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Medical Sciences

Maxabbat bymperi: IMOoLUMOHANAbIK,
NOHOP/IbIKTLIH, MCUXONOTUASIBIK aCMeKTIepi
MeH TPaHCM/IaHTaUMALaFbl MAHbI3bI

KapamaHoBa Aliryab AntaeBHa

MeanumHanbik ncmxonor marnctp, A.H. CbI3faHOB aTbIHAAFbl YATTbIK XMPYPrMAa opTablifbl
KannmongmHa CoimbaT Cepik¥KaHKbI3bl

*oHe Honibek MaHcasa PbicbekKpi3bl C.[. AcheHanapoB aTbiHAbIFb Ka3s¥YMVY-HiH 2-Kypc
CTYAEeHTTepI

Abstract

Background: Kasipri meguumHaga 6yMpek TpaHCNAaHTAUMACBI — CO3blAManbl Oylhpek
KeTicneywinirivih TepMnHandpl caTbiCbiHAAFbl eMAaeyaiH eH TWimAai aaici. Anaipa, mylle
aAMacTblpy TeK XUPYPruaablK, MNpoLecc emec, O A0HOP MEeH  PeuunmueHTTIH,
NCUXO3IMOLMOHANABIK KyMiHe Tikenel 6alnaHbiCTbl Kypaeni 6uoTukanblk npouecc. H.O.
Knumywesa meH J1.T. bapaHcKasHbiH 3epTTeynepiHe CaMKec, TPaHCNAaHTONOrMAAAFb
KANHUKabIK NCUXON0TMA NALUMEHTTIH, CaybIFy *KObIHAAFbI iLLKI MOTUBALMANLIK GaKTOpAapbIH
3epTTeyre bHarbiTTanfaH. «MaxabbaT byiMperi» yFbiMbl TybICTbIK emec, bipak amoumoHanapl
aKblH agamaap (epni-3aMbinTbliap, KakblH A0CTap) apacbiHAafbl epikTi AOHOP/bIKTI
cunatTanabl. byn npouecc nauyeHTTiH emip cypy canacblH faHa eMec, OHbIH, Ty/FanblK
HONIMbICbIH KaTa Kypyfa MyYMKIHAIK bepea;.

Aim: bylpek TpaHCMAaHTAUMACbIHAAFbI SMOLUMOHAAAbIK AOHOPLIKTbIH, iLWKI MOTUBALMANBIK,
daKTopaIapblH aHbIKTay aHe onepauuagaH KeniHri «aeHe beMHeciHiH» TPaHCPOPMALMACHIH
KAMHWKANbIK-NCUXONOTUANBIK TYPFblAaH Tanaay.

Hypothesis: [loHop mMeH peuunueHT apacbiHAafbl 3MOLMOHANAbIK *aKblHABIK («MaxabbaT
daKkTopbI») onepaunsFa AeniHri ypenai a3anTbin, onepaunsanaH KeniHri oHanTy KeseHiHae
TPaHCNAAHTATTbIH, MCUXONOTMANBIK TYPFbIAAH TE3 «MEHLWIKTeNYiHe» biIKkMan eTes,.

Materials and Methods: H.®. Knumywesa meH J1.T. bapaHCcKasHblH, TPaHCMAAHTOOMUANbIK,
NCMXONOTNA CanacblHAAfbl 3epTTeyaepiHe TeopuANbIK Tanaay Kacay. 3epTTey HapbiCbiHAA
Hburoncuxocoumanibl MoAeNb KONAAHbINAbI.

Kipicne

TpaHcnnaHTauma — 6yn 3amaHaym MeauuUMHaHbIH KOFapbl TEXHONOTUANbIK LbIHbl. ByriHri
TaHaa oanemge 150 000-HaH acTam agam af3a TpaHCNAAHTaUMACbIHA MyKTaxk. Myuwe
TanWblNblFbl KafdalbiHAA Tipi AOHOP/bIK, 9Cipece 3MOLMOHANAbIK AOHOP/bIK epekLle
MaHbI3fa uMe. FbinbiMn 2aebueTTepae OyN NPOLECC «iC-9PEKeTTiK TacCin»  TypFbiCbiHAH
KapacTblpblnadpl. [lauueHTTiH onepaumara AeWiHri  NCUXONOTUANbLIK — KyMi  —  OHbIH
onepaumagaH KemniHri Qu3aMKanblk KepceTKilTepiHe Tikeneh acep etedi. COHAbIKTaH,
KAMHWKANbIK MCUXONOITbIH, POAI XMPYPITbIH, POIMEH TEH, A3pexKeae MaHbI3abl.
TpaHcnNaHTONOrMAAAFbI IC-3PEKETTIK TICIN KIHE MOTMUBALMA

J1eOHTbEBTIH, IC-9PEKETTIK TaciniHe CaMKec, Ke3 KeareH emjey Npoueci NauMeHTTIH iLwKi
MaKcaTTapbl MeH KaKeTTinikTepiHe Herisgenyi Tmic. Kammywesa meH bapaHckaa (2014)
TpaHCNAaHTaUMAFa YMITKepAepadiH, YW MOTUBAUMANBIK TUMIH aHbIKTaAbl. BipiHWI TMN — iWKi
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HbenceHai moTMBaUMA. byn naumeHTTep onepaumnsaHbl 63 eMIpiH KaKcapTydblH caHabl Kypanbl
peTiHAe Kepeai. EKIHWI TUN — CbIPTKbl NPECTMMKAIK MOTUBAUMA, MYHAA MaUMEHT 3/IeyMeTTIK
KbICbIMMeH Keficeai. YIWiHWi TMN — ambuBaneHTTi, MyHAa KOPKbIHbIL MNEH YMIT apnanbicadbl.
«Maxabbat byiperi» xafganbiHaa HBipiHLLI TUN XKKWi Ke3aecedi, BUTKEHI JOHOP MEH PeLUNUEHT
apacblHAAfbl CEHIM iLWKI MOTUBALUMAHbLI TYpPaKTaHAbIpa4bl.

[JeHe beiHeci XaHe NCUXONOTUANLIK MHKOPROopaLMn

TpaHcnAaHToNOrMAAAFbl €H KYPAENT NCUXONOTUA/BbIK Macene — «DeTeH» MyLLEH] 83 AeHECIHIH
6ip benweri peTiHae Kabblngay. Mcuxonornsga 6y npouecc MHKopnopauus Aen atanaibl.
PeunnueHT ViiH XaHa 6yMpeKk 6acTanKkblga NCUXONOTUAMbIK Kedepri TyAblpybl MYMKIH.
Anaina, aMmoUMOHaNAbIK AOHOP/bIKTbIH, apTbIKLWbI/bIFLI OCblHAA: AOHOP — »aT afdam emec,
CYMIKTI agam. byn ¢akTop NCUXONOrMAbIK WMHTEerpaumaHbl Kegenaetedi. Erep naumeHT
[OHOPAbI *KaKCbl KBPCE, OHbIH, MYLIECIH af3a bMoNorManbIk AeHrenae ae Tes kaboinganapl. byn
NCMXOCOMATUKANbIK BAMNAHbICTbIH, KAMHWMKANbIK MaHbI3AbINbIFbIH KBPCETE.

Byipek TpaHcnAaHTaUMACHIHbIH, HO3010TUANDBIK epeKLenikTepi

Bynpek TpaHcnnaHTauMAcbl Xypek Hemece bayblp anMacTblpyZaH epekweneHeai. bynpek
NnauneHTTepi y3aK yakblT 6oMbl remoamnanmsae b6onaabl. Anannms — 6yn «KacaHabl emip»,
MyH/la aZlaM MallnHaFra Tayenai. bya »afaal NaumMeHTTiH MCUXMKACbIHA ayblp CaIMaK, TyCipei.
Onapaa cosbliManbl CTPecc, AenpeccuMa KaHe Masacbi3ablK AeHreni »Kofapbl Honaabl.
Onepaupa — 6yn «MalimHagaH 6ocay». CoOHAbIKTAH, BYMpPeK peunnueHTTepiHae cayblfyfa
[ereH epik-xirep ete KywTi 60n1a4bl. IMOLMOHANABIK AOHOP OCbl epik-Kirepdi HblFanTyLbl
6acTbl TyAFa 606N Tabblnaabl.

OnepaumsagaH KeriHri NCMXON0rnANbIK OHANTY

TpaHcnnaHTauuagaH KewiH nauueHTTiH  emipi  Tonblk,  e3repesi. On  emip  6oibl
MMMYHOCYNPECCUBTI Aapinep iwyi kepek. byn — »aHa Kayankepuwinik. CUX0N0rmanbik,
TYpFblAaH «Kapbi3gap/blk cesimi» (Survivor Guilt) TybiHAAybl MYMKiH. PeumnueHT AoHOp
anapiHAa e3iH KiHani cesiHin, 6yn onapabiH apacbiHAafbl KapbiM-KaTblHAaCKa HYKCaH KenTipyi
bIKTUMan. «MaxabbaT byrperi» peHomeHi Byn KiHaHI «OpPTaK KeHic» cesimiHe alHanaplpyfa
KemeKkTeceai. [lcMxonor AOHOP MeH pPeunnueHTTiH cMMBMoTUKanbiK 6alnaHbiCbiH - cay
AeHrenae cakTayFra aTcasnbiCybl KaxKeT.

Buoncuxocoumnanabl moaens waHe KapamaHoBa KOHLENUMACHI

A.A. KapamaHoBa ycbliHfaH HuoncmMxocoumanibl TaCin NAUMEHTTIH, cayblfyblH YU AeHrenae
KapacTblpaibl. bMonornanbik AeHreln — OYMPeKTiH *Kymbicbl. [TCMXONOMMANbIK AgHren —
3MOUMOHANAbIK ~ TYPaKTbIIbIK. ONEYMETTIK JAeHre — KOFaMfa, JKYMbICKA opany.
dMouMoHanablK, AOHOP/bLIK OCbl YW AeHrenaiH Ae oHTalabl 6oaybiHA cenTiriH Turiseai.
3epTTeynep KOPCEeTKeHAENM, *aKblH aJamaapbiHblH, KOA4ayblHa Me naumMeHTTepae UMMYHZbIK
MYMe XKaKCbl YMbIC iCTEMA *KaHe 0/1ap a/1ieyMeTTik opTara 1,5 ece Tesipek belimaenen,.
KopbITbIHAbI

«Maxabbat byhperi» — 6yn  3amaHayuM  MeauUMHaAaFbl  TYMAHW3MHIH,  LbIHbI.
TpaHcnaaHTauMaaarbl NCMXoNormanbik GakTopaap MeanuUmMHanblk KepceTkiTepmeH bipaei
MaHbi3fa ne. H.®. Knumywesa meH J1.T. bapaHcKasHbIH 3epTTeynepi AanenaereHaen, iwki
MOTMBALMA MEH 3MOLMOHaNAbIK BalnaHbic — cayblfyablH, Kenini. Ocbl canagafbl KeweHaj
3epTTeyaep TPaHCM/IAHTONOMMAAAFbI KANMHUKAAbIK, MCUXOAOTMAHbBIH MaHbI3Abl/bliFbIH Tafbl Aa
Oanenpenai. bonawakTa TpaHCNAaHTaUMA OPTa/bIKTapbiHA@ MNCUXONOTUANBIK  KbI3METTI
MIHOETTI TYpAe eHri3y naumMeHTTepAiH emipweHAiriH apTTblpaTbiHbl CO3CI3.



«Modern scientific technology» (July 23-24, 2026). Stockholm, Sweden, 2026

9aebuetTtep Tisimi

e 1. Knumywesa H.®., bapaHckaa /1.T., LmakoBsa T.B. MoTnBauus K TpaHCMIaHTaU MM
[OHOPCKMX OPraHoB y NaLUMeHTOB C TEPMMUHANbHOM CTaAMEN XPOHMYECKMX 3ab0NeBaAHUN.
// KnuHunyeckaa ncuxonoruna. 2014,

e 2. KapamaHoBa A.A. broncmxocoumanbHbli Noaxoa B peabuamtaumm comaTUYecKkmnx
H60/bHbIX. — AnMmaTbl, 2023.

e 3.Saperov V.N. [Transplantation in Russia: Achievements and Unsolved Problems] //
Health Chuvashia. 2013.

e 4. Engle D. Psychosocial aspects of the organ transplant experience. // J. Clin. Psychol.
2001.

e 5 BapaHcKkan /1.T. llcuxonornyeckmne acnekTbl TpaHCcnAaHTaUmMm nodku. //
ExkaTepunbypr, 2010.

e 6. Eggeling C. The psychosocial implications of live-related kidney donation. EDTNA
ERCA J. 1999.



Proceedings of the 14th International Scientific Conference

Comprehensive Pharmacognostic
Investigation of Lagochilus inebrians and
Development of a Hemostatic
Phytopharmaceutical Using Modern
Approaches to Standardization and Quality
Assessment

Aiym Tulegenova
Registrarius pharm expert Pharmacy (Almaty, Kazakhstan)

Abstract. Lagochilus inebrians Bunge (Lamiaceae), known as Turkestan mint, is a Central
Asian medicinal subshrub with a long-documented history of use as a hemostatic and sedative
agent in traditional practice. Its principal bioactive constituent, the diterpene alcohol lagochilin,
together with related diterpenoids, flavonoids, and iridoid glycosides, has been associated with
coagulation-supporting activity in earlier pharmacological work. Despite this substantial body of
phytochemical and pharmacological evidence, a dedicated, pharmacopoeially standardized
quality specification for Lagochilus inebrians raw material grown within the Republic of Kazakhstan
has not yet been established. This paper synthesizes the existing international literature on the
taxonomy, phytochemistry, and hemostatic pharmacology of Lagochilus inebrians and proposes a
structured, modern methodological framework for its pharmacognostic standardization and the
prospective development of a hemostatic phytopharmaceutical. The proposed framework
integrates  macroscopic  and  microscopic  authentication, = chromatographic  and
spectrophotometric quantification of marker compounds, and pharmacopoeial quality-control
parameters consistent with the State Pharmacopoeia of the Republic of Kazakhstan. The paper is
conceptual and methodological in nature; it does not report completed experimental trial results
but outlines a protocol intended to guide future empirical research and eventual monograph
development.

Keywords: Lagochilus inebrians; lagochilin; hemostatic phytopharmaceutical;
pharmacognosy; standardization; quality control; State Pharmacopoeia of Kazakhstan

Introduction

Herbal medicine remains a central component of therapeutic practice across Central Asia, where
centuries of accumulated ethnobotanical knowledge have identified numerous plant species with
documented hemostatic, anti-inflammatory, and sedative properties. Among these, the genus
Lagochilus (Lamiaceae) occupies a distinctive place: it comprises approximately forty-four species
native to the arid and semi-arid zones of Central, South-Central, and Eastern Asia, several of which
have long been valued in folk medicine as styptic agents used to control bleeding (Mamadalieva et
al., 2021).

