib-
HOCTb HCCJIEIOBaHKSI O0YCJIOBJIEHA TEM, YTO SHEPreTHKA UMEET pellaoliee 3HaYCHHE 1151 Pa3BUTHSI
MPOU3BOJICTBA, OCOOEHHO B YCJIOBUSIX YIIIYOJICHMSI aBTOMATU3AllMKM U BHEIPEHUSI UCKYCCTBEHHO-
rO MHTEJJIEKTa. Pe3ynbTaThl TEKCTOBOTO aHaIM3a 3arojIOBKOB M aHHOTAIMI OMOIMOMETPUYECKUX
3anuceil moKasajiu TOMUHUPOBAHUE PA3IMUHBIX ACTIEKTOB TEXHOJOTHUI, CBSI3aHHBIX C BO30OHOB-
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JISeMBIMUA MICTOUHMKAMU HEPTUU, GECIIPOBOIHON Mepenadeii SHepriu, IPOU3BOACTBOM U XpaHe-
HHMEM BOIIOPONa, MHHOBAIIMSIMU B 3JIEKTPOJIM3¢ BOIBI Y BIMSTHAEM TEXHOJIOTHIA Ha 9KOHOMUIECKOe
pasBuTHe. JlaHHOE MCClIeIoBaHKEe CIeIyeT pacCMaTpUBaTh KaK MpenBapuTesIbHOE U3yUyeHUe TOro,
KaK pa3BUTHE TEXHOJOTMM YCTOMYMBOM SHEPTETUKM MOTYT ITOBJIMATH Ha CO3MaHUe paboInX MecT,
pearn3anuio 5KOHOMUIECKUX BO3MOXKHOCTEl, 9HEPreTUIeCKoe PaBeHCTBO U IPYTUe COIMabHbBIE
MpOOJIEMBI.

Karouegwie caosa: ycroitunsbie sHepretuueckue rexHonorun, SDG-7, Dimensions.ai, TeMaTu4ecKuii
aHaJIU3, OMOJIMOMETPUIECKUI aHAIU3, BU3yanu3alus.
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aKTUBHOCTU, a UMEHHO 20-J1eTUI0 CO THS MyOJIMKaIlM1 OpUTMHATBLHOM cTaThu X.D. Xuplia B XypHa-
ne Proceedings of National Academy of Sciences, 3HaMeHOBaBILIel OO0l MOsIBIIEHUE HOBOTO, IO TOTO
HEU3BECTHOTO B Hayke OMOJMOMETPUYECKOro MapaMeTpa, MoJyyrBILEero Mo UMEHU ero aBTopa Ha-
3BaHUE «/1-UHACKC», WIN «MHIEKC Xuplia». PaccMOTpeHa 3BOJIIOIMS 9TOTO NapamMeTpa, ero 10CTo-
WHCTBA U HEJIOCTAaTKU, MPOOJEeMbl U MIEPCIIEKTUBBI €r0 AaJIbHEHIIEro UCMOAb30BaHUS IS OLICHKHU
MyOJMKAIIMOHHON aKTUBHOCTH Pa3IMYHBIX CYObEKTOB HAYYHO-UCCIEA0BATEIbCKOM AeSITEIbHOCTH.
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B 2005 r. Majiou3BeCTHBIN B Ty MOPY aMepUKaHCKUI (Gu3uk Xopxe XUpIl U3 YHU-
BepcuteTa r. Can-Iluero (wrat KanudopHus) mpeaioxXui At OLIeHKA HaydHO-MCClie-
JIOBATEJbCKOM NEATEeIbHOCTH OTAEIbHO B3SITOr0 YY€HOTO-MCCIe10BaTe/s BeCbhMa OPUTH -
HaJIbHBI M B TO Xe BpeMsl BeCbMa IPOCTOM MapaMeTp LIUMTUPYEMOCTH, MOJYYMBIINI B
€ro 4eCTh Ha3BaHUE «A-UHIEKC», WU «MHAeKC Xupua» [ Hirsch, 2005]. ITo onpeneneHuto
CaMOr0 «KPEeCTHOI'0 OTIa» 3TOT0 MapaMeTpa, MPUBEIEHHOMY B 3TOIl OPUTMHAIBLHOM CTa-
The: “A scientist has index /4 if 4 of his / her N papers have at least 4 citations each, and the
other (N—h) papers have no more than h citations each” («McciaenoBarenb umMeeT UHAEKC
h, ecmu h u3 ero N cTareil HIUTUPYIOTCS KaK MMHUMYM /1 pa3 Kaxzaasi, B TO BpeMsl Kak
ocraBluecs (N—h) ctateii HUTUPYIOTCST He OoJiee, ueM A pa3 Kaxkaas»). [1o cuactblo, 9Ta
ero pabora ObuTa ONMYOJIMKOBaHA B OYEHb BHICOKOABTOPUTETHOM XypHasie — Proceedings
of National Academy of Sciences, B HeMaJloil CTereH!, HaBepHOe, TO3TOMY OHA IOBOJIbHO
cKOpo obpatuiia Ha cebsl BechbMa MPUCTaTbHOE BHUMAaHUE, TPUYEM HE TOJbKO CITelra-
JIUCTOB B 00JIaCTM HAYKOBEIEHMSI U HAyKOMETPHMU, HO B ellle OOJbIIei CTEIEH — TeX

© Muxaitnos O.B., 2025
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YUEHBIX CaMBIX Pa3JIMYHBIX OTpaciieil HayKu, KOTOPbIe XOTh KaK-TO 03a00YeHBI YPOBHEM
LIUTUPOBAHUS CBOMX COOCTBEHHBIX MYyOJIMKAIIWIiA, TIpeKIe Bcero — crtaTeit. JJoctaTroaHo
CKa3aTh, YTO, COMIACHO JAaHHBIM Scopus, 3Ta ITMOHEPCKast CTAaThs HBIHE SIBJISIETCS CaMoit
LIUTUPYEMOI1 cTaThel faHHoro aBTopa (okoJjio 8 800 (!!) cchlioK), MprUUYeM ¢ OOJBbIIUM OT-
PBIBOM TIO IIMTUPYEMOCTH OT OCTAJTBHBIX €0 CTATeH.

AmepukaHcKkuil pusuk Xopxe Bayapao Xupil po-
nwicst B 1953 r. B bysHoc-Afipece, ApreHtuHa. [Tosyuni
crereHb OakanaBpa B yHHUBepcuTere bysHoc-Aiipeca.
C 1976 r. pa6oran B YuKarckoM YHUBEPCUTETE, B KOTO-
POM MOJIYYMWJI CTeNeHb JOKTOPA, MOCJe Yero nepeuies B
yHuBepcuteT CaH-/luero, rae 3aHsul JOJKHOCTh TIPO-
deccopa usnku, KOTOpyO 3aHUMAaeT U B HACTOSIIIEE
BpeMsi. HayuyHast pabota u myosinrkaiuy Xupiiia B OCHOB-
HOM CBSI3aHbI C (PU3UKOI TBEpIOTO TeJa, CBEPXIIPOBO-
MIMMOCTBIO 1 (heppOMarHeTU3MOM, HO OH M3BECTeH Ha-
YUHOI OOIIIECTBEHHOCTH TPEXIE BCEro TEM, YTO BBEN
B 2005 1. HOBBIIf UHAECKC LIUTUPOBAHUS JJIs1 OIpeaesie-
HUSI TTPOU3BOJUTENIBHOCTU PabOThl YUYEHOTO, HOCSLINIA
ero uMmsa. OH TakXke M3BECTEH CBOUMU 3asIBJICHUSIMU
B OTHOLIeHUM BHelHed monutuku CIHIA, B yacTHO-
CTU O TIPUMEHEHWU SIIepHOTo opyXwus mpotuB Mpana.
B ampesie 2006 1. OH, BMECTe C IBEHAIUATHIO IPYTUMU
(usukamu, Hanmucaa MUCbMO TOTAAIIHEMY MPE3UIEHTY
CILIA Ixopmxy bymy — muaaiiemy, B KOTOPbIX BbIpa-
311 06€CTIOKOEHHOCTD 10 3TOMY MTOBOJY'.

Hexkotopoe BpeMs crryctst X.D. XUpIII B JOTOJHEHNE K BEIIIIEYKAa3aHHOM CTaThe OITy0-
JIMKOBAJI B TOM Xe CaMOM XYypHaJie ellle onHy ctatbio [Hirsch, 2007], B KoTopoii 6oJee
JIeTaJIbHO OMKICAl 0COOCHHOCTH BBEICHHOTO UM paHee OMOIMOMETPUUECKOTO ITOKa3aTesIs
1 KOTOpast Ha JaHHBIII MOMEHT BpeMEHH TaK:Ke IoJTydria Hemaoe (oonee 800) yucio mm-
TupoBaHuii. [TomyIsIpHOCTH 3TOrO HOBOTO, JOCEIe HEM3BECTHOTO ITapaMeTpa HayKoMe-
TPUUYECKOM OLIEHKU ITyOJUKAIIMOHHON aKTUBHOCTHU CIIOCOOCTBOBAJIO IBA BaXKHBIX 00CTO-
STeNbCTBA. Bo-TepBhIX, HA MOMEHT MyOIMKAllUK BhIlIeyKa3aHHOU ctaThu [ Hirsch, 2005]
OH OBUT (DAKTUYECKH JINIITH BTOPBIM TTI0 CUETY ITapaMeTPOM, CBSI3aHHBIM UMEHHO C IIUTH-
PYEMOCTBIO MCCIemoBaTesIeii, MO0 JO ero MOSIBJICHUS IUTSl OLICHKY YPOBHS IIUTUPYEMOCTH
paboT JIF000TO M3 HUX MCITOIb30BaIaCh TOJBKO MX BaJOBask (CyMMapHast) IUTUPYEMOCTh
3a TOT WM WHOW BpeMEeHHOI MHTepBaj (BOIIEIIas B IIPAKTUKY 3a70JITO 10 TIOSIBIICHUS
h-wHOekca). Bo-BTophIX, ompeneneHne A-MHIEKca IS JIFOOOTO YIEHOTO-MCCIeI0OBaTEIIsI
B paMKax BBIIIIEYKa3aHHOM €ro TPAKTOBKH HE TIPEACTABIISLIIO CKOMbKO-HUOYIb 3HAUUTETh-
HOTO TpyHa — UISI 3TOTO HamIo OBLIO JIUIIh PACCTABUTD U IIPOHYMEPOBATh BCE €0 ITy0JIH-
KAl B TIOPSIIKe YOBIBAHUS YMCIa UX IIATUPOBAHMI, TIOCJIE YETO BBIICIUTH T, I KO-
TOPBIX HOMEpa B 3TOM CITMCKE OyIyT MEHBIINMU WJIM 110 KpaliHeit Mepe paBHBIMU YHCITY
MX [IUTUPOBAHUI; HAUOOIBIIINIA CpeIr STUX HOMEPOB 1 TaCT YMCICHHOE 3HAYCHNE /1-H-
nmekca. Kak HeTpymHO 3aMETUTH ITOCTIe BBINIECKA3aHHOTO, MHACKC XHUpIla — 3TO BCerma
yenoe HamypaabHoe 4ucao, TIpuIeM ISl JTI0OOTO MCCIenoBaTessI OH He MOXKET IPEeBhIIIATh
0011IeTO YMCIa OMYOJIMKOBAaHHBIX UM cTaTeld. M XOTS MeXIy A-MHIEKCOM MCCeIoBaTelIst

! Cm.: https://eponym.ru/Person/585 (mara obparienust: 28.10.2025).
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¥ OOIIMM YUCJIOM CCBIJIOK Ha €T0 pabOoThI MPSIMOM KOPPEJISILIMY HET, 3TOT ITapaMeTp [T -
PYEMOCTH Ha yIUBJIeHHE OBICTPO CTaJl TOMYJIIPHBIM B Hay4yHOI cpejie. [TomyasipHOCTh eTo
JIOCTUTJIA CBOEro 3eHuTa riue-To B repuona 2010—2015 rr., korga A-UHAEKC CTall CIYXXUTh
HEKUM YHWBEPCAJIbHBIM MEPUJIOM IUTHPYEMOCTH W TIOIMYTHO — HAYYHOU aKTUBHOCTH
yueHoro-uccienoBaresi. UMeHHO B 3TOT MepHO K IBYM BbIIIIEYKa3aHHBIM Ha3BaHUSIM
3TOTr0 OMOIMOMETPUIECKOTO MapamMeTpa — «A-WHAEKC» M «MHICKC XUpIa» — n00aBu-
JIOCh €11Ie ¥ TPEThe — «XUPII», MprodpeTiee (1o KpaiiHeit Mmepe B Poccun) BecbMa 3Ha-
YUTEIBHOE pacipocTpaHeHre (JIOIUIO IO TOTO, YTO TOSIBUJICS JaXKe pacXoXUil BOTIpoC,
oOpallaeMblii K YYeHOMY-UCCIEA0BaTe0: «A KaKoi y Bac ceilyac “xupui’”?», a Takxke
TepMWH, CBSI3aHHBIN ¢ U3MEPEHUEM OHOTO, — «XHUpIIeMeTpus»). Ilocie 3Toro, omHako,
MPOM30III0 HEKOTOPOE «OXJIaXKIeHNEe» BHUMAHMS K HEMY CO CTOPOHBI HayYHO-MCCIIEN0-
BaTeJILCKOTO COOOIIECTBa, YeMY B OIPENEICHHON CTeTICHW CITOCOOCTBOBAJIO TOSIBJICHUE
psina KpUTHUYECKUX ITyOJIUKAIWiA, TOe TIPSMO 00pallajoch BHUMaHWe Ha GOpManu3M U
OITHODOKOCTh, a TO M Ha M3BpallleHHOEe IPeICTaBIeHUEe O PeaJlbHOM BKIIaJe B HAYKy CO
CTOPOHBI TOTO WJIM MHOTO MCCIIeI0BaTelIsl, KOTOPOE BBITEKAJIO M3 TAHHBIX O €T0 «XUPIIIe».
B rexymiem 2025 r. ucnonHsietcst poBHO 20 JIeT ¢ MOMeHTa MyO0IMKaluy MUMOHEPCKOI pa-
0oThlI | Hirsch, 2005], a 3T0, KaK U3BECTHO, CaMbIii TIEpBbII CPOK B XKU3HM 4YeI0BeKa, KO-
rTa UMeeT CMBICII MOJBOANTE KaKNe-TO UTOTH TIpoxkuToro. M X.D. Xupiy 31ech ecTh 4eM
TOPIUTHCS — KaK YK€ YKa3bIBaJOCh BBIIIE, UMEHHO 3Ta CTaThsI SIBJISIETCS CAMOM BEICOKO-
LUTUPYEMOM eTo ITyOJIMKaIeld, 9TO, KaK TOBOPUTCS, JOPOTOrO CTOUT (XOTS OH, CYIs ITO
€ro MyOJIMKAIIUSIM, WHICKCUPOBAHHBIM B IBYX BaXKHEUIIINX MEXKIYHAPOIHBIX 0a3aX [IUTH-
pyeMoctu Web of Sciences n Scopus, Tipex e Bcero rnpogeccruoHaabHbIi HCCienoBaTe b B
obJacT (DM3UKHU, a OTHIOAb He HayKoMeTprH). C ydeTOM 3THUX IBYX OOCTOSITEIBCTB, KaK
MPEICTABIISIETCST aBTOPY 3TUX CTPOK, €CTh CMBIC MPOaHaIM3UPOBATh TO BIUSIHUE, KOTO-
poe OKasall 3TOT CaMBIi «XUPII» KaK Ha CHCTEMY OLICHKM HayJdHOH NesITeIIbHOCTU, TaK
M Ha HayKOMETPHUIO B 11eJioM 3a 20 JIeT CBOEro CYIIECTBOBaHUSI; UMEHHO 3TOMY U OyIeT
MOCBSIIIIEHA HACTOSIIIIAs CTAThsI.

* k%

J1s1 Havyana ciaenyet pa3oopaTbesi, HACKOIbKO CUJIBHO CBSI3aHBI MEXIY COOON Basio-
Basi HIUTUPYEMOCTb U /-UHIIEKC.

Cpazy xe OTMETUM: TIPSIMOU KOPPEJSIIIUN MEXIY «XUPIIeM» W BaJIOBOW IIUTUpPYe-
MOCTBIO, BOIIPEKU TOBOJBHO PACXOXEMY MHEHUIO, HE UMEETCS; TEM HEe MEHEE a priori,
WCXOMST U3 YKA3aHHOTO BBIIIE OTIPENCIIEHUST «XUPIIa», MOXHO OXWUIaTh, UYTO OOJiee BbI-
COKOI BaJlOBOM LUTUPYEMOCTU OyIeT COOTBETCTBOBATh M 0Oojiee BBICOKUUI A-WHIEKC.
M X0oTd BO MHOTHUX CJIydasix TaKoe MpeACcKa3aHue NEUCTBUTEIBbHO OIPABIBIBAECTCS, TEM
HEe MEHee B LIeJIOM CUTyallUs 3[eCh OKa3bIBAETC CYLIECTBEHHO CJIOXHEE U CKOpee Ha-
TMOMUHAET YTBEpXIeHUE «Yem BbIIIE YeJIOBeK POCTOM, TEM OH CUJIbHee» (KOTOpoe B
CPEAHECTaTUCTUYECKOM OTHOIIIEHUM BEPHO, HO BBIBOIBI 00 OTHOCUTEIBHOW CUJIE NBYX
WIN JaXe HECKOJBKHUX JIIOACH, pa3nyalolIuxcsi CBOUM POCTOM, HEPEIKO OKAa3bIBAIOTCS
omn0ouyHbIMU). CTaTUCTUKU, OCHOBBIBAIOIIEHCS HA TaHHBIX XOTS ObI U1 HECKOJBKUX
JNECATKOB THICSAY PA3JIMYHBIX UCCJENOBaTeNeld pa3HbIX CTPaH, MOKA3bIBAIOIIUX KOJU-
YECTBEHHYIO B3aMMOCBSI3b MEXJy 3HAUCHUSMU A-WHIEKCAa U BaJlOBOW ITUTUPYEMOCTH,
HACKOJIbKO M3BECTHO aBTOPY ITUX CTPOK, JIO CHX TOp HE UMEETCsI; OMHAKO €CTh BeCKUe
OCHOBAHUS MOJIaraTh, YTO MOJIOXEHUE eI 3eCh OyAeT HAlTOMUHATh XOPOIIIO U3BECTHYIO
B acTpoHOMUM U acTpodusuke yxe 6oisee 100 et quarpammy ['epummnpynra — Paccena
(Hertzsprung — Russell) (ona xe H-R diagram, win HRD), oTpaxalolylo B3aMOCBSI3b
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MEXIY CBETUMOCTSIMM 3BE3/l M TeMIepaTypaMu Ha UX MOBEPXHOCTHU, OAWH U3 MHOTOUYHC-
JICHHBIX BApUAHTOB KOTOPOU MpencTanieH Ha puc. 1. B aToil nuarpamMe nprumedaresbHO
TO, YTO «IIPEACTAaBUTEIN» 3BE3MHOIO MUPa PACIIOJOXKEHbI HE pABHOMEPHO IO BCEW TJI0-
aay AMarpaMMbl, HO TPYIIUPYIOTCS B pa3WyHbIe CKOIJICHUS, CPea KOTOPBIX Bblae-
JISIETCSI TaK Ha3bIBaeMasl I1aBHasl MOCIeI0BaTeIbHOCTb, K KOTOPOW MPUHAIJEKUT SIBHOE
OOJIBIIIMHCTBO 3BE3/; HEUTO MOXO0XKee CKOpPee BCEro MMeeT MECTO U B clyyae AuarpaMmmbl
«h-MHIEKC — BajloBasi HUTUPYEMOCTh». [1pu 3TOM, 4TO BaxkHO, MaKCUMaJIbHOE 3HAYeHHUE
«XyplIa» MPU JIIOOOM 3HAUYEHUM BaJOBOW LMTUPYeMOCTH N COCTaBJSIeT, KaK HETPYIHO
3aMeTUTh, N2 (TO €CTb PABHO KOPHIO KBaIpaTHOMY M3 BeIMYMHBLI N), HO TaKoe ObIBAET
ype3BblUaitHO peako naxe mpu Maibsix N. [ToaTomy Ha nuarpamme «i-UHIEKC — BaJoBast
LIMTUPYEMOCTb», TlIe Ha OCU aOCIMCC OTI0XEHbI 3HaUeHusI N, Ha OCU OpAMHAT — 3Haye-
HUs h, Bce TOYKM 3aBUCUMOCTHU /4 (IN)) TOJKHBI JIeXXaTh HUXKE MapaboanyecKoil KpuBoii 3a-
BucumocTu £ (N) = N2, K mpumepy, eciu N = 100, To MakcuMmaibHOe 3HaueHue h 6yaer
paBHo 10. Ho 3T0 iv1iib B TOM ciy4ae, eciii y KOHKPETHOTO aBTOpa B COOTBETCTBYIONIECH
0a3e MaHHBIX LUTUPYEeMOCTU uMmeeTcs 10 myoaukKanumii, Kaxaast U3 KOTOPbIX LIUTUPYETCS
uMeHHo o 10 pa3, He GoJibllle 1 He MeHble. B mpuHIIMIe BepOSITHOCTh TAKOU CUTyalluu
He paBHA HYJIO, HO JIMYHO aBTOPY 3TUX CTPOK J0 CUX MOP HaOII0AaTh €€ Y KOro-aubo u3
HccienoBaTesieil He ynaaoch.

CornacHo camomy X. Xupiy [Hirsch, 2005], ecu pacnoioXuTh Ha OCH abCLIMCC TO-
PsIKOBbIE HOMEPA CTATEH B MOPsAIKe YObIBAHUS UX LIMTUPYEMOCTH 11, 8 TIO OCH OPIMHAT —
YKCIIO WX LUTUPOBaHui N, To 3aBucuMoctb N, = f(n) B uMjeaje N0JKHA HATOMUHATD
ruriepoosy (puc. 2); pu 3TOM TpaduyecKu 3HaUYeHUE A-WHAEKCAa HAXOMUTCS Ha 3TOU
KpHBOIi B TOM MecTe, rae N, = n. [1pn TakoM Moaxozie, OIHAKO, 3HaYEHKE /1 TPaKTUIECKU
BCeTJa OKa3bIBACTCS Heuea04UcAeHHbIM, YTO HECKOJIBKO 3aTPYAHSIET €ro UCIOIb30BaHue,
M3-3a YEero 3TOT BapUaHT OIPENCIICHUS «XHUpIa» IIMPOKOTO PaCIpOCTPaHEHUST B HAyKO-
METpUUYECKOI MpaKTUKe He mojyuni. M yke B mepBble TObl CYIIIECTBOBAHUS «XUPIIa» TSI
ero pacyera ObUI 3aJIeiICTBOBaH APYroi MprueM, B paMKax KOTOPOTo BHaYaje COCTaBIsIeTCs
CMUCOK BCeX MyOJMKalMii KOHKPETHOTO aBTOpa B TOU MM MHOM 0a3e TaHHBIX HUTUPYE-
MOCTHU, TJ€ KaXION CTaTbe MPUIAETCS COOTBETCTBYIOLIUN HOMEp B MOPSIIKE YObIBAHUS
UX IIMTUPYEMOCTH, TOCJIE YETO B HEM BBIJENAIOT T€ MyOJMKALWK, Ut KOTOPBIX N, > n.
MakcumanbHOe 3HaYEHHE 71, IUI KOTOPOTO BBITIOIHAETCS TOJNBKO YTO YKA3aHHOE COOT-
HOIIIEHUE, U eCTh UHAEKC XUpIlla, a COBOKYITHOCTb MyOIMKalIMii, eMy COOTBETCTBYIOIIAS,
MoJiyyusa crelMaibHOe Ha3BaHue — «sapo Xupua». Hampumep, eciu y HeKoero aBropa
WHIEKC XUpllla paBeH 25, TO 3TO 03HAYaeT, YTO y HEero ecTh Mo KpaitHei Mepe 25 cTaTeit,
MOCJEAHSISI U3 KOTOPBIX B CITUCKE, OTCOPTUPOBAHHOM 10 YMCITY IUTUPOBAHUI, IUTUPOBA-
Jlach He MeHee 25 pa3. [Ipu a3ToM ob11ast HUTUPYEMOCTh MPEABbIAYIINX, 00JIee LIUTUPYEMbIX
24 craTeit ciicKa ISl onpeneseHusl A-uHaeKca 3HaueHusl He uMmeeT. B TakoM BapuaHTe
h-VHIEKC, UTO BaxKHO, BCET/Ia SIBISIETCSI HamypaabHuim (TO €CTh yeabim) YUCIOM, UTO 0oJiee
yIOOHO JIJISl €ro UCTOJb30BaHMs (10 KpaltHel Mepe, JIsl OTBeTa Ha BOITPOC «A KaKoil y Bac
ceityac “xupu”?»). TyT, KcTaTh, BaKHO MOHMMATh, UTO OTBET HA 3TOT BO MHOIOM PUTO-
pUYECKMI BOMTPOC, KaK MPaBUJIO, HE MOXET ObITh OHO3HAYHBIM, IIOTOMY UTO JUISl Pa3HbIX
0a3 JTaHHBIX IUTUPYEMOCTH, IIe UHAEKCUPOBAHBI ITyOJUKAIIMU JTI0O0TO KOHKPETHOTO HUC-
cienoBatesisi, B OOJIbIIMHCTBE CJTy4yaeB OH OyAeT pasiuyHbiM. M TOHSITHO moyemy: B pa3-
HBIX 0a3ax TaHHBIX HIUTUPYEMOCTH (a UX B HACTOSIIIee BpeMs BO BCEM MUPE NEMCTBYET Kak
MUHUMYM HECKOJIBKO JECATKOB) KaK aCCOPTUMEHT MyOJIMKALUI U UX LIMTUPYEMOCTb, TaK
U o0lllee YMCIIO 711 OMHOTO U TOTO XK€ UCCeNoBaTelsl Heo0UHAaKoebl, a COOTBETCTBEHHO,
U JJUYHBIC «XUPIIW» B HUX OYAYT pa3inyaThCsl MEX COOOM, moayac BecbMa 3HAYUTEIbHO.
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Puc. 1. Anarpamma lepimmpynra — Paccena. bouta co3nana B 1911 r. DitHapowm [leprimmpyHrom
u I'enpu Hoppucom Paccenom B 1913 1. He3aBUCUMO IPYT OT APYTa U SIBUJIACH BaXKHBIM 1IaTOM
Ha TIYTH K IOHUMAaHUIO 3BE3IHO SBOMIOLINHT

Fig. 1. Hertzsprung — Russell diagram. It was created in 1911 by Einar Hertzsprung and in 1913
by Henry Norris Russell independently of each other and became an important step towards
understanding stellar evolution

K mpumepy, 17151 aBTopa 1aHHOM cTaThu Ha cepeanHy 2025 r. B poccUiickoit 6a3e JTaHHBIX
mutupyemoct (PUHILL) «xupii» 6bUT paBeH 36, Toraa Kak B MeKIyHapOIHbIX 6a3ax Web
of Science n Scopus — 25 u 26 cootBeTcTBeHHO. K CJIOBY, BechMa CYIIECTBEHHO pasiu-
YaJIUCh U BaJIOBbIE LIMTUPYEMOCTH ero nyoaukauuii — 5 912 (8 PUHLL), 2 905 (B Web of
Sciences) u 2 659 (B Scopus). Kak roBOpuTCSI B pacXoxkeM HbIHe adopu3Me, «[I0YYBCTBYITE
PasHUILY».

* k%

Kax mmcan cam Xupin B cBoit Hanboliee paHHeil cratbe [Hirsch, 2005], mpemioxeH-
HbII UM MHIEKC ObLT pa3paboTaH C Le/Ibio IMOJIYYUTh 00Jiee aaeKBATHYIO OLIEHKY Hay4HOMI
MPOAYKTUBHOCTU MCCIIEAOBATESI, YeM MOIYT JaTh TaKUe IIPOCThIE XapaKTEPUCTUKH, KakK
o011ee Yrciio MyoIMKaluili nian odlee YMCiio MUTUpoBaHuil. VI Ha TIEpBBIX MOpax To-
SIBJICHUE «XUpIlla» BBI3BAJIO €1Ba JIM He 9M(OpUI0 B HAyYHOI cpele, IPUYeM HePBbIMU
3a 9TOT TT0Ka3aTeNb YXBaTUIUCH Iaxe He UCCIIEA0BATEH, a PA3HOTO POAa YNHOBHUKU OT
HayKy ¥ 00pa30BaHMs, a TAKXKE PACIOPSIUTEIN (DMHAHCOBBIX CPEACTB B PA3IMYHBIX Ha-
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Puc. 2. Tlpumep rpacduueckoro omnpeneneHus h-uHaekca. [1o ocu aGeImce OTa0KeHbI TTOPSITIKOBBIE
HOMEpa CTaTeid 1o yObUIM MX BAJIOBOM LIMTMPYEMOCTH (#1,), IO OCH OPIMHAT — YUCJIO IMTUPOBAHMU
(N)). 3HavyeHue h-NHIEKCa COOTBETCTBYET TOUKE NepeceueHus mpaAMoit N, = n, ¢ Kpusoii N, = f(n)
(BblAEIEHA KPACHBIM 1IBETOM)