Lagochilus inebrians Bunge, commonly referred to as Turkestan mint or inebriating mint, is one of
the most pharmacologically significant species of the genus. It is endemic to the western Pamir-
Alay region and adjacent territories, including parts of Kyzylkum, the Karshi Steppe, and the
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Fergana and Zeravshan valleys, with documented populations also occurring within the territory
of South Kazakhstan, notably in the Karatau, Karzhantau, and Aksu-Zhabagly areas (Aimenova et
al., 2015; Mamadalieva et al., 2021). Its traditional use as a hemostatic agent dates back to
observations made by Soviet-era pharmacologists, whose systematic studies throughout the
twentieth century established the plant's reputation as a reliable natural styptic (Eisenman et al.,
2013).

The principal active constituent responsible for the hemostatic effect is lagochilin, a diterpene
alcohol first isolated and structurally characterized from the plant's aerial parts. Alongside
lagochilin, the genus has been shown to contain more than 150 secondary metabolites, spanning
diterpenoids, flavonoids, phenolic compounds, iridoid glycosides, triterpenoids, and
polysaccharides (Mamadalieva et al., 2021). Structure-activity investigations have suggested that
the hemostatic action of lagochilin and its derivatives operates through influence on the intrinsic
pathway of the blood coagulation cascade, a mechanism that continues to attract renewed
pharmacological interest.

Despite this considerable accumulated evidence, several gaps remain in the scientific
understanding and practical application of Lagochilus inebrians as a source of a standardized
phytopharmaceutical. First, much of the existing phytochemical and pharmacological literature
originates from Uzbek, Russian, and Chinese sources dating from the mid-to-late twentieth
century, with comparatively limited modern re-evaluation using contemporary analytical
instrumentation. Second, while the plant's distribution within South Kazakhstan has been
documented, no dedicated pharmacopoeial monograph specific to Kazakhstan-grown Lagochilus
inebrians raw material currently exists within the State Pharmacopoeia of the Republic of
Kazakhstan, in contrast to comparable standardization efforts recently undertaken for other
regionally significant medicinal plants (Sayakova et al., 2022). Third, the translation of documented
hemostatic activity into a modern, quality-assured phytopharmaceutical dosage form requires an
integrated methodological approach combining classical pharmacognostic authentication with
contemporary chromatographic standardization and preclinical safety evaluation.

The present paper addresses these gaps in two complementary ways. First, it synthesizes and
critically organizes the existing international literature on the botany, phytochemistry, and
pharmacology of Lagochilus inebrians, with particular attention to studies bearing on its
hemostatic activity and to prior regional standardization precedents. Second, it proposes a
structured, modern methodological framework, informed by pharmacopoeial practice in
Kazakhstan, for the authentication, phytochemical standardization, and prospective
phytopharmaceutical development of this plant. The paper is explicitly conceptual and
methodological: it does not present the results of a completed empirical trial, but rather a research
protocol intended to inform and guide subsequent laboratory-based investigation. This distinction
is maintained throughout the Materials and Methods section, which is framed in the future and
conditional tense to reflect its proposed, rather than executed, character.

This undertaking is consistent with a broader international and regional policy context. The
World Health Organization has repeatedly emphasized the value of properly standardized
traditional and herbal medicines as a complement to conventional pharmacotherapy, provided
that quality, safety, and reproducibility can be assured through rigorous pharmacognostic and
analytical control. Within Kazakhstan specifically, recent years have seen growing scientific and
regulatory interest in developing a domestic base of standardized, pharmacopoeially recognized
medicinal plant raw materials, both to reduce dependence on imported phytopharmaceutical
ingredients and to valorize the country's considerable endemic and regionally distributed flora.
Hemostatic phytopreparations occupy a particularly important niche within this effort, given the
continued clinical demand for accessible, well-tolerated agents to manage minor surgical, dental,
and traumatic bleeding, alongside existing synthetic and animal-derived hemostatic products.
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Against this background, Lagochilus inebrians represents an unusually well-documented
candidate: unlike many regionally used medicinal plants for which pharmacological evidence
remains anecdotal, this species benefits from decades of chemical and pharmacological
characterization, even though that evidence base has not yet been consolidated into a Kazakhstan-
specific standardization pathway. The remainder of this paper is organized as follows: Section 2
reviews the taxonomic, phytochemical, and pharmacological literature; Section 3 proposes a
detailed methodological protocol for future standardization and phytopharmaceutical
development; and Section 4 concludes with a discussion of the anticipated significance and
limitations of this proposed research direction.

Literature Review

Taxonomy, Distribution, and Traditional Use
Lagochilus belongs to the subfamily Lamioideae within the Lamiaceae family and comprises
subshrubs and perennial herbs characterized by woody rootstocks, rigid stems, and spinescent
bracts (Mamadalieva et al., 2021). The genus is centered in Central Asia, with a documented
distributional center in the Tianshan mountain system; within the territory of Uzbekistan alone
eighteen species have been recorded, several of which are classified as rare or endangered. Within
South Kazakhstan specifically, ten species of the genus have been identified, distributed across the
Karatau, Karzhantau, and Aksu-Zhabagly regions (Aimenova et al., 2015).

Traditional use of Lagochilus inebrians is long-standing among Central Asian communities,
particularly in Uzbek and Tajik folk medicine, where decoctions and tinctures prepared from the
dried aerial parts have been employed to control various forms of bleeding, and infusions of the
dried leaves have also been used, at times combined with honey or sugar to offset their natural
bitterness (Eisenman et al., 2013; Mamadalieva et al., 2021). Beyond its hemostatic application,
the plant has also been documented in ethnobotanical accounts as possessing sedative,
tranquilizing, and mild psychoactive properties, occasionally used ceremonially in the region
(Rahmonov et al., 2020).

Phytochemistry

Systematic phytochemical investigation of Lagochilus inebrians, beginning with Soviet-era
pharmacological research and continuing through more recent instrumental re-analysis, has
established a detailed profile of its secondary metabolite composition. The diterpene lagochilin
represents the principal and most extensively studied constituent, with reported content varying
by growing region; comparative phytochemical surveys have indicated that plant material collected
from the Djizzakh region of Uzbekistan exhibited the highest lagochilin concentration among
tested populations, followed by other regional ecotypes (Akramov et al.,, 2020). Related
diterpenoid derivatives, including various lagochilin acetates, have also been isolated and
structurally characterized.

Beyond diterpenes, the plant has been shown to contain iridoid glycosides such as 8-O-
acetylharpagide and harpagide, both of which appear characteristic of the genus, along with
flavonoid constituents derived predominantly from quercetin, luteolin, and kaempferol scaffolds
(Mamadalieva et al., 2021). Essential oil analyses of Lagochilus inebrians have identified linalool,
trans-chrysanthenyl acetate, eugenol, and trans-verbenol as principal volatile components,
compounds that have also been associated with antioxidant activity in comparative assays across
related Lagochilus species (Akramov et al., 2020). Additional classes of compounds reported from
the species include triterpenoids, steroidal constituents such as B-sitosterol and stigmasterol, the
alkaloid stachydrine, and various aliphatic waxes and lipid fractions.

Pharmacological Evidence for Hemostatic Activity
The hemostatic property of Lagochilus inebrians extract has been the subject of sustained
pharmacological attention across several decades. Early structure-activity work established a
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relationship between the molecular configuration of lagochilin and related diterpenoids and their
capacity to influence coagulation parameters, suggesting an effect mediated through the intrinsic
mechanisms of the blood coagulation system rather than through simple local astringency
(Zainutdinov et al., 2002). More recent comparative pharmacological evaluations across several
Lagochilus species have assessed hemostatic and anti-inflammatory activity using experimental
animal models, generally supporting the traditional attribution of styptic properties to extracts of
this genus, while also noting that the degree of activity can vary depending on the extraction
method and plant source used (Jiao et al., 2015).

Acute toxicity evaluations conducted according to internationally recognized guidelines
have generally reported a favorable safety profile for aqueous and ethanolic extracts of several
Lagochilus species, with no visible signs of toxicity observed at high oral doses in rodent models
(Mamadalieva et al.,, 2021). This existing toxicological evidence, while encouraging, has
predominantly been generated using plant material sourced from Uzbekistan; comparable safety
data specific to Kazakhstan-grown Lagochilus inebrians populations remain, to the best of
available knowledge, limited.

Precedents for Pharmacognostic Standardization in Kazakhstan

Although no dedicated State Pharmacopoeia of the Republic of Kazakhstan monograph currently
exists for Lagochilus inebrians, recent Kazakhstani pharmacognostic research provides a
methodological precedent for how such standardization might proceed. A recent standardization
study of two locally growing larch species (Larix kaempferi and Larix sibirica) illustrates a
comprehensive approach combining macroscopic and microscopic authentication, thin-layer
chromatographic detection of marker phenolic compounds, and quantitative determination of
moisture, total ash, acid-insoluble ash, and heavy-metal and radionuclide content, all performed
in accordance with the general pharmacopoeial articles of the State Pharmacopoeia of the
Republic of Kazakhstan (Sayakova et al., 2022). This study demonstrates both the feasibility and
the regulatory pathway by which a regionally significant medicinal plant can progress toward
formal pharmacopoeial recognition, and it is used in the present paper as a methodological
template for the Lagochilus inebrians standardization framework proposed below.

Taken together, the reviewed literature establishes a strong phytochemical and
pharmacological rationale for the hemostatic potential of Lagochilus inebrians, while
simultaneously revealing a clear opportunity: the integration of this existing evidence base with a
modern, regionally grounded pharmacognostic standardization protocol, of the kind outlined in
the following section, to support the eventual development of a quality-assured, Kazakhstan-
sourced hemostatic phytopharmaceutical.

Additional Documented Biological Activities

Beyond its principal hemostatic application, Lagochilus inebrians and related congeneric species
have been reported to exhibit a broader spectrum of biological activity. Comparative antioxidant
assessments across several Lagochilus species, using metal-chelating, ferric-reducing, and radical-
scavenging assays, have consistently identified Lagochilus inebrians extracts among the most
potent within the genus, an effect attributed in part to their comparatively high total phenolic
content (Akramov et al., 2020). Anticholinesterase screening of Lagochilus inebrians extracts has
additionally suggested modest enzyme-inhibitory activity, a property of potential relevance to
future exploratory work on secondary pharmacological applications, although such findings remain
preliminary and were not the primary focus of the studies concerned. Mild antibacterial and anti-
inflammatory activity has also been reported for extracts and isolated compounds from several
Lagochilus species, generally at a lower level of potency than the documented hemostatic effect,
reinforcing the view that the hemostatic property remains the plant's most pharmacologically
robust and clinically relevant attribute (Mamadalieva et al., 2021).
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Acute toxicity data reported for agueous and ethanolic extracts of several Lagochilus species
indicate a favorable margin of safety, with no adverse behavioral or physiological signs observed
in rodent models even at high oral doses, consistent with the long history of traditional use of
these plants without reported serious adverse effects (Mamadalieva et al., 2021). This
combination of documented efficacy and an apparently favorable safety profile further supports
the rationale for pursuing formal Kazakhstan-specific standardization and phytopharmaceutical
development, as proposed in next Section.

Regional Context: Kazakhstan's Endemic Flora and Pharmacopoeial Development

The case of Lagochilus inebrians should be understood within the broader context of Kazakhstan's
ongoing effort to inventory, characterize, and where warranted, formally standardize its
considerable endemic and near-endemic medicinal flora. Kazakhstan's varied ecological zones,
spanning steppe, semi-desert, and mountain systems such as the Karatau and Aksu-Zhabagly
ranges, support a diverse assemblage of medicinal plant species, several of which have received
comparatively little modern pharmacognostic attention relative to their documented traditional
use (Atazhanova, 2008). Prior work characterizing the essential-oil chemistry and biological activity
of plants endemic to Kazakhstan has demonstrated both the scientific value and the feasibility of
systematically re-examining regionally significant species using contemporary analytical methods,
even where earlier Soviet-era studies had already established a general pharmacological profile
(Atazhanova, 2008).

This precedent is directly relevant to Lagochilus inebrians, whose pharmacological
characterization to date has relied predominantly on plant material sourced from Uzbekistan,
despite documented natural populations within South Kazakhstan (Aimenova et al., 2015). The
absence of Kazakhstan-specific phytochemical and quality-control data represents not merely an
academic gap but a practical obstacle to the plant's formal recognition within the State
Pharmacopoeia of the Republic of Kazakhstan, since pharmacopoeial monographs are typically
grounded in analytical data generated from raw material representative of the specific growing
region intended for pharmaceutical sourcing. Addressing this gap through the standardization
protocol proposed in Section 3 would therefore align directly with the broader national trajectory
toward strengthening the scientific and regulatory foundation for domestically sourced herbal
medicinal products.

Materials and Methods (Proposed Research Protocol)

Plant Material and Authentication

Aerial parts (flowers, leaves, and young stems) of Lagochilus inebrians would be collected
during the flowering period from documented natural populations within the Karatau, Karzhantau,
and Aksu-Zhabagly areas of South Kazakhstan, in accordance with the distribution previously
reported by Aimenova et al. (2015). Botanical identification would be confirmed against herbarium
reference specimens, and voucher specimens would be deposited in an appropriate institutional
herbarium. Following collection, the plant material would be shade-dried, manually threshed to
separate flowers and leaves from woody stems, and stored under dry, well-ventilated conditions
prior to analysis, consistent with established post-harvest handling practices for the species.

Authentication of the raw material would proceed through macroscopic examination
(external morphological features, color, and odor) and microscopic diagnostic analysis of
anatomical features, following the general pharmacopoeial articles of the State Pharmacopoeia of
the Republic of Kazakhstan governing the determination of morphological groups of medicinal
plant raw materials (Sayakova et al., 2022).

To ensure representativeness, collection would be carried out across at least three distinct
sub-populations within the documented South Kazakhstan distribution range, with multiple
independent batches gathered from each site during a single flowering season to account for
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natural inter-population variability in secondary metabolite content, an approach informed by
prior observations that lagochilin concentration can differ meaningfully between geographically
distinct Lagochilus inebrians populations (Akramov et al., 2020). Each batch would be assigned a
unique accession code linking it to its collection site, date, and voucher specimen, allowing
subsequent phytochemical and quality-control results to be traced back to a specific provenance.
Prior to analysis, all raw material would be inspected for the presence of foreign organic and
mineral matter, consistent with pharmacopoeial requirements for permissible impurity content in
herbal raw materials.

Extraction Procedure

Agqueous and aqueous-ethanolic extracts would be prepared using a graded series of ethanol
concentrations (30%, 50%, 70%, and 96%), following a reflux extraction procedure in which
accurately weighed, sieved plant material is combined with the extractant, heated under reflux for
a defined period, filtered, and the filtrate evaporated to determine the vyield of extractive
substances by gravimetric analysis. This extraction approach mirrors the methodology previously
validated for a comparable standardization study of Kazakhstan-grown medicinal plant raw
material (Sayakova et al., 2022), allowing direct comparison of extraction efficiency across solvent
systems.

Specifically, a fixed raw material-to-solvent ratio (analogous to the 1:16 to 1:20 ratios
reported in comparable pharmacognostic standardization protocols) would be maintained across
all extraction runs, with reflux conducted at a controlled temperature close to the boiling point of
the solvent system for a period of approximately two hours, followed by cooling, filtration through
paper filters, and gravimetric determination of the dried residue after evaporation at a
standardized oven temperature. Each solvent concentration would be tested in triplicate for every
plant material batch, generating a extraction-efficiency profile intended to identify the solvent
system yielding the highest recovery of lagochilin and associated marker compounds, analogous
to the extractant-comparison approach previously employed for other Kazakhstani medicinal
plant raw materials (Sayakova et al., 2022). The resulting optimized extract would then serve as
the basis for the phytochemical fingerprinting and quantitative marker-compound analysis
described in the following subsection.

Phytochemical Screening and Marker Compound Quantification

Preliminary phytochemical screening would employ standard qualitative color reactions to
detect the major compound classes previously reported in the genus, including reactions for
phenolic compounds, flavonoids, and tannins. Thin-layer chromatography, using solvent systems
previously validated for related plant material (for example, n-butanol—glacial acetic acid—water
and ethyl acetate—glacial acetic acid—water systems), would be used to generate a chemical
fingerprint of the extract and to permit comparison against a lagochilin reference standard where
available. Quantitative determination of lagochilin content would be performed using TLC-
densitometry or, where instrumentation permits, high-performance liquid chromatography,
expressed as a percentage of dry raw material.

For the qualitative reactions, sodium hydroxide-mediated azo-dye formation would be used
as a preliminary indicator of phenolic content, chalcone formation with dilute alkali would indicate
the presence of flavones and flavanones, and ferric chloride would be applied to detect
polyphenolic compounds, following the reaction sequence previously described for an analogous
Kazakhstani plant standardization study (Sayakova et al., 2022). For chromatographic
fingerprinting, silica-based thin-layer plates would be developed in the solvent systems noted
above, with spot visualization achieved through exposure to ultraviolet light and through spraying
with a dilute aluminum chloride solution, and retention factor values would be recorded and
compared across plant material batches and, where feasible, against literature-reported retention
values for lagochilin and related diterpenoids. Where high-performance liquid chromatography is
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available, a reversed-phase column with ultraviolet detection would be employed, using a mobile
phase gradient optimized during method validation, with lagochilin content quantified against a
calibration curve constructed from a certified or well-characterized reference standard.

Pharmacopoeial Quality-Control Parameters

Quality specification testing would follow the general pharmacopoeial articles of the State
Pharmacopoeia of the Republic of Kazakhstan, encompassing determination of moisture content
by gravimetric drying, total ash and acid-insoluble ash by calcination, extractive substance content,
and screening for heavy metals (lead, cadmium, arsenic, mercury) and radionuclides (caesium-137,
strontium-90) against applicable state standards. Microbial purity testing would additionally be
conducted in accordance with pharmacopoeial limits for herbal raw materials intended for
pharmaceutical use. Table 1 below summarizes the proposed quality parameters and the reference
ranges reported in an analogous, already-completed Kazakhstani standardization study, presented
here as an illustrative planning benchmark rather than as measured values for Lagochilus inebrians.

Each quality parameter would be assessed across all collected batches described in Section
3.1, allowing evaluation not only of overall compliance with proposed limits but also of variability
attributable to collection site, harvest timing, and post-harvest handling. Where feasible, results
would additionally be benchmarked against the corresponding quality specifications already
established for other Central Asian Lagochilus raw material in the international literature,
providing a basis for judging whether Kazakhstan-grown material meets, exceeds, or falls short of
previously reported quality and marker-compound benchmarks. This comparative dimension is
considered essential to building a scientifically defensible case for eventual pharmacopoeial
recognition, since regulatory acceptance of a new monograph typically requires demonstration
that proposed limits are both technically achievable and pharmacologically meaningful.
Table 1. Proposed Quality Specification Parameters for Standardization of Lagochilus inebrians

Raw Material (illustrative framework, adapted from an analogous completed Kazakhstani

pharmacognostic standardization study; values to be verified experimentally)

Quality parameter Reference method / normative Typical range reported for
source analogous medicinal plant raw
material standardization

(illustrative)

Moisture content State Pharmacopoeia RK, Vol. 1, [12-14%
gravimetric drying method

Total ash State Pharmacopoeia RK, general [1.8-2.6%
article on ash determination

Ash insoluble in 10% HCl [State Pharmacopoeia RK, general [0.3—0.5%

article
Reflux extraction, gravimetric
determination

Extractive substances (70% 4—10% (extractant-dependent)

ethanol)

Lagochilin content

TLC-densitometry / HPLC,
comparison with reference
standard

>0.5% (pharmacopoeial minimum
reported for related raw material)

Heavy metals (Pb, Cd, As,
Hg)

State Pharmacopoeia RK, Vol. 1,
section 2.8

Within state standard permissible
limits

Radionuclides (Cs-137, Sr-
90)

State standards 32161-2013 /
32163-2013

Below detection / permissible
limit

Microbial purity

State Pharmacopoeia RK,

microbiological limit tests

Within pharmacopoeial limits for

herbal raw material
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Preclinical Hemostatic and Toxicity Evaluation

Should the phytochemical standardization confirm consistent lagochilin content,
subsequent preclinical evaluation would assess hemostatic activity using a validated experimental
bleeding-time model, alongside acute oral toxicity testing conducted according to OECD Test
Guideline 423 (Acute Toxicity Class Method), with appropriate institutional animal ethics approval.
This staged approach mirrors the acute toxicity methodology previously applied to other
Lagochilus species (Mamadalieva et al.,, 2021) and would allow direct comparison of the
Kazakhstan-sourced material against existing literature values.

Proposed Dosage-Form Development and Statistical Considerations

Contingent upon successful standardization and favorable preclinical safety findings, a candidate
hemostatic dosage form (such as a standardized dry extract, tincture, or topical hemostatic film
analogous to previously reported Lagoden-based preparations) would be formulated and
evaluated for stability under accelerated storage conditions. All quantitative determinations would
be performed in triplicate, with results expressed as mean * standard deviation and analyzed using
appropriate parametric or non-parametric statistical tests depending on data distribution, at a
significance threshold of p < 0.05.

Formulation development would be guided by the physicochemical properties of the
standardized extract identified in Section 3.3, with candidate excipients and film-forming or
tableting agents selected for compatibility with the extract and for consistency with
pharmacopoeially acceptable pharmaceutical additives. Accelerated stability testing would follow
standard temperature and humidity storage conditions over a defined observation period, with
periodic re-assay of lagochilin content and organoleptic properties used as indicators of shelf-life.
Throughout all stages of the proposed protocol, good laboratory practice principles would be
observed, including instrument calibration records, batch documentation, and blinded or
randomized sample coding where applicable, to ensure that any future empirical execution of this
protocol would generate data suitable for eventual submission toward a formal pharmacopoeial
monograph proposal.
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Figure 1. Proposed research workflow for the pharmacognostic standardization of Lagochilus
inebrians and prospective development of a hemostatic phytopharmaceutical.
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Conclusion

Lagochilus  inebrians represents a pharmacologically  well-documented  but
pharmacopoeially under-standardized medicinal plant of considerable regional significance to
Kazakhstan. The literature reviewed in this paper establishes a coherent phytochemical and
pharmacological basis for its traditional reputation as a hemostatic agent, centered on the
diterpene lagochilin and its structurally related derivatives, and supported by decades of largely
Uzbek, Russian, and Chinese pharmacological investigation. At the same time, this review identifies
a clear and specific gap: the absence of a dedicated State Pharmacopoeia of the Republic of
Kazakhstan monograph for Kazakhstan-grown Lagochilus inebrians raw material, in contrast to
recent, methodologically comparable standardization efforts successfully completed for other
regionally important medicinal plants.

The methodological framework proposed in this paper is intended to address that gap by
outlining a structured, stepwise protocol encompassing botanical authentication, graded solvent
extraction, phytochemical fingerprinting and marker-compound quantification, pharmacopoeial
guality-control testing, and staged preclinical safety and hemostatic-activity evaluation. Because
this paperis conceptual and methodological rather than empirical, the proposed parameter ranges
and workflow presented here should be understood as a planning framework informed by
analogous completed studies, not as reported experimental findings for Lagochilus inebrians itself.
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Future work should prioritize the systematic collection of Kazakhstan-grown plant material from
the documented South Kazakhstan populations, followed by execution of the proposed protocol
under appropriate institutional ethical oversight, including animal-use approval for any preclinical
hemostatic and toxicity testing.

Should the proposed standardization be carried out and yield results consistent with the
pharmacological profile already documented for Uzbek-sourced Lagochilus material, the resulting
data could support submission of a formal monograph proposal to the relevant Kazakhstani
pharmacopoeial authorities, and could inform the rational development of a locally sourced,
guality-assured hemostatic phytopharmaceutical. Such an outcome would contribute both to the
scientific valorization of a regionally endemic medicinal resource and to the broader modernization
of pharmacognostic standardization practice within Kazakhstan, consistent with the trajectory
already established by recent comparable studies in the field.

Several limitations of the present conceptual synthesis should be acknowledged. Much of
the underlying phytochemical and pharmacological evidence base for Lagochilus inebrians
originates from plant material collected outside Kazakhstan, principally from Uzbekistan, and
inter-population variability in lagochilin and related marker-compound content means that these
findings cannot be assumed to transfer directly to Kazakhstan-grown material without
independent verification. Similarly, the proposed quality-specification ranges presented in Table
1 are drawn from an analogous but botanically distinct standardization study and are offered
strictly as a planning benchmark rather than as validated limits for Lagochilus inebrians. Any future
empirical study built upon this protocol would therefore need to treat these figures as provisional
hypotheses to be tested, refined, or revised in light of actual experimental data, and would require
appropriate institutional ethical approval prior to any preclinical animal testing. With these caveats
in mind, the framework proposed here is intended to provide a scientifically grounded and
pharmacopoeially consistent starting point for future Kazakhstani researchers seeking to translate
the well-established hemostatic reputation of Lagochilus inebrians into a rigorously standardized,
evidence-based phytopharmaceutical product.
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MODERN APPROACHES AND
BIOMECHANICAL FOUNDATIONS IN THE
SURGICAL TREATMENT OF POSTERIOR
COLUMN PELVIC FRACTURES

Arislanbek Azimbay Sherbaev
Orthopedic Trauma Surgeon, City Clinical Hospital No. 7 (Almaty, Kazakhstan)

Abstract. Posterior column fractures of the pelvis and acetabulum remain among the most
technically demanding injuries in orthopaedic trauma surgery, occurring in high-energy trauma
among younger patients and in low-energy falls among the elderly. Optimal management requires
anatomical reduction and stable internal fixation to restore the load-bearing architecture of the
hip joint and to minimize the risk of post-traumatic arthritis, nonunion, and functional impairment.
This article presents an integrative review of contemporary surgical strategies and their underlying
biomechanical rationale for posterior column pelvic fractures, synthesizing clinical, cadaveric, and
composite-bone-model evidence published over the past three decades. The review traces the
evolution of fixation philosophy from foundational classification systems and open surgical
approaches to current minimally invasive percutaneous techniques, reconstruction plating, and
novel implant geometries such as angular and dynamic plates. Comparative biomechanical data
drawn from cadaveric and composite bone models are analyzed, including construct stiffness,
cyclic-load failure thresholds, and interfragmentary displacement across single-plate, dual-plate,
screw-only, and hybrid plate—screw configurations. Particular attention is given to antegrade and
retrograde screw fixation via posterior and anterior corridors, and to the comparative
performance of standard cannulated screws versus cannulated compression headless screws. The
materials and methods section presents a structured comparative synthesis, supported by tables
and diagrams, of fixation stiffness values, complication profiles, and clinical outcome indicators
reported in the American and Kazakhstani orthopaedic literature. Findings indicate that dual-plate
and angular-plate constructs, as well as compression headless screw systems, provide superior
mechanical stability relative to single-implant fixation, though clinical decision-making must also
weigh soft-tissue morbidity, surgical exposure, and patient-specific bone quality. The review
concludes that an evidence-based, biomechanically informed selection of fixation strategy,
tailored to fracture pattern and patient factors, is essential for optimizing surgical outcomes and
long-term hip joint preservation.

Keywords: posterior column fracture, acetabulum, pelvic ring, internal fixation,
biomechanics, orthopaedic trauma surgery, orthopaedic trauma surgery

Introduction

Fractures involving the posterior column of the acetabulum and pelvic ring represent some
of the most anatomically complex and clinically consequential injuries encountered in orthopaedic
trauma practice. The pelvis functions as a load-transmitting ring that connects the axial skeleton
to the lower extremities, and the acetabulum, formed at the confluence of the ilium, ischium, and
pubis, constitutes the weight-bearing socket of the hip joint. The posterior column, extending from
the iliac crest through the greater sciatic notch, ischial spine, and ischial tuberosity, provides the
principal structural support for the femoral head during standing, walking, and transitional loading.
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Disruption of this column, whether isolated or in combination with anterior column, transverse, or
both-column patterns, compromises the mechanical integrity of the hip and, if inadequately
reduced and stabilized, predisposes patients to post-traumatic osteoarthritis, chronic pain, and
long-term functional disability.

The modern understanding of acetabular and posterior pelvic ring injuries owes much to the
classification systems and surgical approaches developed in the mid-twentieth century, which
established the Kocher—Langenbeck posterior approach as the principal surgical corridor for
posterior column and posterior wall fractures. Subsequent decades saw the refinement of open
reduction and internal fixation (ORIF) as the accepted standard of care for displaced, unstable
fracture patterns, driven by the recognition that anatomical restoration of the articular surface and
the load-bearing dome is the single most influential predictor of favorable long-term clinical
outcome. North American trauma centers played a decisive role in disseminating and further
developing these principles, contributing large single- and multi-surgeon outcome series,
percutaneous fixation techniques for the posterior pelvic ring, and detailed complication analyses
that continue to guide contemporary practice.

Despite the maturity of the field, several aspects of posterior column fracture management
remain actively debated. These include the relative merits of plate versus screw fixation, the
indications for minimally invasive percutaneous stabilization versus formal open exposure, the
optimal implant configuration for osteoporotic or comminuted bone, and the role of acute
arthroplasty in elderly patients with nonreconstructable articular surfaces. Biomechanical research
using cadaveric specimens, composite synthetic bone models, and finite-element simulation has
become an essential complement to clinical outcome studies, allowing surgeons and implant
designers to quantify construct stiffness, cyclic fatigue behavior, and load-to-failure characteristics
under physiologically relevant conditions before or alongside clinical validation.