Fig. 2. An example of a graphical definition of the #-index. The abscissa axis shows the ordinal
numbers of articles in descending order of their gross citation impact (#,), and the ordinate axis
shows the number of citations (V). The #-index value corresponds to the intersection of the straight
line N, = n,with the curve N, = f(n) (highlighted in red)

yuHBIX hoHmax. He ocTaBmam ero 6€3 BHUMaHUS M COTPYIHUKHU Pa3TUIHBIX 0a3 TaHHBIX
LIUTUPYEMOCTH — KaK HAIITMOHAJIBHBIX, TAK M MEXKIYHAPOIHBIX; YK€ B KOHIIE TIEPBOTO JIe-
catueTus XXI B. 3TOT caMblif UHIEKC CcTajl (DUTYpUPOBATh B IMYHBIX CTPAHUIIAX KaXKI0-
T0 MCClenoBaTelIsl, YbM IMyOJUKAIIK OBLTM TTPOMHICKCUPOBAHBI B 3TUX 0a3ax, Hapsmy C
IBYMS TIPSIBIAYIIIMME TTapaMeTpaMy — YKCIIOM ITyOJMKAIIMil U UX IIUTUPYEMOCThIO. Bee
STH TPU TTOKa3aTelsl IPOYHO 3aKPETUINCh B JTI0001 M3 3THX 0a3 JaHHBIX U 10 CUX ITOP
MMPUCYTCTBYIOT TaM. [10BBIIIICHHBII MHTepeC UMEHHO K A-WHAEKCY ObUI BIOJIHE TIOHSTCH:
C OTHOU CTOPOHBI, OIpPENeICHNE €ro, KaK MOXHO OBLIO BHIETh M3 CKa3aHHOTO BHIIIIE,
HE COCTaBJIsIeT OOJIBIIIOTO TPYIa JaXe ISl TeX, KTO MaJIO YTO CMBICIUT B HAYKOMETPUU;
C IPYTOil CTOPOHBI, IO €ro 3HAYCHUIO MOXKHO OBIIO (KaK Ka3ajJoch, Ma M ceiiyac KaxkeT-
Csl HeMaJIOMY YMCITY JIUIT) CYAUTh O HAyYHOM IIeH3¢ JTI000TO0 MccieaoBaTes Ha (hOHE eTo
KOJIIET, IIPUYeM He TOJIBKO TeX, KTO paboTaeT ¢ HUM B OMHOI OTpaciau HayKu, HO U TeX,
KTO paboTaeT B COBCeM APYyToii ee cpepe. B Kakoii-To Mepe 3TOMY CITOCOOCTBOBAJIO MHE-
HHUe camMoro X. Xuplla, U3JI0KeHHOe B ero MMoHepcKoil padote: “Thus, I argue that two
individuals with similar /s are comparable in terms of their overall scientific impact, even if
their total number of papers or their total number of citations is very different. Conversely,
comparing two individuals (of the same scientific age) with a similar number of total papers
or of total citation count and very different 4 values, the one with the higher 4 is likely to
be the more accomplished scientist” («Takum oOpa3om, s yTBepKIar, YTO IBa YeJTOBEKa
C OIMHAKOBBIM /4 COITIOCTABUMBI ITO OOIIIEeMY HAyYHOMY BKJIAIy, MaxkKe €CJIM X 00IIee KO-
JIMYECTBO CTATEH WUIM IIUTUPOBAHUI CUIIbHO pasnuaaercs. M Hao6opoT, cpaBHUBAs IBYX
Jroneil (OMHOTO HAaydYHOTO BO3pPacTa) ¢ OMMHAKOBBIM KOJMYECTBOM CTATEH MM OOIIUM
KOJIMYECTBOM IIUTUPOBAHUMN W CHJIBHO Pa3IMYAOIIMMUCS 3HAYCHUSIMU /1, TOT, y KOTO A
BBILIE, BEPOSITHO, OyaeT OoJiee YCIELIHbIM yueHbIM») | Hirsch, 2005, p. 16569] u “...for
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faculty at major research universities, 2 = 12 might be a typical value for advancement to
tenure (associate professor) and that 2 = 18 might be a typical value for advancement to full
@professor. Fellowship in the American Physical Society might occur typically for 4 = 15—
20. Membership in the National Academy of Sciences of the United States of America may
typically be associated with 4 = 45 and higher, except in exceptional circumstances” («J1yst
MperioaBaresieil KpYIHBIX MCCIIEA0BATEIbCKIUX YHUBEPCUTETOB TUITMYHBIM 3HAYCHUEM
JIJISI IPOJBUIKEHUS HA TTIOCTOSIHHYIO TOJIKHOCTD (IOLIEHTa) MOXeT ObITh 4 = 12, a 111 po-
JIBUXEHUST Ha TOJKHOCTh MOJIHOTO mpodeccopa — A = 18. UnaeHCcTBO B AMEpUKAHCKOM
(pusnyeckoM o01IecTBe 0OOBIYHO BO3MOXKHO Tipu 4 = 15—20. YneHctBo B HaumoHanbHO
akagemuu HayK CIIIA oObIYHO CBSI3aHO C /4 = 45 U BbIIIIE, 32 UCKIIOUEHUEM OCOOBIX CITy-
yaeB») [Hirsch, 2005, p. 16571]. D10 MHEHUE, OTHAKO, COBEPLIEHHO UTHOPUPOBAJIO TO
MPOCTOE M JIOCTAaTOYHO OYEBUIHOE OOCTOSITEILCTBO, YTO B Pa3HBIX OTPACIISIX HAYKH YXKe
JABHO MCTOPMYECKU CIIOXWINCH pa3Hble YPOBHU LIMTUPOBAHUS TyOnMKamuii (puc. 3)
M pa3Hble 3TUYECKHE HOPMATUBBI IIUTUPOBAHUS, B pe3ybTaTe 4ero copMupoBaiach
pe3Kast TUCTIPOTIOPIIVS 1 IO «XUpIIaM». HeyTnBUTEIbHO, YTO IIMPOKOE BHEAPEHUE «XUP-
1a» B MPAKTUKY OLIEHKH ITyOIMKAIlMOHHOM aKTUBHOCTH MCCea0BaTe el CTalo HaTaIKu-
BaThCsl Ha MPOTECTHI CO CTOPOHBI TEX JIUII, YbM A-WHIEKCHI OKa3aJIuCh BeCbMa HU3KUMMU,
¥ B TIEPBYIO OYepe/ib CO CTOPOHBI MaTeMaTUKOB, KOTOPBIE, TIPSIMO CKaxKeM, IIUTUPOBATh
JIPYT JIpyra He O4YeHb-TO J00AT. BbUT M3maH maxe crienMaabHBIA COOPHUK TIOI BECh-
Ma XapaKTepHBbIM Ha3BaHUeM «Mrpa B LbIQUpPb», comepxXalinii ctatbul [HMepa 6 ubighupe,
2011], B KOTOPBIX Hapsiy ¢ KPUTUKON «XHpIIa» (HaKTUUYECKU Mpeaaarajoch OTKa3aThCs
OT IIMPOKOTO MCIOJb30BaHUST OMOJIMOMETPUYECKUX IMTapaMETPOB JUISI OLIEHKU HayIHOM
nesitebHOCTH. K MaTemMaTMKaM B TOM WJIM MHOM CTENEHU MPUCOCIUHWINCH T€ JIMYHO-
CTH, KOTOpbIE CUMTAIN ceOs1 B Hayke HarmosieoHaMu miu 1o KpaiiHeil Mepe MapliiajiamMu
Hestmu, HO mMenT BeCbMa HU3KUE «XAPII». M Hago mpu3HaTh, YTO OCHOBAHUS U Y TEX,
My IPYTMX I10 TTIOBOMY 1IeJIeCO00Pa3HOCTH yUeTa «XUpIeil» ObUtd. TyT CTOUT OTMETUTH
BOT KaKO€ BaXKHOE OOCTOSITEILCTBO: €CJIM BaJoBasi LIMTUPYEMOCTD JIFOOOTO MCCIIeIoBaTe -
JIST MOXET B TIPUHIIMIIE PACTH OE3rPaHUIHO U M3MEPSIThCS XOTh MWIIMOHAMM CCBIJIOK,
TO MPO «XUPIII» 3TOTO CKa3aTh HEJIb3sl — OH B COOTBETCTBUU CO CBOUM OITpeNeIeHUEM He
MOXET MPEeBBIIIAaTh 00IIETO YKcia ero MmyoaruKaiuii. A ToToMy, €CJIM MOCAEAHUX Majio, TO
U h-uHaekc oyaeT HeOoabluM. Tak, ppaHiy3ckuii MmaTeMaTuk D. ['ajya 3a CBO1o KOpOT-
Ky10 ku3Hb (1811—1832) ycrien onmybauKoBaTh BCETo JUIIb YeThIpe HAyYHbIE paOOThI, ABE
13 KOTOPBIX, MOCBSIIEHHBIE ITPOOJIeMe PeIlIeHUs ajredpanyecKux ypaBHeHUI BOOOIIe U
YPaBHEHUI TIATOM CTETTEHU B YaCTHOCTH, K HACTOSIIIIEMY MOMEHTY OBLITN ITPOIIUTUPOBAHBI
HE OJIHY U He JBE THICSYU pa3, HO ero A-uHIeKC, OyIb OH OIpe/esieH ceituac, Bbille 4 He
TTOIHSIICS ObI, a CTaJIo OBITh, M €r0 3aCYTH B HayKe 110 TAKOMY KPUTEPHUIO CYUTAIIUCH ObI
HUYTOXHBIMU (4TO COBEPIIIEHHO HE COOTBETCTBYET EHCTBUTEILHOCTH, MO0 OH TIO TIpaBy
CUMTAETCs TeM, KTO TIEPBbIM J1ajl MCUYepITbIBaolllee pelieHre 3Tol 3amaun). Becbma 3Ha-
YUMBIMH SIBJISTIOTCSI TTIPOOJIEMBI, CBSI3aHHBIE C TEM BaXKHBIM 0OCTOSITEJILCTBOM, YTO B ITO/1a-
BJISTIOIIEM OOJIBIITMHCTBE HAYYHBIX MYOJUKAIIMIT UMEIOTCSI COaBTOPHI, KOJIMYECTBO KOTO-
PBIX B IPUHIIATIE HUYEeM He orpaHuyeHo. CorlacHo MHEHUIO, U3JI0KEHHOMY B OTHOM 13
paboT mocjaeaHero BpeMeHu, a uMeHHo [ Bi, 2023], MOXXHO BBIIEIUTb YEThIPE KJTIOUEeBbIE
MpOoOJIEMBI, CBSI3aHHBIE C 3TUM OOCTOSITEILCTBOM:
— TIpYMCBOEHME cebe JTMYHO BCeX 3aciyr 3a MyOJMKalldio, B KOTOPOil (hurypupyer
0oJiee OMHOTO aBTOpaA: KOTIa KOJMYECTBO BCEX CCHUIOK, KOTOPhIE MOJyYMIa Ta-
Kast yOJIMKALIMsI, UCTIOJIb3YeTCsl TIPY BBIYMCICHUM MHIEKCa XUpIlia OTACTbHOTO
aBTOpa, 3TO O3HAYAET, YTO STOT aBTOP MPUCBAaUBAET ceOe 6ce 3aCIyTH 3a 3Ty My0-
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Puc. 3. CpenHue KOJIMYECTBA CChUIOK Ha CTATbU B PA3JIMYHBIX OTPACIISIX HAYKKU
|Uepa 6 yvighups, 2011
Fig. 3. Average number of citations to articles in various fields of science | Aepa 6 uvighups, 2011]

JIMKaUWIo (BKJIIoYast BKJIAAbl IPYTMX aBTOPOB), UTO MPUHLIMITAATIBHO U 3TUYECKU
HEKOPPEKTHO;

— CO3IaHue CBOETro poaa «MHMIIIUN» IPU MOACYETe LIMTUPOBAHUIA;

— CO3IaHue HeCMpaBeIIUBOCTH IPU OLICHKE BKJIaAa B ITyOIMKALIMU: TTIOCKOJIbKY MH-
nekce Xupliia He YIUThIBAeT KOJMYECTBO aBTOPOB B MyOIMKALIMSX, TO HAJTUIIO UT-
HOPUPOBAHUE PATUYMS MEXIY YACTUIHBIMU BKJIaAaMU B IMyOJIUKAIIUSIX, TAE €CTh
COABTOPHI, ¥ MOJHBIMU BKJIaAaMU B ITyOIMKALIUSX, TAe TAKOBBIX HET, YTO CO31aeT
HeCITpaBeUIMBOCTD B OIICHKE BKJIa/a B MCCIEIOBAHMS;

— CTUMYJIMpPOBaHUE TaK Ha3bIBAEMOIO MOAAPOYHOTO aBTOPCTBA: HEKOTOPKIE JIIOIU
MOTYT 100aBJISITh UMEHA JIPYT APYra B CIIMCKU aBTOPOB MyOJIUKAlUii, B cO31aHue
KOTOPBIX OHU BHECIM HEOOJIbIIION TBOPUYECKUI BKJIAd, a TO U HE BHECIU €T0 BO-
BCE, C TeM YTOOBI HEATUYHO MOBBLICUTH CBOI MHAEKC XUpIlia.

U 310 ellle He KOHELl UCTOpUU, UOO TIepeueHb MTPobIeM, CBSI3aHHBIX C 3TUM OMOIM-
OMETPHUUYECKUM ITapaMeTpOM, MOXKET ObITh TPOAO/DKEeH 1 nanee. Cienyer, OnHaKO, OTME-
TUTh, YTO TIPUITMCHIBATh YKa3aHHbIe B cTaThe [ Bi, 2023] HemocTaTKU OJHOMY JIUIIb «XUP-
1ry» ObUTO ObI HeCIIpaBEIJIMBO — aHaJOTMYHas MpobjieMa MMeeT MeCTO U MPU OLIEHKE
BaJIOBOM LIMTUPYEMOCTH KOHKPETHBIX MCCIeI0BaTeIeii, M1 OHAa TaKXKe MoKa He MoJyJdusa
CBOETO YIOBJICTBOPUTEIHLHOIO pa3pelIeHUSI.

* k%

[IpuBeneHABIE BHILIE HETOCTATKY «XAPIIa» «BBI3BAIN K KU3HI» ITPOOIIEMY ETO COBEP-
IICHCTBOBAHMUSI, MIPUYEM C CAMBIX Pa3IMYHBIX CTOPOH. M MTOBOJBLHO CKOPO CTajM IOSIB-
JIATHCST pa3HOOOpa3Hble MOTMMUKALIMK 3TOTO TTapaMeTpa, MOJYYUBIINE COOMPATEIbHOE
Ha3BaHMWE «XMPIIENOJO00OHbIE MHAEKCHI», KAKOBBIX B HACTOSIIEE BPEMSI HACUMTHIBAETCS
yKe HECKOJIbKO JeCATKOB. Ha aTOT cueT K HacTosIIeMy MOMEHTY OITyGIMKOBAHO BECh-
Ma 3HaYUTEIbHOE KOJUYECTBO PaboT, 00IIee YUCTIO KOTOPBIX U3MEPSIETCS KAK MUHUMYM
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YeThIPeX3HAYHOM IM(MPOIL; He BAABasICh 31eCh B ITOAPOOHOCTH 3TUX pabOT, OTMETHM, UTO
MH(pOpMaLIMIO 0 HanboJiee 3HAUMMBIX U3 HUX MOXKHO HalTU B 0030pHBIX CTaThiX: [Alonso
etal., 2009; Bi, 2023; Bihari et al., 2023; Bormann et al., 2008; Bormann et al., 2011; Huang,
Chi, 2010; Norris et al., 2010; Dos Santos et al., 2015; Schreiber et al., 2012; Tol, 2009].
IToHnMass HeCOBEPIIEHCTBO CBOETO «IETHUIIA», ONPEAeICHHBIC YCYIIMS 10 €T0 YIIydIle-
HUto npeanpuHst u cam Xupu [Hirsch, 2010, 2019]. Tlpunoxuim cBo pyKy K 3TOMY
BaXKHOMY JeJIy M POCCUICKHE MCCIIeIOBaTEeI, B TOM YHCIIe U aBTOP JaHHOM CTaThy (CM.:
[Ipunes, 2023; Mapeun, 2015, 2016; Muxaiinoe, 2015, 2018; Hoasnun, 2014; Illmosba,
Illmosoa, 2013]). TeM He MeHee MPUXOIUTCS C HEKOTOPOI TPYCThI0O KOHCTaTUPOBATh, UTO
Ha 3TOM TIOMPUILE KCCIeI0BaTeIbCKask MBICb MopadoTaga (aKTUYECKU «BXOJOCTYIO»,
100 HU OOWH U3 3TUX CaMBIX «XHPIICTTOTOOHBIX>» HMHICKCOB TaK U HE BOIIET B ITPAKTUKY
HayKOMETPUYECKON OLIEHKW WCCliemoBaTelicii HI B OMHOW M3 6a3 TaHHBIX IIUTHPYEMO-
CTH — HM B POCCUIMCKOM, HM B 3apyOeKHBIX HAIIMOHAIBHBIX WM MEXIYHApOIHBIX. Bo
BCSIKOM CJIyJae, IToKa HeT HUKAKUX IMMPU3HAKOB TOT0, YTOOHI /-WHIIEKC Hadajl BHITECHSATh-
cg KaKMM-JIM0O YCOBEPIIEHCTBOBAHHBIM BapUAHTOM, XOTSI KPUTUYECKUX CTPEN B aIpec
3TOro OUOJIMOMETPUUECKOTO TapaMeTpa 3a IBaAlLaTh JET ero CyleCTBOBaHUSI ObLIO BbI-
MyLIeHO TpeaocTaTouHo. bojiee Toro, cpepa ero mpuMeHeHHUs 3a 3TO BPEMs pacIlupu-
JJach — XOTS €T0 CO3JaTelIb 3aMBIIIIST UCITOIh30BaTh CBOE NETUINE JJIST OLIEHKW JINIIb
WHIWBUIYAIBHBIX WCCIIEOOBATENIei, BITOCICACTBUN 0Ka3aJoCh, YTO TPEIIOKCHHBIA UM
OOIIMIA METOIOIOTMICCKIIA TTOIX0 MOXKET OBITh PeaIn30BaH ISl OLICHKH IeSITeIbBHOCTH
HayJYHBIX KOJUIEKTHBOB M OTAEJBHBIX OPTaHU3alINil, aBTOPUTECTHOCTH HAyYHBIX JKyPHAJIOB
(TT0 ymcay cTaTeil m B 3TOM KypHajie, Kaxaast U3 KOTOPBIX MPOIUTHPOBaHA MUHUMYM
m pa3) M Jaxe IUIS CO3TaHUST CBOCOOPAa3HOTO «IBOMHOTO XUpIIa» (TT0 YACITy COTPYIHUKOB
P naHHOIT OpraHM3aliy, KaxkIbIil 13 KOTOPBIX MMEET «XHUPIIl», PABHBI KaK MUHUMYM 3Ha-
yeHuto P) (3Ta uuest, onHAKO, TOKa HUKEM He Obljia BOILIOLIEHA B 3KU3Hb). DTOT OOLIMIA
TIOJIXOI MOKET OBITh peaIM30BaH M B TeX OTPACIISIX, KOTOPBIE HE CBSI3aHBI HAIIPSIMYIO C
HayKOMETpHUEH 1 COLIMOJIOTUEH HayKN — HarpuMep, B QyTOOJIBHOM CTaATUCTHUKE, TIIE C €TO
TIOMOIIIBIO MOTYT OBITh OLIEHEHBI TaK Ha3bIBacMbIe MHICKCHI aTaKM M MHICKCHI 3alIATHI
Pa3IUYHBIX HAIMOHAJIBHBIX (PyTOONBHBIX COOPHBIX [ Muxaiinos, 2018]. Bo3aMoxkHO, onHOI
W3 IPUYMH TOTO, YTO A-WHIEKC, HECMOTPS HU Ha YTO, TIPOJOJIKACT OCTaBaThC eIBa JIN He
OCHOBHBIM MOKa3aTejeM HayIHON aKTUBHOCTU M aBTOPUTETHOCTH JII0OOTO KOHKPETHOTO
HCCIIeIOBATeIsI, OTTECHUB Ha BTOPOI IUIaH BCe aHAJOTWUYHBIC ITapaMeTphl (B TOM YHCiie
Jaxe TOT, KOTOPOMY OH BOOOIIE 00s13aH caMUM CBOMM CYIIIECTBOBAaHUEM, a UMEHHO BaJlo-
BYIO LINTUPYEMOCTB), SIBJISIETCS TOBOJIBLHO JTIOOOTBITHOE M3PEeUeHME, aBTOPCTBO KOTOPOTO
MIPUITHCHIBaeTCS A. DitHIITeHY: «Bce T0KHO OBITh JOCTATOYHO ITPOCTBIM, HO HE CITHIII-
KOM TIPOCTBIM». W CIIpaBeIIMBOCTH paiy CIICAYeT MPU3HATh, YTO K «XHUPIIIY» 3TH CJI0Ba
OTHOCSTCSI B TIOJTHOIM Mepe. TeM He MeHee MPU MCITOIb30BaHUHM KaKOTro OBl TO HU OBLIO
HOBOTO ITapaMeTpa Il OLIEHKN HayYHOM AesITeIbHOCTH (M He TOJBKO ee) CIIeAyeT Bceraa
TIOMHHTh M3BECTHBIN B conrojiornu 3akoH I'yoxapra: «Korma mocTikeHue IToKas3aTerst
CTaHOBUTCS IIEJIbIO, OH ITePeCcTacT OBITh XOPOIITNM ITOKa3aTeIieM». A pa3 Tak, TO Hallo MIn
BpeMsI OT BPEMEHM ITPOBOINTH KOPPEKTUPOBKY 3TUX ITOKa3aTeJIei IO CTEIIEH! UX 3HAUM-
MOCTH, JTUOO TIPUIYMATh TAKOM, BBICOKUX 3HAYEHUIT KOTOPOTO MOXKHO TOOUTHCS TOJBKO
TP HAJTMIUA 3HAYMMBIX HAYIHBIX paOoT.

...Uepe3 Tpu rona, a umMeHHo B 2028 1., coznatento A-uHaekca X.D. Xupury UCIIOJTHUT-
¢ 75 et. MOXXHO Io-pa3HOMY OIIEHMBATh €T0 3aCJyTM Ha HUBE HAYKOMETPUHU, U OLIEHKH
JIEUCTBUTEIBHO, MSITKO TOBOPSI, HCOMHO3HAYHBI — OT BOCTOPKEHHBIX 0 BeChMa HETaTHB-
HbIX. Ho, Kak Obl TaM HU OBLIO, OH, IO MOEMY YOEeXIeHUI0, OMHO3HAYHO JOCTOUH TOTO,
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YTOOBI CYNTATHCS OTHUM U3 KJIACCUKOB HAYKOMETPUM M HayKOBEICHUS XOTsI OBI TTOTOMY,
YTO OH Jajl CUJIBHEHIINI TOJTYOK Pa3BUTHIO 3TOM OYEHBb BAXKHOWM OTpaciv 3HAHWs, Ha-
XOOALIENCS KaK Obl Ha CTBIKE TPEX HAYYHBIX «IIPOCTPAHCTB» — €CTECTBEHHOHAYYHOIO,
TYMaHUTAapHOTO M NTH(GOPMALIMOHHOTO, KOTOPOIA, BRIpaXKasiCh CIOBAMU IPYTOTro KJIacCUKa
HayKM, a UMEHHO Hallero BeJukoro cooteyectseHHuka .M. MeHaeneeBa (XOTh U cKa-
3aHHBIMU IT0 IPYTOMY ITOBOAY), «...HE YTpOKaeT pa3pylleHHe, a JUIIb HaACTpoiiKa 0oe-
1IacTCs».
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This study explores the sociological impact of generative Al on higher education, focusing on its role
as both a cognitive tool and a catalyst for institutional transformation. Based on empirical data, the
research reveals the emergence of a monocentric model of technological dependency, with generative
neural networks dominating student preferences, while alternative platforms remain marginal.
Stratified usage patterns highlight disciplinary divides, with students in humanities relying more
heavily on Al systems, in contrast to the more diversified toolkits of those in technical fields. The
findings point to a growing tension between rapidly evolving digital practices and lagging institutional
norms. While the majority of students report improved academic performance due to Al-assisted
learning, the process of digital adaptation remains uneven, marked by access disparities, epistemic
uncertainty, and normative ambivalence. A paradox of trust emerges: although Al is widely used in
academic routines, it is not yet fully accepted as a legitimate foundation for professional competence in
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high-stakes domains. Drawing on theoretical frameworks such as digital augmentation and Bourdieu’s
field theory, the study interprets these dynamics as indicators of a transitional phase in academic
culture. It argues for the need to rethink educational standards and ethics in light of distributed
epistemic responsibility and to develop integrative strategies that align technological innovation with
pedagogical and societal values. The article concludes that the future of higher education hinges on
the institutional capacity to legitimize and regulate Al as a culturally embedded element of learning.

Keywords: generative artificial intelligence, machine learning, text processing, higher education,
sociological methodology, sociological studies.

Introduction

The digital transformation [Kopyrin, 2023] of higher education has emerged as a key
mechanism for adapting to the challenges of the knowledge economy — a socio-techno-
logical paradigm in which knowledge and competencies become the primary drivers of de-
velopment and competitive advantage. In the context of growing technological disruption,
digital transformation is not merely a technical shift, but a deeply socio-cultural phenom-
enon [/lichev, 2023]. It reshapes the epistemological foundations of academic knowledge,
the institutional modes of legitimation, and the mechanisms of social reproduction of pro-
fessional competencies [Gluhih, 2022]. By technological disruption, we refer to a state of
methodological and normative instability in higher education, driven by the rapid integra-
tion of Al technologies that outpace the adaptation of institutional and cultural frameworks.
As the focus shifts from material production to the generation of symbolic and cognitive
resources, higher education finds itself in a zone of methodological uncertainty, losing its
former normative anchors. A particularly transformative force in this context is generative
artificial intelligence [ Harrington, 2024], which, as an agent of algorithmic rationality, blurs
the boundaries between subjective and automated knowledge, between learning and delega-
tion. Its widespread adoption is initiating the formation of new socio-technical regimes of
academic activity, altering not only the form of educational practices but also the structure
of academic identity itself [ Nelson, 2024].

This article aims to provide a sociological reconstruction of the behavioral, cognitive,
and normative changes occurring among students within algorithmically mediated educa-
tion. The analysis is based on empirical data collected through an anonymous survey of
university students. The research seeks to uncover the hidden structures of digital adaptation
and the emerging mechanisms of normative legitimation for new technological intermedi-
aries in the learning process.

Methodology

The study follows a sociological approach to examining educational transformation un-
der the influence of generative Al tools [ Drach, 2024], which act as mediators of cognitive
and normative shifts within academic environments. The empirical basis is formed by data
from a questionnaire survey that is representative of students from higher education institu-
tions across the Russian Federation. The sample focuses on three universities with distinct
geographical and institutional profiles:
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— Bauman Moscow State Technical University (Moscow, Kaluga) — an engineering-

oriented university representing high-tech education.

— Kazan State Power Engineering University (Kazan) — a technical university

specializing in training for the energy sector.

— Sochi State University (Sochi) — a multidisciplinary institution with a focus on

social and economic fields.

A probabilistic sampling strategy with multistage stratification was employed to ensure
structural balance across academic disciplines and regional affiliations. The sample size ex-
ceeded the required threshold, minimizing random bias and enhancing the generalizability
of the results. Methodological reliability was ensured through internal validity and statistical
robustness. Although the sample is limited to three universities, their profiles (technical,
energy, multidisciplinary) cover key areas of higher education in Russia.

The anonymous, voluntary survey was conducted using a custom-built digital plat-
form (author’s website https://drach.pro), which enabled automated metric aggregation,
association coefficient calculation, and dynamic correlation analysis. Data processing was
carried out using Python 3.11, allowing for the integration of quantitative analysis within
a socio-technical research framework. The focus of the analysis was not on institutional
differences, but rather on the structural patterns of digital subjectivity formation and the
normative framing of educational legitimacy in algorithmically mediated learning environ-
ments.

Results and Discussions

Digital preferences structure: cognitive divide and socio-technical shifts

The analysis of students’ use of digital tools in educational practices revealed a clear bi-
nary pattern, reflecting a shift in emphasis between traditional academic formats and high-
tech media-based solutions. One of the key survey questions asked respondents to identify
the digital learning resources they use most frequently. Multiple choices were allowed, in-
cluding online courses, recorded lectures, gamified platforms, virtual labs, external video
content, and generative Al services (such as ChatGPT-style chatbots).

The aggregated results show the overwhelming prevalence of generative Al tools, with
93% of students reporting regular use. This indicates a significant transformation in the na-
ture of learning interactions, where algorithmically guided dialogue increasingly replaces
traditional forms of knowledge transmission. External video resources (e. g., YouTube) fol-
lowed closely at 88%), highlighting a growing preference for unstructured, short-form, and
visually driven content.

In contrast, traditional academic sources — such as scholarly articles, books, and spe-
cialized academic platforms — were used by less than 1% of respondents, pointing to a
crisis in text-based didactics in the context of information overload. Online courses (23%),
recorded video lectures (20%), and gamified platforms (19%) showed moderate popularity,
suggesting their auxiliary status in the new learning ecosystem. Virtual labs (12%) main-
tained a niche role, mostly within engineering and natural science disciplines.

These findings point to the emergence of a new hierarchy of educational resources,
with generative Al acting not just as a tool, but as a socio-technical mediator and an infra-
structural element of academic socialization. The observed divide between high-tech and
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classical formats reflects what may be interpreted as a digital gap — a tension between insti-
tutionally embedded pedagogical practices and de facto emerging models of self-directed,
technology-mediated learning [ Liang, 2024].

Preferences in text generation tools

The analysis of students’ preferences among generative Al tools revealed the dominance
of ChatGPT (84%) as the primary educational mediator, suggesting the emergence of a
centralized model of technological reliance. DeepSeek attracted notable but significantly
lower attention (55%), often positioned as an academically oriented alternative. Other
tools — such as Perplexity (19%), Claude (16%), and Gemini (10%) — showed more
fragmented usage, while platforms like Phind, HuggingChat, Grok and Bard collectively
accounted for less than 3%, indicating a strong user concentration around a few leading
solutions.

An interesting pattern emerged during data stratification: students specializing in
machine learning or information technologies were more likely to use DeepSeek, while
those from humanities disciplines predominantly preferred ChatGPT. A follow-up survey
showed that the ability to recognize differences between LLM models and their versions was
typically limited to high-performing students within technical fields (such a part of students
is statistically almost indistinguishable).

Choice of supplementary educational platform

Responses to the question “Which digital tool has been most useful for your professional
development?” revealed a clear stratification of preferences. Generative Al systems emerged
asthe top choice (32%, considering variations in phrasing), indicating a shift in the structure
of professional socialization: intelligent agents are becoming a normalized part of students’
everyday cognitive routines. In second place were video content platforms (20%, mostly
YouTube), reflecting a move toward visually fragmented and informal knowledge sources.

Formal educational tools such as online courses (10%) were considered of secondary
importance, trailing behind personalized digital learning paths. Development environments
and coding platforms (10%) were mostly relevant to technically specialized fields. Alternative
Al tools (8%) remained marginal, reinforcing the trend of platform dominance. A small
portion of responses (6%) reflected semantic ambiguity, with students providing unclear
or inconsistent answers — possibly indicating cognitive fragmentation in how the digital
learning environment is perceived.

An evaluation of the perceived impact of digital tools on academic performance
revealed a notable trend: 92% of students reported an improvement, with 53% indicating
a significant improvement. This supports the argument that digital technologies serve not
only as learning aids but also as catalysts for reconfiguring educational trajectories. Neutral
(7%) and negative (1%) responses point to the existence of cognitive, disciplinary, and
normative limitations, which merit further interpretation in the context of digital inequality
and individual adaptation strategies.
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Theoretical Interpretation: Digital Augmentation
and Social Stratification

The findings align with the concept of digital augmentation, where Al tools function as
cognitive extensions that enhance individual capabilities through algorithmic optimization.
This phenomenon manifests in three key ways:

— enhanced cognitive productivity;

— personalized learning trajectories, both in terms of time and content;

— development of meta-competencies for interacting with non-human agents.

At the same time, the presence of a neutral perception (7%) points to latent forms of
digital inequality, expressed through selective access to and assimilation of new technological
modes of learning.

The analysis of how students perceive professional skills gained through digital tools
reveals a strong technocratic bias. Skills such as programming (83%), analytics (70%),
and data handling (51%) dominate over communicative or reflexive competencies like
teamwork (32%). This configuration highlights a structural asymmetry between operational
and social dimensions of professional development. The marginal role of “creative” skills
(1%) suggests an effect of digital reductionism, where emerging technologies reproduce
a narrow range of functional tasks. As a result, a competence gap emerges — reflecting
a mismatch between the instrumental focus of digital environments and the demand for
hybrid, adaptive professionals.

Despite clear cognitive benefits, the widespread adoption of Al is accompanied
by notable sociological risks, including increased vertical stratification, the normative
devaluation of soft skills, and the institutionalization of asymmetrical distribution of
cognitive capital [ Davies, 2020].

When asked whether the presence of digital technologies in universities should be
expanded, 76% of respondents supported further technological transformation of the
educational environment. This indicates a normative acceptance of digitalization as a new
educational standard and reflects a high level of both institutional and everyday adaptation
among students to digital agents. However, 24% of students expressed either neutral or
negative views (split evenly), suggesting the persistence of digital skepticism linked to
overload, distrust in effectiveness, or a perceived loss of control over the learning process.

The results are consistent with previously established patterns of mass technological
integration (93% — the use of Al, 92% — a positive assessment of the impact on learning)
and confirm the request for a reassembly of university practices.

The preference for a hybrid learning model (74%) indicates the institutionalization of
a mixed format as the most legitimate (see fig. 1). The equally low interest in the extreme
formats (completely in person and completely remotely — 12% and 14% respectively)
confirms the crisis of the binary opposition ‘digital vs. tradition’.

In the sociological dimension, this indicates the formation of new educational attitudes
in which digital presence is perceived not as an alternative, but as a necessary element of the
learning environment.

Educational institutions, therefore, face the need to develop not universal, but flexibly
configurable pedagogical modes that take into account the multiplicity of students’ digital
identities.
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Fig. 1. The diagram for the question “Which training format is most effective for you in terms
of gaining real knowledge, skills, and abilities?”

Digital Barriers and Normative Transition: Access, Trust, and Adaptation

One of the most sociologically significant components of the study was the analysis of
difficulties encountered when using digital technologies in higher education. The dominant
barrier (22.7%) relates to institutional access limitations — from technological instability to
geopolitical restrictions. However, a notable proportion (27.3%) reported no difficulties at
all, which may indicate either high levels of digital resilience or superficial engagement with
digital tools.

At the level of cognitive and organizational barriers, three key issues were identified:
epistemic unreliability (10.6%), technical failures (7.6%), and ergonomic challenges
(9.1%). Additional obstacles included instructional gaps (9.1%) and financial constraints
(1.5%). Heterogeneous “other” responses (12.1%) point to the multilayered nature of
digital inequality.

Statistical analysis of students’ self-reported academic performance shows a positive
perception of digital integration: 70% noted significant improvement in their results.
Neutral (24%) and minimal negative responses support the notion of an overall adaptive
digital socialization. Yet, behind this consensus lie latent cognitive burdens and risks of
overload.

Normative Dissonance in Technology-Mediated Learning:
A Sociological Perspective

The empirical data highlight a fundamental socio-cultural paradox in contemporary
higher education, where technological practices and normative expectations coexist in
a state of ongoing tension. The distribution of responses to the question “How often do
you use chatbots to complete graded assignments?” forms a distinctive bimodal curve (see
fig. 2), with a central cluster (“sometimes” — 34%) flanked by zones of intensive (“often” /
“always” — 39%) and limited (“rarely” / “never” — 26%) usage. This distribution closely
mirrors Everett Rogers’ diffusion of innovations model, with 34% representing the early
majority who drive normalization of new technologies.
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Fig. 2. Responses to key questions on the use of chatbots in university control tasks and professional
ethics

A parallel analysis of ethical attitudes (“Do you consider it ethical to use chatbots for
completing graded assignments?”) revealed three competing normative regimes (see fig. 3):

— traditionalist (“absolutely not” / “no” — 21%)

— transitional (“not sure” — 28%)

— innovative (“probably yes” / “definitely yes” — 55%)

This triangulation of value orientations reflects the active renegotiation of academic
norms under the influence of digital practices. Notably, the size of the “not sure” group
nearly mirrors that of occasional chatbot users, suggesting a “buffer zone” of normative
transformation.

A comparison of both distributions reveals a sociologically relevant pattern — the effect
of normative lag, where the widespread adoption of a technological practice (73% reporting
at least moderate use) outpaces the formation of a shared ethical consensus. This dissonance
is especially evident in the contrast between 19% who use chatbots “very often” and only
28% who fully endorse the practice ethically. The gap points to a substantial group of actors
who engage regularly with the technology while experiencing normative conflict.

Using Pierre Bourdieu’s theoretical lens, these results can be interpreted as a struggle
for symbolic capital within the academic field, where chatbots become a tool for navigating
educational demands but are not yet culturally legitimized. The resulting gap between
embodied practices (habitus) and institutional norms creates space for the emergence of
a new type of academic subjectivity — the “digital double”, simultaneously embedded in
digital routines and reflexively negotiating their normative status.

This configuration is of particular interest to the sociology of morality, as it demonstrates
how technological innovations disrupt traditional binary ethical classifications, creating
a complex mosaic of transitional normative states. The observed phenomenon calls for a
reconsideration of classical theories of academic integrity through the lens of distributed
epistemic responsibility in algorithmically mediated environments.
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Fig. 3. Response distribution to the item: “The survey is anonymous; please respond candidly:
Do you consider it ethically permissible to utilize chatbots for completing academic assessment tasks?”

Transformational Shift and the Paradox of Trust:
Digital Competence and the Boundaries of Professional Legitimacy

We are witnessing a phase of transformational shift, in which academic norms and
educational structures are increasingly pressured by the digitalization of everyday learning.
This necessitates a critical rethinking of academic integrity models and the development
of pedagogical strategies that can balance technological realism with sociocultural
responsibility.

The closing section of the study addresses the paradox of trust — specifically, the
perception of digital competence within high-stakes professional contexts. A deliberately
provocative question — “Would it be acceptable to be treated by a doctor who completed
exams with the help of a chatbot?” — was used to explore tensions in the public evaluation
of Al-mediated professional formation.

Results reveal a sharp normative divide:

— 39% of respondents rejected the idea outright, appealing to an ideal of autonomous
knowledge acquisition. This group reflects persistent academic purism and
resistance to the transformation of traditional conceptions of expertise.

— 27.4% were open to such a scenario, often correlating with their own routine use
of Al in learning. This indicates the emergence of a normative bifurcation, splitting
society into technological pragmatists and traditionalists (see fig. 4).

The central phenomenon here is cognitive uncertainty: 32% of students were unable
to give a definitive answer. This reflects a crisis of epistemic trust and institutional
unpreparedness to legitimize new forms of competence construction. Paradoxically, the
widespread use of Al in academic practice (73%) coexists with a widespread refusal to
recognize these tools as legitimate foundations for professional responsibility.

This contradiction stems from a form of cognitive dissonance: individual benefit derived
from Al use is not easily extrapolated to socially critical domains. Theoretically, this relates
to the concept of epistemic responsibility — students’ concerns are less about knowledge
accuracy and more about the erosion of symbolic foundations of trust in professional fields.
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Fig. 4. Response distribution to the item: “Would you find it acceptable to be treated by a medical
professional who utilized a chatbot to prepare for or complete their licensing examinations?”

Practical implications include:

— the development of digital training standards for high-risk professions;

— the creation of new models for competence verification;

— engagement with public perception and normative ambiguity.

In conclusion, we observe a legitimacy gap: technological practices advance faster
than institutional mechanisms of recognition, producing social turbulence in the system
of professional education. This gap demands urgent sociological attention — not only to
manage risk, but to imagine new ethical and epistemological frameworks for digital expertise.

Conclusion

This study highlights the emergence of new sociotechnical regimes within academic
environments, where generative artificial intelligence (Al) is no longer merely a tool for
cognitive support but a transformative force reshaping norms, practices, and identities. The
dominance of Al in students’ educational routines is accompanied by normative tensions
and cognitive uncertainties, revealing a growing disconnect between institutional regulation
and lived academic practices.

Our findings suggest that digital adaptation is unfolding as a fragmented — and at times
conflicting — process, in which technological development outpaces the social mechanisms
needed to interpret and integrate it meaningfully. On a sociological level, this signals a
transformation in the very nature of academic legitimacy, where the boundaries between
autonomous knowledge and algorithmic assistance are becoming increasingly blurred.

Universities, caught in the midst of digital turbulence, now face a dual challenge: not
only to modernize technologically, but also to reimagine the foundations of pedagogical
responsibility and institutional trust. It is no longer sufficient to view Al as an external
supplement; it must be critically embedded into the cultural and normative fabric of higher
education as a legitimate and sustainable element of academic practice.

Our conclusions point to the urgent need for systemic change across three key
dimensions.

1) Normative — through the regulation of Al-assisted academic practices
(Development of codes for the use of Al in the academic environment is needed?).

2) Didactic — through the thoughtful integration of Al tools into curricula and
learning processes (Integration of ethics modules into curricula is needed?).
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3) Social — through the mitigation of digital inequality and enhancement of equitable
access.

Ultimately, the future of higher education will be determined not by the speed of
digitalization, but by society’s ability to institutionalize, legitimize, and critically reflect upon
its consequences. Without such a comprehensive adaptation, universities risk deepening the
gap between technological capacity and cultural acceptance, compromising their role as
ethical and inclusive spaces of knowledge production.
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B Hacrosieil craTbe paccMaTPUBAETCSI COLIMOJOTMYECKOE BIMSITHYE TEHEPATUBHOTO MCKYCCTBEH-
HOTO MHTEJIIEKTa Ha BhICIIee oOpa3oBaHUe, YAeseTcss 0co00e BHUMaHUE ero pojii KakK KOTHU-
TUBHOTO MHCTPYMEHTA M KaTaJM3aTopa WHCTUTYLIMOHAJILHBIX MpeobpaszoBaHnii. OCHOBBIBAsICh Ha
SMITUPUYECKUX TaHHBIX, UCCIICIOBaHME ITOKA3bIBACT MOSIBICHNE MOHOLIEHTPUYECKOIN MOJIETHN TeX~-
HOJIOTMYECKOI 3aBUCUMOCTH, TP KOTOPOI MCITOJIb30BaHKE TeHEPATUBHBIX HEMPOCETEl JTOMUHK-
PYeT B MPEANOYTECHHSIX CTYICHTOB, B TO BpeMsI KaK aJbTepHATUBHEIC TNIATMOPMBI OCTAIOTCS B TCHU.
CrpatnuLIMpOBaHHbBIE MOAEIN UCITOTH30BAHMS TTOTYEPKUBAIOT TUCIUTUIMHAPHBIE Pa3INIMST: CTY-
IIEHTBI-TYMaHUTapUU B OOJbIIEH CTETIEHN TTOJIaraloTCs Ha CUCTEMBI MCKYCCTBEHHOTO MHTEIIICKTA,
B OTJIMYME OT GoJiee pa3HOOOPa3HOTO MHCTPYMEHTAPHS TeX, KTO paboTaeT B TEXHUIECKUX 00JIACTSIX.
ITonyyeHHbIe TaHHBIE YKA3bIBAIOT Ha PacTyIlee MPOTUBOPEUYNE MEXIY ObICTPO pa3BUBAIOIIMMUCS
LMOPOBBIMU TTPAKTUKAMU W OTCTAIOIIMMU WHCTUTYLIMOHATBHBIMUA HOpMaMu. XOTSI OOJIbITMHCTBO
CTYIIEHTOB COOOIIAIOT 00 YIIy4IIeHUU yCIIeBaeMOCTH Ojiaromapsi 00y4eHUIO C ITOMOIIBIO MCKYC-
CTBEHHOT'O MHTEJUIEKTA, MpoLecC IMMPOBOI aganTallii OCTACTCSI HEpaBHOMEPHBIM, OTMEUYEHHBIM
HEePaBEHCTBOM B JOCTYIIE, SIMMCTEMOJIOTUIECKOI HEeOoNpeIeIeHHOCThI0O U HOPMAaTUBHOM amMOuBa-
JICHTHOCTBI0. Bo3HMKaeT mapamokc JOBEpHst: XOTsI MICKYCCTBEHHBIN MHTEJUIEKT IIIMPOKO MCITOIb3Y-
eTCsl B aKaJeMUUECKOM ITPaKTHKe, OH ellle He B TIOJTHOI Mepe ITPU3HaH B KaYeCTBe 3aKOHHOM OCHOBBI
MpodeccuoHaIbHOM KOMITIETEHTHOCTH B 001aCTIX ¢ BRICOKMMHU cTaBKaMu. ONMpasich Ha TEOPETH-
YecKre OCHOBBI, TaKKeE Kak uGpoBoe paciurpenune u reopus [losa Bypabe, aBTOpbI MccienoBaHUS
WHTEPIPETUPYIOT 3TY TMHAMUKY KaK ITOKa3aTe/IM TIEPEXOIHOr0 dTara B aKaIeMUIeCKOM KYIbType.
B Hem 060CcHOBBIBaeTCS HEOOXOIUMOCTD TIEPEOCMBICIIEHNST 00pa30BaTeIbHBIX CTAHAAPTOB M 3TUKU
B CBETE paclpeleICHHOM 3MUCTEMOJOTMUYECKO OTBETCTBEHHOCTH M pa3pabOTKA MHTETPATUBHBIX
CTpaTeTnii, KOTOPHIE YBSI3bIBAIOT TEXHOJIOTMIECKIIE MHHOBAIIMHU C TTeIarOTMUECKUMU 1 OOIIeCTBEH-
HBIMU IIECHHOCTSIMU. B cTaThe memaeTcst BBIBOI O TOM, YTO Oyayliiee BBICIIIET0 00pa30BaHUsI 3aBUCUT
OT MHCTUTYLIMOHAJIBHOM CITOCOOHOCTHU Y3aKOHWUTh U PETYIMPOBATh NCKYCCTBEHHBIN MHTEJUIEKT KaK
KYJABTYPHO YKOPEHUBIIUICS 37IEMEHT OOYJYEeHUSI.

Karouesvie caosa: reHepaTUBHbBIM MCKYCCTBEHHBIN MHTEJUIEKT, MalllMHHOE 0OyuyeHHe, oOpaboTKa
TEKCTa, BeICLIEe 00Pa30BaHUE, COLMOIOTUYECKAsT METOOJIOTHSI, COLIMOJIOTMYECKIE UCCIIEIOBAHMSI.
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HUSI, MTHCTPYMEHTAJIbHBIE CPEICTBA, pa3padoTaHbl KOPIIOPAaTUBHbIE MOJUTUKU, pAMKU YIIPaBJICHUS,
CTaHAAPThl U IOPUANYECKUE HOPMBbI, TIpeIHAa3HAUYCHHbIC IS PEryJMpoBaHus pa3pabOTKU U TpU-
MeHeHwus cucteM M. HelipoTexHoMoTuM, OCyIIECTBIISIONINE COOp 1/ MOIUMUKALINIO JTaHHBIX
0 HEpBHOM cUCTeMe B peaJlbHOM BpeMeHU, Bce yalle mHTerpupyiorcsa ¢ MU, yto obycnaBnuBaer
HEOOXOIMMOCTD YyUyeTa X Crelu(pUIecKUX dTUIeCKUX aciekToB. [TpuHIUmbI, chopMUpOBaHHBIE B
pamkax 3Tuku M, MOTyT npeaocTaBuTh OpUEHTUPHI 15T PEIICHUST STUUECKUX MTPoOJIeM HelpoTex-
HOJIOTUIA, OJHAKO MOCJIEAHUE MOTYT HECTU HOBBIE, 00JIee CJIOKHBIE BbI30BBI, TPEOYIOLINE TOMOJIHN-
TEJIbHOTO U3YYEHMUST U pa3pabOTKKU HOBBIX MTOAXOIOB K UX PEIICHUIO.

Karoueenie caosa: 5T1Ka, UCKYCCTBEHHBIN MHTEJJIEKT, HEHPOTEXHOJIOTMH, OOBSICHUMOCTb, TIPABO-
BBl HOPMBI PETYJIMPOBAaHMUS, STUIECKIE TUIEeMMBI, CIIPaBEIJTMBOCTb, YITpaBIIeHHEe, HelpoIIpaBa.

BBepeHune

BypHoe pa3BuTHe HEWpOTEXHOJOTUI U UCKYCCTBEeHHOTro uHTeuiekra (M) oTkphi-
BaeT Oecrpele/IeHTHbIE BO3MOXHOCTH ISl TpaHC(hOpMAIIu MEIUIIMHBI, 00pa30BaHMS,
HayKU U OBCEAHEBHOM Xu3Hu [ Hassabis et al., 2017; Karpov et al., 2023]. OgHako cTpe-
MUTEJTbHAS MHTETPallNsl 9TUX TEXHOJIOTUI TTIOPOXIAET CIIOXKHBIE ITUIECKIE BHI3OBBI, CBSI-
3aHHBIE C aBTOHOMUEH JIMYHOCTU, KOH(PUICHIINATLHOCTHIO JaHHBIX, CIIPABEITMBOCTHIO
pacripeneieHus IPeMYIIECTB OT UCITOIb30BaHUS TUOPUIHBIX «Heiipo- + MU -TexHom0-
TUii» 1 OTBETCTBEHHOCTHIO 3a IPMHUMaeMble peltieHus [ lenca et al., 2017].

HeiipoTexHonoruu, BKIOYass HeWpoUHTepGhEchl, HEHPOMOMYISLIUIO U HEHPOBU-
3yau3aluio, MO3BOJSIOT HE TOJIBKO JIEUUTh 3a00JIEBAaHUSI, HO U YCUJIMBATh KOTHUTUB-
HbIE CITOCOOHOCTH, U3MEHSISI caMy TIPUPOJY YesIoBeuecKoro MuluieHus [ Kellmeyer et al.,
2018]. B to xe Bpemst U, ocobeHHO reHepaTUBHBIE MOJIECJIN, AKTUBHO BTOpPraeTcs B cde-
pbI TBOpPUYECTBA, 00PA30BAaHMS U IPUHSITUSI PEIIICHUI, CTUPAst TPAHUIIBI MEXIY pPeaTbHBIM
U UCKYCCTBEHHBIM | Mittelstadt et al., 2016; Floridi et al., 2018; Battista, 2020]. Cuneprust
9TUX TEXHOJIOTUI CITOCOOHA TIPUBECTU K CO3MaHUIO TUOPUIHBIX MHTEIJIEKTYaTbHBIX CH-
CTeM, HO OTHOBPEMEHHO YCWIMBAET PUCKU MAHUIYJISIIIUA CO3ZHAHUEM, IIM(MPOBOTO He-
paBEeHCTBA M YTpaThl 4ejoBeueckoi umeHTuuyHOCTH. COBpeMEeHHbIE TEHIEHIINHU, TaKKe
KaK pacripocTpaHEHUWE «YMHOU cpelibl» U TuOpuan3anus hbu3ndeckoin u nudpoBoii pe-
anbHOCTH | DPuaunnosa, 2021; Lecomte, 2023], pa3BuTie KOTOPHIX HeBO3MOXHO 6e3 MU n
HEMPOTEXHOJIOTHI, TTOMIEPKUBAIOT HEOOXOMUMOCTh BCECTOPOHHETO aHaIN3a ATUUECKUX,
COIMAILHBIX U IOPUAMYECKUX BOTIPOCOB, CBSI3AHHBIX C OTUMU TEXHOJOTUSIMU. TOIBKO
orepesxalolee perympoBaHre M MEXIUCIUTIIMHAPHOE COTPYTHUYECTBO TTO3BOJISIT MU~
HUMU3UPOBATh PUCKU M O0ECTIEYNTh OTBETCTBEHHOE MCITOJIb30BaHE HEWPOTEXHOIOTUI
u U B uHTepecax ob1lecTsna.

[ToatomMy B JaHHOU CTaThe UCCIEAYIOTCS KIIIOUEBbIE ATUYECKUE JUIEMMbI, BO3HUKA-
Iollle Ha CThIKe HelporexHosoruit u MW, u mpemiaraioTcsi HOBblE TTOIXOMABI K UX CO-
rmacoBaHunio. Ocoboe BHUMaHUE yAeNseTcs pa3paboTKe MEXTUCHUIUIMHAPHBIX 3TUYe-
CKMX paMOK, 00eCIeuYnBaIONINX OTBETCTBEHHOE M COIMATbHO OPUEHTUPOBAHHOE Pa3BU-
THE 3TUX TEXHOJIOTUI. B yCIOBUSAX OTCYTCTBUS TJI00ATBHBIX PETYISITOPHBIX CTAaHIAPTOB,
nono6Hbix nHUIMaTUBaM FOHECKO B o6Giact HeiposTuKH', 0COOYI0 aKTyaJbHOCTb

' UNESCO. 3tuueckue acrniektsl HeliporexHosornii: KOHECKO HazHaumia MexXIyHapoIHyIo
TPYITITYy 3KCIEPTOB ISl pa3paboTku pekomeHmarmii. 2021. Pexkum moctyma: https://www.unesco.
org/ru/articles/eticheskie-aspekty-neyrotekhnologiy-yunesko-naznachila-mezhdunarodnuyu-
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npuodpeTaeT orepexkalroiiee peryJMpoBaHue pa3BuTus HeilporexHosnoruii 1 MU, ocHo-
BaHHOE Ha MPUHIIMIIAX MTPO3PavyHOCTH, NMHKIIIO3UBHOCTH M 3alIUTHI (PyHIAMEHTAIBHBIX
mpaB 4esioBeka. CorjlacoBaHWe 3TUYECKUX TTPUHITUITOB C TEXHOJOTMYECKUM TTPOTPECCOM
CTAaHOBUTCS HACYIIHOW 3afavyeil misg obecrieueHusi 0Jaronoaydyusi U CrpaBeJIMuBOCTA B
obiectse [Ruiz et al., 2024].

Llenb paboThl — HE TOJBKO 00O3HAUYMTH CYIIECTBYIOIIME PUCKU, HO U MPEIIOKUTH
IyTH TApMOHM3ALIMM TEXHOJIOTMYECKOTO Mporpecca ¢ 3TUYECKUMM IIEHHOCTSIMU, YTOOBI
COBMECTHOE pa3BuUTHe HeiporexHosoruit 1 MU cioyxuino mHTepecam Bcero ooOliecTna,
a He YCYTyOJIsJIO CYLIECTBYIOIIME COLMATbHBIE Pa3PbIBbI.

OTMeTHM, UYTO OOBIYHO 3TUYECKKEe TTpobiaeMbl MU 1 HElipOTeXHOIOTUI paccMaTpu-
BaloOTCs OTAENbHO. B psime mocienHux paboT B 9TOM HaIlpaBJIeHUU aBTOPHI OCTaHABIM-
BaJIMCh Ha BOIIPOCAX MePeCeUeHUsT ITUUECKUX BOIIPOCOB, KoTophie cTaBaT MU u Helipo-
TexHosioruu [Robinson et al, 2022; Sample et al, 2021; Savage, 2019; Illes, 2017]. B uentpe
BHUMaHMSI TaHHOM CTaTbU HAaXOAMTCS Mpoliecc Koapomounu M u HeipoTeXHOIOTHIA.
HccnenoBaHue CTaBUT niepen cO00 3amauy MpoaHaIM3uPOBaTh KOMILIEKC 9TUYECKUX BbI-
30BOB, BO3HUKAIOIIMX B Pe3yJIbTaTe UX MHTErpalvu, U chOpMyJIUpPOBaTh KOHIIEIITYa b~
HbIE MOAXOIbI, HAMPABJIECHHbIC Ha 00eCIeYeHEe COLMATBHO OTBETCTBEHHOTO Pa3BUTHS
ATOI TEXHOJOTUYECKOI Cephl.

Metoponorua uccnepoBaHus

B manHoli paboTe st KOMIUIEKCHOTO aHalu3a U COMOCTABIEHUS STUYECKUX aCTeK-
TOB peryaupoBaHus MW u HeHpOTEeXHOJOTUIN BBIOPAH MEXAUCUUIIMHAPHBIA TTOAXO,
MO3BOJISIIONINI yU4eCTh KaK TEXHUYECKUE, TaK U COLIMATIbHO-TIPABOBbIE U3MEPEHUS pac-
cMmaTpuBaeMbIx nmpoodsiem. McciaenoBaHue onupaeTcss HA CUHTE3 KaUeCTBEHHOTO aHAIN-
3a CYILECTBYIOIINX HOPMATUBHBIX TOKYMEHTOB, HAYYHOU JIUTEPATYPhl U AHATUTUYECKUX
0030poB B cdhepe 3Tuk MM u HelipoTeXHOIOTHiA, a TaKKe HA CPABHUTEJIbHBIN TPaBOBOM
aHAJIN3.

CpaBHUTENbHBIN aHAIU3 PETYJIUPOBAHUS MPOBEIEH Ha MPUMEpPE CTPAH, UTPAIOIIUX
BEyIIYIO pojib B opMUpPOBaHUU I1o0anbHbIX cTaHAapToB: Kutas, EC, CIIIA u Poccuu.
Bo160p 3THX 10pUcauKIMi 00YCIOBIEH UX aKTUBHOU 3aKOHONATENBbHOUN AEeSTETbHOCTBIO
B chepe MU, BHeApeHUEM HEWPOTEXHOJOTUI B MEAULIMHY U IpYrue o0JacTh, a TakxkKe
pa3sHooOpa3reM MoOIENe PEryJIupOBaHUS — OT XKECTKUX HOPM 10 TUOKMX «pPEeryiasiTop-
HBIX MecoyHull». KpoMe Toro, BEIOOP CTpaH pacuiupsieTcss mpumepamu u3 JlaTmHCKOM
AMepuku, TakuMu Kak KomymOuss u ApreHTuHa, 4To MO3BOJSIET OTPA3UTh Pa3HOOOpa-
31€ MOIXOAO0B K 3aKOHOMATEIbHOMY O0ECTIEYEHUIO U BHEAPEHUIO MPUHIIUIIOB 3TUKU B
Pa3HbIX COLUUOKYJIBTYPHBIX U MHCTUTYLIMOHAJIBHBIX KOHTEKCTax. Takoil BEIOOp 060CHO-
BaH aKTYaJIbHOCTBIO MU HOBU3HOW MPEMJIOKEHHBIX UMW 3aKOHOMATEJbHBIX UHUIIMATUB,
a TaKXe XeJaHUEeM IMPOJAEMOHCTPUPOBATh BAPUATUBHOCTh METOJOB PETYJIUPOBAHUS, OT
OPUEHTUPOBAHHBIX HA PUCK-MEHEIKMEHT 10 OCHOBAHHBIX Ha MpaBax 4yesioBeka. DTO Mo-
3BOJIUJIO BBIACJIUTH OOIIIME 3aKOHOMEPHOCTU U HAILIMOHAJIbHBIE OCOOEHHOCTH B TIOAXOE K
3TUYECKUM BBI30BaM.

gruppu-ekspertov-dlya](https://www.unesco.org/ru/articles/eticheskie-aspekty-neyrotekhnologiy-
yunesko-naznachila-mezhdunarodnuyu-gruppu (n1arta oopamerus: 28.01.2025).
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MeTonooruyeck ucclieqoBaHue 0a3upyercsl Ha KPUTUYECKOM CPaBHUTEIbLHOM
aHajM3e, MO3BOJISIIOLIEM BBISIBUTh OOLIME TEHASHIIMU U YHUKAJbHbIE YEPTHI B MOAX0JaX K
perynupoBanuio MU u HeliporexHosoruii. Ocoboe BHUMaHUe yaeasIeTCs aHaIU3y dTUYe-
CKUX MPUHIIUITOB U MPAKTUK WX PeaIM3alliU B TPABOBBIX AKTaX, YTO CIIYXKUT OCHOBAaHUEM
ISl TOCTPOEHUSI PEKOMEHIALMI 0 MHTerpaluy TEXHOJIOTUIN C yYeTOM UX COLMATbHBIX
U TYMaHMTapHbIX MOCAEACTBUN. 19 CTPyKTYpUPOBAHUSI 3TUYECKUX MPOOJEeM MCIOJb-
30BaHa KjacCU(UKaILMS PUCKOB IO KaTeropusiM, BKJIOYasi MPeaB3sITOCTh aJrOPUTMOB,
yIpo3bl KOHQUACHIUATLHOCTU AAHHBIX, aBTOHOMUIO JIMYHOCTU M 3K3UCTEHIUATbHbIC
pucku. Kaxnas kareropusi mpoaHaJM3upoBaHa yepe3 MPU3My COLMAIbHBIX, IOpUINYE-
CKMX U TEXHOJOTMYECKUX MOCIEACTBUIA, UTO 00ECIIeUnIo0 KOMIJIEKCHOCTh olieHKU. [Tpu-
HSITUE UMEHHO TaKOTO MEXIUCUMIIMHAPHOTO U CPaBHUTEBHOTO MOAX0/a MTO3BOJISIET He
TOJIBKO CUCTEMATU3UPOBATh CYILECTBYIOLIME 3HAHUS, HO U BBISIBUTD MPOOEJIbI B TEKYILIUX
MpakTUKaX PeryJupoBaHUs, UTO OCOOEHHO BaXKHO B KOHTEKCTE CTPEMUTEILHOTO pa3BU-
TUSI U MHTETpaLuM HelpoTexHoJoruii ¢ MU.

Pa3zpaboTka pekoMeHIalMii OCHOBBIBAJIACh HA CUHTE3€ IPAaBOBBIX, TEXHUYECKUX U
9TUYECKUX pellleHui. PaccMOTpeHbl TPUHIUIT-OPUEHTUPOBAHHbBIE MOAXObI (ITUYECKUE
KOIEKCHhI), MOJEI, OCHOBaHHbIE Ha OLIEHKE PUCKOB, W MPaBOLIEHTPUYHbIE CTpaTEruu,
HaIpaBJeHHbIC Ha 3allUTy HeWporpaB. YUTEeHbl MO3ULIMK KIIOUEBbIX CTEMKXOJIEPOB —
OT pa3pabOTUYMKOB TEXHOJOTUI A0 MPeACTaBUTEEH YI3BUMbBIX TPYIII, UTO MOAYEPKHUBAET
COLIMAJIbHYIO OPUEHTUPOBAHHOCTh UCCIEAOBAHUSI.

CoBpeMeHHOE COCTOAHME U COBMECTHOE pa3BMTUE HEMPOTEXHOJIOTUN
M UCKYCCTBEHHOI0 MHTENNEKTa

Heiiporexnonorun u MU ceronHst npeacTaBisiioT coO0i ABe B3aMMOAOMNOJHSIONIE
00J1aCcTH, CTPEMUTEJIbHOE PA3BUTHUE KOTOPBHIX OTKPHIBAET HOBbIE TOPU3OHTHI B U3YYEHUU
MO3ra, MeIUIUHE, peabIuTalui U KOTHUTUBHOM yCUJIeHUU YyenoBeka. HelipoTexHomno-
MU, BKJIIOYas HEMpOBU3YyaIM3alMI0, HEMPOUHTEPMENCH U HEMPOMOAYSILIUIO, TO3BOJISI-
0T PErMCTPUPOBATh AKTUBHOCTh MO3Tra 1 BJIUSITh Ha Hee, B TO BpeMsi Kak MU, ocobeHHO
Onarogapsi MeToJaM TJyOOKOro oOydyeHusi, obecreuyrBaeT MOIIHbIE UHCTPYMEHTBI ISt
aHaJIU3a CJIOXHBIX HEMPOHHBIX TAHHBIX U CO3AaHUS afalTUBHBIX CUCTEM.

OnHuM U3 Haubosiee MEPCIEKTUBHBIX HAIMPABICHUI CUHEPTUU SIBJISIETCSI Pa3BUTHE
uHTepdeiicoB «<Mo3r — KommbioTep» (MMK), rme anroputMbl MallIMHHOTO OOYyYeHUSI
UTparoT KJIOYEBYIO POJIb B IEKOJMPOBAHUU HEUPOHHBIX cCUTHANOB [ Hramov et al., 2021].
CospemenHble UMK, kak MHBa3uBHbIEC, TAK 1 HEMHBA3UBHbBIE, YK€ MPUMEHSIIOTCS IS
BOCCTAHOBJICHUSI BUTATEIbHBIX (DYHKIMIA y MALIMEHTOB IMOCJE WHCYJbTa, YIPaBICHUS
MPOTE3aMU U 1aXe KOMMYHUKALUU TPU TsKenbix hopMax napaniuda. MU mosbliaet Tou-
HOCTb UHTEPIpeTallui HeHPOIaHHbIX, TO3BOJISIS aJalITUPOBATh CUCTEMBI O] UHAWBULY-
ajibHble 0COOEHHOCTHU MoJib3oBaTeneil. Hanpumep, couetanue UMK c reHepaTuBHbIMU
MonensiMu MU oTKpbIBaeT BOZMOXHOCTU [IJIs1 00Jiee eCTEeCTBEHHOTO B3aUMOMIEUCTBUS C
BHEIIHUMM YCTPOMUCTBAMU, TAKUMU KaK 9K30CKEJIEThl WJIM CUCTEMbI BUPTYaIbHOI peasib-
HOCTH.

JpyruM BaxXHbIM aCMIEKTOM KOIBOIIOLIMU TUX TEXHOJIOTUIA SIBJISIETCS UCTIOIb30BaHUE
WU g ananu3za nanHbix HeiipoBusyanusauuu (GMPT, O30T, marHutosHuedanorpadus
U T. 1.). [nybokue HepOHHbBIE CETU CITOCOOHBI BBISIBJISITh CKPBIThIE MATTEPHbI, CBSI3aH-
HbI€ C HEHpOAereHepaTUBHBIMU 3a00JIEBAHUSIMU, TICUXUYECKUMU PACCTPOUCTBAMU WU
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KOTHUTMBHBIMU TIPOLIECCAMM, YTO CITIOCOOCTBYET PaHHEW MUAarHOCTUKE W MepCOHATU3M-
poBaHHoi1 Tepanuu [ Topol, 2019; Kapnos u dp., 2022]. B cBoto ouepeab, HeilpoOMoI0-
rMYecKre MCCIeIOBaHMS BIOXHOBIISIOT apXuTeKTypbl M: cBepTOUYHBIE CETH BO3HUKIIU
MO/ BAUSIHUEM MTPUHLIMIIOB 00pabOTKMU 3puTebHOI MHMopMmaLuu B Mo3re [LeCun et al.,
1998], a HoBBIe Moaenu, Takue Kak Titans ot Google Research, UMUTUPYIOT MEXaHU3MbI
yeJioBeuecKoii nmamstu | Behrouz et al., 2024].

OmHakKo CTPEeMUTENIbHOE pa3BUTHE M WHTErpalMsl 3TUX TEXHOJIOTMI ITOPOXKIAIOT
Cepbe3HbIe BOIIPOCH 3TUYECKOTO M MTPaBOBOTO Xapakrepa. Ocodyio 03a004eHHOCTh BbI-
3bIBACT OTCYTCTBUE YETKUX PETYJISITOPHBIX MEXaHM3MOB, CITOCOOHBIX 3(P(HEKTUBHO KOH-
TPOJIMPOBATh 3TY IMHAMUYIHO pa3BUBAIOIIyIOCs cepy.

IlepBblii KITIOYEBOI PUCK CBSI3aH ¢ KOMMEPYECKUM MCITOJIb30BaHUEM HEeMpOTaHHBIX.
Koprnopatmu, mojydasi OCTYIT K MH(pOPMAaIIM1 0 MO3TOBOI aKTUBHOCTH 4Yepe3 CIielua-
JIM3UPOBAHHBIE YCTPOMCTBA, MOTYT BBISIBJISITh HEIIPOOMOJIOTMYECKIE MapKePhl, OTpakalo-
M€ MPEAOYTEHUS Y 9MOIIMOHAIbHBIE peaKIIMK MToyib3oBaTeseil. [1IomoOHbIe TaHHbIE OT-
KPBIBAIOT BO3MOXXHOCTH IIJIST CKPBITOIO MAaHUITYJIMPOBAHUS TTOTPEOUTEITECKIM BHIOOPOM
B MapKETUHTOBBIX LIEJISIX. DTa IMTpaKTHUKa CTABUT TOJ YIpo3y 6a30BbIe IIPUHIIUITHI ITPUBAT-
HOCTH, CO3/1aBasi MPELeACHTHI ISl BMEIIATeIbCTBA B JIUYHYIO chepy U MOTEHIIMAIBHOTO
3JI0YITOTpeOIeHNsT KOH(MUIEHIIMaIbHOM MH(pOpMaIleil Ha YpOBHE KaK OTAEIbHBIX JIMII,
Tak 1 o01ecTBa B LiejioM [ Luna-Nevarez, 2021; Stanton et al., 2017].

Bropoii cymiecTBeHHOI MpoOaeMOil CTAHOBUTCS YCUJIEHUE COLIMAIbHOU cTpaTudu-
Kanuu. BrIcoKast cTOMMOCTh COBPEMEHHBIX HEMPOTEXHOJOTMUECKHMX PEINCHMI, TaKuX
KaK CUCTeMBI KOTHUTUBHOM KOPPEKIINY WIJIN HEMPOpeaOUTUTAILINN, MOKET IPUBECTH K MX
JOCTYITHOCTH MCKJTIOUMTEILHO JUTSI 00€CTIeUeHHBIX CJIOEB HAaCeIeHUsI. DTO CIIOCOOHO yCy-
TyOUTB CYIIECTBYIOIIEEe HEPAaBEeHCTBO, CO3MaBast HOBBIM BUI LIM(DPOBOTO pa3pbiBa — «HEM-
pOpPa3pbIB», KOTOPBI MTPOSIBUTCS Ha TIIO0AJIbBHOM, HAITMOHAJILHOM U JIOKAJIbBHOM YPOBHSIX
[lenca et al., 2017; Goering et al., 2016].

Hecmotpst Ha OrpOMHBIN MOTEHIIMA COBMECTHOTO NTPUMEHEHUSI HEPOTEXHOIOT Ui
n MM B MeguunHe, KOTHUTUBHOM YCWJICHUW W YJIYYIICHWUN KayecTBa KU3HU, CTPEMHU-
TEJIbHOE PA3BUTHE ITUX TEXHOJIOTMI TpeOyeT TINATeJbHOTO aHajin3a COITYTCTBYIOIIMX
MOpaJIbHBIX AwieMM. B mociemyromux pasmenax OyaeT MpeAcTaBlieH NeTadbHbIA 0030p
ATUYECKMX ACIEKTOB, BOZHMKAIOIIIMX B ITpoIlecce pa3paboTKU U BHEIPEHUS HEMPOTEXHO-
JIOTMUYecKuX peuieHuit Ha 6aze MN.

3TyecKue BbI3OBbI U COLMANbHbIE AnNnemMMmbl pa3sutusa UU
M HEMPOTEXHOJIOTUM

Pa3Butue HeiiporexHosoruit 1 M mpencrapisieT co00Oil He TOJBKO TEXHOJIOTMYE-
CKYIO PEBOJIIOINIO, HO U UCTOYHUK TIIyOOKMX 3TUYECKUX M COLMATbHBIX IUJIEMM, KOTO-
pble TPEOYIOT TIIATEILHOIO aHAIU3a U MPopadoTKu [Savage, 2019]. DTu BbI30BbI 3aTparu-
BalOT (pyHIaMEeHTAJIbHBIE IIEHHOCTH — aBTOHOMMIO JIMYHOCTH, CITPaBEIIMBOCTb, KOH(MU-
JEHIIMAJIBHOCTD U MpaBa YejioBeKa — 1 TPEOYIOT KOOPAMHAIIMM YCUITUIA MCCTIeoBaTelei,
rocyJaapcTba u o0IIecTBa.

OJIHUM U3 KJIIOYEBBIX BOITPOCOB SIBJISIETCS TpO0aeMa npede3smocmu U OUCKPUMUHAUUU
[Mehrabi et al., 2021]. AITOpUTMUYECKHE CUCTEMbI, OCHOBAaHHbIE HA O0OYYEHUU Ha 00JIb-
X MacCUBax JaHHBIX, MOTYT BOCIIPOM3BOIUTH M YCUJIMBATh CYIIECTBYIOIIUE COIAATb-
HbIE CTepeOTUIIb. Eciu B TpaIMIITMOHHBIX 00J1ACTSIX TO MIPOSIBIISIETCSI B HEBEPHBIX pele-
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HUSX MPU OTOOpE MepcoHaia Wiu npeaoctapieHun duHaHcoBbIX yeayr [Caliskan et al.,
2017], To uHTerpamus ¢ HeMPOTEXHOJOTUSIMU HECET PUCK TUCKPUMUHALUU HA OCHOBA-
HUU HEWPOTICUXOJIOTMYECKHX XapaKTePUCTUK JIMYHOCTH, KOTOPbIE CaMU T10 cebe KpaitHe
YYBCTBUTEIbHBI K MHTEpIpeTalini. OQHO 13 KIIIOYEBbIX ITPO0JIeM 0CTAeTCsI HEPaBEHCTBO
B IocTyre K uudpoBoit Meauiiuue |Kapnos u dp., 2022]. HecMoTpst Ha akTUBHOE BHE-
npenve MU 1 HeiipoTeXHOJIOTHiI B TMarHOCTUKY U JIeYeHWE, UX JOCTYITHOCTb 3aBUCUT OT
YPOBHS J0X0/a, CTPAXOBOT'O MOKPBITUS U Teorpacuyeckoro MojaoxeHus. To ycyryosser
pa3pbIB B KAUECTBE MEIUIIMHCKOM TTOMOIIIM, OCTaBJIsIsl YSI3BUMBbIEC TPYIIIIBI 0€3 COBPEMEH -
HBIX TEXHOJIOTUA.