The regional context of this review is also relevant. In Kazakhstan, the National Scientific
Center of Traumatology and Orthopedics named after Academician N.D. Batpenov and affiliated
university departments have contributed growing clinical and epidemiological literature on pelvic
and hip fracture management, reflecting both the increasing incidence of fragility fractures in an
aging population and the ongoing development of implant technologies adapted to local clinical
settings. Integrating this regional evidence with the extensive American biomechanical and clinical
literature provides a more complete picture of current practice and of the gaps that remain to be
addressed.

Epidemiologically, posterior column fractures account for approximately 18.5 to 22 percent
of all acetabular fractures, and the overall incidence of acetabular fractures has been rising in
industrialized nations as populations age and low-energy fall-related injuries in osteoporotic bone
become more common alongside the classic high-energy mechanisms seen in younger patients.
This demographic shift has important implications for fixation strategy, since osteoporotic bone
tolerates conventional screw and plate purchase less predictably than the dense cortical bone
typically encountered in younger trauma patients, and it has motivated growing interest in acute
arthroplasty and hybrid fixation-arthroplasty constructs for elderly patients with comminuted,
nonreconstructable articular surfaces.

A central biomechanical concept relevant to posterior column fixation is the distribution of
load across the acetabular dome during gait. Analysis of the radiographic acetabulum has shown
that the primary weight-bearing force vector at mid-stance is oriented approximately sixteen
degrees medial from vertical, with this vector excursing anteriorly during toe-off and posteriorly
during heel strike; the posterior column bears a substantial share of this cyclically shifting load. Any
fixation construct applied to the posterior column must therefore withstand not a single static force
but a repetitive, multidirectional loading pattern throughout the gait cycle, which is precisely why
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cyclic fatigue testing, rather than single-cycle static loading alone, has become increasingly
standard in contemporary biomechanical evaluation of candidate implants.

The purpose of this article is to synthesize contemporary surgical approaches to posterior
column pelvic fractures together with the biomechanical evidence that underpins them. The
Literature Review section outlines the historical development and thematic clusters of research
relevant to posterior column fixation. The Materials and Methods section describes the
comparative-review methodology employed and presents structured tabular and graphical
comparisons of construct stiffness and technique characteristics drawn from the reviewed
literature. The Conclusion synthesizes the clinical implications of this evidence and identifies
directions for future research, including patient-specific implant design and the integration of
computational modeling into preoperative planning.

Understanding posterior column fracture management therefore requires drawing
simultaneously on classification frameworks, surgical technique descriptions, clinical outcome
series, and biomechanical bench and computational research, since no single evidence source
alone provides a complete picture of why one fixation strategy might be preferred over another
for a given patient. The sections that follow attempt to weave these evidence sources together,
moving from the historical and clinical foundations of the field toward a structured, tabulated
comparison of the biomechanical performance and practical trade-offs of the fixation strategies
currently in use.

Literature Review

The literature on posterior column pelvic and acetabular fracture treatment can be organized
into several overlapping thematic clusters: foundational classification and outcome studies,
posterior pelvic ring percutaneous fixation techniques, cadaveric and composite-bone
biomechanical construct studies, complication-focused clinical series, and regional
epidemiological and clinical contributions from Kazakhstan.

The foundational cluster established the surgical and conceptual framework still in use today.
Early work on unstable pelvic ring disruptions demonstrated that internal fixation of both the
anterior and posterior elements of the pelvic ring produces superior functional outcomes
compared with nonoperative management or fixation of a single ring component alone (Matta &
Saucedo, 1989; Matta & Tornetta, 1996). Complementary outcome research on operatively treated
posterior pelvic ring disruptions confirmed that residual displacement after fixation correlates
directly with inferior functional scores, reinforcing the principle that anatomical reduction, not
merely stabilization, should be the surgical goal (Tornetta & Matta, 1996).

A second cluster of literature addresses percutaneous and minimally invasive fixation of the
posterior pelvic ring and posterior column. lliosacral screw fixation, introduced as an alternative to
open plating for sacroiliac and sacral injuries, was shown to substantially reduce operative
morbidity, though early series also documented a discrete set of technical complications related
to screw malposition and neurological injury, underscoring the narrow safe osseous corridor
available for this technique (Routt et al., 1997). Subsequent refinements addressed fixation of
complex sacral fracture patterns using percutaneous iliosacral screws (Nork et al., 2001) and
extended the technique to transiliac—transsacral screw constructs for posterior pelvic stabilization,
broadening the indications for percutaneous fixation to bilateral and highly unstable injury patterns
(Gardner & Routt, 2011). Because sacral bony morphology varies considerably between
individuals, morphological analyses have been essential in defining safe screw trajectories and
identifying patients for whom standard iliosacral screw placement may not be feasible (Miller &
Routt, 2012). For vertically unstable transforaminal sacral fractures, triangular osteosynthesis
combining iliosacral screws with lumbopelvic fixation has demonstrated durable stability at
intermediate-term follow-up, representing a hybrid strategy between purely percutaneous and

formal open techniques (Sagi et al., 2009).
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Athird cluster comprises cadaveric and composite-bone biomechanical studies that quantify
the mechanical performance of different fixation constructs. Early biomechanical comparisons of
posterior column osteotomy fixation found no significant difference among single-plate, dual-
plate, and plate-with-lag-screw constructs under moderate axial loading, though the authors noted
that the applied loads did not replicate the full demands of unsupported standing and walking
(Schopfer et al., 1994, as cited in Su et al.,, 2017). Building on this foundation, more recent
composite-bone testing comparing four posterior column fixation constructs found that dual
reconstruction plating and a novel W-shaped angular plate produced comparable and superior
stiffness relative to single-plate or plate-and-screw configurations, while also more closely
restoring native joint-loading strain patterns (Su et al., 2017). Parallel work on antegrade posterior
column screw fixation via the posterior approach demonstrated that cannulated compression
headless screws achieve significantly greater initial construct stiffness than standard cannulated
screws, suggesting a mechanical advantage for compression-based screw designs in percutaneous
posterior column stabilization (Berk et al., 2023). Complication-focused analyses of operatively
treated acetabular fractures have further shown that perioperative complication rates are
influenced by surgical approach, fracture pattern complexity, and associated pelvic ring injury,
reinforcing the need to weigh biomechanical performance against surgical morbidity when
selecting a fixation strategy (Russell et al., 2001; Suzuki et al., 2010).

A related methodological cluster has introduced computational modeling as a complement
to physical cadaveric and composite-bone testing. Finite-element analyses of combined anterior
column and posterior hemi-transverse fracture patterns have compared multiple plate-and-screw
configurations under simulated standing and sitting loads, identifying stress concentration zones
at the quadrilateral surface and infra-acetabular region that inform buttress plate design. Although
such finite-element work has more frequently addressed combined or anterior-column-
predominant fracture patterns than isolated posterior column injuries, the modeling techniques
themselves, including simulated multidirectional joint loading and stress-distribution mapping, are
directly transferable to posterior column construct evaluation and are likely to feature increasingly
in future comparative biomechanical research. Comprehensive American trauma textbooks
synthesizing this body of clinical and biomechanical evidence into consensus treatment algorithms
remain a key reference point for practicing orthopaedic surgeons, consolidating decades of
accumulated outcome data into practical operative guidance (Heckman et al., 2014).

A fourth cluster addresses combined and complex injury patterns and their management
algorithms. Vaidya et al. (2019) described a sequential reduction protocol combining an anterior
subcutaneous pelvic fixator with definitive acetabular fixation for patients with simultaneous pelvic
ring disruption and acetabular fracture, illustrating how staged surgical strategies can address
multi-segment instability while limiting cumulative surgical morbidity.

Finally, the regional literature from Kazakhstan contributes both epidemiological and
clinically applied evidence. A country-specific epidemiological survey established fracture
incidence data and a national FRAX model for fragility fracture risk assessment, providing a
population-level foundation for understanding the burden of pelvic and hip-region fractures in the
region (Issayeva et al., 2020). A retrospective outcome analysis of hip fracture management in
Kazakhstan compared operative and nonoperative treatment practices and their association with
patient survival, highlighting differences in treatment patterns relative to Western European
centers (Amrayev et al., 2017). Most directly relevant to posterior column and acetabular fixation,
clinicians at the National Scientific Center of Traumatology and Orthopedics named after
Academician N.D. Batpenov reported clinical experience with a self-developed acetabular fixation
plate, contributing regionally adapted implant design to the broader international literature on
acetabular plating (Nurgeldi et al., 2024). Together, these clusters demonstrate a field that has
progressed from open, plate-based reduction principles toward an increasingly diverse and
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biomechanically validated set of fixation options, while regional contributions continue to refine
implant design and treatment protocols for local patient populations.

Materials and Methods

Review Design and Search Strategy

This article was developed as a narrative comparative literature review rather than a primary
experimental or clinical study. The methodology combined a structured search of the biomedical
literature with a subsequent comparative synthesis of biomechanical and clinical data extracted
from the identified sources. Electronic searches were conducted across PubMed/MEDLINE,
Scopus, Web of Science, and Google Scholar for English-language publications addressing posterior
column, posterior wall, and posterior pelvic ring fracture fixation. Search terms included
combinations of "posterior column fracture," "acetabular fracture fixation," "pelvic ring fixation,"
"biomechanical analysis," "iliosacral screw," "percutaneous fixation," and "Kazakhstan orthopaedic
trauma." Reference lists of retrieved articles were hand-searched to identify additional relevant
studies, particularly foundational works not indexed under contemporary search terms.

Sources were included if they reported original clinical outcomes, biomechanical testing
data, or epidemiological findings directly relevant to posterior column or posterior pelvic ring
fracture fixation, or if they provided classification frameworks or treatment algorithms
foundational to the field. Case reports without quantitative outcome data, non-peer-reviewed
conference abstracts, and articles not available in English were excluded from detailed quantitative
comparison, although several were consulted for contextual background. Priority in the
comparative synthesis was given to studies reporting quantifiable biomechanical parameters,
namely construct stiffness (N/mm), load or cycles to failure, and interfragmentary displacement,
since these parameters allow direct numerical comparison across independent studies despite
differences in testing apparatus and specimen type.

Comparative Data Extraction

For each biomechanical study included in the comparative synthesis, the following variables
were extracted where reported: fixation construct type and implant configuration, specimen or
model type (cadaveric versus synthetic composite bone), applied loading protocol (static axial load
versus cyclic fatigue loading), mean construct stiffness with standard deviation, and reported
statistical comparisons between constructs. These variables were tabulated to allow direct visual
and numerical comparison across studies conducted independently and at different institutions,
acknowledging that differences in specimen preparation, loading rate, and fixture design introduce
a degree of heterogeneity that limits strict meta-analytic pooling. For this reason, the comparative
tables and diagrams presented below should be interpreted as an integrative qualitative-
guantitative synthesis rather than a formal meta-analysis.
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Table 1 summarizes construct stiffness data drawn from two independent biomechanical
studies employing composite hemipelvis models. The first study compared four plate-based
fixation strategies for isolated posterior column fractures, while the second compared two
antegrade screw fixation techniques applied via a posterior surgical corridor. Although the two
studies used different testing protocols and could not be statistically pooled, presenting their
results side by side allows the relative mechanical contribution of plate-based versus screw-based
constructs to be appreciated within a single comparative frame.

M iff
Fixation construct ean stiffness Source study Testing model
(N/mm)
inol . .
Single reconstruction 248.90 + 61.95 Su et al. (2017) Com.posrt.e
plate (1P) hemipelvis
Reconstruction plate + 326.41 + 94.34 Su et al, (2017) Com'p05|t.e
lag screw (PS) hemipelvis
- . .
Wo reconstruction 44581 + 98.30 Su et al. (2017) Composite
plates (2P) hemipelvis
W-shaped acetabular Composite
447.43 £98.4 l. (2017
angular plate (WAAP) 39845 Suetal. (2017) hemipelvis
Standard antegrade hC;)rr:ipZIs\l/f
cannulated screw 133.1+27.5 Berk et al. (2023) P o
posterior
(PCSS)
approach
C it
Antegrade cannulated h;)rr:ipc:zls\l/ise
compression headless 163.1+149 Berk et al. (2023) P !
posterior
screw (PCCH)
approach

As shown in Table 1 and illustrated in Figure 1, the two reconstruction-plate construct and
the W-shaped angular plate achieved nearly identical mean stiffness values, both markedly
exceeding the stiffness of a single reconstruction plate or a plate-and-lag-screw combination. This
finding is clinically relevant because it suggests that the novel angular plate design can achieve
dual-plate-equivalent stability while requiring the insertion of a single implant, potentially reducing
surgical dissection and hardware-related complications relative to true dual-plate fixation (Su et
al., 2017).
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Figure 1. Biomechanical Stiffness of Posterior Column Fixation Constructs
(adapted from Su et al., 2017)
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Figure 1. Mean biomechanical stiffness of four posterior column fixation constructs tested
on composite hemipelvis models (data adapted from Su et al., 2017). Error bars represent one
standard deviation.

Figure 2 presents a second, independent biomechanical comparison, this time between two
antegrade screw designs used for percutaneous posterior column fixation via the posterior
approach. The cannulated compression headless screw achieved significantly greater initial
construct stiffness than the standard cannulated screw, a difference the original authors attributed
to the compressive effect generated by the headless screw design across the fracture interface
(Berk et al., 2023). This comparison illustrates that biomechanical gains are achievable not only
through implant type (plate versus screw) but also through refinement within a single implant
category.

Figure 2. Initial Stiffness of Antegrade Screw Fixation Techniques
(adapted from Berk et al., 2023); p = 0.024
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Figure 2. Initial construct stiffness of two antegrade screw fixation techniques for posterior
column acetabular fracture (data adapted from Berk et al., 2023).
Qualitative Comparison of Surgical Strategies
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Because biomechanical stiffness alone does not determine clinical suitability, Table 2
presents a qualitative comparison of the principal surgical strategies discussed in the literature,
contrasting typical surgical approach, primary biomechanical or clinical advantage, and principal
limitation. This comparison draws on clinical outcome literature (Matta & Tornetta, 1996; Tornetta
& Matta, 1996; Vaidya et al., 2019), percutaneous fixation literature (Routt et al., 1997; Gardner &
Routt, 2011; Miller & Routt, 2012; Nork et al., 2001), hybrid fixation literature (Sagi et al., 2009),

and regionally reported implant experience (Nurgeldi et al., 2024).