Crenyolmuii KpyIHbI OJIOK PUCKOB CBSI3aH C HMPO3PAYHOCMBIO U 006SCHUMOCHIBIO
mexnonoeuti. B To BpeMst kKak U pyHKIIMOHUPYET KaK «4epHBIA SIIUMK» TPpU 00padboT-
Ke CJIOXXHBIX JaHHBIX [ Dwivedi et al., 2023], HelipOTeXHOJOTMYECKKE BMEIIATEIbCTBRA eIle
MEeHee MOHSTHBI B IJIaHe JOJITOCPOYHOTO BJIMSIHUSI Ha TICUXUKY desoBeKa. OTcyTcTBHE
YETKOI OOBSICHUMOCTH CHIKAET JOBEpHUE TTOIb30BaTeIell 1 MOXET MOIPhIBaTh COIUAIb-
HYIO JISTUTUMHOCTD BHEIPSIEMbIX CCTEM Ha OCHOBE HEMPOTEXHOJIOTHIA.

He mMeHee 3HaUMMBI BOIIPOCHI KOH@GUOIeHUUarbHOCMU U KOHMPOAs Had daHHbiMuU. B oT-
JIMYME OT KJIacCUIeCKUX MG POBBIX TaHHBIX, HEMPOTaHHbBIE MOTYT MPEACTABIISATh ITPSIMOE
OTpaXeHNe KOTHUTUBHBIX MPOLIECCOB U MCUXUYECKUX cocTostHUM. MIX coop 1 06paboTka
OTKPBIBAIOT BO3MOXXHOCTHU HE TOJIBKO JIJISI METUITUHCKON TUAarHOCTUKM, HO M JUTsI TIPOH -
JIMPOBAaHMS IMIHOCTH, YTO CTABUT TIOJ YIPO3y IPaBO YeJOoBeKa Ha MEHTAJIbHYIO HEIpH-
KOCHOBEHHOCTb Y KOHTPOJIb HajJl BHYTPEHHUM MHUPOM. PHCKM BKITIOYAIOT HECAHKIIMOHM -
POBaHHBII TOCTYT, UCIOJIb30BaHNE HEWPOJAHHBIX Ul AMCKPUMUHALIMY (HalIpUMep, Py
HaiiMe MM CTpaxOBaHWM), MAHUITYJIMPOBaHUE MMOBEACHUEM W HapylleHUe TPUBAaTHOCTH
[ Yuste et al., 2017]. B cBsI3u ¢ 3TUM B Hay4HOI JIUTEpaType BCe yallle 00CyKaaeTcsl He00-
XOJMMOCTb BBEICHUS CIIELIMATIbHBIX «Heiponpas» [lenca et al., 2017], rapaHTUPYIOIIUX
3alIUTY CYOBEKTUBHOM chephl.

OTaeabHBIA TJIACT MPOOJIEM CBSI3aH C agmoHoMuell u azenmuocmoio 4esosexa. Eciu
WU Bo3aeiicTByeT cKopee OMocpeIoBaHHO — Yepe3 alTOPUTMUYECKUE PEIIeHUS U PeKO-
MEHIALNU, — TO HEMPOTEXHOJIOTMH CITOCOOHBI HATIPSIMYIO BMEIITMBATHCSI B HEPBHBIE ITPO-
11€CChl U UBMEHSITh KOTHUTUBHBIE MJIM SMOIIMOHAIbHBIE COCTOSTHUSI CyObekTa. Bo3sHUKaeT
JIAJIEeMMa: T/Ie TIPOXOAMT TpaHMIla AOIMYCTUMOCTHA BMEIIATeIbCTBA B CO3HAHME YeIOBEKa
M KaK 00ecrneunTh 0ajaHC MeXIy TO0JIb30i (HampruMep, BOCCTAHOBJICHUEM YTPadyeHHBIX
GYHKIMI) 1 prucKamMuy TOTEPU aBTOHOMMU?

3HaunTENbHOE BHUMAHWE YAEISIETCS U BOIIPOCY CNPagedauso20 00CMyna Kk HoGbIM mex-
Hono2usm. YXe CerofHsi CTOMMOCTb MePeAOBbIX MEAMIIMHCKUX HEHPOUHTEPGhENCcCOB WU
cucteM Ha 6aze MU penaeT Mx MOCTYMHBIMU JIMIIIh OTPAHUICHHOMY KPYTY ITOJTh30BaTe-
Jieil. B mepcriekTrBe 3TO COCOOHO MPUBECTU K YCUJICHUIO COLMAIbBHOTO HEPaBEHCTBA:
pasnesieHnIo o0IIeCTBa Ha IPYIIIbI, MEIOIIUE TOCTYN K KOTHUTUBHOMY YCUJICHUIO, U T€,
KOTOPBIE OCTAIOTCS «IT0 IPYIYI0 CTOPOHY TEXHOJOTMYECKOTro Oapbepar.

PazButne MM u HeiipoTeXHOIOTHIT JOKHO YIUTHIBATh MX BIUSTHUE Ha ghusuueckoe
U ncuxuueckoe 0Oaazonoayque noav3oeameseti, BKIIOYAsl 300POBbE, OE30MACHOCTh, KOM-
dopT 1 couMaTbHO-3KOJOrMYeckre acrnekThl. CorimacHo XeIbCUHKCKON NneKaapauuu
BceMupHOIi MEIUIIMHCKOM accolanuu «PekoMeHmauu isl Bpaveil, 3aHUMalOIIUXCst
OMOMEIUIIMHCKUMMU UCCIeNOBAaHUSIMU C yyacTheM goneit» (2000 r.), mpuMeHeHue TaK1X
TEXHOJIOTUI TpeOyeT MH(MOPMUPOBAHHOTO COTJIACHS, 3alllUThl HEMPOMTaHHBIX U COOJIIO-
JIEHWST TIPUHIIAIIOB aBTOHOMUU, KOHMUACHIMATLHOCTU U Oe3omacHOCTH. [JocTiKeHue
0J1aronoJIydrsi BO3MOXKHO JIMIIB TTPU 00eCIIeYeHUH MPO3PavYHOCTH, OTBETCTBEHHOCTH U
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3allMUTHI TPaB MOJIb30BaTe/ e, MOCKOJIBKY 3TUUECKUE aCIeKThl HATIPSIMYIO CBSI3aHBI C 0€3-
OMaCcHOCTBIO U KAU€CTBOM >KU3HU.

Hakonel, ciienyeTt BBIAETUTD coyuanbHble U Hopmamuehvle ouremmol. Unterpaus MU
1 HEHPOTEXHOJIOTUI HEe TOJBKO TpaHC(HOPMUPYET UHAWBUAYAJIbHBIN OIBIT, HO U BIUSET
Ha OOIIECTBO U MHCTUTYThI B LIEJOM: OT MPAKTUK LHUPPOBOTo MpohUIMPOBaHUS U MaHU-
MYJISUUU O0IIECTBEHHBIM MHEHHUEM JI0 BOIIPOCOB KOEepOe30MacHOCTU 1 UCTIOJIb30BaHUS
TaKUX TEXHOJOTUI B BoeHHOI cepe. [1pu orcyTcTBUY 3(h(HEeKTUBHBIX 3aKOHOIATEIbHbIX
MEXaHU3MOB peryJupoBaHus €CTh PUCK CTUXUITHOTO pa3BUTHS pbIHKA, TIe KOMMepLra-
JIM3aums OyaeT mpeoodaaaaTh Haa TUYECKUMMU OTPaHUUECHUSIMU.

Takum obpa3oM, aHaJIM3 MOKa3bIBAET, YTO ITUUECKUE MPOOIEMbl MPU KOIBOJIOLMNHU
MW v HelipOTEeXHOMOTUI BBIXOAST NaJIEKO 3a paMKU TPaIULIMOHHBIX IUCKYCCUI O HaaeX-
HOCTU U OGe3ormacHocTU. Peub naeT o BbI3oBax LIMBWIM3ALIMOHHOIO MaclluTaba, 3aTparu-
BaIOIMX TpaBa YeJoBeKa, COLMAIbHYIO CIPAaBEIIMBOCTh U CAMO TTIOHMMaHUE YeJoBeye-
cKoil upneHTUYHocTU. VX pelieHrMe BO3MOXHO JIMIIb MyTeM Pa3pabOTKU KOMILJIEKCHBIX
MOJAXOIOB, BKJIIOYAIOIIUX MTPABOBbIE HOBALIMU, MHTEPHALIMOHATILHOE COTPYIHUUYECTBO U
OTBETCTBEHHOE MPOEKTUPOBAHUE TEXHOJIOTHIA.

Mopxopabl K perynupoBaHuio U u HenpoTexHonorumn
M CpaBHUTE/NIbHbIE BbIBOJAbI

CoBpeMeHHas OJIMTUKA PEeTyIupoBaHus UCKyccTBeHHOro uHTesutekta (M) u Heii-
POTEXHOJIOTUI pa3BUBAETCS MO IBYM OCHOBHBIM TpaeKToOpusM. [lepeas mpaekmopus —
PUCKOPUEHTUPOBAHHAs, MpeaycMaTpuBaolias KjlacCUuMUKAILIMIO TEXHOJIOTUIA TIO YPOBHIO
MOTEHMAJIBHOTO BpeJia U YyCTAHOBJIEHUE COOTBETCTBYIOIIMX 00S13aTEJIbCTB IJIsI KaXKIOn
KaTeropuu. Bmopas mpaekmopus 6azupyeTcst Ha 3aiuTe (GyHIAMEHTAJIbHBIX MTPaB 4eo-
BeKa, KOTOPbIE JOKHbBI COOTIOAATHCS HE3aBUCUMO OT OLIEHKU PUCKOB.

EBporneiickuii coro3 SIBISIETCS IPKUM MPUMEPOM peanu3allii PUCKOPUEHTUPOBAH-
Horo noaxona. CornacHo npuHsTomy B 2024 1. 3akoHy 06 MM, HopmatuBHOMY akTy EC
006 U, npunstomy EBponeiickum napiamentom 13 mapta 2024 r. u onoopeHHomy Co-
BetoM EC 21 mas 2024 1., cucTeMbl MTOAPA3AESIOTCS Ha YPOBHU PUCKA?: «HETIPUEMIIeMbI i
pUCK» 3alpelleH K UCMOJb30BaHUIO (HAlpuMep, MaccoBasi OMoMeTpuiecKast UIECHTU-
(bukaius B pealbHOM BPEMEHU B OOILIECTBEHHBIX MECTAX), CUCTEMbI «BbICOKOTO PUCKa»
MOJJIeXaT CTPOTOMY PETYJIMPOBAHUIO — C TPEOOBAHUSIMU K YIIPABJICHUIO JAHHBIMU, T€X-
HUYECKON JOKYMEHTALIMU, TPO3PAYHOCTH, YEJIOBEYECKOMY HA30py U KubepOe3onacHo-
cTU. 1151 «<HU3KOPUCKOBBIX» CUCTEM YCTAHOBJIEHBI MUHUMAJIbHbIE TPEOOBAHUSI, BKJIIOYAST
00513aTeIbCTBO UH(POPMUPOBATH MOJIb30BaTeNel 0 B3aumoaeiicTsuu ¢ MU u MapkupoBKy
coznaBaeMoro TakuM MM koHTeHTa.

3HauYMMYIO POJIb B €BPOIEICKOI MPaBOBOW apXUTEKType UTpaeT Takxke PerinameHT o
samute naHHbIX (General Data Protection Regulation, GDPR)?, kotopslit perynupyer
ABTOMATU3MPOBAHHYIO 00PA0OTKY MEePCOHANBHBIX JAHHBIX, BKIOYask MPOOUIMPOBAHUE.

2 World’s First Major Law for Artificial Intelligence Gets Final EU Green Light // CNBC. 2024.
Avaialable at: https://www.cnbc.com/2024,/05/21/worlds-first-major-law-for-artificial-intelligence-
gets-final-eu-green-light.html (date accessed: 27.01.2025).

3 General Data Protection Regulation (GDPR). Avaialable at: https://gdpr-info.eu (date
accessed: 27.01.2025).
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GDPR 3akpeniger nmpaBa cyObeKTOB JaHHBIX Ha 3alIUTy OT PEIIeHUI, MPUHUMAEMbIX
HUCKJTIOUUTEJIbHO aBTOMATU3UMPOBAHHBIMM CUCTEMaMU. DTO OCOOEHHO aKTyajabHO ISt
HelpoJaHHbBIX, KOTOPbIE OTPaXaloT KOTHUTUBHBIE U TICUXUYECKUE COCTOSTHUSI, TPeOyIo-
LK€ MOBBILLIEHHOU 3alIUTHI.

B crpanax JlatuHckoit AMepuKy Hab0aaeTCsl pa3BUTHE UHOW MOJEIU peryupoBa-
HUs, afanTUpylolleiics K JoKalbHbIM ocobeHHocTsIM. Hanpumep, B KomymOuu 3aKkoHo-
mpoekT Ne 225/2024 BBOAMT YrOJOBHYIO OTBETCTBEHHOCTH 3a MCHoJib3oBaHue MU mpu
CO3IIaHUU MOAAEbHBIX HUGbPOBbIX HAeHTUYHOCTEH (deepfakes). B ApreHTuHe mornpaBKu
B 3aKOH O HayKe M TEXHOJIOTUSIX MIPEAyCMaTPUBaIOT 00513aTeIbCTBO PETUCTPUPOBATh CU-
creMbl MM 1 1aroT rocynapcTBEHHBIM OpraHam IpaBo MPUOCTAHABIUBATh Pa3padOTKy U
HCIIOJIb30BaHUE CUCTEM, HapyIIAIOIIUX STUYECKIE HOPMBI.

Ocoboe MecTo 3aHMMaeT MPUMEHEHUE «PETYISITOPHBIX MEeCOYHMIl», KOTOPhIE Mpe-
JIOCTaBJISIOT pa3paboTyrKaM I1aT(GopM BO3ZMOXHOCTb TECTUPOBATh TEXHOJOTUU B KOH-
TPOJIUPYEMOIA Cpefie C LIEeJIbIO BBISIBJICHUS] MOTEHLMATbHBIX PUCKOB U CBOEBPEMEHHOM
afanTalMi HOPMaTUBHBIX TPeOOBaHUU. DTOT MeXaHU3M CITIOCOOCTBYET OalaHCy MEXIY
CTUMYJIMPOBAHUEM WHHOBALMI U TapaHTHell 6€30MacHOCTH, YTO OCOOEHHO BaXXKHO MPU
paboTe C TeXHOJOTUSIMU, 3aTParuBalOIIMMK MEHTAIbHYI0 HEITPUKOCHOBEHHOCTh JIMYHO-
ctu. CornacHo ctatbe 57 3akoHa EC 06 MU, kaxnblii ueH EBpocotosa nojikeH obdecrie-
YUTh CO3AaHNE HAIIMOHAIbHBIMU KOMITETEHTHBIMU OpraHaMU HOPMAaTUBHBIX «[T€COYHUI»
st UM Ha HaulMoHaIbHOM YPOBHE.

Takum obpa3oM, MeXIyHapoaHas MpakTUKa TEMOHCTPUPYET ABE OCHOBHBIE CTpa-
TEeTMU: CTPYKTYPUPOBAHHBIA W CTaHAAPTU3MPOBaHHBINA Toaxon EBpormeiickoro corosa
C YIIOpOM Ha yIpaBJieHUEe PUCKAMU U KOMIUIEKCHYIO 3alllUTy NaHHBIX, a TaKXe TMOKUe,
afanTUBHbIE MONXOAbl JIaTMHCKON AMEpPUKHU, OCHOBaHHbIE HAa WHTErpallid 3TUYECKUX
LIEHHOCTEH B CYIIECTBYIOLIME MPABOBbIE PAMKHU C YYETOM MECTHBIX COLIMOKYJIbTYPHBIX
KOHTEKCTOB.

BaxxHbIM rosiocoM B OOIIECTBEHHOW AUCKYCCUM O 3TUYECKUX I'paHUIAX TEXHOJO-
TUIi SIBJISTIOTCS PEJIMTUO3HBbIE MHCTUTYTHI. Takue TpaaullMOHHbIE UHCTUTYTHI, Kak Pyc-
cKas MpaBocjiaBHast 1 PuMcko-Katonnyeckas HIEpKBU, B CBOMX 3asBICHUSIX (HAIIpUMeED,
B «PuMckoM npusbiBe» namnsl puMckoro uiu B Cinose [1arpuapxa o HAQydyHO-TEXHUYECKOM
Mporpecce Ha BCTpeue C yYeHbIMU BOo BecepoccuiickoM HaydyHO-UCCIen0BaTeIbcKOM UH-
CTUTYTE dKCIepuMeHTaIbHOI (hr3uku B T. Capose, 31 utosnsg 2019 r.) cxoasTes B Kirode-
BBIX MPUHIIMITAX: TEXHOJOTUU TOIXKHBI CIIY>XXUTh YEJTOBEKY, a HE TIOMYUHSATH €ro; He00X0-
IUMO 3allMIIaTh HEMPUKOCHOBEHHOCTh YE€JIOBEUYECKOTO TOCTOMHCTBA, CBOOOMABI BOJIU U
MPUBATHOCTU, OCOOEHHO B KOHTEKCTE HEMPOTEXHOJIOTUIA, CIIOCOOHBIX BIUSTH HAa CO3HA-
HUE U UAEHTUYHOCTh. B MX MO3UILIMK MOAYEPKUBAETCS, YTO TEXHOJOTMYECKUI ITporpecc
He JAOJKEH MPUBOAUTH K AETyMaHU3alMU U 00si3aH YUUTHIBATh JYXOBHO-HPABCTBEHHBIE
aCMEKThl YeJIOBEUECKOI MPUPOIbI, BHIXOISIINME 32 PAMKHU YTUIMTAPHOTO MOAX0/A.

DddexkTuBHoe perynuposanue MU u HeitpoTexHomoruit TpedyeT BHIPaOOTKU MHO-
TOYPOBHEBBIX MEXIYHAPOIHBIX CTAHAAPTOB, KOTOPbIE CMOTYT OOBEIUHUTH TMOKOCTh UH-
HOBALIMOHHBIX TTOAXOJ0B C XXECTKUMU rapaHTUSIMU 3alUThl JUYHOCTH, €€ aBTOHOMUU U
MEHTaJIbHOW HEMPUKOCHOBEHHOCTH, 00ecTrieunBasi TEM CaMbIM OTBETCTBEHHOE Pa3BUTHUE
TEXHOJIOTMIA Ha IJTOOAJIbHOM YPOBHE.
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NpaBoBas 6a3a perynupoBaHus NN u HeipoTexHonorum:
COBpeMeHHOe COCTOAHUE U MeXAYHAPOAHbIN ONbIT

IIpaBoBoe perynupoBanue MM n HEMpOTEXHOJOTUI B MUPE HAXOOUTCS HAa PaHHUX
aTanax ¢hopMHUpoBaHUs. B HacTosIee BpeMs OTCYTCTBYET eAMHBIN MOIXOMA K 3aKOHOIA-
TeJIbHOM perjlaMeHTalli, MHOTHE TIPaBOBBIC aKThl COIepKaT 00OOIIEHHBIC M PACIUIBIB-
yaTble (hOPMYJIUPOBKM, HE OXBATHIBAIOIINME TOJHBIN XU3HCHHBIN LMK TEXHOJIOTHIA.
Ocobas CII0XXHOCTh CBsSI3aHA C HEMPOTEXHOJOTUSIMU, TSI KOTOPBIX CITCIINATN3UPOBAHHEIC
3aKOHBI €CTh JIUIIb B ¢ IMHUYHBIX FOPUCOUKLINSIX. B OOMBIIMHCTBE CTpaH 3TU TEXHOJOTUHI
PETYIUPYIOTCSl Yepe3 CYIIECTBYIOIIME HOPMATUBHI B chepax MEAUIIMHbBI, 3alUTHI TIep-
COHAJIBHBIX TaHHBIX, TIPAB YeJI0BEKa M MHTEIICKTYaIbHOM COOCTBEHHOCTH, a STUIYECKIE
PEeKOMEHIAIMN HOCST YacTo HehopMaIbHBINM XapakTep. BaxkHyro poiab B (hoOpMUPOBaAaHNHI
IJIO0ATBLHOTO TOAX0Ma K OTBETCTBEHHOMY Pa3BUTHUIO HEMPOTEXHOJIOTHI chIirpann Peko-
MmeHpauuy CoBeTa MO0 OTBETCTBEHHBIM MHHOBAILIMSIM B HelipoTexHoIoTHsIX OpraHu3alnu
5KOHOMMYECKOTO COTpyIHMUYecTBa U pa3BuThs (2019)% DTOT TOKYMEHT CTajl OMHUM W3
TEePBBIX MEXIYHAPOIHBIX OPUEHTUPOB, TIPU3BABIINX CTPAH-YIACTHUKOB IIPUHATH MEPHI
IUIST 00€CIICYSHMST TOTO, YTOOBI TTOJIMTHKA B 00JITACTA HEHPOTEXHOIOTHI COOTBETCTBOBAIA
MIPUHIIMIIAM OTBETCTBEHHOCTH, O€30IMaCHOCTH, STUYHOCTH, MHKITIO3UBHOCTU W YBAXKCHUS
TIpaB YeJ0BeKa.

B umiciie MUPOBEIX TMIEPOB B 00JIACTH PETYINPOBAHUS HEMPOTEXHOJIOTUI BBIICIISICT-
csa Esponetickmii coro3. Yxke B 2020 1. 0611 onyosnmkoBaH bensrit mokymeHT mo MM, B Ko-
TOPOM OBUTH C(hOPMYJIUPOBAHBI 0Aa30BBIC TIPUHIIMITEI STUIHOTO ¥ 0€30IIaCHOTO Pa3BUTHS,
BKJTIOUas HeitporexHonoruu. CTout oco6o otMeTuTh BiausHue Pernmamenra EC 1o 3ammure
JMAHHBIX, KOTOPHIN COMEPKUT MOJIOKCHMSI, PETJIaMEHTUPYIOIINE 00pabOTKY BEICOKOUYB-
CTBUTEJIBHBIX TaHHBIX, B TOM YHCJIe HEHPOJAHHBIX. DTOT pErIaMeHT IIpeayCMaTpUBacT
mpaBa CyObEKTOB HJAHHBIX, B TOM YHMCJIC OTPAaHUYCHUS] Ha aBTOMATU3MPOBAaHHEIC pellle-
HUsI, KOTOPbIE MOTYT 3aTparuBaTh XKU3HEHHO BasKHBIC MHTEPECHI YeJIOBEKA.

PaccMoTpuM KiTtoueBbIC MOIXOABI U TIPAKTUKU B Pa3IMUHBIX CTPaHaX.

Kumaiickasa Hapoounas Pecnybauxa. B aBrycte 2023 r. BcTynuia B CUJTy IUPEKTUBA TI0
WU, xotopas mpenycMaTpuBacT 00s13aTeJIbHOE MapKUPOBaHUE KOHTEHTA, CO3MAHHOTO C
npuMeHeHneM MU, ncmoab3oBaHMe TOIBKO JETATbHBIX JAHHBIX IUIST 00yYeHUS MOJICIIE,
a Tak>Ke CO3/IaHME MEXaHU3MOB pacCMOTpeHUs MyoJInuHbIX »Kanoo Ha MU -cepBuckl. Ia-
pajuIeIbHO (POPMUPYIOTCS TPeOOBAHMS K KAUYECTBY U aKTYaIbHOCTH OOYUYAOIINX TAHHBIX.

Coeounennvie Illmamor Amepuxu. B 2022 r. ammuuuctpauust CIIA mpenmcraBmia
«bue o 6e3omacHOM U HamexkHOM M », HallpaBIIeHHBIM Ha co3aaHne 0e30ITacHbIX CHU-
cTteM, O0pb0Yy ¢ MMCKPUMHMHALIMEH, 3alIUTy KOH(QUICHINAIBHOCT 1 00eCIIeUeHIE TIpa-
Ba BbIOOpa yenoBeka. B 2023 1. Bemymue IT-KoMImaHMM MOAIMMCAIN COTJIAIIICHUE O ca-
MOpPETYIMPOBAaHNM, BKJIIOUAss Mephl 10 MapKUpoBKe Al-creHeprupoBaHHOTO KOHTEHTA U
COBMECTHBIC MHUIIMATHUBEI 110 YIIPABICHUIO PUCKaMU. PeryimmpoBaHue HEHPOTEXHOIOTHIA
B CIIIA HOCcHUT (hparMEHTapHBIN XapaKTep U OCYIIECTBIISICTCS B paMKaX 3aKOHOB O Me-
TUIHCKUX IIPUOOpax M 3alluTe JaHHBIX. DTHUYECKUE PEKOMEHIAIINMU pa3padaThIBAIOTCS
HaumoHaabHBIMU MHCTUTYTAMU 300POBbS M HallmoHaIbHOM akameMueil MeIUIIMHEL, HO
HE UMEIOT I0OPUINYECKOM CUTIBI.

* Recommendation of the Council on Responsible Innovation in Neurotechnology OECD/
LEGAL/0457, adopted on 11.12.2019. Avaialable at: https://legalinstruments.oecd.org/en/
instruments/OECD LEGAL-0457 (date accessed: 19.08.2025).
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Esponeiickuii coro3. BeeneHHblIl B aeiictBre 3akoH 06 MU knaccuduimpyer cucteMbl
MU no ypoBHIO pucKa: OT 3alpelIeHHbIX MPAKTUK MCUXUYECKOTO BO3AEUCTBUS U COLU-
aJTbHOTO PEUTUHTA IO CTPOTO PETYINPYEMBIX CUCTEM B KPUTUUYECKH BasKHBIX chepax 1 OT-
HOCHUTEJIbHO CBOOOIHBIX «HIU3KOPHUCKOBEIX» TEXHOJIOTHI, TAKMX KaK TeHepals KOHTECH-
Ta. KoMruieke Mep nornosHsieTcst 06s13aTeJIbHOM perucTpalueil 1 KOHTPOJIEM.

3HakoBbIM coObiTHeM 2024 r. ctano npuHstue PamouHoil konBeHMu CoBeta EB-
POITBEI 00 MCKYCCTBEHHOM MHTeJIeKTe 1 TipaBax desioBeka (CACE Ne 225) — mepBoro B
HUCTOPUU MEXIYHAPOIHOTO IOPUANYECKU O0SI3bIBAIOIIETO TOrOBOpa, MPU3BAHHOIO 00€e-
CMEYUTh MOJHOE COOTBeTCTBUE cucTeM MW cTtaHmapTam mpaB yejoBeKa, 1eMOKpPaTUM U
BEPXOBEHCTBA MpaBa Ha BCeX 3Talax UX KU3HEHHOro Hukiaa. KoHBeHILIMs OTKphITa LISt
MOAIMKUCAHUSI BCEMU CTpaHAMM MUpPa, a €€ MPUHILIMIIbI, C(POKYCHPOBAaHHbBIE Ha 3alllUTe
JIMYHOCTH, YK€ 3aal0T HOBBII IJTOOAIbHBIA OPUEHTUD IJIs1 Pa3pabOTKU HAlIMOHATbHBIX
PETYJISITOPHBIX PEXKMMOB, BBIXOISIIINI 32 pAMKH UCKITIOYNTEIIBHO PUCKOPUEHTUPOBAHHO-
r0 MoAXo/a.

Jlamunckas Amepuka. PerynupoBaHue B pernoHe MeHee MHCTUTYLIMOHAIbHO CUCTE-
MaTu3upoBaHoO: B KoayMOUM 3aKOHOJATENIbHO YXKEeCTOUEeHa OTBETCTBEHHOCTh 3a 3JI0HA-
MepeHHoe ucrnoib3oBanue MU (Hanpumep, co3nanue deepfake), a B ApreHTUHE BBOASTCS
HOPMbI, PETYJIUPYIOIINE PErUCTPpaLUIO U 3TUYecKoe ucroab3oBanue MM u monkperieH-
HbIE€ TOCYIAPCTBEHHBIM KOHTPOJIEM.

Poccuiickas @edepayus. B Poccun 3akoHonarebHas 6a3a B chepe MU nmoka dhopmu-
pyetcs. B 2020 r. 6bu1a yTBepxkaeHa HaunoHanibHas cTpaTerusi pa3BUTUSI UCKYCCTBEHHO-
ro uHtesekTa a0 2030 r., KoTopasl ornpenesseT OCHOBHbIE HarpaBieHus pa3sutus U,
BKJTIOYAsi CO3/1aHME MPABOBBIX U ATUYECKMX paMOK. B pamkax 3Toil cTpaTernuu akueHT ae-
JlaeTcsl Ha o0ecriedyeHU 0€30MacHOCTH, 3allUTe MEPCOHATBHBIX TaHHBIX U MPeI0TBpalle-
HUU AUCKPUMUHALIMU NpU ucrionb3oBaHuu MU -texHomoruit. Kpome toro, B 2021 . 6611
npuHAT PenepanbHbI 3aKoH Ne 331-D3, KOTOpHIi BHOCUT M3MeHeHUs B [ paxkmaHCKMit
konekc P® u peryaupyeT BOMpochl OTBETCTBEHHOCTH 3a JICMCTBUSI aBTOHOMHBIX CHCTEM,
Bkiouass M. OnHako Ha JaHHBIE MOMEHT MpaBOBOE PEryJvpoBaHMe ocTaeTcsl ¢par-
MEHTapHbIM U TpeOyeT NajabHeuIell netaau3annu, oCOOEHHO B BOIIpOcax OINpeaeeHUs
OTBETCTBEHHOCTH 3a peleHus, npuaumMaembie M. HeobxonuMo oTMeTUTh Takke, 4TO B
HacTos1Iee BpeMsl TPOUCXOAUT 3HAUUTEIbHasl padoTa Mo GOpMUPOBAHUIO CTAHAAPTOB B
obyiacTu ucrnosib3oBaHus cucteM MU, 1 3mech OMHUM U3 JTUACPOB SBISIOTCS 3ApaBOOXpa-
HEHUE U MTPOMBIIIJIEHHOCTb, T aKTUBHO Pa3BUBAETCs MPaBOBOE U TEXHUYECKOE PEryJIn-
poBanue MU (cMm. moapoOHee: [ Kapnos u dp., 2022; rnasa 4]).

OmHUM M3 KITIOYEBBIX acleKToB peryiaupoBaHus MU B Poccuu siBnsieTcs aTudeckast
cocrapistomast. B 2021 r. 6b11 pazpadotaH Kogeke aTukM B 06J1aCTM UICKYCCTBEHHOTO MH-
TeJUIEKTa, KOTOPBIA yCTaHABAMBAET MIPUHLIUIIBI pa3pabOTKU 1 UcTioib3oBaHust MU, Takue
KaK Mpo3payHOCTh, CIIPABEUTMBOCTD U YBaXKE€HUE MPaB YeJI0BeKa. DTOT TOKYMEHT, XOTS U
He MMeeT 00sI3aTeIbHOU I0pUIUYECKON CUJIbI, CYKUT OPUEHTUPOM JISI pa3pabOTYMKOB
U KoMITaHMIi, paboTtatoiux B chepe M. Tem He MeHee OTCYTCTBUE YETKHUX MEXaHU3MOB
KOHTPOJISI M CAaHKIIUI 32 HApYyIlIeHUE STUYECKUX HOPM OCTaeTCs MpooIeMoii.



148 COLMO0I0rNA HAYKW W TEXHONOTWI. 2025. Tom 16. Ne 4

WHTerpupoBaHHble CTPaTerun NpeoponeHnsa 3TUYeCKMX BbI30BOB
npu coBmecTtHoM pasButum MU n HelpoTexHonorum

H71s1 5 GeKTUBHOTO PEIICHMS STUYECKIX TTPo0JIeM, BOSHMKAIOIINX Ha CTHIKE MCKYC-
CTBEHHOT'O MHTEJUIEKTA M HEMPOTEXHOJIOTUIA, HEOOXOANM KOMIUIEKCHBIN MEKIUCIINTIIN -
HapHBIN ITOIXO, YIMTHIBAIOIINI KaK OOIINE, TaK M YHUKAIbHBIC BEI30BBI 3THX TEXHOJIO-
ruii. CoBpeMeHHBIE UCCIICIOBAHNS U TIPaKTUKA JIEMOHCTPHUPYIOT, YTO TIPOOJIEMBI, BOZHU-
Karorue B ooactu MM, Takue Kak MpeaB3sITOCTh aJITOPUTMOB, BOIIPOCH! KOH(UICHIIN-
aJTbHOCTHU, IIPO3PAYHOCTH U CIIPABEIIUBOCTH, TOITOTHSIOTCS CIIeIU(UISCKIMU PUCKAMK
HelipoTexHoaorrii. Cpenn HUX: 0COOCHHOCTH TIPSIMOTO BO3IEMCTBUS Ha KOTHUTHUBHEIC
MpOIIeCChl, padoTa ¢ 0C000 YYBCTBUTEIBHBIMUA HEHPOTAHHBIMU 1 BBI3OBHI IJISI aBTOHO-
MUY JTTIHOCTH.

J71s1 pellieHrsI 3THUX 3a1a4 afalTUPYIOTCS U PACIIIMPSIIOTCS CYIIECTBYIOIINE STHISCKIE
pPaMKM MCKYCCTBEHHOTO MHTEJUIEKTA C YUETOM CITeIU(UKN HEeHPOTeXHOJIOTHIl. MexKmy-
HapoIHOE COOOIIEeCTBO HEMPOITUKOB, B yacTHOCTH MHcTHTYT Heltpoatuku (Institute of
Neuroethics, [oNx)3, pazpaboTaio cBbIllIe IBAILIAT PEKOMEHIAUI 1 TPAKTUIECKUX PY-
KOBOJZCTB, KOTOPBIE CITyKaT 0a30ii 1T CO3MaHUSI TTIOJIUTUKH U CTAHIAPTOB B 3TOM 00JIaCTH.

KitoueBoii aTdecKuil MpUHLIUIT — in dubio pro homo (B COMHEHUM — B TIOJIb3Y Ye-
JIOBEKa) — MpPU3BaH 00ECIIeUNTh HAMBHICIIYIO 3aIIUTY TIpaB, JOCTOMHCTBA M aBTOHOMUU
JIMYHOCTH Ha BCEX 3TallaX B3aUMOICUCTBUS C 3TUMU TEXHOJIOTUSIMH.

151 peanmu3aliiy 3TOTO MPUHIINATIA IIPUMEHSIIOTCS COBpEMEHHBIE MTHCTPYMEHTHI U TEX-
HOJIOTUU:

— Habopbl MHCTPYMEHTOB ISl 00bsicHUMOCTH MW — mporpamMMHble pelleHust, ooe-
CIIEYMBAOIINE TOCTYITHOCTh U MPO3PAYHOCTh AITOPUTMUUYCCKUX PEIICHUI, YTO
CHITXAeT PMCKHU OIMOOK M YKPETUISIET JOBEPHE ITOIb30BaTelIeii B TOM YMCTIE U TIPU
00pabOTKe MEMUIIMHCKUX TaHHBIX [ McDermid et al., 2021];

— TEXHOJIOTUU TIOBBIIMICHUS] KOH(PUACHIMATILHOCTY — METOIBI TOMOMOP(MHOTo
mudpoBaHus, TUhGepeHIINATBHON MTPUBATHOCTA M aHOHUMU3ALINH, TTI03BOJISIIO-
mue 6e30ImacHoO 0OpadaThIBaTh JaHHBIE HEMPOBU3YAIU3AIlUN U TICUXOMDU3UOIIO-
rudyeckue cBeaeHus | Cummings et al., 2024];

—  «PETyJISITOPHBIC TIECOYHUIIBI» — KOHTPOJIUPYEMBIC SKCITEPUMEHTAIbLHBIC CPEIbI,
B KOTOPBIX HOBBIC pa3paboTku M n HEeMpOTEXHOJIOTUI TECTUPYIOTCS C IC/IBIO
PaHHETO BBISIBIICHUS PUCKOB 1 aJallTallid HOPMATUBHOTO PETYIMPOBAHMSI, KOTO-
pbIe 00CYKIAINCh HAMH BBIIIIC;

— TOIXOHd 3TUYECKOTrO IMPOSKTUPOBAHUS — METOIBI MHTETPALMU 3TUICCKUX HOPM
HEIIOCPEICTBEHHO B IIMKJI Pa3pabOTKU TeXHUYECKUX CPEICTB, HallpaBJICHHBIC Ha
MWHUMM3ALUI0 HETaTUBHBIX TTOCIenCcTBUi [Sabbah et al., 2018];

— obpasoBaTellbHbIC TTPOrpaMMbI W KYPChl — CICHHAIM3NPOBAaHHBIE O0ydJaroIne
WHUAIIAATUBHI IS Pa3pab0TINKOB, MEAUIIMHCKUX CIIEIIUATIICTOB U PETYJISITOPOB,
crocoOcTByONIEe (DOPMUPOBAHUIO KYJIBTYPhl OTBETCTBEHHOT'O BHEAPEHUS TEX-
HOJIOTUIA;

— MEXIyHapOIHBIC CTAaHAAPTHI M IIPOTOKOJIBI — YCUJIUS Pa3IMIHBIX OpraHU3aINiA
(ISO, IEEE, OBCP) no ¢hopMHpoOBaHWIO YHUBEPCATBLHBIX TPeOOBaHUIT K 0€30-

’ Institute of Neuroethics (IoNx). Avaialable at: https://instituteofneuroethics.org (date accessed:
04.02.2025).
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MAaCHOCTHU, MIPO3PAYHOCTHU, CIIPABEITMBOCTU U COOTIONEHUIO MPaB YeloBeKa Mpu
npumMeHeHu MW 1 HeiipoTeXHOJIOTUIA.

YcneuHoe pa3penieHre STUIeCKUX MpoodeM HEBO3MOXHO 0e3 00beAMHEHU ST YCUITU I
CITeIIMAJINCTOB M3 HeiipoHayK, MH(MOPMATUKU, TIpaBa, 3TUKW, MEIUIIMHBI, a TAKKE C yde-
TOM MHEHUI TIpeNCcTaBUTENCH YSI3BUMBIX TPYIIT — MaJIOYMCIEHHBIX HapOIOB, JIIOACH C
0COOBIMU MOTPEOHOCTSIMU U Ap. [ Panch et al., 2019]. YueT ux MHTEpeCOB MOMOXET U30e-
3KaTh COLMATBLHON TUCKPUMUHAILIMK 1 00ECTIeYNTh MHKIIIO3UBHOCTD TEXHOJIOTHIA.

Takum 006pa3oM, MpUMEHEHNE COBPEMEHHBIX TEXHUYECKMX MHCTPYMEHTOB B cOYeTa-
HUU C YCTOWYMBBIMM 3TUYECKMMM U TPABOBLIMU MPUHIIUIIAMKM (DOPMUPYET HAIEXKHYIO
OCHOBY JIJISI OTBETCTBEHHOT'O M TYMAHHOTO Pa3BUTHUSI MHTETPUPOBAHHBIX TEXHOJOTHIA MC-
KYCCTBEHHOTO MHTEJUIEKTa Y HEMPOTEXHOJIOTUIA.

06cyxaeHue U 3aKnoYeHne

CoBpeMeHHass IMHAMUKA COBMECTHOTO Pa3BUTUS U B3auMoONpoHUKHOBeHUuss U u
HEHUPOTEeXHOJIOTUII BCE OTUYETIMBEE NEMOHCTPUPYET OTPAHUYEHHOCTb TPAAUIIMOHHBIX
WHCTPYMEHTOB PEryJUPOBAHUS U MOAYEPKUBAET HEOOXOAUMOCTb TMOKUX, alalTUBHBIX
CTpaTeruii, COCOOHBIX YUUTHIBATh YHUKAJIbHbBIE OCOOEHHOCTU 00eux TexHosoruil. [To-
CKOJIbKY HEMPOTEXHOJIOTUM HAIPAMYIO BO3IEUCTBYIOT Ha HEPBHYIO CUCTEMY W KOTHU-
TUBHBIE TIpoLecChl yenoBeka, a M obecnieunBaeT MOIIHbIE UHCTPYMEHTHI aHAJIU3a U
yIpaBieHUs] JaHHBIMU, UX UHTETPALUsI TOPOXIAET KAaK HOBbIE TUYECKUE PUCKU, TaK U
TEXHOJIOTUYECKUE BBI3OBbI, TPEOYIOIINE MEXIUCITUTUIMHAPHOTO OCBOEHMUS U MIOBBIIIIEHUS
PETYJISITOPHON TOTOBHOCTH.

3a Bpewsi, TMpoIIeaIiee ¢ MepBbIX MOMBITOK C(hOPMUPOBATh IOPUANYECKUE U DTHU-
Yyeckre MexaHu3Mbl KOHTposis MU, naHamadT TeXHOJOTUi 3HAYMTEIbHO U3MEHWICS,
U ceiiyac BO MHOTUX Cy4yasiX BbDKUJATEIbHAS MO3ULIMS, TTO3BOJISIONIAS aHATU3UPOBATh
OINBIT BEAYIIUX IOPUCAUKIIUI U TTapauieIbHO U3y4aTh Pa3BUTHE PbIHKA HEHPOTEXHOIO0-
TUli, MpeacTaBisieTcs Hanbosee mparMatuyHoi 111 Poccuu u psiga Ipyrux rocyaapceTs.

IMosiBnenue BbICOKO3(DGMEKTUBHBIX SI3BIKOBBIX MOJEJIE U OBICTPO pa3BUBAIOLIUAXCS
HEHUPOTEXHOJIOTUIl B COUETAHUU C JOCTYIMHOCTBIO BBIYMCIUTEIbHBIX MIATHOPM CO31AET
OecrpelieNeHTHbIE BO3MOXHOCTH IS IEMOKPATU3alluU TeXHOJIOTUii. TeM He MeHee 2TO
YCJIOXKHSET KOHTPOJIb U MOHUTOPUHT TaKWX CUCTEM, MOCKOJbKY U MU, 1 HelipoTexHOo10-
TUU TPEOYIOT ONIpeeIeHUsI TPAHULL IOMTYCTUMOTO BMEIIATEIbCTBA B IMYHOCTD U IOHUMAa-
HUS JOJITOCPOYHBIX COLUATBHBIX MOCJIEACTBUM.

He meHee BaxkeH BONpocC MepepacrpeiesieHus] SKOHOMUYECKUX BBITOA B KOHTEK-
cTe riobanu3aunu UMOPOBBIX TEXHOJIOTUI U KOHLIEHTPUPOBaHUS pecypcoB. KpyrHbie
HNT-xomnanuu, Braaeonme texHoaorusmu MW v uHbpacTpyKTypoil 11 moaaepxKKu
HEHPOTEXHOJOTMYECKUX UCCIENOBAHUM, BIUSIOT HA HALIMOHAJbHBIE PBIHKU Tpyna, 00-
pa30BaHUE U HAJOTOBYIO MOJUTUKY. PaccmaTpuBaemble ceiiyac MHULIMATUBBI 110 BBE-
JIEHUIO MEXITyHapOIHBIX HAJIOTOBBIX MEXaHW3MOB, Hamonooue Pillar One, MOTYT CTaTh
BaXXHBIM UHCTPYMEHTOM alanTallii K HOBOW 9KOHOMUYECKOI peaIbHOCTU, B TOM YUCJTIe
u B Poccuu.

ITpu 5TOM pacTyiiiasi KOHIEHTPALWS BBIYUCIUTEIbHBIX MOLITHOCTEHM U OTpaHUYEHHBIA
JTIOCTYI MOJIOZIBIX KOMAaHIT K UH(MPACTPYKTYpe CO3AAIOT Oapbepbl HE TOJIBKO IS Pa3BUTUS
WU, HO v 111 uHHOBALIMIA B 00JIaCTU HEMPOTEXHOJIOTUI — 00€ 00J1aCTU KPUTUYECKU 3a-
BUCAT OT TEXHOJIOTUI 00pabOTKM OONBIIMX JAHHBIX U MOLIHOCTE! BBICOKOIPOU3BOIU-
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TEJTbHBIX BBIMUCICHUI. B TaKMX YCIIOBUSIX BaXKHBI ME€PbI TOCYAapCTBEHHON M MHCTUTYII -
OHAJILHOM MTOIEPKKM CTAPTAIIOB U MCCIIEA0BATETLCKUX KOJUIEKTUBOB, O0eCTIeUnBaIOIIe
paBHBIE BOBMOXKHOCTH TSl pa3BUTHs Kak MU, Tak 1 HeipOTeXHOJIOTHiA.

Oco6oe BHUMaHUe CIeAyeT YAeIUTh BOITPOCaM UHTE/UIEKTyalbHOM COOCTBEHHOCTH B
HOBOI TTapalurMe: pocT 00beMOB KOHTEHTa, TeHeprupyeMoro MW, TpedyeT HOBBIX TTOIXO-
JIOB K KOMITEHCAIIMM aBTOpaM U MPaBoo0IaiaTesiM, a TakKe K BHEIPEHUIO MHCTPYMEH -
TOB MapKUPOBKY TIPOAYKTOB, co3naHHbIX .

ABTOpPBI TIPU3BIBAIOT K OTKPBITOM 3KCIIEPTHOM AMCKYCCUU IO (hOPMUPOBAHUIO KOM-
TJIEKCHBIX M THOKUX MOJIENIC PeTyIMPOBaHUs, B IICHTPE KOTOPBIX — 3allluTa IMpaB U UH-
TEPECOB JTUYHOCTH, CTUMYJIMPOBaHUE HAayKW, 00pa30BaHUs U TEXHOJOTUYECKOTO TIpe-
MPUHUMATEIBCTBA. TaKoi CUCTEeMHBIN MOAXOM, ONMMPAOIIMIICS Ha MOCTOSTHHBIN AUaIor
rocynapcrta, OusHeca, akaJeMUUECKOro COO0IIECTBa U rpax JaHCKOro o01ecTBa, o3Bo-
JIUT co3AaTh alalTUBHYIO HOPMATUBHYIO 0a3y, oTBevaroliyto peaausm XXI B. u obecrne-
YHBAIOIIYIO YCTOMYMBOE pa3BUTHE IIM(MPOBBIX N HEMPOIIUPPOBHIX 9KOCHUCTEM.
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Artificial intelligence (Al) ethics is an interdisciplinary field focused on identifying and resolving the set
of issues that arise when Al is introduced into society. Key ethical issues that are the focus of research
include ensuring the privacy, inclusiveness, reliability, transparency, fairness, and explainability
of Al algorithms. A variety of technical, social, and socio-technical methods are being applied to
address them. Research in Al ethics has resulted in the formulation of principles, guidelines, toolkits,
corporate policies, governance frameworks, standards and legal norms designed to regulate the
development and application of Al. Neurotechnology that collects and / or modifies real-time neural
data are increasingly being integrated with Al, necessitating their specific ethical considerations. The
principles developed within the framework of Al ethics can provide valuable guidelines for addressing
the ethical challenges of neurotechnology, but the latter may present new more complex challenges
that require further study and the development of specialized ethical standards.
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Posib UCKYCCTBEHHOTO UHTENJIEKTA B 0OHApYXKeHUK
HeA0CTOBepPHON UH(OPMaLUK: 0630p HOBEULUMX UCC/IEA0BAHUM
M UX 3HaYEeHHUe ANA COLUANIbHBIX HAVK
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Poct nonynsipHocT 60Jb11MX SI36IKOBBIX Moneseit (bAM) MeHsieT nH(popMallmoHHOE MoBeIeHUe
MoJib30BaTesieil, BKIoUas Crnocoobl MOMCKA U OLEHKU T0CTOBEpHOCTU UH(MOpManmu. Hacrosiuee
HCCIIeIOBAaHUE MPECTABISET 0030p MPEAMETHOIO MOJsl, MOCBAIIEHHbIA POJIU UCKYCCTBEHHOIO
untesekra (M) B obHapy:xeHUU U MHTEpNpeTalui HeA0CTOBepHOi nHbopmanuu. Llenbio 06-
30pa CTaJlo BbISIBJICHUE KJIOUEBbIX HAMpaBlIeHUl nccaenoBaHuii Ha cTeike MW 1 HepocToBepHOI
nHdOpMalMuU, a TakXke OIpee/ieHUe CYIIeCTBYIOLIMX MPoOeaoB B MoHMMaHuu BausgHus MU Ha
KOTHUTUBHBIE MPOLIECCHl Mosib3oBaTeeit. JlaHHbIi 0030p BKiItoYaeT 32 cTaTbu, OIyOJMKOBAaHHbIE
npeumyniectBeHHO B 2019—2024 rr. BeineneHbl yeTbipe HampaBjieHUs UccieqoBaHUi: 1) mpu-
MEHEHUEe KPayJCOPCUHIOBBIX MOAXOA0B K MpoBepkKe MHGOPMALUM U CPAaBHEHUE UX C OLIEHKaMU
npodeccuoHanbHbIX (akTUeKepoB; 2) OOHApYXXEHUE U OTCIEXKUBAHUE PACIIPOCTPAHEHUS JIOXKHOM
nH(OopMaIMK B colUaibHbIX ceTsix ¢ UM-meTonamu; 3) aBToMaTuiyecKril (pakTUeKUHT KakK pa3pa-
0O0TKa aJITOPUTMOB U MOJIEJIEH /111 aBTOMaTU3UPOBAHHOM MTPOBEPKHU IOCTOBEPHOCTU YTBEPXKICHUIA;
4) KOTHUTUBHBIE UCKAXKXEHUS U TIpenB3saTocti M npu BOCIpUsiTUM HENOCTOBEPHO MH(MOpMaLIVK.
MU B bopme BAM Bce akTMBHee BBICTYINAET HE TOJbKO CPEACTBOM IMOMCKa MH(MOPMALMU MOJIb-
30BareIsIMU, HO U ee ucTouHukoM. C BoBieueHueM MM B mHpOpMallMOHHOE TOBEAEHUE MOJIb-
30BaTeiell BOBHUKIIM HOBbIE BBI3OBbI: K YK€ U3BECTHBIM KOTHUTUBHBIM MCKAKEHUSIM T00ABUIUCH
npeas3satToctd M. OcoGeHHO akTyalbHbIM CTAHOBUTCS BOMIPOC O TOM, ycunuBaeT Ju MU ckion-
HOCTb MOJIb30BaTeJ/Isl COMIAIIATBCS ¢ TOTOBBIMU CYXIEHUSMU WM MOXET Pa3BUBaTh KPUTHUUYECKOE
BocnpusiTUe MH(OpMaIMK, crocoOCcTBYs OoJiee aganTUBHOMY MHGMOPMALIMOHHOMY MOBEIECHUIO
UHAUMBUA0B. OO30p BBISIBUI OTCYTCTBUE PabOT, HAMPAMYIO udydaroiux BiussHue MU Ha Bocnipusi-
THE U Paclio3HaBaHKE JIOKHOU MH(MOPMALIMU MOJb30BaTEISIMMU.

Karoueguvie caosa: I/ICKYCCTBCHHBIﬁ MHTCJIIEKT, KOTHUTUBHbLIC UCKaXXCHUA, I/IH(I)OpMaL[I/IOHHOG ITOBEC-
JCHUEC, 0OJIbIIINE SI3bIKOBBIE MOJIEJIN.
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bnaropapHocTb

HccnenoBanue BHITTOTHEHO B pamKax [IporpaMMel (pyHIaMeHTaIbHBIX UCCIICAOBAHUIA
HanumoHaabHOTO MCCIen0BaTeIbCKOTO YHUBEPCUTETA «BBICIIIasT IITK0JIa 5KOHOMUKI».

ABTOp BBIpaxaeT 0JJaromapHOCTh 3aBeaytolieii JlabopaTopueit COlMaaTbHON M KOTHH-
tuBHOU MHMopMaTuku 1. dwioi. H. Onece FOpreBHe KOBIIOBOIT 3a IICHHBIC COBETHI U
PEKOMEHIAIINY B XOJI¢ TTOATOTOBKH CTAThM.

BBepeHue

TexHOJI0rnM UCKYCCTBEHHOTO MHTEIJIEKTa, B OCHOBE KOTOPHBIX JIeXKaT OOJIbIINE S3bI-
koBele Monenu (BSAM), momygaiorT Bce Oojiee MacCOBOE BHEApPEHHUE B ITOBCETHEBHYIO
>KU3Hb: UMU BCE LIMPE MOJI3YIOTCS HE TOJIBKO MeauaIpohecCUOHabl 1 IpoheCcCuOHAaNb-
HbIe (hakTyeKephl, 111 KOTOpbIX BSAM cTaHOBSITCS IPUBBIYHBIM UHCTPYMEHTOM CO3IaHUSI
U IIPOBEPKU MEIMAKOHTEHTA, HO M OOBIYHBIE T10JIb30BATE/IM, KOTOPhIE BCe Yallle pubera-
10T K MU n1g moucka u Bepudukauny nHGopMaunu. DTo CYIIeCTBEHHO MEHSIeT MHOTHE
COLIMaIbHBIE MPOLIECCHI, TAKKE KaK MeAMaroTpedaecHue, 00ydeHre WU MOJyYeHue Me-
JULIMHCKUX KOHCYIbTALIMHI, U B OuxKaiiiiem OymayiieM T0JKHO TPUBECTU K UBMEHEHUIO
COOTBETCTBYIOIIMX COLMAIbHBIX MHCTUTYTOB (Meaua, oOpa30BaHMsI, 3IpaBOOXPAHEHUSI
u 1p.) I1pu atom BBUIY HOBU3HBI camoro MU achheKTUBHOCTD €ro UCTIOIb30BaHUS IS
IMOMCKA U MPOBEPKU MH(MOPMALIMKM OCTAETCS MaJlo UCCIICIOBAHHOIA.

ITo mepe Toro kak MM -cucteMbl, cmocoOHbBIE K reHepalni 1 00paboTke nHdopma-
LIMU, CTAHOBSTCS 00Jiee COBEPILICHHBIMM, MCCICI0BATENIN MOAUYEPKUBAIOT, YTO TPaIULIM-
OHHBIX METOIOB MPOBEPKU TOCTOBEPHOCTH YK€ HEIOCTATOUHO MIJIsT 00PHOBI ¢ Ae3nHGpOP-
Maumeit B uudponoii cpene [Cabaries, 2020]. KpoMme Toro, o0co0eHHOCTHU TTOJIb30BaTEIb-
CKOT0 KOHTeHTa TpeOYIOT BHEAPEHMUsI HOBBIX ITPAKTUK BepU(MUKALINY, aTalITUPOBAHHBIX K
BBI30BaM, CBSI3aHHBIM C IIaTOpMaMU COLIMAIbHBIX Meaua | Brandtzaeg et al., 2016].

TeopeTuyeckasa pamKa

ba3oBbIM TeOpEeTUYECKUM TTOAXOI0M ISl 3TOro 0030pa sBJsIeTCs] Teopust MHDopMa-
moHHoro nosenenus |Wilson, 1981, 1997]. MndopmalimoHHOe MOBEAEHNE BHICTYIIAET
OTBETOM MHAMBUIA HA IMTOTPEOHOCTh B MH(MOPMAIIMU, KOTOpasi 3aaHa COllMaJbHbIM KOH-
TeKCTOM. MeXIly KOHTEKCTOM 1 TTOTPEOHOCTHIO CYIIECTBYET MOTHBALIMSI, B COOTBETCTBUM
¢ KOTOPOIi YeJIOBEK pellaeT, YTo eMy HyxHa nHgopmarus. Ha mouck nHdopMamm Mo-
IYT BJIMSITh BHYTPEHHUE U BHEIITHUE Oapbephl, HAIIpUMEP IICUXOJIOTMYECKUE 0COOEHHO-
CTU MHAMBUAA, OCOOEHHOCTH MCTOYHUKA MH(MOPMAIUK U TEXHOJIOIMYeCKue (haKTophbl.
Yar-60Thel Ha ocHOBaHUU MU BBICTYIAIOT U UICTOUHUKOM MH(pOpPMAaLIMU, U CIIOCOOOM ee
noucka. B tepmuHax Teopun nHpopMmaluruoHHoro norpedseHuss MU moryr BausTh Ha
OOJIBIIIYIO YaCTh KOMIIOHEHTOB MOJIE/IM: Ha KOHTEKCT, Ha BHELIHKME Oapbephl CPeabl U Ha
(opmbl HH(OPMALIMOHHOTO MTOBEICHUS.

Jpyroii TeOpeTUYECKOil OCHOBOM BBICTYITA€T MEXIMCIUIUIMHAPHBIN MTOAXON K UC-
clleloBaHUI0 HeAoCToBepHOM MHbopMaluu | Lewandowsky et al., 2017]. OH yTBepxkna-
€T, YTO HeIOCTOBepHast MH(pOpMAIIUs — 3TO He IPOCTO JIOXKHAs MH(MOPMAILIKST, KOTOPYIO
JIOCTaTOYHO OMIPOBEPIHYTh, HO aJIbTepHATUBHAS CUCTeMa 3HaHW, Ha paclpoCTpaHeHe
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KOTOpPBIX BJIMSET HEe KauecTBO MH(opMauuu |Fazio et al., 2015], a cTpyKTypa coumaib-
HBIX CeTeil 1 0COOEHHOCTU BOCTIPMSITUS COmepKaHUs IMojb3oBareasiMu. ColraabHbIM
KOHTEKCTOM YCJIOBMIA TSI pacIipoCTpaHeHUsI HEI0CTOBEPHOI MH(MOPMAIIMU BBICTYITAIOT
COKpallleHue OOIIeCTBEHHOTO MOBEPHsI, POCT HEPaBEHCTBA W TOJIUTUYECKasT TTOJIsIpu3a-
1us. TeXHO-KOTHUTUBHBIN monaxof (fechnocognition) coyeTaeT KOTHUTUBHBIE HAyKU U
TEXHOJIOTUM JJIs1 UCCIIEIOBaHUS TOTO, KaK MOJb30BaTeId 00pallialoTCs C HETOCTOBEPHOM
nHGOopMaLuei.

B craTthe oOcykmaercs nBa Buaa JOXKHON WHMOpPMaIMK: HeTOCTOBepHast MHMOpMa-
uus (misinformation) u ne3uHdopmauus (disinformation). OTIMYUTEIBHON XapaKTepu-
CTUKOM Te3nH(pOpMaIIUH SIBIISIETCS TIpeTHAMEpEeHHOE BBeIeHUE B 3a0JIyXKIeHUE C LIEJIbIO
MPUYMHEHUS Bpeaa Wi NoiydeHus Beironbl [ Hameleers, 2023).

MeTopabl

Cornacao tunonoruu |[Grant, Booth, 2009], mpemiaraemMblii aHaau3 OTHOCUTCS K
0030paM TPeIMETHOTO TIONS (Scoping review), TIOCKOJbKY UMEET 11eIb TIepBOHAYATbHOMN
OIIEHKM OXBaTa IMyOJMKAIMi 10 TOJBKO (POPMUPYIOIIEMYCsl HAIPABIEHUIO MCCIIeI0Ba-
HUl. Pe3ynbraThl BKITIOYAIOT TUITOJIOTM3ALIMIO JINTEPATYPHI MO KIIIOUEBBIM XapaKTepH-
cTukaM, a opMaibHasl OlleHKa KauyecTBa He TpuMeHsieTcsl. MeTogoiornyeckas pamka
0030pa npenMeTHOTO 10181 [Arksey, O’malley, 2005] cOCTOUT U3 TSITH TIAarOB, KOTOPbIE
TIPUMEHSITUCH B paMKaX 9TOT0 0030pa.

1. @opMyIMpoOBKa HCCIENOBATEILCKOTO BOTIPOCA: KaKWe acCTeKThl POJIM MCKYC-
CTBEHHOTO WHTEJJIEKTa B OOHAPY>KEHWW U BOCIPUSITUM JIOKHOW MHMOpMannm
HCCTIeyIOTCSI B aKTyaJIbHOM JIuTepaType?

2. ITouck peyieBaHTHOI JUTEpPaTyphl: B 0030p OBbLIM BKIIOYEHBI CTaTbU, KOTOPHIE
paccmatpuBaioT cTeiKk MW u noxHoit nHdbopMmaimu, Bkitodas MU kak meton uc-
cJenoBaHUs U KaK UCTOYHUK MH(OpMaInu. B yacTHOCTH, MOUCK TTPOBOAMIICS TIO
aKageMHWUYeCKNM 0a3aM JaHHEIX, B ToM uncie PubMed, PubMed Central, Scopus,
Web of Science, ScienceDirect, arXiv, ACL Anthology n SpringerLink, a Takke 110
MaTtepuaiaM BeIylIUX MeXIyHapOoIHbIX KOHbepeHINi, TaKuX Kak: International
Joint Conference on Artificial Intelligence (IJCAI), Conference of the North
American Chapter of the Association for Computational Linguistics (NAACL), ACM
International Conference on Information and Knowledge Management (CIKM). s
TOVCKa MCIIOJIb30BAINCH TaKWE KITIOUEBBIE CJIOBA, KaK «aBTOMAaTUIeCKUN (hakT-
yekuHI», « MU u HegocToBepHast uH(opmaius», «apeas3satoctu M».

3. OTOOp pesieBaHTHBIX UCCIETOBAHUI: KPUTEPUSIMU BKIIOUEHUS TYyOJUKALIMU B
0030p IBJISTUCH BpeMeHHble paMku Mexxay 2015 u 2025 rr., paccMoTpeHue npe-
MeTa uccienoBanus Ha ctbike MU u noxxHolt nHbopMaimm, HaTnaue HOBU3HbBI B
HCCIIeTOBATEIbCKUX METOAAX, MPEACTABUTEILCTBO PA3HBIX aKAAeMUIECKUX JINC-
uurIuH. M3HavyaiabHO ObIIO 0TOGpaHo 75 crarteid, omybauKoBaHHBIX ¢ 2016 10
2025 1., ¢ O0LIMM KOJIMYECTBOM LIMTUpOBaHUIi 6osiee 20 ThIC.; Jajee U3 HUX ObLIO
0TOOpaHo 32 cTaThu, KOTOPBIE JIydIlle COOTBETCTBOBAIM 3a7auyaM MCCIIeOBaAHUS
(He nmyompoBain yXKe pacCCMOTPEHHBIE PEIIeHUs TTOCTABICHHBIX NCCIIEI0OBATEb-
CKUX TIpo0JieM; (POKyCHpOBAIMCH Ha HEIOCTOBEPHOU MH(MOPMAIIUK, a He Ha S3bI-
Ke HEHABUCTHU; MMUCAJIA O HOBBIX TTO/IX0/IaX K Bepudrkauuu nH(opMalnu, a He 0
TEXHUYECKOM YBEJTMYCHUU TOYHOCTH CTAPBIX).
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4. CucreMatu3alys TaHHBIX: TTOJydeHHas: MH(popMaius Obljla OpraHM30BaHa IO
XapaKTepHUCTUKaM UCCIIeNOBaHU BpOJie KITIOYEBBIX KOHIIETITOB, TaHHBIX, METO-
JIOB X aHaJIM3a, a TAaKXKe BKJIaAy B o0llee McCllefoBaTeIbcKoe mojie. Best mHpop-
MalusI TipeficTaBjIeHa B pe3yjibTaTtax o03opa.

5. CBoaka, 0000lIeHe U TIpeACTaBIeHUE PE3YyIbTaTOB: 0000IIeHe U CUHTE3 T0-
3BOJIMJIM CTPYNITMPOBATh MCCJICIOBAHUS IO TEMAaTHMYECKMM HAMpaBICHUSIM U
copMyapoBaTh Mpode B UCCAEIOBAHUSIX, HA CTHIKE MCKYCCTBEHHOTO MHTEN-
JIEKTa U JIOKHOU uH(pOopMaLnu.

Pe3ynbratsl

0O0630p BKJIIOYAET 32 cTaTbU, ONYOJIMKOBAHHbBIE MTpeuMyllecTBeHHO B 2019—2024 rr.,
CTPYMITMPOBAHHBIE 10 YETHIPEM HAIMpaBieHUSIM: 1) KpayJACOPCUHT U IKCTEPTHAs MPO-
BepKa; 2) oOHapyxXeHUe U pacnpocTpaHeHUE HETOCTOBEPHOI MHMOPMALIMU B COLICETSIX;
3) aBToMaTuyecKuil (hakTYeKUHT; 4) KOTHUTUBHbIE U VN -TIpeaB3STOCTU B BOCIIPUSITUN
vHGOpMaLNN.

JKcnepTHAA OLEHKA M KPAayACOPCUHT KaK METOAbI NPOBepKU MHGopMaLum

Borpoc «MoxeT n1u Tonra o0beKTUBHO OOHAPY:KMTh HEIOCTOBEPHYIO MHGOpMa-
muo?» 3agaeTcd B OJHOMMEHHOM myonukanuu [Roitero et al., 2020]. ABTOpBI UCXOIIT
U3 TOTO, UTO PO eCCUOHAIBI, KOTOPhIe 3aHUMAIOTCS TTPOBEPKOH (PaKTOB (B TOM UMC-
Jie akTUeKepHl W KYPHAIIMCTHI), HE CIIPABIISTIOTCS ¢ 00beMaMu WH(MOPMAIINK, KOTopast
HYXXIaeTcsl B IIpoBepKe. DTO, KaK OTMEUAeTCs] B TEKCTE, CO3MaeT HeOOXOMMMOCTD B JIe-
LEHTPAIM30BAaHHBIX CTPATETUsIX, TAKUX KaK KPayICOPCHHT, MO3BOJISIONINX ITPUBICKATh
MHOXECTBO YJACTHUKOB K IIPOIIECCY MPOBEPKM ITOCTOBEPHOCTH YTBepXKIeHUM. [u3aitH
HCCIIEIOBAHUS COCTOSUT B TOM, UTOOBI IIPOBEPUTH CTETICHh COOTBETCTBUST MEXKIY OIleHKA-
MU TOCTOBEPHOCTH TTPO(heCCHOHANIOB U MOJIb30BaTeIelt KPayICOPCHHTOBBIX TUIAT(MOPM.
B xauecTBe METpHMK MCIIOIB30BAIUCH TOYHOCTD MOJYYEHHBIX OIICHOK, CTEIIeHbh KOHCEH-
cyca MeXIy YYaCTHUKAMU M YPOBEHb KOPPEIISIINN MEXKIY KOJIJICKTUBHBIMU CYKICHUSIMH
¥ OILIEHKaMHU TIPOMDEeCCUOHANBHBIX (PaKTICKEePOB. YUACTHHUKY IIPEIarajcs ONPOCHUK C
11 yTBepxXaeHUSIMH, a TAKKE BOITPOCAMHU O COITMAIBHO-IeMOTpapUIeCKIX U IICHHOCTHBIX
ycTaHoBKax. JIm3aitH aKcrepruMeHTa BKITI0Yal B ce0sT BCTPOCHHYIO TTOMCKOBYIO CUCTEMY
JUTSL IPOBEPKU MH(MOPMALIMU, TIO3BOJISISI yYACTHUKAM 00PALLaThCsI K peIeBAHTHBIM UCTOY -
HUKaM B TIPOIIECCe BBITIOJIHEHMS 3adaHUs. ATpeTHpOBaHHBIC MAaHHBIC TOJIb30BaTeCH
KpayICOPCUHTOBBIX TIAaT(OPM IEMOHCTPUPYIOT BBICOKYIO CTEIIEHb COOTBETCTBUS 2KC-
[ePTHBIM OLIEHKAM, IIPUYEM YBeIMUYEeHUE Pa3MEPHOCTH LKAkl (3-0a/libHast, 6-0a/uibHast
n 100-6amapHast) He TIPMBENIO K 3HAYUMOMY YIYYIIEHWIO KadecTBa cyxaeHmnit. KorHm-
TUBHBIE CITOCOOHOCTH M TIOJIMTUYECKAsT OPUEHTAIINS PECIIOHICHTOB OKa3aM 3HAYMMOE
BIMSTHUE HA X CIIOCOOHOCTH PACITO3HABATH JIOXKHBIC YTBEPKICHMUS.