Surgical strategy

Typical approach

Principal advantage

Principal limitation

Open reduction, dual
reconstruction
plating

Kocher—Langenbeck

Highest reported
construct stiffness
under axial load

Extensive soft-tissue
dissection; heterotopic
ossification risk

Angular (W-shaped)
plate fixation

Kocher—Langenbeck

Stiffness comparable to
dual plating with fewer
implants

Requires precise
contouring; limited
long-term clinical data

Percutaneous
antegrade/retrograde
screw fixation

Minimally invasive,
anterior or posterior
corridor

Reduced blood loss,
soft-tissue morbidity,
and infection rate

Narrow safe osseous
corridor; demands
precise imaging
guidance

Triangular
osteosynthesis /
lumbopelvic fixation

Posterior midline,
combined iliosacral and
spinopelvic

Restores stability in
vertically unstable
patterns

Greater implant
prominence;
technically demanding

Acute total hip

Avoids secondary

Higher primary surgical

Kocher—Langenbeck,
single-stage

arthroplasty with
posterior-column
plating

arthroplasty in elderly,
comminuted fractures

morbidity; case
selection critical

The comparison in Table 2 highlights a recurring trade-off in posterior column fracture
surgery: constructs that provide the greatest mechanical stiffness, such as open dual-plating,
typically require the most extensive surgical exposure, whereas minimally invasive percutaneous
techniques reduce soft-tissue morbidity at the cost of a narrower margin for safe implant
placement. This trade-off is central to contemporary surgical decision-making and explains the
persistence of multiple concurrent fixation philosophies within the field rather than convergence
on a single dominant technique.

Biomechanical Testing Parameters and Statistical Approaches

Across the primary studies synthesized in this review, biomechanical testing protocols
generally followed one of two paradigms: static loading to a defined force to determine construct
stiffness under a single loading cycle, or progressive cyclic loading applied until mechanical failure
to determine fatigue life and clinical failure load. Composite synthetic hemipelvis models were
used in several studies to standardize bone quality and eliminate donor-to-donor variability
inherent to cadaveric testing, at the cost of somewhat reduced anatomical fidelity relative to true
human bone. Motion-tracking systems were used in the more recent studies to quantify
interfragmentary displacement, fracture-gap opening, and torsional movement at the fracture site
throughout the loading protocol, providing a more granular picture of construct behavior than
stiffness values alone. Statistical comparisons between groups in the primary studies typically
employed independent-samples t-tests or analysis of variance for continuous stiffness and
displacement outcomes, with significance thresholds set at p < 0.05; where such comparisons
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were reported, they are cited alongside the corresponding stiffness values in this review to
preserve the original level of statistical evidence.

A methodological limitation inherent to this comparative synthesis, and one that should
guide interpretation of Tables 1 and 2, is that the primary studies differ in specimen type, loading
apparatus, and testing rate, precluding direct statistical pooling across studies. The comparative
tables and diagrams presented here are therefore best understood as a structured qualitative-
guantitative synthesis intended to orient surgical decision-making and to identify candidate
constructs for future head-to-head biomechanical or clinical comparison, rather than as a
substitute for a formal systematic review with meta-analysis.

Clinical Outcome Comparison

Beyond biomechanical bench testing, clinical outcome literature provides a complementary
and ultimately more clinically decisive form of comparative evidence. Long-term survivorship
analyses of large single-surgeon cohorts of operatively treated acetabular fractures have reported
survivorship of the native hip joint, defined as freedom from conversion to total hip arthroplasty,
in the range of seventy-nine to eighty percent at extended follow-up, with anatomical reduction
quality consistently identified as the strongest independent predictor of joint survival regardless of
the specificimplant configuration used. This finding is important for interpreting the biomechanical
data presented above: while Table 1 demonstrates clear differences in construct stiffness among
fixation options, clinical series suggest that achieving and maintaining anatomical reduction may
matter more for long-term outcome than the specific stiffness margin between two mechanically
adequate constructs, provided that the selected construct is sufficient to maintain reduction
through bony union.

This distinction has practical implications for surgical decision-making. A construct with
modestly lower measured stiffness but a surgical approach that permits more reliable anatomical
reduction, less soft-tissue devascularization of fracture fragments, and lower infection risk may be
preferable to a mechanically stiffer construct associated with greater surgical morbidity,
particularly in patients with favorable bone quality where the biomechanical safety margin of
either option is likely to be adequate. Conversely, in osteoporotic bone or highly comminuted
fracture patterns, the additional stiffness margin afforded by dual-plate, angular-plate, or
compression-screw constructs may become clinically decisive in preventing loss of reduction
before osseous union is achieved. This risk-stratified framework, integrating construct-level
biomechanical data with patient- and fracture-level clinical factors, represents the practical
synthesis toward which the comparative evidence in this review points.

Complication profiles reported across the clinical literature further refine this decision-
making framework. Perioperative complications associated with operative treatment of acetabular
fractures, including iatrogenic nerve injury, heterotopic ossification, deep infection, and
thromboembolic events, have been shown to vary with surgical approach and with the presence
of associated pelvic ring injury, independent of the specific implant used. Combined pelvic ring and
acetabular injuries in particular have been described as producing a disproportionately high
complication burden relative to isolated injuries of either structure, reflecting the greater soft-
tissue and physiological insult associated with multi-segment pelvic disruption and supporting
staged or sequential surgical protocols in such cases rather than attempting single-stage definitive
fixation of every injured component.

Implant Material and Design Considerations

A further dimension relevant to comparative interpretation of the biomechanical data is the
material and geometric design of the implants themselves. Reconstruction plates used in posterior
column fixation are typically manufactured from titanium alloy or stainless steel and require
intraoperative contouring to conform to the complex three-dimensional curvature of the posterior
column, a step that adds operative time and introduces the possibility of imperfect plate-to-bone
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contact if contouring is imprecise. The W-shaped angular plate design evaluated in the comparative
studies summarized in Table 1 was specifically engineered to reduce the degree of intraoperative
contouring required while distributing load across a wider footprint than a conventional
reconstruction plate, which the original investigators proposed as the mechanical basis for its dual-
plate-equivalent stiffness performance. Similarly, the mechanical advantage of the cannulated
compression headless screw over the standard cannulated screw illustrated in Figure 2 has been
attributed to the screw's variable-pitch thread design, which generates interfragmentary
compression as it is seated, in contrast to the more neutral fixation provided by a standard
cannulated screw without an integrated compression mechanism.

These design-level considerations reinforce a broader point relevant to the interpretation of
comparative biomechanical literature: apparent differences in construct stiffness between studies
may reflect not only the general category of fixation, plate versus screw, open versus percutaneous,
but also specific, evolving refinements in implant geometry and material science within each
category. This implies that the comparative tables presented in this review capture a snapshot of
currently available evidence rather than a fixed hierarchy of fixation options, and that continued
implant innovation is likely to shift the relative position of individual constructs within such
comparisons as newer designs, including regionally developed devices such as the acetabular
fixation plate reported by clinicians in Kazakhstan, are subjected to biomechanical and clinical
validation.

Conclusion

The surgical treatment of posterior column pelvic and acetabular fractures has evolved
substantially from its foundational open-reduction principles toward a diverse array of fixation
strategies supported by an increasingly rigorous body of biomechanical evidence. The literature
reviewed here demonstrates that dual reconstruction plating and novel angular plate designs
achieve comparably high construct stiffness, offering surgeons flexibility in implant selection
without necessarily compromising mechanical stability. Similarly, refinements within percutaneous
screw fixation, such as the adoption of cannulated compression headless screws, demonstrate that
meaningful biomechanical gains remain achievable within minimally invasive treatment
paradigms, which continue to be favored for their reduced soft-tissue morbidity, blood loss, and
infection risk relative to formal open exposures.

At the same time, this review underscores that no single fixation strategy is universally
superior across all posterior column fracture patterns and patient populations. The selection of an
appropriate technique must integrate biomechanical performance data with fracture morphology,
bone quality, patient age and comorbidity profile, and the surgeon's technical familiarity with a
given approach. The comparative tables and diagrams presented in the Materials and Methods
section illustrate this balance directly: the constructs with the highest measured stiffness generally
required the most extensive surgical exposure, while the least invasive techniques demanded the
greatest precision in implant trajectory planning.

The inclusion of regional Kazakhstani literature alongside the extensive American clinical and
biomechanical evidence base highlights both the global consistency of core biomechanical
principles and the value of regionally adapted implant development and epidemiological research.
Continued investment in locally developed fixation devices, as reflected in recent Kazakhstani
clinical reports, together with national epidemiological modeling of fragility fracture risk, will be
important for tailoring evidence-based treatment protocols to the specific demographic and
clinical context of the region.

Future research should prioritize head-to-head biomechanical comparisons conducted
under standardized testing protocols to allow more rigorous quantitative synthesis than is currently
possible across heterogeneous independent studies. The growing use of finite-element modeling
and patient-specific three-dimensional printing for preoperative planning represents a particularly
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promising direction, offering the potential to individualize implant selection and screw trajectory
to a given patient's fracture pattern and bone morphology before surgery is performed.
Prospective multicenter clinical outcome studies, ideally incorporating both American and Central
Asian trauma centers, would further strengthen the evidence base guiding the surgical
management of this technically demanding and clinically consequential group of injuries.

From a translational standpoint, the synthesis presented in this review suggests a practical,
risk-stratified approach for clinicians: in younger patients with good bone quality and
reconstructable fracture patterns, either high-stiffness open plating or, where anatomically
feasible, minimally invasive percutaneous screw fixation can be expected to provide adequate
mechanical stability, allowing the choice between them to be guided primarily by soft-tissue
considerations and surgeon experience. In older patients with osteoporotic bone, comminuted
articular surfaces, or combined pelvic ring and acetabular injury, the additional stiffness margin
offered by dual-plate, angular-plate, or compression-screw constructs, or the option of acute
arthroplasty with posterior-column plating, is more likely to influence clinical outcome and should
be weighed accordingly during preoperative planning. Embedding this evidence-based,
biomechanically informed framework into routine surgical decision-making, and continuing to
refine it through the kind of comparative synthesis undertaken in this review, offers the most
realistic path toward improving outcomes for patients with posterior column pelvic and acetabular
fractures.
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Abstract

Background: Chronic obstructive pulmonary disease (COPD) remains one of the leading causes of
morbidity, mortality, and healthcare utilization worldwide. Despite advances in pharmacological
and non-pharmacological management, poor treatment adherence continues to compromise
disease control, increase the frequency of exacerbations, reduce patients' quality of life, and
contribute to avoidable hospital admissions. Primary care nurses are uniquely positioned to
improve adherence through continuous patient education, self-management support, behavioral
counseling, and long-term follow-up. However, existing nursing approaches remain fragmented
and lack an integrated conceptual framework that systematically links evidence-based adherence
strategies with routine nursing practice.

Objective: To develop a conceptual framework for improving nursing care by strengthening
treatment adherence among patients with chronic obstructive pulmonary disease receiving
primary care services.

Methods: This conceptual paper synthesizes current international evidence on treatment
adherence, self-management, nursing interventions, behavioral change strategies, patient
education, motivational support, and chronic disease management in COPD. Evidence from
international clinical guidelines, systematic reviews, randomized controlled trials, and nursing
research was critically analyzed and integrated to identify the essential components of an
evidence-informed nursing framework.

Results: The proposed framework conceptualizes treatment adherence as a multidimensional
process influenced by patient-related, disease-related, healthcare-system, therapy-related, and
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psychosocial factors. The framework positions nurses as coordinators of adherence-focused care
and integrates five interrelated domains: comprehensive nursing assessment, individualized
patient education, self-management support, behavioral and motivational interventions, and
continuous monitoring with follow-up evaluation. These domains are interconnected through
patient-centered communication and interdisciplinary collaboration, creating a structured
approach to improving long-term disease management within primary care.

Conclusions: The proposed conceptual framework provides a theoretical foundation for designing,
implementing, and evaluating nurse-led adherence strategies for patients with COPD. It may
support the development of standardized nursing practice, strengthen evidence-based primary
care, and guide future intervention studies aimed at improving clinical outcomes, patient
engagement, and quality of life.

Keywords: chronic obstructive pulmonary disease; COPD; nursing care; treatment adherence; self-
management; primary care; conceptual framework; patient education.

Introduction

Chronic obstructive pulmonary disease (COPD) remains one of the most pressing public health
challenges of the twenty-first century and continues to impose a substantial clinical, social, and
economic burden on healthcare systems worldwide. As a progressive, heterogeneous, and largely
preventable chronic respiratory disease characterized by persistent airflow limitation, recurrent
exacerbations, and multiple systemic manifestations, COPD significantly compromises physical
functioning, psychological well-being, and health-related quality of life. Beyond respiratory
impairment, COPD is strongly associated with frailty, multimorbidity, disability, and premature
mortality, making it a major contributor to the global burden of chronic noncommunicable
diseases [1-4].

Despite remarkable advances in respiratory medicine over the past two decades, including
improvements in diagnostic technologies, evidence-based pharmacological therapies, pulmonary
rehabilitation, and regularly updated international clinical guidelines, COPD remains one of the
leading causes of preventable morbidity and mortality worldwide. This apparent paradox—where
increasingly effective therapeutic options coexist with persistently poor long-term health
outcomes—suggests that optimal disease management extends far beyond pharmacological
treatment alone. Growing evidence indicates that behavioral, educational, psychosocial, and
organizational determinants substantially influence disease progression, exacerbation risk,
healthcare utilization, quality of life, and survival, emphasizing the need for comprehensive long-
term management strategies rather than isolated symptom control [2-5].

According to the World Health Organization (WHO), COPD remains the third leading cause of death
globally, accounting for approximately 3.4-3.5 million deaths annually and nearly 5-6% of all
deaths worldwide [1]. Importantly, almost 90% of premature COPD-related deaths among
individuals younger than 70 years occur in low- and middle-income countries (LMICs), where
delayed diagnosis, underutilization of preventive interventions, limited access to pulmonary
rehabilitation, and fragmented chronic care continue to compromise patient outcomes. These
observations demonstrate that COPD is not only a respiratory disease but also a reflection of
persistent inequalities in healthcare delivery and chronic disease management.

The Global Burden of Disease (GBD) 2021 study further demonstrates that the epidemiological
burden of COPD continues to increase in absolute terms despite modest reductions in age-
standardized mortality observed in several high-income countries. More than 210 million people
worldwide are currently living with COPD, making it one of the most prevalent chronic respiratory
diseases globally. Population ageing, cumulative exposure to tobacco smoke, biomass fuel
combustion, occupational hazards, and ambient air pollution continue to increase the number of
affected individuals, particularly in rapidly developing regions [5—7]. Consequently, COPD remains
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among the leading contributors to disability-adjusted life years (DALYs) and years lived with
disability (YLDs), substantially limiting patients' ability to maintain employment, social
participation, and independent living.

The burden of COPD extends considerably beyond pulmonary dysfunction. Progressive dyspnea,
chronic fatigue, multimorbidity, anxiety, depression, and cardiovascular comorbidities frequently
coexist, creating a complex clinical phenotype that requires comprehensive multidisciplinary
management rather than isolated treatment of respiratory symptoms. Furthermore, recurrent
exacerbations accelerate lung function decline, increase hospitalization rates, worsen quality of
life, and independently predict long-term mortality. Even after stabilization, many patients
continue to experience functional limitations and reduced participation in daily activities,
emphasizing that COPD should be regarded as a chronic multisystem disease requiring continuous,
coordinated, and patient-centered care. [2,4].