Hpyroe mcciaemoBaHWE CTAaBUT aHAJIOTMYHYIO 3aMadyy — OLECHUTHh 3(P(PEKTUBHOCTH
KpayJICOpPCUHTA KaK METO/Ia ITPOBEPKU TOCTOBEPHOCTU MH(popManuu [Saeed et al., 2022].
B nccnemoBanuM MCIIOMB3YIOTCS TaHHBIC, TTOJIyYeHHBIC ¢ TUIaT(GOPMBI KPayICOPCUHTO-
Boli Bepudukanum pakToB Birdwatch. OHa Mctionb3yeT JaHHbIe U3 « TBUTTEpa» U CIeayeT
aJTOPUTMY: OOHapyXeHINEe U BHIOOP YTBEPKIECHUI, TTOMCK J0Ka3aTeIbCTB, BEpU(pUKAIIII
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YTBEPXKIEHMI (ITOXOXMI1 aJITOPUTM UCITOIb3YETCST TIPU aBTOMATUYEeCKOM (PaKTUYEKMHTE).
JlaHHbIe ¢ Kpayicopca CpaBHUBAIOTCS C TaHHBIMU OT TTPO(eCCUOHATbHBIX (DAKTIEKEPOB
¢ rargopmbl ClaimReview. CpaBHeHME UCTOYHUKOB MOKa3aJ10, UYTO UICTOUHUKM JIIOAEH ¢
KpayJICOpCUHTOBON MmIaTdopMbl ObLIM Oosiee pa3HoOoOpa3HbiMU (Hampumep, Wikipedia,
YouTube, HayuHble cTaTbU), B TO BpeMsl KakK MpodecCuoHaIbHbIEC (paKTYeKephbl UCITOIb30-
BaJIi MEHbIIIe UCTOYHUKOB, HO OHU OBLIM O0JIee crienann3upoBaHHbie. K moxoxum pe-
3yJIbTaTaM MPUXOIUT JAPYroe UCCIeNOBaHNE: B OTIMYME OT MPOheCCUOHATBHBIX (akTye-
KepoB (pakTyeKepbI-aKTUBUCTHI TIPY TTPOBEpKe MHMOPMAIIMK ONTMPATUCh Ha OoJiee y3KUid
Ha0Op MCTOYHUKOB M MEHEE TOYHO Pa3indaiu (HakTUIeCKre HETOYHOCTH U YTBEPXKIE-
Hus, BBOASIIME B 3a0nyxneHus | Tsang et al., 2023]. Takke aKTUBUCTHI O0Jiee CKIIOHHBI
KPUTUKOBATh HEIOCTOBEPHYIO MH(POPMAIINIO, a He TIPUBOAUTH JJOCTOBEPHYIO.

[Ipu 5TOM ecTh TaHHbIe, KOTOPBIE MMOATBEPXKIAIOT BIMSIHUE TOJTUTUIECKON OpUeHTa-
LIMY Ha OLICHKY NMPaBIUBOCTH YTBepXIeHul [ La Barbera et al., 2020]. 17151 3TOTO UCTIOIB30-
BaJicsl HaOop maHHbBIX PolitiFact, koTopblit conepkuT 12 8§00 moauTUYecKuX yTBepKACHUN
C pa3MeTKOM JOCTOBEPHOCTU MO 6-0allIbHOM IlIKaje, TPUCBOEHHOM 3KCIepTaMu-(haKT-
yekepaMu. PazMeTka maHHBIX MpoBoamiIach pu moMomy 400 UCIOTHUTENeH, KOTOphIe
oneHMBaIM 10 10 yTBEPXKICHWIA, B TOM YKCJIE IBa KOHTPOJIBHBIX YTBEPKACHUS U 110 TPU
YTBEPXKIEHMS Ha OMpeesieHUe MOTUTUISCKUX B3MISII0B. OIEHITMKY ¢ Kpaya-TiaThopm
CKJIOHHBI OTHaBaTh IPEANOYTEHUE MaTepuajaM, COOTBETCTBYIOIIMM WX YOEXKICHUSIM.
[lIkaJpl, KOTOpPBIE NCITOIB3YIOT OLIEHIIIMKY, CAMU 11O ce0e BBICTYITAIOT IIPEIMETOM HCCIIe-
noBaHus. Ha tex ke cambix gjaHHbIX U3 12 800 yrBepxknenuit PolitiFact mokazaHo [Soprano
et al., 2021], 4TO COrJIacOBaHHOCTb OLIEHOK BapbUpPyeTCs B 3aBUCHMOCTM OT acIleKTa
«IIPaBIMBOCTH», KOTOPBIN MCIOJIB3yeTCsT (ITPaBUILHOCTh, HEUTPATbHOCTh, ITOHSTHOCTD,
TOYHOCTD, TIOJHOTA, JJOCTOBEPHOCTh, MH(POPMATUBHOCTB). [1pu 3TOM yrpolieHue oreH-
KW TOCTOBEPHOCTH 10 TpeX MPHM3HAKOB (HEINPEIB3SITOCTh, TOYHOCTb U IPABIMBOCTD)
MTO3BOJIMJIO TIPUWUTH K 0oJiee COTJIacCOBAaHHBIM BBIBOJAM, YeM B ITPOIILIBIX MCCIISTOBAHM-
siX [Barbera et al., 2024]. B xauecTBe UCTOYHMKA MHOOPMALIMU HUCITOJIb30BAJICS TOT Ke
PolitiFact, 3 xotoporo BeiOpanu 120 yTBepxkaeHui, 1o 20 Ha KaxkA0To OLEHIINKA.

o cux Imop ToBOpWJIOCh O CPAaBHEHUM OILIEHOK MPOMEeCCHOHANBHBIX OLIEHIINKOB 1
JIoNel ¢ KpayJICOPCHHTOBBIX IUIaTopM. DKcrepuMeHT «DaKTYeKUHT (haKTIeKepoB»
[Lee et al., 2023] neMOHCTPUPYET BHICOKYIO COITIACOBAHHOCTD Pa3HbIX (haKTUYEKEPOB MEX-
1y coboii. Ero maHHbIe BKIIIOYAIOT KOpIyc u3 24 169 (hakTYeKMHIOBBIX CTaTel, KOTOPhIE
OBbLTM cOOpaHbI ¢ TTIOMOIIBIO BeO-CKPENMHTa ¢ CaliTOB OpraHu3aluii-cakTyekepos. Js
COMOCTaBJIEHUST YTBEPKIEHUI U3 pa3HbIX 0a3 ucrnojib3oBanuch TF-DF-Bekropuzauus u
BERT, a TO4HOCTH COOTBETCTBUS OLIEHOK coctaBuia 0,96. Hekoropast «HAaMBHOCTb» Ta-
KO OIICHKU COCTOMT B TOM, YTO COBITaJIcHHE OIIEHOK Y pa3HbIX (haKTUeKepOB KOHCTATH -
pyeTcs Iaxe Torna, Korjaa OHM OTMETHIIM MH(MOPMAITUIO JIOKHOM IO pa3HbIM OCHOBaHM -
saM | Uscinski, 2015]. OHU Takke MOTYT OLIMOAThCSl B OAHUX U TeX XK€ MecTaX, 0COOEHHO
€CJTM OLICHIIUKU SIBIITIOTCS TTPOheCCHOHATBHBIMUA U MMEIOT CXOXUE WICOJIOrMYecKre
TPEAB3SITOCTH.

O06HapyeHue 1 OTCNEeXUBAHME PAacCNPOCTPAHEHUA HEJOCTOBEPHOM
nHpopmauum

MCTOI[H, OCHOBAHHLIC HAa MAIIMHHOM o6yquI/m, BHOCAT BKJIad B OTCJICKNBAaHUEC pac-
IPOCTpaHCHUA HCI[OCTOBepHOﬁ I/IH(IDOpMaHI/H/I B coLlMaJIbHBIX ceTsax. Ha 9Ty TEMY €CTb CU-
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cTeMaTudeckuit 003op aurepatypsl [ Wang et al., 2019], rne otMedaeTcs, 4TO B IUTepaType
0 pacrpoCTpaHeHUH JIOXKHON MH(pOPMAIMY TIPeodIafaloT UCCIIeIOBaHUST Ha MEIUIIMH-
ckue TeMbl. O630p BKIIIOUMI 57 myoaukanuii 3a nepuon ¢ 2012 nmo 2018 r., mocBsI1LIeHHBIX
HEIIOCTOBEPHOI MH(MOpMaK B cepe 3IpaBOOXpaHEHUS B KOHTEKCTE COLIMATbHBIX Me-
Ira. AHAJIM3 COBMECTHOTO IIUTUPOBAHUS BBISIBIIT YEThIPE MEXKIUCIIUTUIMHAPHBIX KJIacTe-
pa, K KOTOPBIM OTHOCSITCS ITyOJTUKAIIMKA Ha 3TY TEMY: COIIMaJIbHAsT TICHXOJIOTHSI, KOMMY-
HUKALIMW, MEIULIMHCKIE 1 OMOMEINIIMHCKIE HAyKN, OOIIECTBEHHOE 3IpaBOOXpaHeHNE.
B 3T0T 00630p TaK:Ke MOMaan CTaTbi, KOTOPhIe OCHOBaHBI Ha MH(MOPMAIINH ITO METUIINH-
CKHM WJTU TIOJINTUIECKUM BOIIPOCAM.

SIpKuM IIpUMepOM pelieHUs 3ada9y OTCIICKMBAHUS pacIipoOCTpaHEHUS HEOOCTOBEP-
HOW MH(MOpPMAIIUK TI0 COLMATbHBIM Meaua BhICTyNaeT uccienoBanue |Ghenai, Mejova,
2017], KoTopoe MOCBSIIIEHO BBISIBIEHUIO HEIOCTOBEpHON MH(MOpMaLUM O BUpyce 3MKa
B COLIMAJIBHBIX CETAX C MCIOJIB30BaHNEM METOIOB MAIIMHHOTO OOYUYEHUS IUIST MOHUTO-
pMHTa OOIIECTBEHHBIX HAPPAaTUBOB B 00J1aCTH 3ipaBooxpaHeHus1. McciienoBaHue aHau -
3UpYyeT, KaK pa3INIHbIe TUITHI JJOXKHOU MH(POPMAIINY BIUSIOT Ha CKOPOCTD M OXBAT JIOXK-
HBIX HappaTHUBOB, a TaKXKe KaK MOXHO CHH3WTb MX BO3IEICTBHE C ITOMOIIBIO IIEIEBHIX
WHTEepBEeHLNIA. B cTaThe 0 pacrpocTpaHeHUN WH(GOPMAIINU B PA3TMYHBIX COIMAIBHBIX
CeTSIX OIUCHIBAIOTCS pPa3HbIe METOMIBI, KOTOPBIE IIAT(GOPMBI MCTIOIB3YIOT IS TOTO, YTO-
ObI 0OOHapyXUBaThb HelOCTOBepHYIO MH(popMauuto [Cohen et al., 2020]. B xauecTBe n0-
CTYITHBIX METOJIOB MTEPEUNCISIOTCS MOIEN Ha OCHOBAaHNH MCKYCCTBEHHOTO MHTEJIJICKTA,
KOTOpBIE B Ka4eCTBE MCXOMHBIX JAaHHBIX TPUHUMAIOT HE TOJHKO TEKCT, HO U XapaKTe-
PUMICTUKH CETEBOTO B3aMMOIECHCTBUS: JaHHEIC 00 OLIEHKAaX M KOMMEHTapUsX IoCTa, KaK
CBSI3aHBI KOMMEHTATOPHKI APYT C IPYTOM U C aBTOPOM ITyOIMKAIINH, OLICHKA TOHAJTEHOCTH
KOMMEHTapHEB.

Ha comnmanbHO-ceTeBO# MOAX0 ONUpaeTCs UCCAENOBaHUE O CTPYKTYPE TUCKYPCUB-
HBIX COOOLIECTB B COLIMANIbHBIX ceTsx | Mattei et al., 2022]. CpaBHUBas1 pacnipocTpaHEeHUe
nHOOpPMALIMKU C SMUAEMHEI, aBTOPHI BBOISAT TEPMHUH <«MHMOIEMUsI»: €CTh UCTOYHUKHU
MHQEKINT U eCTh €€ TIEPEHOCYMKHU. M ccenoBaTe I OMMCHIBAIOT CTPYKTYPY AUCKYPCUB-
HBIX COOOIIECTB KaK raJICTyK-0a009YKY: MCXOOSIINI CETMEHT BBICTYIAeT OTHOCTOPOHHUM
WCTOYHUKOM WH(MOPMAIVHK TS SIApa, a sIpO BBICTYIIAeT OMHOCTOPOHHUM MCTOYHUKOM
nHGOPMALINK U BXOIsIIero cermMeHTa. [Ipu aToM Ha neprdepnu, BHE siapa, KAYeCTBO
KOHTEHTa 3HaYMMO 0oJiee HM3KOe M BKJIIOYAeT HelTOCTOBepHYIo mHpopMaimio. Hermo-
Hasl CBSI3HOCTh CETMEHTOB CIIOCOOCTBYET pacIipocTpaHeHuIo nHpoaemun. Poib Kiacte-
POB TIPHM PacIpOCTPAHEHUM JIOKHOUW MH(MOPMAIIMM M3BECTHA KaK 3(P(EKT 3X0-KaMep.
Ha nabope gaHHBIX U3 00Jiee YeM OJHOro MUJLIMapaa TBUTOB, cBsizaHHbIX ¢ COVID-19,
ceTeBoe MOJIEIMpOBaHNe U KapTorpadupoBaHue 3X0-KaMep ObLIO JOTIOJTHEHO METOIaMU
TeMaTUIECKOTO MOIEIMPOBAHMS IIJIST BBISBJICHUST pacIpOCTpaHEHHBIX HappaTuBoB [ Chen
et al., 2022]. KaptorpadupoBaHue 3Xo-Kamep I0Ka3ajo, YTO MOJb30BaTeIM, KOTOPbIE
IMyOJIMKOBAIM JIOXKHYIO MH(MOpMaIIMIo, Jallle MpUHAUIeXal K OqHOMY Kiactepy. Tema-
THYECKOE MOAEIMPOBAHKE BBISIBIIIO, YTO 3XO-KaMephl Pa3INJaloTCs 10 MOJIUTHIECKUM
TpU3HAKaM.

B 2019 r. paznuyHbie MOAEIM MAIIMHHOTO OOYyYeHUs TakKe MCITOJIb30BAIMCH IS
pelieHus 6oJiee paHHel U CMEXHOM 3agayu — OOHapYKeHUsT OCKOPOUTETBLHOTO SI3bIKA
[Zampieri et al., 2019]. Toraa ke Obl1a TocTaBjeHa 3aa4ya O TOM, YTOObl HA OCHOBAaHUU
CTHJINCTUYIECKMX OCOOCHHOCTEM TEKCTa OTIMYATE ITpOTIaraHAy OT He IIpoItaraHakl [ Barron-
Cederio et al., 2019]. SI3bIKOBble MPU3HAKK TTOMOTaId MOAEISIM MAlIMHHOTO OOyYeHUsI
JIy4Iire Kjaaccu@uumpoBaTh TEKCTHI. 3a1adeii UCCIeOBaHUI, B paMKaX KOTOPBIX OOJIbIIINE
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SI3BIKOBEIC MOJIEJTA CTaJld CAMOCTOSITEIEHBIM METOIOM aHaJli3a, CTajla aBTOMaTHJecKast
IMPOBEpPKa JIOCTOBEPHOCTH MH(POPMAIINH, TO €CTh aBTOMAaTHIECKIIT (haKTIYCKIHT.

ABTOMaTUYECKNI (DaKTYEKUHT

IIrardopmer BotipocoB u otBeToB (Community Question Answering, cQA), Takne KaKk
Yahoo! Answers n Stack Overflow, cTani OOTHUMHU U3 TIEPBBIX NCTOUHUKOB TAHHBIX IS
WICITOJIB30BAaHMSI SI3BIKOBBIX Mofieneit [Srba, Bielikova, 2016]. SI3bIKOBbIe MOAETN UCIIOb-
30BJIUCH JIJISI TIOMCKA 9KCTIEPTOB, KOTOPHIE C OOJIBINEH BEpPOSTHOCTHIO MOTJIM ObI OTBE-
TUTb Ha TTOCTABJIEHHBIH BOMpoc. OMHUM U3 TIEPBBIX TPUMEPOB CUCTEMbI aBTOMAaTUYECKOM
MPOBEPKU TOCTOBEPHOCTH YTBEPKACHWUIA SIBJIsIETCSI MOJIeNb: [ Karadzhov et al., 2017]. B my-
OyMKalMy aBTOMaTU3UPOBAaHHBIN (hakTUeKUHT (automatic fact checking) paccMaTpuBaeT-
cs KaK BapuaHT pellleHus 3a1aun Banunainnu nHgopmannu u3 MaTtepuera. B kauectse
TIPUHITUTIOB JIJIST PELIeHUST 3TOU 33a1a4y aBTOPHI MPEAIaraloT YHUBEPCATbHOCTh, HalleX-
HOCTb, TIPOCTOTY, BO3MOXHOCTh TTOBTOPHOTO UCITOIb30BaHMS U BHICOKOE KAaueCTBO MO-
JIeJieid MallMHHOTO O0y4YeHUsl. ABTOPBI pa3padoTayiv cucTeMy (pakT4eKUHra, Kjiaccudu-
HUPYIOIIYIO TTYOJIMKAIIMY KaK UCTUHHBIE WX JIOXKHBIE HA OCHOBE CXOJICTBA C YTBEPXKIE-
HusiMu U3 cQA. JIiia comocTaBieHUsT UCTIOJIb30BAJIOCh 992 KiacTepa MyOauKaluii U Tpu
METPUKU: BAXHOCTb Kaxaoro cioBa B fokymeHTte (TF-IDF), BekTopHbIe ipencTaBieHUus
CJIOB U TeMaTtuueckast 6u3octb. [IpuMeHeHne Mojenu 1j1st TpoBepku (HakToB B (hopymax
¢(QA noka3zajo yJaydileHHe 110 CPaBHEHUIO ¢ 0a30BBIMU MOJIETISIMU.

OtnenbHas 3a7aya B paMKax aBTOMaTHIecKOro (hakKTYeKMHTa COCTOUT B TOM, YTOOBI
00HapYXUTb, TIpoxonuia Ju nHbopmaius daktaekudr panee. Mccnenosarenu [Shaar
et al., 2020] npeIOXWIN paHKUPOBATH MPOBEPEHHbIE YTBEPXKACHUS MO CTENEHU UX MO0-
JIE3HOCTH JIJIsT BepuUKAIIMU HOBOTO YTBepKIeHUs . JIJisi 3TOTO MCIIOIb30BATUCH Taphl
«BXOITHOE — MPOBEPEHHOE YTBEPXKIEHUE» U3 IBYX IaTACETOB, BEKTOPU3AIUs TEKCTA C TI0-
moibio BERT u pacuet kocuHycHoro cxonctBa. Metof rmokasai 3HauYMMOoe yIyqylIeHUue
KadyecTBa PaHXXWUPOBAHWS TIO CPABHEHWIO C MPEABIAYIIMMU MMoaxoaamMu. B pamkax pas-
BUTHSI aBTOMaTndeckoro (akryekunra npoekt CheckThat! 2020 | Barron-Cedeiio et al.,
2020] rmpemtoXua UHCTPYMEHTHI JUTS aBTOMaTU4YEeCKON UIeHTU(DUKALIUN U BepUDUKALIUNA
YTBEPXIEHUI B cOLMalIbHbIX Menua. JlaHHble, Bkitoyas nyonukauuu no COVID-19,
CcOOMPAaTUCh C TIOMOIIIBIO BEO-CKPEITMHTa 1 aHHOTUPOBATUCH IKcTiepTaMu. JIist Bepudu-
Kallu¥M TaKXke MCIOJIb30BAIMCH BHEITHUE AATACEThI C MPOBEPEHHBIMU YTBEPXKICHUSIMU.
B kauectBe meTonoB npumeHsuiuch TpaHcpopmepsl (BERT, RoBERTa) u SVM — kak
10 OTAEBHOCTH, TaK U B THOPUIHBIX KOMOMHAIUSX — JUISI U3BJICUEHUST I0KA3aTeIbCTB U
TpeicKa3aHust JOCTOBEPHOCTU YTBEPKIACHUIA.

B o630pHOM moxmane [Nakov et al., 2021] maetcs ompenejiceHUE TOTO, KaKUe 3TaITbI
BKJTIOUAeT B ce0sl aBTOMAaTUYECKUI (DAKTUSKUHT: U3BJIEUEHUE YTBEPXKICHUN U3 TEKCTO-
BOli MH(OpMaIUU, OTOOp TeX, KOTOPbIE JOCTOWHBI MPOBEPKU, U OTPEICIIEHNEe WX T0-
croBepHOCcTU. Poib MM cocTOUT B TOM, UTO OH MTOMOTaeT OTOMpaTh Haubojiee BaXHbIE
yTBepxaeHus. st Bepudukanum yTBepKIeHU UCTTOIb3YIOTCSI AJITOPUTMBI COTIOCTABJIE-
HUST TEKCTa C TIPOBEPEHHBIMU 0a3aMU. ABTOPHI BBIIEISIOT KITIOUEBbIE 33Ja4l aBTOMATH -
4yecKoro (hakTIeKMHTa: MOHUTOPUHT HEIOCTOBEPHOU MH(pOpMaInu, 0TOOP yTBEPXKISHUI
TSI IPOBEPKU U UX TTOCHIeAyIoNIast Bepudukaus.
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KorHutusHbie uckaxkeHnusa u npeassatoctu UU
npyu BOCNPUATMYU HeJO0CTOBEPHOU MHGOpMaL MK

BocnmpumMunBOCTb K HEIOCTOBEPHOM MH(POPMAIINK B COLMATBHBIX CETSIX BapbUPYET-
Cs B 3aBUCHUMOCTH OT COIIMAJBHOTO TTOPTPETa IMOJIH30BaTeIsT (HAIpUMeEp, aMepPUKAHCKIE
PECIIOHAEHThI cTaplie 65 jeT Aeauanuch GeiKOBBIMU HOBOCTSIMU B CEMb pa3 yallle, YeM
pecIoHIeHTH B Bo3pacTte 18—29 mer) [Guess et al., 2019]. B crathe, MOCBSIIICHHON WH-
donemuu Bo Bpemss COVID-19, nenaetcs BLIBOI O TOM, YTO (haKTUEKMHTA HETOCTATOUHO
JIJIS TIpEIOTBpAllleHUsI HETAaTUBHOTO Bo3neiicTBus ae3nHdopmanyu [Chou et al., 2021], u B
MEePBYIO OUepelb — M3-3a KOTHUTUBHBIX MCKAXKCHUI, KOTOPHIC YCKOPSIOT pacIIpocTpaHe-
HUE HeAOCTOBEPHOI MH(MOPMAIINH.

B miporrecce (pakTyekmHTa, IIPOBOAMMOTO KaK C TIOMOIIBIO aBTOMAaTUIECKUX CPEICTB,
TaK M C IIOMOIIBIO KPayICOPCUHTA, BAXKHO YIUTHIBATh, UTO HA OICHIIUKOB BIUSIIOT KOT-
HUTHUBHBIC UCKaXeHUs. B 0030pe KOTHUTUBHBIX MPEIB3SITOCTEH B (PaKTICKUHIE BBIIC-
nsgeTcs 39 McKaxkeHUi, KOTOphIe MOTYT BIIMSITh HAa KauecTBO (haKTYeKWHTA, U 11 KOHTp-
Mep TIpOTUB HUX [Soprano et al., 2024]. 3HAYUNMOCTh CTATHU 3aKJIIOYACTCS B aKIIEHTE Ha
MPEaB3ITOCTA aBTOMATU3aLMN — SIBJICHUHU, IIPX KOTOPOM aBTOMATU3MPOBAaHHEIC CHCTE-
MBI TIPEIOCTABISIOT MH(MOPMALINIO IS TI0JIh30BaTe/IsI M UCKAXKAIOT TIPaBWIbHEIC pellle-
HUsI, IPUHSTHIC OLICHIINKOM. B KauecTBe KOHTpMeD IIpeiiaracTcss KOHTPOJIb IIOUCKOBOM
CHCTEeMEI HCClIeqoBaTeIeM (peKOMEHIAaTe IbHBIC aITOPUTMBI MOTYT 3aKJIadbIBaTh MHINBH-
IyaJTbHbIC CMEIIEHUS IJIs OLICHIITNKOB), MH(OPMHUPOBAHKE OIICHIIIMKOB O HAJTMINU aBTO-
MAaTU3UPOBAHHOI CUCTEMEI ITOMCKa MH(POPMAIINK, a TAKKE MHCTPYKIINU O CKETITUICCKOM
OTHOIIIEHNHX K MH(MOPMAIINN, KOTOPYIO OHU MOTYT ITOJYIUTh U3 3TUX CUCTEM. DTO CTaBUT
Borpoc 00 MM He TOIBKO KaK O CPEeICTBE TSI MIPOBEPKH JOCTOBEPHOCTH MHMOPMAIIUN,
HO ¥ KaK 00 ee uctounuke. [1omp3oBaTen TakkKe CKIIOHHBI 00JIbIIIe BEPUTH TOM JTOXHOM
nHpopmaumu oT MU, KoTopast COOTBETCTBYET MX ITPEACTaBICHHUSIM O TOM, KaK ITPaBIILHO
MIPOBEPSITh JOCTOBEPHOCTh MH(MopMaruu [Shin et al., 2024]. DTo COTIIaCOBBIBACTCS C TEM,
YTO HOBOCTH C IOMUHHUPYIOIINM HappaTUBOM BOCIIPUHMMAIOTCS PECIIOHIeHTaMHK KaK 00-
Jiee mocToBepHbIe | Bryanov et al., 2023].

B xoHTeKCcTe HemoCcTOBepHOI MH(MOPMAIINK Y UCKYCCTBEHHOTO MHTEIIJICKTA €CTh CIIIe
OHO MPUMEHEHUE — ATO MPOBepKa UH(POPMALINU TTPU TOMOILLU YaT-00TOB C TeHEPATUB-
HBIM MCKYCCTBEHHBIM MHTEJIJICKTOM. B 3TOM MHCTpyMeHTe OOJbIINE S3BIKOBBIC MOICITN
BBICTYIIAIOT METOIOM HE aHajn3a JaHHBIX, a TeHepallMi OTBETOB O JOCTOBEPHOCTH MH-
dbopmarnm. [Ipu 3TOM BOZHUKAIOT PUCKH TIPEAB3SITOCTH MCKYCCTBEHHOTO MHTEJUIEKTa —
CHCTEMATUYECKUX OINMOOK, MPUBOMSIINX K HECIPaBeIJIUBBIM pe3yiabraTtaM |Ferrara,
2023]. MUcTouHMKaMM TIpeaB3SITOCTA MOTYT OBITh CMEIIEHUS B TPEHUPOBOUYHBIX TaHHBIX,
0COOCHHOCTH aJITOPUTMA U MHTEPIIPETalis OTBeTa MMoJib3oBaTeneM. Tumonorus | Ferrara,
2023] Bxirouaet: 1) MpeaB3sITOCTH BEIOOPKM, BO3HUKAIOIIYIO M3-3a Heperpe3eHTaTUB-
HBIX JaHHBIX WM CUCTEMAaTUIECKUX OIMMOOK U3MEpEHUsI, 1 2) TIPEAB3SITOCTD aJITOPUTMA,
MpY KOTOPOI OTIEIbHBIC aTPUOYTHI OKA3BIBAIOTCSI HEIPOITOPIMOHAIBLHO 3HAYMMBIMU.
B KOHTEKCTe MALIMHHOIO 00y4YeHUs] «TajUIIOLMHALIME» HA3bIBAIOT SIBJIEHUE, IIPU KOTO-
pPOM MOENIb TeHepUPYeT BBIXOOHBIC TaHHbBIC, HE COOTBETCTBYIOIINE BXOTHBIM JaHHBIM,
co3maBasl JJOXXHYI0 I OeCCMBICICHHYIO MH(popMalLnio. B akageMndeckoi TuTepatype
BMECTO TEPMMHA «2AAAHUUHAYUS» BCE Yallle MCIIOJIb3yeTCsl KOHLIENT «ucKaxeHus MW »
(Al misinformation) — TO ecTh JIoxXKHast nHGoOpMaums, creHepupoBanHast UU [ Hatem et al.,
2023]. I[Ipu 3TOM aBTOpaMM ITOAUEPKUBACTCS, UTO MHTEPIIPETAIIMSI TAKUX OTBETOB BO MHO-
TOM OIIPENeIISIETCS CAMUM IT0JIb30BaTeICM.
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B uccnenoBanuu [Pan et al., 2023] o npyuMeHEHUU UCKYCCTBEHHOIO MHTEJIJIEKTa B
KOHTEKCTE IMPOBEPKU JTOCTOBEPHOCTU MH(MOPMAIIMU MCTIONb3YeTCs CICAYIONINIA TU3aiiH:
YHUDUIIMPOBAHHBIE 3aIIPOCHI C YTBEPXKIECHUSIMU Ha METUIIMHCKYIO TEMATUKY HaIlpaBJIsi-
JOTCS PA3IMYHBIM TeHEPATUBHBIM MOJIENISIM MCKYCCTBEHHOTO MHTEJUIEKTA; Majiee OTBEThI
4aT-00TOB OIICHUBAIOTCS IO TOCTOBEPHOCTH, TTPAKTUYECKOM TOJIE3HOCTH U YUTAEMOCTH.
ITo pesynabTataM OITBITOB aBTOPOB CTAaThU JOCTOBEPHOCTH BBIIAYM OKa3ajdach BBICOKOIA,
TMOHSITHOCTh CPEIHEl, a TI0JE3HOCTh — HU3KOM, YTO OTYACTH MOXET OOBSICHATHCS OCO-
OEHHOCTBIO CHOPMYJIMPOBAHHOTO 3arpoca. JAu3ailH npyroro umcciegoBaHUs COCTOST B
TOM, YTOOBI OLIEHUTh, HACKOJIBKO YCIEIIHO YaT-00T Ha ocHoBaHUM BAM moxeT npoitTu
CTaHIAapTU3WPOBAHHBI MEMUIIMHCKUMN 3Kk3aMeH | Kung et al., 2023]. Pe3ynbraThl mokasa-
JIA, 9TO Jaxke 6e3 TOTIOJIHUTEIbHON HACTPOMKH MOJIETN CTIeIIMaTu3MPOBAHHBIMU TaHHbBI-
MM €€ OTBETHI TTO3BOJISIIOT TOCTUYb ITPOXOIHOTO Oajiia MEAMIIMHCKOTO 9K3aMeHa.

Y aKkcnepuMeHTOB ¢ ucKaxkeHusiMu MU ecth npyroe orpaHu4eHue, KOTOPOE BbIpa-
JKaeTcsl B HACTPOMKEe TOYHOTO 3arpoca ISl TToJydeHust 0ojiee TOYHOTo OTBeTa. DTo orpa-
HUYEHUE YUYNUTHIBACTCS TIPU 10OABJIEHUM BApUATUBHOCTH IO MOJIEJIN, CTPOSHUIO 3aIipoca
U CcIOXHOCTU TeMaTtuku [Wang et al., 2024]. VccneqoBaTenu paccMaTpuBald TOYHOCTh
BboInauu reHepaTtuBHoro MM Ha npumepe ChatGPT B pa3pese pa3HbIX Mojelielt, 3apocoB
pa3HBIX TPaMMaTUYECKHUX CTPYKTYP M TeMaTUK OT MPOCTOi 10 cloxXHOM. MccaenoBaHue
1OKa3ajio, 4YTo (hOPMYJIMPOBKHU 3aIIPOCOB CIIOCOOHBI BIUSATH Ha TOYHOCTh MH(MOPMAIUN
B Bhlmaue MW, HO maxe Mpu OZMHAKOBBIX BOIIPOCAX JOCTOBEPHOCTh OTBETOB yaT-00Ta
MOXeT omnyathest. OTOENbHBIM ClIeHapyeM UCIoJIb30oBaHUs reHepatuBHoro U siBis-
eTcs MmojlydyeHue peKoMeHIalui, a He MpocTo nHdopManuu. B rccienoBaHum cTaBUTCS
BOITPOC O TOM, HACKOJIbKO OYIYT TTOXOXMMM peKOMEHIAIllMK 4aT-00Ta Ha peajbHbIe pe-
weHust Bpaueit [Williams et al., 2024]. Ha marepuane 6ojee yeM 10 ThIC. cllyuaeB HEOT-
JIOXKHOU MeIUIIMHCKOM TTomMolu 9at GPT-3.5-turbo moka3zan TOYHOCTh 24% B CpaBHEHUM
¢ pelnleHusIMU Bpadeii-oparnHaTopoB. MHbopMupoBaHue co cropoHsl MW, B Tom uncie
MOCPEICTBOM JIMAajIioTa ¢ 4aT-00TOM, MOXET CHIKaTh YPOBEHb JOBEPHSI TEOPUSIM 3aTOBO-
pa: B akcriepuMeHTe ¢ 2 190 yyacTHUKaMU ydacTue B JMajiore ¢ 4yaT-00ToM Ha OCHOBaHUU
0OJIBIION SI3BIKOBOI MOIEIM BEpa B TEOPUM 3aroBopa cHikanach Ha 20—21% [Costello
etal., 2024].