The economic burden of COPD is equally substantial, encompassing direct medical costs related to
pharmacological treatment, hospitalizations, rehabilitation, and long-term care, together with
indirect costs arising from productivity loss, disability, premature retirement, and caregiver burden.
International projections indicate that, without substantial improvements in chronic disease
management, the global economic impact of COPD will continue to rise owing to population ageing
and persistent exposure to modifiable environmental risk factors [4,6].

Over the past two decades, the management of COPD has undergone a profound transformation.
Historically, clinical care was primarily centered on the treatment of airflow limitation and the
management of acute exacerbations, with pharmacotherapy considered the principal strategy for
improving patient outcomes. However, accumulating evidence has demonstrated that optimal
pharmacological treatment alone is insufficient to alter the long-term trajectory of COPD.
Persistent symptoms, recurrent exacerbations, poor functional status, and frequent
hospitalizations continue to occur even among patients receiving guideline-recommended
therapies, indicating that clinical outcomes are determined by a far broader range of factors than
medication alone [8-10].

Consequently, contemporary COPD management has progressively evolved from an acute,
physician-centered approach toward an integrated, patient-centered model of chronic disease
management. This paradigm emphasizes continuity of care, multidisciplinary collaboration, shared
decision-making, patient empowerment, and long-term support for self-management. Rather than
focusing exclusively on lung function, modern care seeks to improve functional capacity, health-
related quality of life, symptom control, prevention of exacerbations, and maintenance of
independence throughout the disease trajectory. Accordingly, international recommendations,
including the GOLD strategy, advocate integrated interventions combining evidence-based
pharmacological treatment with comprehensive non-pharmacological management, including
pulmonary rehabilitation, patient education, and self-management support [3,8].

Despite these advances, translating evidence-based recommendations into routine clinical
practice remains a considerable challenge. Studies consistently demonstrate substantial variability
in the implementation of guideline-directed care across healthcare settings. Delayed diagnosis,
fragmented transitions between levels of care, inadequate patient education, limited health
literacy, insufficient follow-up, and poor coordination among healthcare professionals frequently
compromise the effectiveness of long-term COPD management [9—11]. As a result, many patients
fail to achieve optimal disease control despite the availability of effective therapeutic interventions.
Treatment adherence extends beyond medication use and includes correct inhaler technique,
participation in pulmonary rehabilitation, healthy lifestyle behaviors, attendance at follow-up visits,
and timely recognition of symptom deterioration [10-12].

Importantly, poor adherence should not be viewed solely as a consequence of patient behavior.
Contemporary evidence indicates that adherence is a dynamic, multidimensional process
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influenced by interactions among patient-related, therapy-related, healthcare system,
socioeconomic, and provider-related factors. Limited disease knowledge, cognitive impairment,
depression, low health literacy, complex medication regimens, incorrect inhaler technique,
inadequate communication with healthcare professionals, and insufficient continuity of care have
all been identified as important barriers to sustained treatment adherence. Therefore, improving
adherence requires coordinated, person-centered interventions rather than isolated educational
activities or repeated medication instructions [11-13].

Within this context, primary healthcare has become the cornerstone of long-term COPD
management. Because the majority of patients spend most of their disease course outside
hospitals, effective community-based follow-up is essential for preventing exacerbations,
monitoring disease progression, reinforcing self-management behaviors, and ensuring continuity
of evidence-based care. This shift has substantially expanded the responsibilities of nurses, whose
role increasingly extends beyond traditional clinical tasks to include patient education, behavioral
counseling, motivational interviewing, symptom monitoring, care coordination, and long-term
therapeutic support.

Consequently, nurses are now recognized as key contributors to integrated COPD care. Through
continuous patient contact, nurses are uniquely positioned to support adherence, strengthen self-
management, optimize inhaler technique, and coordinate multidisciplinary care. Growing evidence
suggests that nurse-led interventions improve treatment adherence, reduce hospital admissions,
enhance quality of life, and increase patient satisfaction. Nevertheless, considerable heterogeneity
remains in the structure and implementation of these interventions, highlighting the need for an
evidence-informed conceptual framework to guide nursing practice in primary healthcare.
Treatment adherence as a cornerstone of COPD management

Treatment adherence has become one of the most important determinants of successful long-
term management in chronic obstructive pulmonary disease (COPD). Although substantial
advances in pharmacological therapy have improved symptom control and reduced the risk of
exacerbations, these benefits largely depend on patients' ability to consistently follow prescribed
treatment recommendations. Evidence indicates that inadequate adherence remains widespread
among individuals with COPD and continues to represent a major contributor to disease
progression, recurrent exacerbations, avoidable hospitalizations, increased healthcare
expenditures, and premature mortality [18—20]. As illustrated in Figure 1, treatment adherence is
influenced by a complex interplay of patient-related, disease-related, healthcare system, and
socioeconomic determinants, each contributing to clinical outcomes either directly or indirectly.
This multidimensional perspective highlights the necessity of comprehensive rather than isolated
adherence interventions (Figure 1).

Traditionally, adherence was viewed primarily as patients' compliance with prescribed medication
regimens. However, contemporary chronic care models conceptualize adherence as a
multidimensional behavioral process encompassing not only regular medication use but also
correct inhaler technique, participation in pulmonary rehabilitation, smoking cessation, physical
activity, vaccination, attendance at scheduled follow-up visits, and timely recognition of symptom
deterioration. Consequently, adherence should be understood as an active partnership between
patients and healthcare professionals rather than passive obedience to medical instructions [19—
21]. Figure 1 further demonstrates that deficiencies in any of these domains may lead to poorer
disease control, increased exacerbations, and higher healthcare utilization, whereas coordinated
nursing interventions targeting modifiable barriers have the potential to improve adherence and
long-term clinical outcomes.
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Figure 1. PRISMA 2020 flow diagram of the study selection process for the evidence synthesis of
nurse-led interventions aimed at improving treatment adherence in patients with COPD
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The World Health Organization has identified poor adherence to long-term therapies as one of the
most important yet underrecognized barriers to effective chronic disease management. In COPD,
inadequate adherence has consistently been associated with poorer symptom control, accelerated
decline in lung function, increased exacerbation frequency, lower health-related quality of life, and
higher rates of emergency department visits and hospitalization. Importantly, these adverse
outcomes persist despite the availability of highly effective pharmacological therapies,
emphasizing that treatment efficacy in clinical trials does not necessarily translate into
effectiveness in routine clinical practice [20—22].

Medication adherence in COPD remains particularly challenging because disease management
often requires complex therapeutic regimens involving multiple inhaled medications, different
inhaler devices, long-term lifestyle modifications, and continuous self-monitoring. Incorrect
inhaler technique alone has been reported in a substantial proportion of patients and may
significantly reduce drug delivery, resulting in poor symptom control even among individuals who
report regular medication use. Likewise, discontinuation of pulmonary rehabilitation, inadequate
physical activity, and failure to recognize early signs of exacerbation further compromise long-term
disease outcomes [21-23].

Importantly, treatment adherence is not solely determined by patient motivation. Contemporary
evidence supports a multidimensional framework in which adherence is influenced by interactions
among patient-related characteristics, disease severity, treatment complexity, healthcare system
organization, socioeconomic conditions, and healthcare professional behaviors. Therefore,
improving adherence requires coordinated, patient-centered interventions addressing behavioral,
educational, clinical, and organizational determinants simultaneously rather than focusing on
medication use alone [22-24].

Growing evidence further suggests that treatment adherence should be considered not merely an
outcome of healthcare delivery but a central mechanism through which multidisciplinary
interventions improve clinical outcomes. This perspective has shifted attention from isolated
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educational initiatives toward integrated care models designed to strengthen patient engagement,
promote self-management, enhance continuity of care, and foster sustained therapeutic
relationships between patients and healthcare professionals. Within these models, nurses occupy
a particularly important position because of their continuous contact with patients throughout the
disease trajectory and their ability to provide individualized education, behavioral support, and
long-term follow-up [13-15].

Accordingly, understanding the multidimensional nature of treatment adherence represents a
prerequisite for designing effective nursing interventions in COPD. Identifying the factors that
facilitate or hinder adherence is therefore essential for developing evidence-informed strategies
capable of improving long-term disease management in primary healthcare. The following section
examines the principal determinants of treatment adherence and their implications for nursing
practice.

Determinants of treatment adherence and the evolving role of nurses in COPD management
Treatment adherence in chronic obstructive pulmonary disease (COPD) is increasingly recognized
as a multidimensional phenomenon resulting from complex interactions among patient-, disease-
, therapy-, healthcare system-, and socioeconomic-related factors rather than from patient
motivation alone. This perspective aligns with the World Health Organization framework on
adherence to long-term therapies, which emphasizes that sustained adherence depends on the
interaction of multiple determinants rather than individual patient behavior in isolation.
Consequently, improving adherence requires comprehensive interventions addressing behavioral,
educational, organizational, and clinical barriers simultaneously rather than focusing solely on
medication compliance [10-12].

As illustrated in Figure 1, treatment adherence should be viewed as the result of interactions
among patient-related, disease-related, healthcare system, and socioeconomic determinants that
collectively influence both clinical outcomes and opportunities for intervention. Rather than acting
independently, these determinants interact dynamically throughout the disease trajectory,
emphasizing the need for comprehensive, person-centred nursing management (Figure 2).
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Figure 2. Multidimensional determinants of treatment adherence in patients with chronic
obstructive pulmonary disease

Figure 1. Multidimensional determinants of treatment adherence in patients with COPD
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Despite considerable advances in COPD management, adherence to long-term inhaled therapy
remains consistently suboptimal worldwide. A recent systematic review reported that adherence
rates ranged from 7% to 78%, reflecting substantial variability according to the assessment
method, patient population, disease severity, and healthcare setting. Such variation also illustrates
the complexity of measuring adherence and highlights that poor adherence remains a persistent
challenge across healthcare systems. Importantly, inadequate adherence has been consistently
associated with poorer symptom control, accelerated decline in lung function, more frequent
exacerbations, reduced health-related quality of life, and increased healthcare utilization [15-17].
The clinical consequences of poor adherence are substantial. Recent meta-analytic evidence
demonstrated that patients with low adherence to maintenance inhaled therapy experience
approximately a 40% higher risk of COPD exacerbations compared with adherent patients (OR
1.40; 95% Cl 1.21-1.62). Because acute exacerbations are the primary drivers of hospital
admissions, disease progression, mortality, and healthcare costs, optimizing adherence has
become one of the most effective modifiable strategies for improving long-term outcomes. These
findings emphasize that even highly effective pharmacological therapies cannot achieve their full
clinical benefit unless patients are able to use them correctly and consistently [12—-14].

Adherence in COPD extends far beyond regular medication use. Contemporary management
requires correct inhaler technique, participation in pulmonary rehabilitation, smoking cessation,
maintenance of physical activity, vaccination, attendance at scheduled follow-up visits, and early
recognition of symptom deterioration. Failure in any one of these components may compromise
disease control despite appropriate pharmacological prescribing. Consequently, adherence should
be understood as a dynamic process integrating medical treatment with long-term self-

management behaviors [10,13,14].
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Numerous studies have identified a broad spectrum of determinants influencing adherence. A
meta-analysis including more than 54,000 patients demonstrated that better adherence was
associated with higher health literacy, preserved cognitive function, stronger social support, and
greater patient engagement in disease management. Conversely, depression, anxiety,
multimorbidity, polypharmacy, multiple inhaler devices, cognitive impairment, poor inhaler
technique, limited disease knowledge, and low socioeconomic status were consistently associated
with lower adherence. Importantly, several of these determinants are potentially modifiable
through targeted healthcare interventions, suggesting considerable opportunities for improving
long-term disease management [13—-15].

Healthcare system characteristics also play a critical role. Delayed diagnosis, fragmented
transitions between primary and secondary care, insufficient follow-up, inadequate patient
education, and poor communication among healthcare professionals have all been identified as
significant barriers to sustained adherence. In contrast, continuity of care, shared decision-making,
individualized education, and regular monitoring consistently demonstrate positive effects on
patient engagement and treatment persistence. These findings indicate that adherence is
influenced not only by individual patient characteristics but also by the organization and quality of
healthcare delivery [14—-16].

Recognition of these multidimensional determinants has fundamentally transformed the role of
nurses in COPD management. Traditionally, nursing care focused primarily on symptom
assessment, medication administration, and discharge education. However, the transition toward
integrated chronic disease management has substantially expanded nursing responsibilities.
Contemporary nurses are expected to provide individualized education, assess inhaler technique,
support behavioral change, strengthen health literacy, monitor symptoms, coordinate
multidisciplinary care, facilitate self-management, and promote long-term adherence throughout
the disease trajectory [15,16].

The evidence synthesized in this review was subsequently integrated into the proposed conceptual
framework presented in Figure 2. The framework translates current evidence into a structured
nurse-led care pathway that links comprehensive assessment, individualized nursing interventions,
patient engagement, and self-management with clinically meaningful outcomes. By integrating
evidence-based nursing practice, person-centred care, and continuity of care, the framework
provides a practical model for strengthening adherence-focused COPD management across
primary healthcare settings (Figure 3).
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Figure 3. Evidence-informed conceptual framework for nurse-led COPD management in primary
healthcare

Figure 2. Evidence-informed conceptual framework for nurse-led COPD management in primary healthcare
From comprehensive assessment to improved outcomes through adherence-focused nursing interventions
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Healthcare system characteristics also play a critical role. Delayed diagnosis, fragmented
transitions between primary and secondary care, insufficient follow-up, inadequate patient
education, and poor communication among healthcare professionals have all been identified as
significant barriers to sustained adherence. In contrast, continuity of care, shared decision-making,
individualized education, and regular monitoring consistently demonstrate positive effects on
patient engagement and treatment persistence. These findings indicate that adherence is
influenced not only by individual patient characteristics but also by the organization and quality of
healthcare delivery.

Recognition of these multidimensional determinants has fundamentally transformed the role of
nurses in COPD management. Traditionally, nursing care focused primarily on symptom
assessment, medication administration, and discharge education. However, the transition toward
integrated chronic disease management has substantially expanded nursing responsibilities.
Contemporary nurses are expected to provide individualized education, assess inhaler technique,
support behavioral change, strengthen health literacy, monitor symptoms, coordinate
multidisciplinary care, facilitate self-management, and promote long-term adherence throughout
the disease trajectory.

This expanding role is particularly important in primary healthcare, where patients spend the
majority of their disease course outside hospitals. Continuous contact with patients allows nurses
to identify barriers to adherence at an early stage, reinforce self-management skills, encourage
healthy lifestyle behaviors, and provide individualized support tailored to patients' clinical and
psychosocial needs. Such continuity of care places nurses in a unique position to bridge the gap
between evidence-based recommendations and their implementation in routine clinical practice.
The growing contribution of nurses is supported by an increasing body of evidence. Systematic
reviews evaluating nurse-led interventions have demonstrated improvements in medication
adherence, inhaler technique, self-management behaviors, health-related quality of life, and
patient satisfaction, together with reductions in hospital admissions and exacerbation rates. More
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recent studies integrating digital health technologies with nurse-led follow-up have also shown
encouraging results, suggesting that remote monitoring, electronic reminders, and telehealth
consultations can further enhance adherence and continuity of care when incorporated into
comprehensive nursing interventions.

Nevertheless, important challenges remain. Existing nurse-led interventions vary considerably in
their theoretical foundations, intervention components, duration, intensity, implementation
strategies, and outcome measures. Many studies evaluate isolated interventions, such as inhaler
education or telemonitoring, rather than integrated models capable of addressing the multiple
determinants of adherence simultaneously. This heterogeneity limits the comparability of study
findings and complicates translation into standardized clinical practice.

Taken together, current evidence suggests that improving treatment adherence requires more
than patient education or medication optimization alone. Effective long-term COPD management
depends on coordinated, person-centered nursing interventions that simultaneously address
behavioral, educational, psychosocial, and organizational determinants of adherence. These
observations provide the rationale for developing an evidence-informed conceptual framework
capable of integrating existing knowledge into a structured model that can guide nursing practice,
facilitate implementation across primary healthcare settings, and support future clinical research
[24-26].

Development of an Evidence-Informed Conceptual Framework for Nurse-Led COPD Management
The growing body of evidence demonstrates that treatment adherence in COPD is influenced by
numerous interrelated clinical, behavioral, psychosocial, and organizational factors. At the same
time, systematic reviews consistently show that most existing interventions address only individual
components of adherence, such as inhaler technique, patient education, pulmonary rehabilitation,
or telemonitoring. Although these interventions frequently improve selected clinical outcomes,
they rarely provide an integrated approach capable of addressing the complexity of long-term
COPD management. Consequently, considerable variability remains in the implementation of
nurse-led care across healthcare settings, highlighting the need for a comprehensive conceptual
framework capable of guiding evidence-based nursing practice [26—28].

The necessity for such a framework is reinforced by the substantial heterogeneity reported in
adherence studies. Recent systematic reviews indicate that adherence to inhaled maintenance
therapy varies from 7% to 78%, depending on the assessment method, disease severity, and
healthcare setting. Furthermore, poor adherence has been associated with an approximately 40%
higher risk of COPD exacerbations (OR 1.40, 95% Cl 1.21-1.62), emphasizing adherence as one of
the most important modifiable determinants of disease progression, hospitalization, and
healthcare costs. These findings suggest that improving adherence requires a coordinated,
multidimensional approach rather than isolated educational interventions.

A conceptual framework serves as more than a theoretical model; it provides a structured
representation of the relationships among key determinants, nursing interventions, and expected
patient outcomes. In chronic disease management, conceptual frameworks facilitate the
translation of research evidence into clinical practice by organizing complex interactions into
coherent, reproducible care processes. They also support standardization of nursing practice,
promote interdisciplinary collaboration, and provide a foundation for evaluating intervention
effectiveness across different healthcare settings [26].

The value of integrating multiple determinants into a unified framework is supported by recent
evidence syntheses. A meta-analysis including 33 studies involving 5,775 patients demonstrated
that structured educational interventions significantly improved treatment adherence, increasing
the likelihood of good adherence by nearly fivefold (OR 4.77, 95% Cl 2.25-10.14). Nevertheless,
the authors also reported considerable heterogeneity in intervention content, duration, and
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delivery methods, indicating that education alone is insufficient unless combined with behavioral
support, ongoing follow-up, and coordinated chronic disease management.

The proposed framework developed in this review is grounded in three complementary principles:
person-centered care, evidence-based nursing practice, and continuity of chronic disease
management. Rather than focusing exclusively on medication adherence, the framework
conceptualizes adherence as a dynamic process shaped by continuous interactions between the
patient, healthcare professionals, and the healthcare system. Accordingly, nursing care should
extend beyond episodic education and encompass long-term assessment, individualized
behavioral support, care coordination, self-management promotion, and regular follow-up
throughout the disease trajectory [28—30].

The framework integrates five interrelated domains. The first domain comprises patient-related
determinants, including health literacy, cognitive status, psychological well-being, beliefs about
illness, motivation, self-efficacy, and social support. The second domain includes disease- and
therapy-related factors, such as symptom burden, disease severity, multimorbidity, inhaler
complexity, and adverse treatment effects. The third domain addresses healthcare system
determinants, including accessibility of primary healthcare services, continuity of care,
multidisciplinary collaboration, digital health resources, and communication between healthcare
professionals. The fourth domain represents nurse-led interventions, encompassing
comprehensive patient education, inhaler technique assessment, motivational interviewing,
behavioral counseling, self-management support, symptom monitoring, care coordination, and
telehealth follow-up. Finally, the fifth domain focuses on clinical and patient-reported outcomes,
including treatment adherence, exacerbation frequency, hospitalization, health-related quality of
life, functional status, patient satisfaction, and healthcare utilization.

The proposed framework is further supported by evidence from contemporary nursing research.
A recent systematic review evaluating 48 nurse-led intervention studies, including 25 studies
eligible for meta-analysis, demonstrated consistent improvements in medication adherence,
inhaler technique, disease knowledge, self-management behaviors, health-related quality of life,
and reductions in healthcare utilization. Collectively, these findings indicate that nurses play a
pivotal role in translating evidence-based recommendations into sustainable long-term disease
management within primary healthcare [31].

Within this model, nurses function as the central coordinating component linking patient needs
with evidence-based interventions. Through continuous patient contact, nurses are uniquely
positioned to identify adherence barriers, deliver individualized education, reinforce self-
management behaviors, monitor treatment effectiveness, and facilitate communication among
multidisciplinary team members. This coordinating role enables early identification of clinical
deterioration, timely modification of care plans, and sustained therapeutic engagement, thereby
strengthening continuity of care within primary healthcare.

Unlike many existing models that emphasize isolated educational interventions, the proposed
framework recognizes adherence as an ongoing adaptive process requiring repeated assessment
and individualized support throughout the course of COPD. The framework also acknowledges the
growing contribution of digital health technologies, including remote monitoring, electronic
adherence reminders, mobile health applications, and teleconsultations, which may complement
traditional nursing interventions and improve long-term patient engagement.

Evidence supporting digital adherence strategies has expanded considerably during the past
decade. Recent reviews have shown that digital programs combining electronic inhaler monitoring
with active healthcare professional support improve medication adherence by approximately 18%
compared with usual care. Furthermore, approximately 85% of patients reported that digital
adherence technologies were convenient to use, while 91% considered automated reminders
beneficial for maintaining regular medication use. These findings suggest that digital health
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interventions should be viewed as complementary tools that enhance, rather than replace,
personalized nurse-led care [32].

Importantly, the framework is intended to remain sufficiently flexible for implementation across
different healthcare systems while preserving its core evidence-based principles. This adaptability
may facilitate integration into primary healthcare services with varying organizational structures
and available resources. Furthermore, the framework provides a theoretical basis for developing
standardized nursing protocols, educational programs, quality improvement initiatives, and future
intervention studies aimed at strengthening adherence-focused nursing care.

Overall, the proposed conceptual framework synthesizes contemporary evidence into a structured
model that links determinants of treatment adherence with evidence-based nursing interventions
and clinically meaningful outcomes. By integrating clinical, behavioral, educational, organizational,
and digital health perspectives, the framework offers a practical foundation for optimizing nurse-
led COPD management and reducing the persistent gap between evidence-based
recommendations and routine clinical practice. It also establishes a robust theoretical platform for
future implementation studies, quality improvement initiatives, and the development of
standardized adherence-focused nursing models across primary healthcare systems [30-33].
Clinical implications and future directions

The evidence synthesized in this review demonstrates that improving treatment adherence in
COPD requires a shift from fragmented interventions toward integrated, person-centred, and
evidence-based nursing care. Rather than considering adherence solely as a patient responsibility,
contemporary evidence indicates that successful long-term disease management depends on
coordinated interactions among patients, nurses, physicians, caregivers, and healthcare systems.
The proposed conceptual framework therefore positions nurses as central coordinators of
adherence-focused care who continuously assess barriers, implement individualized interventions,
promote self-management, and evaluate patient outcomes.

The practical value of this framework lies in its applicability across primary healthcare settings.
Systematic assessment of adherence determinants—including health literacy, inhaler technique,
psychosocial status, treatment complexity, and continuity of care—allows nurses to identify
patients at greatest risk of non-adherence and implement targeted interventions before clinical
deterioration occurs. This proactive approach may reduce preventable exacerbations, improve
health-related quality of life, and decrease avoidable hospitalizations.

The current evidence supporting individual nurse-led interventions is summarized in Table 1.
Collectively, these studies demonstrate that educational, behavioral, technological, and care
coordination strategies consistently improve treatment adherence, inhaler technique, self-
management, and patient-reported outcomes. Although intervention characteristics differ across
studies, the overall evidence strongly supports the expanding role of nurses in chronic COPD
management (Table 1).
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Table 1. Summary of Evidence Supporting Nurse-Led Interventions to Improve Treatment

Adherence in COPD

Intervention

Level of evidence

Key quantitative
findings

Clinical implications

Individualized
patient education

Meta-analysis (33
studies; n=5,775)

OR 4.77 (95% Cl
2.25-10.14) for
improved
adherence

Improved disease
knowledge, medication
adherence, and patient
engagement

Inhaler technique
assessment and

Systematic reviews

30-60% reduction
in incorrect inhaler

Improved drug delivery,
symptom control, fewer

training technique exacerbations
Motivational RCTs and Improved self- Facilitates sustainable
interviewing and systematic reviews | efficacy and long- behaviour change
behavioural term adherence

counselling

Self-management
support

Meta-analyses

Improved action-
plan adherence and
symptom
monitoring

Greater self-management
and health-related quality
of life

Nurse-led care
coordination

48 studies (25 in
meta-analysis)

Reduced hospital
admissions and
improved HRQoL

Strengthened continuity of
care and multidisciplinary
management

Telehealth and
digital adherence

Systematic reviews

=18% improvement
in adherence; 85%

Enhanced follow-up,
persistence, and early

support acceptance; 91% intervention
reminder

usefulness

The proposed framework also supports standardization of nursing practice. By integrating
comprehensive assessment, patient education, motivational interviewing, behavioral counseling,
digital health technologies, and multidisciplinary collaboration into a single care pathway, the
framework facilitates consistent delivery of evidence-based interventions while maintaining
flexibility for adaptation to local healthcare systems. Such standardization is particularly relevant
for primary healthcare, where nurses often maintain the longest and most continuous contact with
patients living with COPD [28].

Recent evidence further supports expanding digital adherence support as part of routine nursing
practice. Telehealth consultations, electronic inhaler monitoring, mobile health applications, and
automated medication reminders have demonstrated favorable effects on adherence and patient
engagement, particularly when combined with regular nurse follow-up rather than implemented
as stand-alone technologies. Consequently, digital health should be viewed as an extension of
personalized nursing care rather than a substitute for therapeutic relationships.

The proposed framework may also contribute to nursing education by providing a structured
model for competency-based training in chronic disease management. Future educational
programs should strengthen nurses' competencies in motivational interviewing, behavioral change
techniques, inhaler technique assessment, shared decision-making, and digital health
technologies. These competencies are increasingly essential as healthcare systems continue to
transition toward integrated management of chronic respiratory diseases.

The practical implementation of the proposed framework is outlined in Table 2. The framework
translates available evidence into a structured sequence of nursing activities beginning with



Proceedings of the 14th International Scientific Conference

comprehensive assessment, followed by individualized interventions, continuous monitoring,
multidisciplinary care coordination, and systematic outcome evaluation. This structured approach
provides clinicians with a practical roadmap for implementing adherence-focused COPD
management in routine primary healthcare practice while maintaining flexibility for adaptation to
local organizational contexts (Table 2).

Table 2. Evidence-Informed Framework for Nurse-Led COPD Management

Framework Primary nursing | Key assessment | Expected Implementation
domain activities indicators outcomes priority
Assessment Comprehensive | Health literacy, | Identification High

assessment, CAT, inhaler of modifiable

inhaler technique, barriers

technique, adherence level

psychosocial and

adherence

screening
Individualized Education, Knowledge, Improved High
interventions inhaler training, | self-efficacy, adherence and

motivational inhaler self-

interviewing, competence management

behavioural

counselling
Continuous Scheduled Medication Early detection | High
monitoring follow-up, persistence, of

telehealth, exacerbations, deterioration

digital symptoms

reminders,

symptom

monitoring
Care Multidisciplinary | Appointment Reduced Moderate—High
coordination collaboration, attendance, fragmentation

referral, continuity of and better

discharge care integration

planning,

community

linkage
Outcome Clinical and Adherence, Quality Continuous
evaluation patient-reported | CAT, SGRQ, improvement

outcome exacerbations, and evidence-

assessment hospitalizations, | based decision-

HRQolL making

Future research should focus on validating the conceptual framework across diverse healthcare
systems and patient populations. Large multicenter implementation studies are required to
determine its effectiveness in improving adherence, reducing exacerbations, enhancing quality of
life, and lowering healthcare costs. Furthermore, economic evaluations should examine the cost-
effectiveness of comprehensive nurse-led adherence programs compared with conventional
physician-centered care. Finally, future studies should explore the integration of artificial



«Modern scientific technology» (July 23-24, 2026). Stockholm, Sweden, 2026 I

intelligence, predictive analytics, and remote monitoring technologies into personalized
adherence support programs [12—-14].

Overall, the proposed framework provides an evidence-informed foundation for optimizing nurse-
led COPD management by integrating multidimensional adherence determinants with structured
nursing interventions and measurable patient outcomes. Its implementation has the potential to
strengthen continuity of care, promote person-centered management, and narrow the persistent
gap between evidence-based recommendations and routine clinical practice [24].

Implications for Nursing Practice

The findings of this review have several important implications for nursing practice across primary
healthcare settings. First, treatment adherence should no longer be considered solely a patient's
responsibility but rather a shared clinical outcome requiring continuous nursing assessment,
individualized support, and multidisciplinary collaboration. Nurses should routinely evaluate
adherence-related determinants, including health literacy, inhaler technique, cognitive function,
psychosocial status, treatment complexity, and social support, as part of comprehensive COPD
assessment.

Second, the proposed conceptual framework provides a practical evidence-informed structure for
implementing adherence-focused nursing care throughout the COPD care continuum. Rather than
relying on isolated educational sessions, nurses should integrate patient education, inhaler
technigue assessment, motivational interviewing, behavioral counselling, self-management
support, and regular follow-up into routine clinical practice. Such an approach enables early
identification of modifiable barriers to adherence and facilitates timely interventions before clinical
deterioration occurs. [28].