Inckyccua

PacnipocTpaneHue HenOCTOBEpHOU MH(OPMAIINK SIBJISIETCSI OMHUM U3 CaMbIX OCTPBIX
BBI3OBOB JTsI IIU(PPOBBIX TUIAaTGOPM U 00IIIeCTBA B 11€JIOM BBUIY €r0 BCe OOJIbIIEH MH-
opmarmzanuu n mmdposuzanuu. [IpumMeHeHe THCTPYMEHTOB MTPOBEPKU MHGMOPMAITUN
03HaYaeT METOMOJOTUIECKUI KOMIIPOMMCC, TTOCKOJIBKY KaXKIblii MHCTPYMEHT periaet
OTHU METOMIOJIOTMYECKHUE MPOOJIEMBI U CO3/IaeT Apyrue. DTU OrpaHUYEHUS] HEOOXOIUMO
YUUTHIBATh TIPU paboTe ¢ MHCTPYMEHTaMU BepuUKallMU, U OHU TIPEACTABISIOT CO0Oit
CaMOCTOSITeNTbHBIN TIPEeAMET McCliefoBaHusI. NHCTpYMEHThl 0OHapyKeHUsSI HEIOCTOBEP-
HOI MH(bOPMAIINU 32 IECSTh JIET IBOJIOIMOHUPOBAIM OT KPAayJCOPCUHTA IO ITUPOKOTO
WCTIONIb30BaHUST MCKYCCTBEHHOTO WHTEJUIEKTA /TSl aBTOMAaTU3MPOBAHHOTO (DAaKTYEKUHTA.
[Tpu 3TOM Ha CBOEM MyTH Pa3BUTHE MHCTPYMEHTOB CTAJIKUBAJIOCh C ODapbepamMu: KOTHU-
TUBHBIE CTIOCOOHOCTH U TTOJIMTUYECKAst OPUEHTALINS OTIEHIITMKOB, PA3MEPHOCTD IITKAJT JIJIST
OIIEHKU, KOTHUTUBHBIE MCKAKEHUS 1 TOYHOCTD JaHHBIX. MICTI0/Ib30BaHNE NCKYCCTBEHHO-
TO MHTEJIJIEKTA [Tl TPOBEPKU TOCTOBEPHOCTH YTBEPXKACHUI HA MHIUBUIYaTbHOM YPOBHE



164 COLMO0I0rNA HAYKW W TEXHONOTWI. 2025. Tom 16. Ne 4

CTaJIKMBAETCId C HOBBIM BBI30BOM — McKaxXeHusMu MU, korma mpens3stocts MU mipu-
BOJIUT K TOMY, YTO MHCTPYMEHT BBICTYITaeT HEe CPEICTBOM OOHApy:KeHUS HEIOCTOBEPHOM
WHQPOPMALINH, a €€ HICTOUHUKOM.

151 mpoBepKy MH(GOPMAIIKA MOXHO MCITOJB30BaTh SKCIIEPTOB. VX OLIEHKM XOPOIIIo
COIIACOBBIBAIOTCST MexXAy coboii [Lee et al., 2023], ogHaKO 3TO COBINaAeHNE MOXKET ObITh
CJICICTBMEM OOIIMX KOTHUTHMBHBIX MCKAXKeHWI, MHCTUTYLIMOHAIBHBIX paMoK [Uscinski,
2015] wnu ugeonorudyeckoi npeas3sstoctu [La Barbera et al., 2020]. IIpumeHeHue 3TOTO
WHCTPYMEHTA OITOCPEI0BAaHO OTHOCHUTEIBLHO 00Jiee BBICOKUMHU M3AePKKAMU 110 BpeMeHU
¥ TIPUBJICYCHUIO 3KCITepTOB. KOJIEKTUBHEBIN CIIOCO0 MTPOBEPKU MH(POPMAIINHU OITpacT-
Cs He Ha Y3KOCIeIMaJM3UPOBAaHHBIX IKCIIEPTOB, a Ha TOJIb30oBaTesIeil KpayICOPCUHTO-
BbIX TuIaThopM. C OMHOI CTOPOHBI, Y HUX HET CMEIIeHUS 1M3-3a CBOEH Crielnaan3aiuu
B Teme. C Apyroii CTOpOHBI, OHU MCTIOJB3YIOT 00Jjiee TOCTYITHbIE MICTOYHUKUA MH(bOpMa-
uu [Saeed et al., 2022] 1 Xyxe pazauyaloT MaHUIYJISTUBHbIE YTBepXKaeHus | Tsang et al.,
2023]. B aToM criocobe yrpo3a MoJUuTUYECKON M MHCTUTYLIMOHAIbHOM MPeaB3SITOCTH CTa-
HOBUTCSI MEHBbIIIE, TTOCKOJIbKY CAMUX OLIEHIIIMKOB CTAHOBUTCS MeHbIIe. OMHAaKO HeloCTa-
TOK X KBATM(DUKALIMY ITPUBOINT K CHIDKEHUIO TOYHOCTH OIpeAe/ICHUS] HETOCTOBEPHOM
nHdopmanru. Takum 00pa3oM, BEIOOP MEXIY SKCIEPTHOM M KOJIJICKTUBHOM OIleHKaMU
COCTOUT B METOJIOJIOTMYECKOM KOMITPOMMCCE MEXIY TIIyOMHOM 3KCIIEPTU3bI ¥ IITUPOTOM
BOBJICUCHUS YIACTHUKOB, a TAaKXKe OTPaHMICHUSIMU 110 TOYHOCTH KJIacCU(UKAIIUNA U TTO
CIIeIIMaT3ali UICTOYHUKOB MH(MOpMAaIINHN.

ABTOMAaTHYECKHI (DaKTIYSKUHT C MCITOIb30BaHUEM aJlTOPUTMOB MAITMHHOTO 00yUe-
HUS TI03BOJISIET 00pabdaThiBaTh OOJIbIINME MAaCCUBBI MH(MOPMALMU U OTOMpPATh YTBEPXKIE-
HUs, TpeOYyIOIIe MPOBEPKU. DTOT METOM IMOSIBUIICS KaK MPOMOJIKEHNE KOJJICKTUBHBIX
METOIIOB TIPOBEpKM MHGMOPMAIMKA W WCIIOJIb30BajICsd MPOoheCCUOHATbHBIMU HCCIIeN0-
BarersiMi. OH YaCTUYHO CHUMAET OrpaHMYEHMST MaCIITaOMPYyeMOCTH M CKOPOCTH TIPO-
BEpKU, TIPUCYIIIME 3KcIepTaM. TeM He MeHee TOYHOCTh OLIEHKM OrpaHWYeHa KauyeCTBOM
TPEHUPOBOYHBIX TAHHBIX JIJISI MOJENIM 1 TIPEIB3SITOCTA CAaMUX aJITOPUTMOB [Soprano et al.,
2024; Ferrara, 2023]. KOorHUTUBHbIE UCKaXXEHUSI HAUMHAIOT UTPaTh BaXHYIO pOJib, KOTJa
pe3ynbraThl U MHTEpIpeTUPYIOT MOTb30BaTei 6e3 TpoheCcCHOHATbHBIX HABBIKOB TPO-
BEPKH MH(MOPMALINH.

HanpaBneHus 6yaywmx uccnegoBaHmm

B to Bpems kak usydyeHue abdektuBHOCTH BAM misg aBTomatuueckoro akrtue-
KWMHTa TOJIbKO HAYMHAETCS, UCCIENOBAHUS KPayICOPCUHTA OKA3bIBAIOT, YTO, HECMOTPS
Ha pa3HorJacusl B OLIEHKAaX OTAEJIbHBIX YYACTHUKOB, TPAMOTHAs arperaiuusi JaHHbIX M0-
BBIIIAET UX COOTBETCTBUE SKCIEPTHBIM OLIEHKAM, Niejas KpayacopcuHT 3D GheKTUBHBIM
WHCTPYMEHTOM 00pbObI ¢ ne3uHdopmanneir. KpoMme Toro, MeToabsl KOppeKIIUU KOTHU-
TUBHBIX UCKAXEHUH, BKIIOYas 00paTHylo cBa3b OT MM, moMoraloT CHUXaTh JOBEpUE K
JIOXXKHBIM CBEIEHUSIM U TEOPUSM 3aroBopa. Bmecte ¢ TeM OOJBIIMHCTBO CYIIECTBYIOIIUX
paboT cocpeoTOUEeHO TUO0 Ha TEXHUYECKOW CTOPOHE 3a1ay OOHAPYKEHUSI HENOCTOBEP-
HOU mHbOpMauuu, JUO0 Ha aHAIU3€ POJIU PA3JIUYHBIX COLMATBHBIX U KOTHUTUBHBIX
(hakTOpOB B TOYHOCTU OLIEHKU WMHGbOpPMalMU. B MeHbIlel cTeneHu UccienyeTcs, Kak
UMeHHO B3aumoneiicteue ¢ MU (B ToOM uncie ¢ I3bIKOBBIMU MOJENSIMU) BIUSIET HA KOT-
HUTHUBHbBIE TIPOLIECCHI, JIEXKAIIUE B OCHOBE BOCHPUSATUSI, UHTEPIIPETALIMA U JOBEPUS K
vHOpPMaLIUU.
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TakuM 006pa3om, 0030p BBISIBIISIET CYIIECTBEHHBIN MTPOOET — OTCYTCTBHE paboT, Ha-
npsiMyto usydaromux BausiHue MM Ha BocnipusTue U pacrio3HaBaHUeE JIOXHOW UHMOP-
Maluu mosb3oBateassMu. HesicHo, cmocoOcTByeT iu obopatenue Kk MU dopmupoBaHuio
0oJiee KPUTUYECKOTO OTHOIICHUS K MH(DOPpMALUU WU YCUIUBAET MPEaB3ITOCTh B YCI0-
BUSIX, KOT/Ia MOJIb30BaTE/ b MOIyJaeT rotroBblie yTBepxxaeHus: oT MU. Takxke HemocTtaTou-
HO M3y4YEHbI MEXaHU3MBbI, MOCPEACTBOM KOTOPbIX MM -0TBETHI MOTYT MEHSTh CYXIEHUS
MOJTb30BaTEJEl: 32 CUET apTyMEHTAIIMN U CTUJIMCTUYECKUX 0COOEHHOCTE!. B 3TOM KOH-
TEKCTe BO3MOXHO 00Jiee CUCTEMHOE M MEXIMCUUILIMHAPHOE MCCIIEOBAHUE TOTO, KaK
B3auMoneicTBre noyb3osartessi ¢ UM BausieT Ha cmocoOHOCTh OLIEHUBATh TOCTOBEPHOCTh
uHdopmanuu. Takass cmocOOHOCTh HAMPSMYIO CBSI3aHA C BO3MOXHOCTSAMU amanTaluu
WHAWBUIOB B O0IIECTBE, C MPOAYKTUBHOCTBIO UX PEUICHUI U, KaK CJIeACTBUE, C (YHKIIU-
OHAJIbHOCTBIO OOIIECTBEHHBIX CUCTEM B LIEJIOM, TTO3TOMY TaKOE€ MCCIIEA0OBAHNE MPEACTAB-
JISLIO OBl CYIIECTBEHHBIN HAYYHBIN U MMPaKTUYECKUI MHTEPEC.

3aKknioyeHue

B ycnoBusix mudpoBrzanmy o011eCTBa UCKYCCTBEHHBI MHTEUIEKT B (hOpMe OOIbIINX
SI3BIKOBBIX MOJIEJIEN BCE aKTUBHEE BKIIIOYAETCS B MH(POPMALIMOHHOE MOBENEHUE MOJIb30-
Bartesieli, BBICTyIas HE TOJIbKO CPEACTBOM MOMCKAa MH(MOPMAIIMK, HO U €€ UICTOYHUKOM,
MOCPEAHUKOM B MHTEPIIPETALIMU U OLIEHKE NOCTOBEpPHOCTU. C MO3UILIMU TEXHO-KOTHU-
TUBHOTO TOAXOJa 3TO 03HaydaeT, uto MU craHoBuUTCS (haKTOPOM, OIOCPETYIONIUM BOC-
MPUSITUE JOCTOBEPHOCTU, apTyMEHTALIMU U TOBEPUS K MOJTYYEHHOU UH(MOPMALIUU.

HcTopust pazBuTHsi THCTPYMEHTOB MPOBEPKU TOCTOBEPHOCTU WH(pOpMaIMy Hayva-
JIach € OKCMEPTHOTO (DaKTYEKUHTA U KPAYICOPCUHTOBBIX UHUIIUATUB, KOTOPHIE TTO3BOJIS -
JI cOOOIIIECTBY IMOJIb30BaTeNIeil y4aCTBOBATh B OLIEHKE YyTBepxkIeHuii. Co BpeMeHeM 3TU
MOJXOMBbI TOMOJHWIUCH METOIaMU MAIIMHHOTO OOYYE€HUS, KOTOPblE HAYalu UCIOJb30-
BaTbCs UIS1 aHAIU3a OOJIbIIMX 0O0BEMOB JAHHBIX U BBISIBJICHUS 3aKOHOMEPHOCTEH B pac-
MPOCTPAHEHUU HEAOCTOBEPHON MH(OpMaUu. DTO MPUBETIO K MOSIBIEHUIO CUCTEM aB-
TOMaTUYECKOTO (DAKTYEKMHIAa, OCHOBAHHBIX Ha TEXHOJOTUSIX O0OPaOOTKU €CTECTBEHHOTO
s3bIKa U TIpelcKa3aTeabHbIx Mofaeneil. OnHako ¢ BoeineueHueM MM B nundopmanronHoe
MOBENEeHUE MOJIb30BATENIEN BOSHUKIIM HOBBIE BBI3OBBI: K YK€ U3BECTHBIM KOTHUTUBHBIM
HUCKaXeHUSIM nodaBuwinck npens3sitoctu MU, cBg3aHHbIE C aITOpUTMaMu, 0OyYaOIIUMU
BBIOOpPKAMU Y aBTOMAaTUYECKON reHepalreil OTBETOB.

Oco0GeHHO aKTyaJlbHbIM CTAHOBUTCS BOIIPOC O TOM, ycuiauBaeT 1u MW CKIOHHOCTB
MOJIb30BATEJISI COTIAIIAThCS C TOTOBBIMU CYXXIECHUSIMU UM MOXKET pa3BUBaThb KPUTUYE-
CKO€e BOCIpusTHe MHMOPMAIMK, CITOCOOCTBYS OoJiee alanTUBHOMY MTOBEJEHUIO UHIUBU-
IIOB B colimyme. byayniue ucciaenoBaHusi MOTYT ObITh HAIIPaBJIEHbI HA pOJib, KoTopyto MU
WUTPAET TPU OlLIEHKE JOCTOBEPHOCTH MH(MOPMAIIK U TIPUHITUN PENIeHN Ha ee OCHOBE,
B TOM YHCJI€ — MPEICTABUTEISIMU Pa3HbIX COLIMATIbHBIX TPYTIII.
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The Role of Artificial Intelligence in Detecting Misinformation:
A Review of Recent Research and Its Implications
for Social Sciences

Ivan A. SMEKALIN

National Research University “Higher School of Economics™,
St. Petersburg, Russia;
e-mail: iasmekalin@hse.ru

The growing popularity of large language models (LLMs) is reshaping users’ information behavior,
including how they search for and assess the credibility of information. This study presents a scoping
review focused on the role of artificial intelligence in the detection and interpretation of misinformation.
The review aims to identify key research directions at the intersection of Al and misinformation,
as well as to highlight existing gaps in understanding how Al influences users’ cognitive processes.
The corpus includes 32 publications, mostly published between 2019 and 2024. Four main areas of
research are identified: 1) the use of crowdsourcing approaches for information verification and their
comparison with professional fact-checkers; 2) detection and monitoring of misinformation spread
on social media using Al-based methods; 3) automatic fact-checking as the development of models
and algorithms for verifying claims; and 4) cognitive biases and algorithmic biases in users’ perception
of misinformation. LLMs increasingly function not only as tools for information retrieval, but also
as sources of information themselves. The integration of Al into users’ information behavior has
introduced new challenges: in addition to existing cognitive biases, Al biases and Al misinformation
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have occurred. A pressing question emerges: does interaction with Al reinforce users’ tendency to
accept ready-made judgments, or can it foster more critical engagement with information, leading to
more adaptive behavior? The review reveals a notable gap in empirical research directly examining the
impact of Al on users’ perception and recognition of false information.

Keywords: artificial intelligence, cognitive biases, information behavior, large language models.
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Cratbsl TTOCBsIIIIeHA TIPOOJieMe BIMSIHUS MOACKA30K Ha pe3yJibTaT B paboTe ¢ GOJBIIMMU SI3BIKO-
BBIMU MozesiMu. OOCyKIaloTcsl HeMTpaJlbHble I MOTUBUPOBAHHBIE TTOACKa3Ku. Cpean MOCIeTHUX
BBIIEJISIETCS] KaTeropusi MIEOJIOTM3UPOBAHHBIX CTUMYJIOB. AHATM3UPYETCs BIMSHUE Pa3JIMYHbBIX
MIEO0JOTM3UPOBAHHBIX CTUMYJIOB Ha oTBeThl BSM npu BKIIOYeHNU UX B MpoMNT. PaccMaTpuBaroT-
cs1 0COOEHHOCTH, KOTOPbIE BHOCSIT B TEKCT Pa3MUHbIe MOJEU, U CPABHUBAIOTCS pe3yiibraThl. Ha
OCHOBE KOHKPETHBIX TPUMEPOB MOKa3aHo, 4To, X0Ts bSM oka3bIBaloT BO3eiiCTBHE Ha MCXOIbI MH-
bopMallMOHHBIX MPOTUBOOOPCTB, CTETIEHb UX BIMSHUS TpeyBeandeHa. [Toka nx acheKTMBHOCTh
YCTyMaeT UAe0J0rMYeCKOMY IMOTEHIIMATY YesloBeKa.

Katouesnie caosa: Gombllasi S3bIKOBasi MOJIENb, UCKYCCTBEHHBI MHTEJIEKT, HEpoceTh, 4aT-00T,
HMIEOJOTM3UPOBAHHBIN CTUMYJT, MH(GOPMAIIMOHHOE MPOTUBOOOPCTRBO.

Mpo6nema

MenuanpocTpaHCTBO MEPENOJHEHO UAE0I0TM3UPOBAHHBIM KOHTEHTOM, UCIIOJIb3Ye-
MbIM B UH(OPMALITMOHHOM MPOTUBOOOPCTBE, B KOTOPOM YCUJIMBAETCS POJIb OOJBIINX S3bI-
KoBbIx Monesieit (bAM). CoBpemeHHbIe TporpaMmmbl BAM, paboTaroliiue ¢ ecTeCTBEHHbI-
MU SI3bIKaMU, TI0 CYTH, MPEACTABISIOT COO0I MaTeMaTUYECKUE MOJIENIU, pealu3yeMble Ha
OCHOBE HEMPOHHOI CeTH 1 MoAOMpalOlIMe CI0Ba s TeKCTa, 3aJaHHOro B mpomnre. Ha
OCHOBE YaCTOTHOCTM WX YIOTpeOIEHUS TTOcie MPeabIayIleii I3bIKOBOM eIUHULIBI UM Ha-
3HAYAlOTCSl BEPOSITHOCTH, XapaKTepu3yoliue ux «sec». bAM He moHMMAIOT cMbICia TeK-
CTa, He 3HAIOT, YTO TaKOe UAECOJOTUSl Y MH(POPMALMOHHOE MPOTUBOOOPCTBO. [1pu 3TOM
OHU MOTYT T€éHEPUPOBATh HEJTOCTOBEPHYIO MH(POPMALIUIO U «TAJLTIOLMHUPOBAThH» (TO €CTh
(opMUpoBaThL HEBEPHBIE YTBEPXKAeHMsI) 0€3 KaKuX-1100 rnoackazok. BozHukaer Bonpoc:
Kak Oynet pearupoBaTh BAM Ha jerkue «<HaMeKu» MOJKOPPEKTUPOBATH Pe3yJIbTaT Bbl-
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MOJIHEHUS 3aJaHUsI B TY UM UHYI0 CTOpoHY? M coOTBEeTCTBEHHO: HAacCKOJIbK0 BAM MoryT
BJIMATH HA XOA UH(MOPMALIMOHHOTO MPOTUBOOOPCTBA?

IMonckasku B pabote ¢ BAM yxe MCIoab3ylOTCS: HaIpUMep, MOACKa3KU BPOe «CO-
J1acHo...» (according to), IIMPOKO UCIOJIb3yeMble B XXYPHAJTUCTCKUX TEKCTaX Ha MHTEP-
HeT-pecypcax, Koraa B HOBOCTHOM CTaThe LIMTUPYETCSI UCTOUHUK. OHU YCTELIHO HarpaB-
as0T BAM Ha yrouHeHue ux otBeToB | Weller, 2003]. C TOUKM 3peHUs] MOTUBALIMU 3Ta
noJcKa3zKa HelTpaJibHa, OHAa HalleJIMBAaeT Ha MOWCK UCTOYHMKA U, CJIeI0OBaTEIbHO, KOp-
pektupyeT otBeT bAM (c TOYHOCTBIO IO CTENEeHU JOCTOBEPHOCTU MCTOYHUKA). BBenem
B MOTHBAIIMIO OWMHAPHYIO OLIEHKY (TTO3UTUBHO/HETaTWMBHO). ByneM Ha3bIBaTh MOTHBH-
POBaHHBIN TaKM 00pa3oM CUTHaj, BBOAUMBINA B BAM, naeonoru3aupoBaHHbIM CTUMY-
JioM. M1eoloru3upoBaHHbIi CTUMYJI — 3TO CHELMaNbHO MoJoOpaHHBIE clioBa, (pasbl
WJIM KOHTEKCTBI, KOTOPbIE COAEPXKAT SIBHYIO WJIM CKPBITYIO UAEOJOTUUECKYIO HArpy3Ky U
HarpasjieHbl Ha (hOpPMUPOBAHUE OINpPeEIeIEHHOTO TUIIAa OTBETOB, COOTBETCTBYIOLIMX 3a-
JIAaHHOI CUCTeMe B3IJISIAOB, LIEHHOCTEN WMJIM MOJUTUYECKUX YCTAaHOBOK. Takue CTUMYJIbI
MOTYT MCMOJb30BaThCs IJIsI Iporaralabl, (GOPMUPOBAHUST OOIIECTBEHHOIO MHEHUS WU
OrpaHUYeHUsi MHOTrooOpa3us uHTeprnpeTaluii B orBetax bBAM. MaeonoruzupoBaHHbIe
CTUMYJIbI MOTYT BKJIIOYATh 3MOLIMOHAJIBHO OKpallleHHbIe (hOPMYIMPOBKU, OLIEHOUHBIE
CYXIEHUST WU TIpeaB3sThie nmpeanocbliku. [Ipu 5ToM anbTepHaTUBHBIE TOYKU 3pEHUS
WTHOPUPYIOTCS WJIM MHGpOPMaLMs TTOAAETCS B BBITOIHOM JJIsI ONpPeAeIeHHOMN MO3ULUN
ktoye. [TpucyTCTBYeT SIBHOE WIM HESIBHOE YKa3aHUE Ha «IIPaBWIbHbBIN» C TOYKU 3PEHUS
uneosioruu orBeT. be3 naeonorn3upoBaHHbIX cTUMYJI0OB BAM mioxo onpenensitoT MOTH-
BalLIMIO MOJIb30BaTENsI, TaK KaK CIIOCO0, KOTOPBIM IOJIb30BaTe/IM TeHEPUPYIOT 3aIpOCh,
CeMaHTUYeCKU He OTJIMYAeTCs 1JIsl pa3HbIX BUAOB MOTUBALIMU: U3 SI3bIKA HEOUEBUIHO, Ka-
KOBBI MX MOTUBALIMOHHbIE cocTosiHUS [ Bak, Chin, 2024].

WHcTpymeHTapum

YUTOObI OTBETUTH HA TMOCTABJICHHBIE BOIIPOCHI, OBLT MPOBENEH IKCIIEPUMEHT C TI0/Ia-
yeii uaeosiornyeckux ctumyaoB B BAM. s npoBeaeHUs SKCIIepUMeHTa ObUTU BIOpaHbI
yar-00Thl ¢ BAM poccuiickux, aMeprMKaHCKUX U KUTACKUX pa3zpabOTYMKOB, FOJIbI BHIITY-
cka ¢ 2022 o 2025 r. (Taba. 1).

Taba. 1. YaT-00Thl, BEIOpaHHBIE IJIsI 9KCIIEPUMEHTA
Table 1. Chatbots selected for the experiment

Ha3Banue Pa3padoTumnk Crpana T'on Boimycka
ChatGPT OpenAl CIIA 2022
Perplexity Perplexity CIIA 2022
GigaChat Coep Poccus 2023
DeepSeek DeepSeek Kwurait 2025
You.com You.com CLIA 2025

ChatGPT ucnionb3yeT 151 TeHepalliy TEKCTa TEXHUKY, Ha3bIBaeMYIo «00y4eHeM 0e3
HaOoneHNsI» (00yJeHre Ha OOJIBIIIOM HaOOpe TeKCTOBBIX JAHHBIX 0¢3 SBHBIX METOK WIIH
yKkazaHuii). [Ipoitecc ooyuerust ChatGPT BKiIIo9a 3arpy3Ky OOJIBIIIOTO MacCHBa TEKCTOB
13 MHTepHeTa (KHUTH, CTaThU 1 BeO-caliiThl). Momeb aHaTu3upyeT 3aJaHue U TCHepUPY-
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€T OTBET, OCHOBBIBAsICh Ha 3aKOHOMEPHOCTSIX U CBSI35IX, KOTOPble OOHAPYXXEHBI BO BPeMsI
obyueHust. OnHoit u3 ocodeHHocTeit ChatGPT siBnsieTcss BO3MOXHOCTD aialTalllu K pa3-
HBIM 3aJa4aM U TpearnoyTeHus M. HecMoTpst Ha Bbicokuit ypoBeHb ooyueHusi, ChatGPT
YacTo HE YJIaBJIMBAET CJIOXHBIM MU CeM(PUIeCKUil KOHTEKCT, YTO IMMPUBOAUT K OIIU-
OGOYHBIM WJIM CJIUIIIKOM OOIIMM OTBeTaM. [ToMUMO 3TOTr0, MOJie/Ib CKJIOHHA TTPUIYyMbIBAaTh
HECYIIIeCTBYOIINE NCTOYHUKH, aBTOPOB M «(aKThI»'.

Perplexity AI — mouckoBasi cucTeMa 1 4aT-00T Ha 6a3e MCKYCCTBEHHOTIO MHTEJIJIEKTa,
KOTOpasi UCITOJIb3YeT MepeoBhIe SI3bIKOBbIE MOJEIU, Takue Kak GPT-4 Omni ot OpenAl
u Claude 3 ot Anthropic, 4TO 00eCIeYMBaET BBICOKYIO TOYHOCTb MHTEPIIPETAlIMU Jaxe
CJIOKHBIX M MHOTOCJIOMHBIX 3aIlIpOCOB IMOJIb30BaTess’. SI3pikoBas mouenb Perplexity. Al
Kak u apyrue coBpemeHHble bSIM, oOy4asach Ha OrPOMHBIX MacCHMBaxX TEKCTOBBIX JTaH-
HBIX JIJIST TOTO, YTOOBI TOHUMATh M TeHEPUPOBATh OTBETHI, MAKCHMMAaJIbHO TTPUOJIMKEHHBIC
K 4esioBe4ecKnM. JIJIsT TIpOCTBIX 3alpOCOB Yallle MCIOJIB3YIOTCS COOCTBEHHBIE MOJIEIH,
JUTSL CJTOKHBIX — cTopoHHUE®. B mocnennue Bepcun Perplexity. Al BHenpuia coOCTBEH-
HYIO TIOMCKOBYIO MOJIeJIb Sonar, IOCTPOeHHYI0 Ha ocHoBe Meta Llama 3.3 70B, KOTOpyo
KoMmaHzaa Perplexity mooOyumiia 1isl yIydIIeHUsT TIOMCKOBBIX M aHATUTUYECKUX BO3ZMOXK-
HocTeit*. Perplexity coBMeIIaeT BO3MOXHOCTH TTOMCKA B MHTEPHETE W reHepallii TeKCTa,
YTO TIO3BOJISIET HE TOJIHKO HAXOMUTh, HO M CTPYKTYpUPOBaTh, aHAJIM3UPOBATh U 0000111aTh
UHGOPMALIMIO U3 pa3HbIX UCTOYHUKOB. B oTnuuue ot kinaccuyeckux bAM, pa3pabot-
yuku Perplexity ynensior ocodoe BHUMaHWe MHTETPAIIMU CBEXXUX JaHHBIX U3 MHTEPHETa,
YTOOBI TIPEIOCTABIISATh MAKCUMAJIBHO aKTyaJIbHbIEe U MIPOBEPSIEMbIE OTBETHI CO CCHUTKAMM
Ha UCTOYHUKY®. M3 clTabbIX CTOPOH 3TOM SI3IKOBOI MOJEITA MOKHO Ha3BaTh MPSIMYIO 3a-
BUCUMOCTb KauecTBa U TOYHOCTU OTBETOB OT IOCTYITHOCTH M KaueCTBa BHEITHUX UCTOY-
HuKOB. Eciii 110 Teme Majio nHbopMaluy Wik KICTOYHUKY COMHUTEbHBI, 9TO HETaTUBHO
BIUsIET Ha pe3ynbTaT®. TakxKe IS MOJIydeHUs] KaYeCTBEHHOTO, CTPYKTYPHUPOBAHHOTO TEK-
cra (HarmpuMep, CTaTbi) YacTo TpeOYyeTCs MHOTOKpAaTHOE YTOUHEHME 3a1poca U pelakTH -
poBaHMe pe3yiIbTaTta BpyuHyto. JIoCTyIm K paciimpeHHOMY (DYHKIIMOHATY M 0oJjiee MOIII-
HBIM MOJIEJISIM TPeOyeT IUIATHOM MOAIMCKHA, CTOMMOCTh KOTOPOI MOXKET OBITh BHICOKOM
JUTSI OTICJIBHBIX MOJIb3oBaTeieil. HeoOXoauM 1 MOCTOSTHHBIN JOCTYIT K MHTepHeTY — 0e3
MOAKJIIOUEHUS K ceTH ruiaTdopma He OyaeT paboTaTh.

GigaChat — MyabpTUMOJATbHAsI HEMPOCETh, cCoUeTarollasl B cede TEXHOJIOTMU UCKYC-
CTBEHHOTO WHTEIJIEKTa, MAIIMHHOTO OOYYEeHMsS] U HEMPOHHBIX ceTeit’. OHa (GYyHKIMO-
HUpPYET KakK 4aT-00T M MCIOJIb3YeT reHepaTUBHBIN MCKYCCTBEHHBIM MHTEIJIEKT Ha 6ase
OOJIBLIIMX SI3BIKOBBIX Moneneid. GigaChat obydaiicsi Ha OOJIBIIIOM MacCUBE OOIIETOCTYII-

' Pexxum  moctyna: https://4brain.ru/blog/registraciya-v-chatgpt-obzor-plyusov-i-minusov/
(maTa o6pamenust: 02.05.2025).

2 Pexxum fgoctyna: https://ve.ru/ai/1735043-pochemu-vse-v-vostorge-ot-perplexity (mara oopa-
menust: 01.05.2025).

3Pexum  gocryma:  https://www.forbes.ru/svoi-biznes/526489-kak-belorus-s-partnerami-
postroili-odin-iz-samyh-dorogih-startapov-v-mire-perplexity (mata oopamenus: 01.05.2025).

4 Pexxum poctyma: https://the-decoder.com/perplexity-ai-launches-new-ultra-fast-ai-search-
model-sonar/ (mata obpamenust: 01.05.2025).

> Pexxum moctyma: https://ve.ru/ai/1459723-perplexity-ai (mata o6parenus: 01.05.2025).
¢ Pexxum moctyna: https://figure.media/perplexity-ai/ (nara obpamienus: 01.05.2025).

7 Pexxum goctymna: https://neuralonline.ru/tpost/g6e0yl2gn1-gigachat (mata o6palieHus:
02.05.2025).
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HBIX TaHHBIX, BKJTIOYAsT TEKCTHI M3 MHTEPHETa M KHUTH, HOBOCTH Ha PYCCKOM W aHTJINIA-
CKOM sI3bIKaX, pa3roBOPHYIO peub, HAyYHbIE CTATbU U YacTu aataceta The Stack c KogoMm.
Oo6mumii 06beM gaHHbBIX cocTaBwil 300 I'b, 1 noMeHbI MocTOSITHHO nonoaHsIIoTCs1. B 2024 1.
ObL1a mpenctapiieHa HoBast Moaedb MAX GigaChat, koTopasi IeMOHCTPUPYET KaYeCTBEHHO
HOBBII YPOBEHb BHYTPEHHUX 3HAHWI W YJIyYIICHHBIE CITOCOOHOCTH K JIOTMUYECKHUM pac-
cyxaeHusiM®, M3 HeTOCTaTKOB MOXXHO OTMETUTh OTCYTCTBHME aKTyaJlbHBIX JaHHBIX (M3-3a
yero GigaChat MOXeT CMEIMBATh peaibHbIe (DAKThI C «TaJUTIOIIMHALIMSIMU» TIPU OTBETaX
Ha BOITPOCHI O HEAABHUX COOBITHSAX), YCTAPEBIIYIO TEKCTOBYIO FEHEPALIMIO ITO CPABHEHUIO
¢ 6ecrunatHoit Bepcueit ChatGPT (GPT-3.5).

DeepSeek — coBpemenHast BSIM, pa3paboTaHHasi ¢ aklieHTOM Ha 3¢ ¢GeKTUBHOCTD,
OTKPBITOCTh M BBICOKOE KauecTBO paccyxaeHuit'’. B mocnennux Bepcusx DeepSeek (Ha-
npumep, DeepSeek-R 1) TpUMEHSIOTCS METOIbI O0YYEHUS C MOAKPETIJICHUEM U CUHTETU-
YecKue JaHHbIe, KOTOPbIE caMa MOJIeNIb TeHepUpYyeT U OTOMpaeT JydIIne MTPUMEpHI It
nmanbHelmero ooyueHus'!. DeepSeek V3 obydamachk Ha 14,8 TpJH TOKEHOB, MCIIOJB3YS
671 Mapn mapamMeTpoB (M3 HUX 37 MIIPI aKTUBHBIX), YTO IEJIACT €€ OMHOM U3 KPYITHEHIIINX
OTKPBITBIX MOJIEJICii Ha phIHKe'2. Mojiesib YCIEIHO CIPaBIIsieTCs C MHOTOIIIarOBBIMU pac-
CYXXIEHUSIMM, aHAJIM30M CTPYKTYPUPOBAHHBIX TaHHBIX, ITEPEBOJaMU, HaITMCAHUEM 3CCe
1 reHepanmeit Koga. OcoOeHHO CHIbHA OHA B 3aa4ax, TPEOYIOIIMX JJOTUISCKMX PACCyXk-
JICHUI, aHATM3a, TPOrpaMMUPOBAaHKS U pabOThI ¢ TEXHUYECKUMHU TeKcTaMu'®. A B BOITpO-
cax, CBI3aHHBIX C TYMaHUTapHBIMA HayKaMM, €CTECTBEHHBIM SI3BIKOM U KpEaTWBHBIMU
3agayamu, DeepSeek 3ameTHO ycTyaet KoHKypeHTaM (ChatGPT-4o, Claude Sonnet 3.5)'.
DeepSeek cknoHHa u3zberaTb MOAOOHBIX BOMPOCOB WU (DUIBTPOBATh OTBETHI HA TOJIM-
TUYECKU YYBCTBUTEJIBHBIC BOIPOCHI, OCOOEHHO CBsI3aHHBIE ¢ KuTaem, 4To 00yCIOBICHO
BCTPOEHHBIMU MeXaHU3MaMU LIEH3YPbl. DTO CHIZKAET IMTPO3PAaYHOCTh M MOXKET OTpaHUIM -
BaTh MCITOJIb30BAHKE MOJIEU B MEXIYHAPOIHBIX MM aKaJeMUIECKUX MTPOEKTax ',

You.com He pazpabaTbIBaeT OIHY COOCTBEHHYIO SI3bIKOBYIO MOJIEJb, a TIPEAOCTaBIISIET
MOJI30BATESIM JOCTYN K MHOXeCTBY Beaylnx bAM ot pasHbix pazpabotunkoB. Cpeau
Hux — moaenu OpenAl (GPT-4, GPT-4 Turbo), Anthropic (Claude 2, Claude 3 Opus, Sonnet,
Haiku), Google (Gemini Pro), a Tak:ke OTKPBITbIE U CIIEUATU3UPOBAHHBIE MOJIEIN BPOJIE
Zephyr. T1onbp3oBaTesb MOXET BEIOMPATh M CPAaBHUBATh 3TU MOJIEJIM Yepe3 CIIeIIMaIbHBII
CEJIEKTOP, YTO TTO3BOJISIET TMOKO MOI0MpaTh MHCTPYMEHT IToJ 3a1ady. g naTerpauy u
pacumpeHnust BoaMoxkHocteid BAM You.com rcnonb3yet coOCTBEeHHbIE MUHTEPDECHI Tpr-

8 Pexxum noctyna: https://habr.com/ru/companies/sberdevices/articles/855368/ (nara oGpa-
menust: 02.05.2025).

? Pexxum mocrymna: https://t-j.ru/gigachat-review/ (nata oopaiuenust: 02.05.2025).

19 Pexxum nmoctyma: https://proglib.io/p/deepseek-r1-kak-obuchali-model-vstryahnuvshuyu-ai-
industriyu-2025-02-03 (nata oopamenus: 03.05.2025).

I Pexxum moctyna: https://www.vellum.ai/blog/the-training-of-deepseek-r1-and-ways-to-use-
it (mara obopamenus: 03.05.2025).

12 Pexxum moctyna: https://trends.rbe.ru/trends/industry/67920b6739a794768fab8fe92 (narta 06-
pamenust: 03.05.2025).

13 Pexxum poctymna: https://habr.com/ru/companies/x-com/articles/878218/ (nata oOpalieHus:
03.05.2025).

14 Pexxum poctyna: https://www.kommersant.ru/doc/7494367 (nata oopatueHust: 03.05.2025).

5 Pexxum  moctyma:  https://writesonic.com/blog/deepseek-rl-review (maTa o6GpalieHUs:
03.05.2025).
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KJagHoro nporpammupoBaHust (Application Programming Interface — API), takue kak
Research API, Search API, News API, KOTOpbl€ TTO3BOJISIOT SI3bIKOBBIM MOJIEJISIM MOJIy4aTh
aKTyaJbHYyI0 MHMOpMAIMIO U3 UHTEpHETA, YCTpaHssd TUMIMYHbIe orpaHudyeHus bAM —
yCTapeBlIre TaHHbIE, OTCYTCTBUE CCHIJIOK HA UCTOYHUKU U «TaJUTIOLMHALIMI» (BBIIYMaH-
Hble dakThl)'®. Takoil moaxon mo3BojsieT MonessiM You.com naBath Gojice TOUHBIC U MPO-
BepsieMbl€ OTBEThI, 0COOEHHO Ha BOIIPOCHI O TEKYIIIUX COOBITUSAX. biarogapst uHTerpauuu
C UHTepHETOM U cobcTBeHHBIM API oTBeTHl MOTYT comepkaTh CBEXYI0 MH(pOpMaLUIO U
CCBUJIKM Ha UCTOYHUKM, YTO OCOOEHHO BaxkHO IS HOBOCTEU, MCCIeNOBAaHUN U aHAIU-
TUKU. You.com oTanvaeTcsi TMOKOCThIO M pa3HOOOpa3ueM: MOJIb30BaTeIb MOXET BbIOPATh
MOIXOASIIYI0O MOJIEJb 11 KOHKPETHON 3a1auyl — OT TeHepaly Koaa 10 ITyOOKOTo uc-
cJeIOBaHMST WK TBOPYECKUX 3a1a4. Ho ecTh M HemoCcTaTOK — KavyeCTBO U BOZMOXHOCTH
3aBUCAT OT BHeHUX bSIM, a He OT coOCcTBEHHOI pa3paboTku You.com'’.

JKcnepuMeHT

Llens sxcniepuMeHTa cOCTOsIa B TPOBEPKeE, cMOXeT Jiu bAM:

— BBISIBUTH UJEOJIOTU3UPOBAHHOCTD MPEIbSIBICHHOTO TEKCTA;

— KOMIIEHCUPOBATh OOHAPYKEHHYIO MI€0JIOTU3UPOBAHHOCTD:

— YCUJIUTb UACOJOTU3UPOBAHHOCTh U HACKOJIBKO;

— «M3MEHUTb 3HAK» UIEOJIOTU3UPOBAHHOCTH.

B kauyecTBe MCTOYHMKA TEKCTOBBIX (DparMeHTOB s 3KcrepuMmeHTa ¢ bAM (1 06-
paslia JJisi cpaBHeHHsI) ObLTO BBIOPAHO 3aBEOMO MACOJOTM3MPOBAaHHOE'® TIpou3BeneHe
€CTECTBEHHOI0 MHTEJUIEKTa (TO eCTh yenoBeka) — kHura B.A. I'epoBuua «Mudonorus
COBETCKOro KocMoca» [leposuu, 2024]. T1o cinoBam caMoro aBTopa, CJI0BO «MU(DOIOTHS»,
BBIHECEHHOE B 3ar0JIOBOK €r0 KHUTU MPO KOCMOC, — «KJII0YEBOE MOHATUE, TOTOMY YTO
pacckazaHHBbIe YYaCTHUKAMM COBETCKOW KOCMUYECKOM TTPOTPaMMbl UCTOPUU — ITO HeE-
Kkasg mudonoruzauus. [Ipruyem oHa mpoucxoausaa He TOIbKO C O(PUIIMATIBHON CTOPOHBI,
HO ¥ CO CTOPOHBI OOBIYHBIX YYACTHUKOB 3TOM ITPOTPaMMbl, KOTOPBIE BpOJIe ObI pacCKa3bl-
BaJI O KAKUX-TO COOBITHUSIX, HE MOTYUYUBIINX ITOAPOOHOTO OCBEIIEHMS, — O KOHTpMUDaXx.
Ho onu Tem He MeHee ToXe MUMBI, TOTOMY YTO COIIMAIBHBIN MEXaHU3M UX KOHCTPYHUPO-
BaHUS U LIMPKYJIMPOBAHUS B COOOIIECTBE, UX POJIb B (POPMUPOBAHUY UACHTUIHOCTU U
MOJCTpauBaHue Moj oopa3 coobliiecTBa TOXe COCOOCTBYIOT Mudosioruzauumn» [ [lamamo
0 Kocmuueckoi ape, 2023, ¢. 66]. 3aBenomasi 1ICOJIOTM3alMsl BEIPAXKAETCS B TIOCTOSTHHOM,
Ha BCeM MPOTSIKEHUM KHUTH, TIOAYEPKUBAHUY aBTOPOM YTBEPXKIEHUIT O TOM, UTO COBET-
CKHe KOCMUYECKHUeE JOCTUKEeHUs ObUTN OKPYXeHBbI MU(baMU U TIporiaraHaoil. JledtmoTu-
BOM TIPOXOJUT YTBEPKAECHUE O MPSIMOIl MU(DOTOTUIHOCTU BaXKHEUTITNX SITU30/I0B COBET-
CKO¥1 KOCMOHABTHUKM.

[TepBblii aTan 3KCIIEpUMEHTa ObLT TIOCBSIIEH TTOJTyYeHNIO (DOHOBBIX TAHHBIX — UJIE0-
JIOTU3UPOBAHHBIE CTUMYJIbI HE BBOOUUCH. [19TU BBIOpAaHHBIM MOMIEISIM ObUTH TAHBI OTA-
HaKOBbIE IIUTATHI U3 KHUTU U IAHO 3a/IaHNe HAWTU UCTOYHUK ITUTATHl M HATIMCATh KOPOT-

16 Pexxum  pocryma:  https://techcrunch.com/2023/11/14/you-com-launches-new-apis-to-
connect-llms-to-the-web/ (nata obpameHus: 04.05.2025).

17 Pexxum nmoctyma: https://dev.to/unbalanced-tree/search-engine-youcom-418n (mata oGpa-
wenust: 04.05.2025).

18 Cwm.: [Pamypun, 2025].
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KMt TEKCT Ha Ty Xe Temy. Hu ogHa U3 nsiTu Monesieil ¢ 3agadeii moucka UCTOUHUKA HE
crpaBujach. TO OUEeHb XapaKTepHas aeTalb. [ToueMy Tak mpou3ouwio?

ABTOp KHUTH, B.A. I'epoBuy, ccouancs Ha u3BectHble uMeHa (I1asen [Monosuy, Ma-
puHa ITormoBuu), HO TaK MHTEPIPETUPOBAT UX OTAEIbHBIE C/IOBAa U PEIJIMKU, Pacpo-
CTpaHsIsl X Ha APYTUX JIUL, YTO MPOCIEAUTb BLICTPAUBAEMYIO JJUHUIO UCKYCCTBEHHOMY
WHTEJIJIEKTY 0Ka3aJ0Ch He MO/ CUJTY. DTO MOHITHO: ICTOYHUKY HOCUJIU AaXKe He BTOPUY-
HbIii, a CUJILHO OINOCPEIOBAaHHBIN XapakTep, HampuMep, UHTEPBLIO B razere «BeuepHuit
SAkyTck» 1 ToMy TToJ00HbIe. B 1pyrom ciydae I'epoBrY Tak MHTEPHPETUPOBAT U3BECTHBIN
1 HEOJHOKpPATHO, B TOM YMCJIe B KHUTaX, OMYOIMKOBAaHHbBII JOKYMEHT, UTO BCE UCITOJb-
3yemble Moaean bAM HaliTu ero He CMOIIM U Jajd OTBET 00 MCTOYHMKE B MpPenesibHO
ob1Ieit (hopMe: apXuBHI, JOKyMEHTaIbHbIe (PUIbMbI, MEMYapbl KOCMOHABTOB U T. 1. B oT-
BETe Ha BOIPOC O BHIIBMXKEHUU aBTOpa ciyTHUKA Ha HobeneBcKyto mpeMuto (M3BecTHast
JIeTeH1a) YeThipe MoaesIu (haHTa3upoBaju (TMIOHSTHO, Bellb Peyb 11J1a O BbIAYMKE), U JIUIb
Perplexity 6611 ToueH: «CBeAeHUI HET».

Yro e KacaeTcsl MOAroTOBKU TEKCTOB IO 3a1aHUI0, Pe3yJIbTaThl MOJIYYUIUCH BeCbMa
WHTEPECHBIMM.

B TeMe o0 cozmaHuu MEepBOTro MCKYCCTBEHHOIO CIyTHMKA 3eMJIM BCe TpU aMepUKaH-
CKMe MOJEU B MOXOXUX (hOPMYIMPOBKAX HATTMCATIU O «O JOCTUXEHUSIX COBETCKOI Hay-
KM U TEXHUKM KakK pe3yJbTaTe KOJUIEKTUBHOro Tpyaa Bcero Hapona» (ChatGPT, You.com,
Perplexity). Haripotus, u poccuiickasi, U KuTaiickast MOJEIN BbIIAIU TEKCT 00 «UAE0JOTUN
KOJUIEKTHMBM3Ma MPU CO3JaHUM CITyTHUKA KaK YaCTU COBETCKOI mpornaraHabl» (DeepSeek,
GigaChat). D10 ObLIO yauBuTeabHO! TpyaHO cynuth 0 crocobax U WHGOOPMAIIMOHHOMN
OCHOBE 00YYeHUsI KMTAMCKON MOAEIN, HO MHOTHE TMPeICcTaBUTE]IM MOJOJOrO MOKOJIe-
Hust Poccun TOUHO BOCITUTAHBI B OCTPOM HEMPUSTUM BCero coBeTckoro. Tak cpaboTanu
npenyoexaeHusi, HermpeaAHaMepeHHO 3aJI0KeHHbIe TTPOrpaMMUCTaMU B MCKYCCTBEHHBIH
WHTEJIJIEKT U aBTOpaMU MaTepuajioB, Ha KOTOPBIX 0OyJainuch ykazaHHbie BAM.

Ha BTopoM aTarne B MpOMIIT BBOIWINCH UI€0JIOTU3UPOBAHHbIE CTUMYJIBI THTIA:

— BTO OYEHb BaXKHO JISI TIOBBILIEHUS POJIM U 3HAUMMOCTH COBETCKOI KOCMOHABTU -

KU (TTO3UTUBHBIN CTUMYJ);
— BTO 0YEHb BaXKHO JJIsI TPUHUXKEHUS POJIM M 3HAUMMOCTU COBETCKOM KOCMOHABTU -
KU (HEraTUBHbBIN CTUMY).

WneonoruzupoBaHHbIE CTUMYJIbI COIEPXKAJIU YIIOMUHAHUS TaKUX aTPUOYTOB COBET-
CKOro rnepuoja, Kak aTeMcTuyeckas mpornarasaa, uaeu JieHuHa, pykoBoasiuasi poJib rap-
THU U T. II.

TexcThl, HamKUCaHHbIC O] BIAUSIHUEM UAEOJOTHUYEeCKUX CTUMYJIOB IO MOTUBaM (par-
MeHTa U3 KHUru I'epoBuya o ToM, uto I'arapuH sIKOOBI BBIHYKIEH ObLT CKPbIBATh (hakT
CBOETO MpeObIBaHUS B IETCKOM BO3pacTe B OKKYyMalMu, 0COOeHHO MHTepecHHI. (B ckob-
Kax 3aMeTuM, 4To ['arapuH HMYero He CKphbIBaj U HallMCaHHbIE ero PYKOH ellle 10 MOCTY-
TUIEHUS B OTPSIT KOCMOHABTOB aBTOOMOTpacu OIyOJIMKOBaHBI. )

IIpu BBeAeHUU MO3UTUBHOIO CTUMYJA YeThIpe MOAEIN BblAAIW MPUMEPHO OAMHAa-
KOBBIH pesynbTaT: «LleneyctpeMiieHHOCTh 'araprHa ycuamMBaeT 3HAYUMOCTb U MPECTUK
COBETCKOI KOCMOHABTMKHU, MOJYEPKUBACT OyX COBETCKON KOCMOHABTUKU» (ChatGPT,
DeepSeek, You.com, GigaChat). COOCTBEHHO, BC€ B Iyxe COBETCKMX TrazeT. WM nuiib
Perplexity 6b11 ipenennbHO ToueH: «FOpuit ['arapuH He cKpbIBaji (PaKT HaXOXICHUS B OK-
Kynaluu Mpu NOCTYIUIEHUH B JIETHYIO 1IKOJY. Ero 1eTcTBO B OKKyMauMy HE CTajao Ipe-
MSATCTBUEM JJIS1 Kapbepbl. DTO MOAYEPKUBAET, UYTO COBETCKAasi KOCMOHABTHKA OlLIEHUBasa
CIIOCOOHOCTH U JOCTVKCHUSI, a He JIMYHYIO UCTOpHIo». ClIeq0B BO3IEHCTBHS UICOIOTH-
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3UPOBAHHOTrO CTMMYJIa He OKa3ajoch. XapakTepHo, 4To 3ta Mojeiab bAM 2022 r. Torna
ele odyyeHue HelpoceTell MPOBOAUIOCH HA MEPBUYHON MHOOPMAIMU U3 MHTEpPHETA.
OOyueHue Oosiee MO3AHUX MOAEe MPOBOAUIOCH B OOJIbIIEH CTEMEHU Ha CUMHTETHUYe-
CKOM Martepuaje, CO3MaHHOM IPEIbITYIIMU SI3bIKOBBIMA MOJIEJISIMMU.

I1pu BBeIeHUM HETaTUBHOTO CTUMYJIAa Pe3YJIbTaThl PA3IMYaIUCh B OOJIBIIEH CTEIIeHN:

— Poccuiickuit GigaChat Hanicas o xaoce U HenmpohecCuoHaIUu3Me B COBETCKOM
cucreMe. M 2T0 Mpu TOM, YTO KaXIblii POCCUMCKMI TpaXkIaHWH ITOHUMAET, YTO
Takoe TIEPBEHCTBO B MMJIOTUPYEMBIX TTosieTax B KocMoc. Kak I'arapun Mor cTath
MEepBBIM MPU Xaoce U HempodecCuoHaIU3Me B COBETCKON KOCMUYECKOI oTpac-
J? DTO MOATBEPXKIAET UICOJOTU3NPOBAHHOCTD Pa3pabOTIMKOB.

— AwmepukaHckue ChatGPT, You.com yTBepXKaaau, 4TO COBETCKasi KOCMOHABTHKa
KCTIOJIb30Bajia TUYHBIC TPAre I ISl IIPOTIaraH/Ibl, TPUHMKAs UCTUHHBIC TOCTH -
SKEHMST HayKu M TeXHUKU. [TyTaHo 1 HeJIOTMYHO.

— Hakoneu, DeepSeek, Perplexity Hanucaau, 4To TJIaBHbIMU CUYUTAIUCHh HE 0OCTO-
SITEJILCTBA TIPOIILIOTO, a JIMYHbIE JOCTVKEHUSI U TOTOBHOCTD K TIOABUTY. BumaHo,
yto Perplexity mo-TnpexxHeMy oOBEKTUBEH M Ha HEro, KaK U Ha KUTalCKYyI0 MO-
JIeJTb, HETaTMBHBIE MIEOJIOTU3MPOBAHHBIE CTUMYJIBI HE TTOICCTBOBAJIH.

ITo 3ampocy o Tom, Kak 3amyck repsoro cryTHuka CCCP npoaeMoHCTpupoBa ycrex
uneit B.W. Jlenuna u nonutuku KITCC, Bce BAM akiieHTUpOBaiu CBSI3b 3TOIO COOBITUS
C COBETCKOI MIEOJI0THE, HO C HEKOTOPBIMU Pa3INIUsSIMU B TTO1aue U AeTanu3ainu. Tak,
BCE MOJIEIN TTOIYEPKUBAIIM, UTO YCIIEX COBETCKOM KOCMUYECKOM MPOrpaMMBI CTaJl TOKa-
3aTEJILCTBOM «ITPEBOCXOJICTBA COLIMATMCTUIECKOTO CTPOSI».

3aIrycK CITyTHUKA TPaKTyeTCs sI3bIKOBOI Moenbio Perplexity Kak pe3yjabTaT IIeHTpa-
JIN30BaHHOTO MapTuiitHoro ymnpasieHusi. ChatGPT yTtBepxkaaet, 4to JIECHUH 3a710KWI OC-
HOBBI IS HAyYHO-TeXHUYecKoro nporpecca. You.com npencrapisger KITCC kak riaaBHO-
ro opraHu3aropa ycriexa.

Karnuranuctuyeckne cTpaHbl OMUCHIBAIOTCSI KaK OPUEHTUPOBAHHBIE Ha <«ITOTOHIO
3a NMpuobLILI0» (DeepSeek), Torna kak CCCP BkitagbiBajicsl B «Oyayllee yeJoBeuecTBa»
(GigaChat).

Bce Momenu moBTOPSIIOT 0(DUIIMATbHYI0 COBETCKYIO BEPCUIO COOBITHUIA, Tlle YCITeX Ha-
VKM XECTKO TIPUBSI3aH K MapTUHHOMY PYKOBOJCTBY M COIIMAIMCTUYeCcKOi cucreme. OT-
CYTCTBYET Jlaxke MUHUMAJIbHBII aHAJIM3 — HEeT YITOMUHaHUsI 0 KoHKypeHuu ¢ CIIA v
0 TEXHUYECKUX TPYTHOCTSIX MPOEKTa. DTO MOXKET OBITh CBA3aHO JINOO ¢ 00yuyeHnem BSAM
Ha COOTBETCTBYIOIIMX NTaHHBIX, JIMOO C 3aKJIAAKONW B IIPOMIIT UIACOJOTU3MPOBAHHBIX CTH-
MYJIOB.

WMHTepnperalinu SI3BIKOBBIX MOJIEJIC 3aITpoca 0 TOM, KaK 3aITyCK IepBOTo CITyTHUKA
CCCP nponeMOHCTpUPOBaJl HEBO3MOXHOCTh BOILJIOLIEHUS B XKU3Hb uaeil JIeHnHa u He-
rpaMoTHoe pykoBoacTBo KITCC, nmokasanu pazauuus B 3aBUCUMOCTHU OT CTeNEeHU KpU-
TUYHOCTH K COBETCKOI crcTeMe. TpaariIMOHHOTO COBETCKOTO HappaTHBa MPUIEPXKUBa-
suck ChatGPT w Perplexity. GigaChat u You.com NeMOHCTPUPYIOT KPUTUUYECKUIT aHAIN3
(xotst You.com yTBepXKIaeT, YTO KOCMHUYECKasl IporpaMMa IIpOTUBOPEYMIIa JEHUHCKUM
npuHuumnam). Y Tonbko DeepSeek nbiTanach ObITh 0ObEKTUBHOI.

Crienyronuii 3arpoc Kacajicsl Toro, Kak Harpaibl M MPUBUIETMA KOCMOHABTOB CIIO-
cobcTBOBaNIM ycriexy (M1 Hao0opoT, Heyaayam) nponaradabl areusdma B CCCP. 3aech Bce
monenu, kpoMme ChatGPT, cocpenoToueHbl Ha aTeMCTUYECKOM Tpornaranae, Ho DeepSeek
u You.com naroT OOJibllle KPUTUYECKOTO aHaIu3a (Hampumep, aibcuduxaius IUTar).
Gigachat n Perplexity cucteMaTU3UpyIoT MeToabl npornaradabl. ChatGPT BooOllie He yro-
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MUHaeT aTeMCTUYECKYIO MporaraHay, aejaasl aklieHT Ha BHyTpeHHUX npobiemax CCCP.
B oTBeTe Ha BOIIpOC 0 Heymayax aTeMCTUIECKOI TTporaraHabl BCe MOJEIM OTMEUaloT, YTO
roCyaapcTBO, OOPSICh C PEUTHEI, HEBOJIBLHO CO3[1aJI0 CBETCKUI KyJIBT KOCMOHABTOB, Ha-
IMTIOMUHAIONIUN PEJTUTHO3HOE TOYMTAaHWE. YTIOMMHAETCS, YTO MHOTHE KOCMOHABTHI CO-
xpaHsuti Bepy (IarapuH kpectw aereii, beperoBoii HOCHII KpecT), 4To He TIOIIepXKIBa -
JIoch BiacThlo (DeepSeek Ha3zbIBaeT KOHKPETHbIE MMeHa U (hakThl). HayuHble TOCTHKEHUS
MOIABAINCH KaK «4yI0», HO 3TO BBI3BIBAJIO HE MAaTEPUATMCTUYECKOE, a IIOYTH PETUTHO3-
Hoe O6naroroBeHue (Perplexity, DeepSeek). Ot BSIM ncxogut u KpuTHKa aTeMCTUYECKOM
npomnaradnbl. Tak, Perplexity, LIMTUPYs SKCNEPTOB, TOBOPUT O €€ «BslocTU», GigaChat
aKIEHTUPYET BHUMaHKWe Ha HEOCTaTOYHOM HAayYHOI apryMEHTAlMKU B aHTUPEIUTMO3HOM
KaMITaHuU, a You.com JeaeT YIIOp Ha MapaloKc: YCIIeXu KOCMOHABTOB HE YKJIAIbIBAJIVCh
B PAMKM aTeMCTUIECKON PUTOPUKMU.

Takke MHTEpECHBI OPUTMHAIbHBIC WMIEW, MPUCYTCTBYIOIINE B OTBETaX KaXKIOil W3
Mogeneit. DeepSeek BBITAeT TE3UC O «HEBOJIBHOM CO3MAHWM IAHTEOHA CBITBIX» — SIp-
Ky10 MeTadopy, IOKa3bIBaIOIIYI0 UICOJIOTMUECKUIA TIpoBall. Perplexity mpoBOAMT aHAIN3
«(opManu3alumn» MporaraHibl, KOTopas cTajia BOCIpUHUMAThCs Kak putyan. GigaChat
BBICKA3bIBAET MBIC/Ib O «HEIOCTATOYHOM TOCTYITHOCTY MH(MOPMAIlMM» O HayKe KaK TpH-
YUHE COXpPaHEHUS PEJIUTMO3HOCTH, a You.com yTBEPXKIAeT, YTO YCIIeXM KOCMOHABTOB ac-
COLIMMPOBAJIUCH C JIMYHBIMM KaUeCTBAMMU, a HE C aTEU3MOM.

OrpaHuyeHus

KoHeuHo, TTpoBeNeHHBII IKCIIEPUMEHT TTOKa HE MOXET MPEeTeHIOBATh HA YHUBEP-
CaJIbHOCTh BHIBOJIOB.

Bo-1epBbIX, SKCMIEPUMEHTHI IIPOBOIWINCH TOJBKO C TISIThIO MOJIEJISIMU, TaBaJIUCh 3a-
JTAHWST C HEOOJTBIIIMM YMCJIOM TECTOBBIX PUMEPOB (B IKCTIEPUMEHTE 3aJaHUi OBLIIO OOJIb-
111e, YeM TIPUBOINTCS B IAHHOM CTaThe).

Bo-BTOpBIX, TpEeNIOKeHHBIE UIEOJOTU3MPOBAHHBIE CTUMYJIBI MOTYT MHade cpaba-
TBIBaTh B WHBIX 3aaHUsIX. TpeOyIOTCs NOTOTHUTEIbHBIE UCCIEIOBAHUS ¢ BapyUalMsIMKU
WUIEOJIOTU3NPOBAHHBIX CTUMYJIOB IIJISI TIOATBEPKIEHMSI, TIPABWIBHOW WHTEpIIpeTalluy 1
000011IeHNST TTOTYYEHHBIX PEe3YJIbTaTOB.

BbiBOAbI

1. B 6onbiinHcTBe ciydyaeB bAM naioT c6oii Ha Matepuanax, UAeOoJOTU3UPOBAHHBIX
YEJIOBEKOM.

2. B BAM neiicTBUTENBHO 3aJI0KEHBI IIPeayoeXXIeHNsT pa3padoTINKOB, YTO XOPOIIO
BUIHO Ha IpUMEpax POCCUMCKON M KUTAMCKOM Mojeeil, HaCTpOeHHBbIX 0oJjiee aHTHUCO-
BETCKM, YeM CPaBHUTEJIbHO OOBCKTUBHBIC aMEepUKAHCKIE MOICIH (M 3TO 0¢3 BBEICHUS
HIE0JIOTU3UPOBAHHBIX CTUMYJIOB).

3. BBeneHMe TTO3UTUBHBIX MIEOJIOTU3NPOBAHHBIX CTUMYJIOB MaJIO TIOMOTAEeT B TIPUY-
KpalllMuBaHUW COCTOSIHMS JIeJ1, 3aTO HEraTUBHbIE CTUMYJIbI IEHCTBYIOT BeCbMa 3 (HEeKTUB-
HO (BCITOMHUM: JIOXKa JIETTsS B O0UKe Mea Kyma XyxKe JIOXKKHM Mema B 0ouke merts). Cie-
JIOBATEJIbHO, HErAaTUBHbIE UE0JI0TM3UPOBAHHBIE CTUMYJIbI 00513aTEbHO OYAYT UCITOJb30-
BaTbCs B MH(POPMALIMOHHOM MTPOTUBOOOPCTBE.
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4. Haubonee 00BbEKTUBHBIM oKa3alicsl yaT-00T Perplexity 2022 r. BbIlycKa. DTO KOC-
BEHHO MOATBEPXKIAET YCTAHOBJAECHHBIN yXke (hakT, uTo O60J1ee MO3AHUE MOJEIM C OOJbIIeH
YBEPEHHOCTHIO BBIIAIOT HEBEPHBIC OTBETHI, IOTOMY YTO UX HAYYMJIM YBEPEHHOCTHU B COO-
CTBEHHOI HETIOTPEIIMMOCTH.

5. T'epoBuY Harwmcas KpaitHe UIeOJOTU3MPOBAHHYIO, B @aHTHUCOBETCKOM KJTtode (TIpa-
BWJIbHEE CKa3aTh — B IOCTAHTHCOBETCKOM ), KHUTY, BEPOSITHO, TT0 3aKa3y (OH M CChUIAaeTCsI
Ha MoJy4eHHbIN TpaHT). [ToxyunB B mpoMnTax (pparMeHThl M3 3TOM KHUTH, TTOYTH BCE
BAM notepnenu Heynavy, He CIIPaBUIKCH C 3aaHreM. TakuM 06pa3oM, UCKYCCTBEHHbBIN
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The conference “Cooperation Through the Centuries: Chinese-Russian Relations from
the 18™ to the 21 Century” was held in St Petersburg on October 9, 2025, for the second
time. The first conference took place on October 22, 2024, and was held online. As last
time, the conference was organized by St Petersburg Branch of S.I. Vavilov Institute for the
History of Science and Technology of the Russian Academy of Sciences (SPbB IHST RAS)
and Institute for the History of Natural Sciences of the Chinese Academy of Science (IHNS
CAS). This time conference was included not only scholars from two academies of sciences,
but also researchers from different institutions. The conference focused on the development
relations between the two countries from the 18" till the 21% century, as well as the current
situation and future prospects of Chinese-Russian scientific collaboration. The official lan-
guage of the conference was English. There were three sessions included discussions after
each presentation.
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The first session began with greetings from Nadezhda Asheulova, Director of SPbB
IHST RAS, and Guan Xiaowu, Director of IHNS CAS. In her speech, N. Asheulova em-
phasized the importance of good-neighborly relations between the two countries and co-
operation in various fields. The main event of the first session was the signing of a scientific
cooperation agreement between SPbB IHST RAS and IHNS CAS. After the signing cere-
mony, several reports were made.

Fig. 1. Guan Xiaowu, Director of IHNS CAS, and Nadezhda Asheulova, Director of SPbB IHST
RAS

The key milestones in the collaboration between SPbB IHST RAS and IHNS CAS were
highlighted in N. Asheulova’s (SPbB IHST RAS) presentation. This collaboration began in
the early 21% century and has included joint scientific events in Russia and China, research
projects, the publication of books and collections of articles, and internships for research
fellows. Next presenter, professor Guan Xiaowu (IHNS CAS) gave a survey of the Soviet
scientific school on the development of the Harbin Institute of Technology. In the third
presentation by Natalia Kolpakova (Library of the Russian Academy of Sciences) described
current collaboration with libraries in the People’s Republic of China.

The second session featured researches on the history of Chinese-Russian scientific
collaboration in the 19—20" centuries. Ren Xiaolin’s (IHNS CAS) paper focused on Sovi-
et-Chinese cooperation in geology in the 1950s, based on the diary of renowned Chinese
climatologist and physical geographer Zhu Ke-Zhen. The presentation by Elena Sinelniko-
va (SPbB IHST RAS) examined, in a historical and conceptual context, how the Bulletin
of the USSR Academy of Sciences covered the visit of Chinese scientists to the USSR in
1953, and also analyzed articles by famous Chinese scientists on the history of Chinese sci-
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ence, also published in the Bulletin in 1953. Next, Wang Gong (IHNS CAS), in his paper
described the large-scale training campaign for Chinese scientific and technical personnel
in the early 1950s, which included studying Chinese students in the Soviet Union. Tatyana
Feklova’s (SPbB IHST RAS) paper aim was to present the activities of the Magnetometeor-
ological observatory of the Russian Academy of Sciences and its stations in China from 1848
to 1915. The last paper on the session was given by Chen Wei (IHNS CAS) who showed a
century-long history of Przewalski’s horse research and conservation in Russia and China.

The third session featured three papers on problems of training and exchange of per-
sonnel between the two countries. Alina Steblyanskaya (Harbin Engineering University, the
Russian Club in Harbin) highlighted the activities of Soviet specialists in northeastern Chi-
na. The challenges and successes of technological exchanges between Russia and China in
the space program from 1969 to 1981 were presented in a paper by Zheyi Wang (Shanghai
University). The last paper of the conference by Innokenty Aktamov (the Center for Trans-
lation from Oriental Languages) examined the specifics of scientific personnel training in
China.

The conference concluded with a general discussion on prospects for cooperation in the
field of the history of scientific collaboration between the two countries and the history of
science in China and Russia.

Fig. 2. Conference participants

The cultural program of the conference included visits to the Peter the Great Museum
of Anthropology and Ethnography of the Russian Academy of Sciences (Kunstkamera), the
Mariinsky Theater, the Empress Catherine II St. Petersburg Mining University, the Ice-
breaker “Krasin,” the ROSPHOTO Exhibition Center, the State Hermitage Museum, the
Russian Ethnographic Museum, and St. Isaac’s Cathedral.

SPbB IHST RAS expresses its deep gratitude to all partners and colleagues who partici-
pated in organizing the Chinese delegation visit: the State Hermitage Museum, the Empress
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Catherine II St. Petersburg Mining University, the Peter the Great Museum of Anthropol-
ogy and Ethnography (Kunstkamera) of the Russian Academy of Sciences, the Mariinsky
Theatre, the Russian Ethnographic Museum, the ROSPHOTO Exhibition Center, and the
Icebreaker “Krasin”. Special thanks to SPbB IHST RAN staff (Elena Sinelnikova, Anna
Fedorova, Tatyana Feklova, Valeria Shaidarova), and especially Nadezhda Asheulova, Di-
rector of SPbB IHST RAN, for organization of the conference and accompanying the Chi-
nese delegation.
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