Third, digital health technologies should be incorporated as complementary tools within nurse-led
COPD management. Telehealth consultations, electronic medication reminders, remote symptom
monitoring, and mobile health applications may strengthen continuity of care, particularly for
patients with limited access to healthcare services or those requiring long-term monitoring.
Nevertheless, digital interventions should enhance rather than replace therapeutic nurse-patient
relationships, which remain fundamental for sustained behavior change and patient engagement.
The proposed framework also provides guidance for healthcare organizations seeking to
standardize nursing practice. Implementation of structured adherence assessment, standardized
nursing protocols, evidence-based educational programs, and multidisciplinary care pathways may
improve consistency of care while facilitating quality improvement initiatives. Furthermore, the
framework may support competency-based nursing education by strengthening training in chronic
disease management, communication, behavioral counselling, shared decision-making, and digital
health technologies [14].

Ultimately, strengthening adherence-focused nursing practice has the potential to reduce
preventable exacerbations and hospitalizations, improve health-related quality of life, enhance
patient satisfaction, and promote more efficient utilization of healthcare resources. The framework
presented in this review offers an evidence-informed roadmap for achieving these objectives
within contemporary primary healthcare systems [33].

Conclusion

Treatment adherence is a fundamental determinant of successful long-term management in
patients with chronic obstructive pulmonary disease and extends far beyond regular medication
use. Contemporary evidence demonstrates that adherence is a dynamic, multidimensional process
influenced by interacting patient-related, disease-related, healthcare system, and socioeconomic
determinants. Consequently, effective COPD management requires comprehensive, coordinated,
and person-centered nursing interventions rather than isolated educational or pharmacological
approaches.
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This review synthesized current evidence regarding determinants of treatment adherence and
nurse-led interventions and integrated these findings into an evidence-informed conceptual
framework for COPD management. The proposed framework emphasizes the central coordinating
role of nurses in assessing adherence barriers, delivering individualized interventions, promoting
self-management, facilitating multidisciplinary collaboration, and ensuring continuity of care
throughout the disease trajectory.

By translating contemporary evidence into a structured model for clinical practice, the framework
provides a theoretical and practical foundation for standardizing adherence-focused nursing care
across primary healthcare settings. Its implementation has the potential to improve treatment
adherence, reduce exacerbations and hospital admissions, enhance health-related quality of life,
and optimize healthcare resource utilization.

Future research should focus on validating the proposed framework through multicenter
implementation studies, evaluating its effectiveness across diverse healthcare systems, and
investigating the integration of digital health technologies and artificial intelligence into
personalized adherence support. Such studies will further strengthen the evidence base for nurse-
led COPD management and contribute to the development of sustainable, patient-centered
models of chronic respiratory care.
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Abstract

Background: Type 2 diabetes mellitus (T2DM) remains one of the leading chronic non-
communicable diseases worldwide and poses a substantial challenge to healthcare systems
because of its increasing prevalence, high risk of chronic complications, and considerable
socioeconomic burden. Although advances in pharmacological treatment have significantly
improved diabetes management, inadequate therapeutic adherence continues to compromise
glycemic control, accelerate disease progression, and increase healthcare utilization.
Contemporary international guidelines increasingly recognize that sustainable improvements in
adherence require person-centered, multidisciplinary care in which nurses play a central role in
diabetes self-management education, behavioral counseling, and continuity of care within primary
health care (PHC).

Objective: To synthesize current evidence regarding nursing interventions that improve
therapeutic adherence among adults with T2DM in PHC and to propose a conceptual framework
for optimizing nursing care as the theoretical foundation for an ongoing master's research project.
Methods: This conceptual paper integrates evidence from contemporary international clinical
guidelines, consensus statements, systematic reviews, and meta-analyses published by leading
organizations, including the World Health Organization (WHO), the International Diabetes
Federation (IDF), the American Diabetes Association (ADA), and other evidence-based sources. The
synthesized evidence was used to develop a conceptual framework describing evidence-based
nursing strategies aimed at strengthening therapeutic adherence among adults with T2DM in PHC
settings.

Results: The synthesized evidence demonstrates that structured nurse-led interventions—
including comprehensive adherence assessment, diabetes self-management education and
support, motivational interviewing, individualized behavioral counseling, psychosocial support,
digital health technologies, and continuous follow-up—consistently improve medication
adherence, self-management behaviors, glycated hemoglobin (HbA1lc), patient engagement, and
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health-related quality of life. Based on these findings, a comprehensive conceptual framework for
optimizing nursing care was developed, integrating assessment, individualized education,
behavioral support, continuity of care, and outcome evaluation into a structured model applicable
to routine PHC practice.

Conclusion: Optimizing nursing care through evidence-based, adherence-focused interventions
represents a promising strategy for improving therapeutic adherence and strengthening person-
centered diabetes management within primary health care. The proposed conceptual framework
translates contemporary international recommendations into a structured nursing model that may
facilitate implementation of evidence-based practice, improve continuity of care, and support
future clinical research evaluating its effectiveness in patients with T2DM.

Keywords: type 2 diabetes mellitus; therapeutic adherence; primary health care; nursing care;
diabetes self-management education; nurse-led interventions; person-centered care.

Introduction

Type 2 diabetes mellitus (T2DM) remains one of the leading chronic non-communicable diseases
and represents a growing global public health challenge. According to the International Diabetes
Federation (IDF) Diabetes Atlas, 11th edition, approximately 589 million adults aged 2079 years
were living with diabetes worldwide in 2024, with nearly 90-95% of all cases corresponding to
T2DM. The global burden is projected to increase to approximately 853 million adults by 2050,
primarily driven by population ageing, urbanization, obesity, physical inactivity, and unhealthy
dietary patterns [1]. These epidemiological trends underscore the urgent need for effective,
sustainable, and patient-centered strategies for long-term diabetes management.

Diabetes is associated with a wide spectrum of microvascular and macrovascular complications,
including cardiovascular disease, chronic kidney disease, diabetic retinopathy, peripheral
neuropathy, and lower-limb amputation, all of which substantially impair quality of life and increase
healthcare expenditures. The World Health Organization identifies diabetes as one of the major
causes of premature mortality worldwide and emphasizes that most diabetes-related
complications can be delayed or prevented through early diagnosis, evidence-based treatment,
and continuous long-term follow-up [2]. Likewise, the American Diabetes Association (ADA)
recognizes diabetes as a complex chronic condition requiring comprehensive risk reduction
strategies extending beyond glycemic control and highlights the importance of continuous
diabetes self-management education and support throughout the disease trajectory [3].

Despite significant advances in pharmacological therapy and evidence-based clinical
recommendations, achieving recommended glycemic targets remains challenging for many
individuals with T2DM. One of the principal determinants of unsuccessful disease control is
inadequate therapeutic adherence, which includes medication-taking behavior, adherence to
lifestyle recommendations, self-monitoring, attendance at scheduled follow-up visits, and active
engagement in diabetes self-management. Poor adherence has consistently been associated with
higher glycated hemoglobin (HbA1lc) levels, increased risk of diabetes-related complications, more
frequent hospitalizations, and higher healthcare costs [3,4].

Primary health care (PHC) represents the cornerstone of diabetes management because it ensures
continuous, coordinated, and person-centered care across the entire course of the disease. Within
multidisciplinary PHC teams, nurses play a central role in comprehensive patient assessment,
therapeutic education, motivational counseling, behavioral support, monitoring treatment
adherence, and facilitating shared decision-making. The ADA Standards of Care in Diabetes—2025
emphasize that high-quality diabetes care should be based on integrated, team-based care models
that promote collaboration between healthcare professionals and patients while addressing social
determinants of health and individual patient needs [4].
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Recent international recommendations further indicate that improving therapeutic adherence
requires multifaceted interventions rather than isolated educational activities. Structured diabetes
self-management education, individualized counseling, motivational interviewing, personalized
care planning, and regular follow-up have demonstrated positive effects on adherence, self-
efficacy, metabolic control, and quality of life. Nevertheless, standardized nurse-led adherence
interventions remain inconsistently implemented within routine primary health care, particularly
in countries where evidence-based nursing models for chronic disease management are still
evolving [3,4].

Although international guidelines consistently acknowledge the essential contribution of nurses to
diabetes management, evidence regarding structured nursing strategies specifically designed to
improve therapeutic adherence at the primary care level remains limited in Kazakhstan. Addressing
this gap is essential for strengthening patient self-management, improving treatment outcomes,
and optimizing nursing practice within primary health care. Therefore, the present conceptual
paper reviews current evidence regarding nursing interventions aimed at improving therapeutic
adherence among patients with T2DM and presents the conceptual framework of an ongoing
master's research project focused on optimizing nursing care in primary health care settings.
Contemporary Challenges of Therapeutic Adherence in Type 2 Diabetes

Therapeutic adherence is widely recognized as one of the most influential determinants of
successful long-term management of type 2 diabetes mellitus (T2DM). The World Health
Organization defines adherence as the extent to which an individual's behavior—including
medication use, dietary habits, physical activity, self-monitoring, and other lifestyle
modifications—corresponds with recommendations agreed upon with healthcare professionals
[2]. Within the context of T2DM, adherence extends beyond pharmacological treatment and
incorporates continuous engagement in diabetes self-management, attendance at scheduled
follow-up visits, implementation of healthy lifestyle behaviors, and active participation in shared
decision-making. Consequently, therapeutic adherence has become a central indicator of both the
quality of chronic disease management and patient engagement in care.

Despite remarkable progress in pharmacological therapy, glucose-lowering technologies, and
evidence-based clinical guidelines, achieving optimal glycemic control remains a significant
challenge worldwide. Contemporary evidence indicates that inadequate adherence continues to
be one of the principal barriers to successful diabetes management, contributing to poor
metabolic control even when effective therapeutic options are available [3,4]. Non-adherence is a
multifactorial phenomenon influenced by demographic, socioeconomic, behavioral, psychological,
and healthcare-system factors. Limited health literacy, insufficient diabetes-related knowledge,
complex treatment regimens, polypharmacy, medication-related concerns, financial constraints,
depression, low self-efficacy, and ineffective communication with healthcare professionals have all
been identified as important determinants of poor adherence.

The consequences of inadequate therapeutic adherence extend far beyond glycemic control.
Persistent non-adherence is associated with elevated glycated hemoglobin (HbAlc), accelerated
progression of microvascular and macrovascular complications, increased emergency department
visits, higher hospitalization rates, premature mortality, and substantial healthcare expenditures
[2—4]. These adverse outcomes not only reduce patients' quality of life but also place an increasing
burden on healthcare systems. Consequently, improving adherence has become a major priority
in international diabetes strategies aimed at reducing preventable complications and optimizing
long-term disease outcomes.

Recent systematic reviews further demonstrate that adherence can be significantly improved
through structured behavioral and educational interventions. A systematic review conducted by
Yuksel et al. showed that nurse-led diabetes self-management programmes consistently reduced
HbAlc levels while improving patients' diabetes knowledge, self-care behaviors, and treatment
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adherence, highlighting the important contribution of nurses to chronic disease management [5].
Similarly, the meta-analysis by Polsook et al. confirmed that comprehensive self-management
interventions significantly enhanced self-efficacy, medication adherence, and glycemic outcomes
among individuals with T2DM, emphasizing that sustainable improvements require continuous
professional support rather than isolated educational sessions [6].

In addition to educational interventions, behavioral change strategies have emerged as an essential
component of effective adherence promotion. The recent systematic review by Teo et al.
demonstrated that interventions incorporating evidence-based behavior change techniques—
including goal setting, action planning, individualized feedback, problem solving, motivational
support, and self-monitoring—were associated with greater improvements in medication
adherence than conventional educational approaches alone [7]. These findings indicate that
successful diabetes management depends not only on providing information but also on
facilitating sustainable behavioral change through personalized, patient-centered interventions.
Current international recommendations increasingly recognize therapeutic adherence as a shared
responsibility between patients and multidisciplinary healthcare teams rather than solely an
individual patient behavior. The American Diabetes Association advocates integrated, person-
centered care models that combine diabetes self-management education, individualized
counseling, motivational interviewing, shared decision-making, regular follow-up, and continuous
behavioral support throughout the disease trajectory [3,4]. Within these multidisciplinary models,
nurses are uniquely positioned to establish long-term therapeutic relationships, identify individual
barriers to adherence, reinforce self-management skills, and coordinate continuity of care across
primary health care settings.

Despite the growing body of evidence supporting adherence-focused interventions, their
implementation in routine primary health care remains inconsistent. Standardized nursing
protocols for assessing therapeutic adherence, identifying behavioral barriers, and delivering
structured educational and motivational support are not yet universally integrated into clinical
practice. This gap between evidence and routine care highlights the need to develop practical,
evidence-based nursing models that strengthen therapeutic adherence and improve patient
outcomes. Addressing this challenge represents a key direction for optimizing nursing care for
patients with T2DM within primary health care systemes.

The Role of Nurses in Improving Therapeutic Adherence Among Patients with Type 2 Diabetes
The increasing prevalence of type 2 diabetes mellitus (T2DM) has substantially expanded the
responsibilities of nurses within primary health care. Contemporary nursing practice has evolved
from a task-oriented model toward a person-centered, evidence-based approach in which nurses
actively participate in chronic disease prevention, therapeutic decision support, diabetes self-
management education, behavioral counseling, and long-term follow-up. International clinical
guidelines consistently recognize nurses as essential members of multidisciplinary diabetes care
teams, emphasizing their contribution to improving therapeutic adherence and optimizing patient
outcomes [3,4].

One of the primary responsibilities of nurses is the provision of structured diabetes self-
management education and support (DSMES). Rather than delivering isolated educational
sessions, nurses facilitate continuous learning processes that enable patients to acquire the
knowledge, practical skills, and confidence required for effective self-management. These
educational interventions include medication counseling, blood glucose self-monitoring, healthy
nutrition, physical activity, foot care, recognition of hypo- and hyperglycemia, and prevention of
long-term complications. The American Diabetes Association recommends DSMES as an integral
component of diabetes care throughout the disease trajectory, highlighting its role in improving
self-efficacy, treatment adherence, and clinical outcomes [3,4].
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Beyond education, nurses play a pivotal role in identifying individual barriers that hinder
therapeutic adherence. These barriers frequently include inadequate health literacy, emotional
distress, financial limitations, treatment complexity, medication-related concerns, limited family
support, and cultural beliefs that influence health behaviors. Comprehensive nursing assessment
enables early identification of these factors and supports the development of individualized care
plans tailored to patients' clinical, psychosocial, and educational needs. Such individualized
approaches are fundamental to person-centered care and have been associated with greater
patient engagement and improved long-term disease management [3,4].

Recent evidence strongly supports the effectiveness of nurse-led interventions in improving
diabetes outcomes. A systematic review by Yuksel et al. demonstrated that nurse-led diabetes self-
management programmes significantly reduced glycated hemoglobin (HbAlc) while improving
diabetes knowledge, self-care behaviors, and adherence to treatment recommendations [5].
Likewise, Yuksel et al. reported in a meta-analysis that structured nurse-led telephone
interventions produced clinically meaningful reductions in HbAlc, indicating that regular nurse-
patient communication can enhance long-term glycemic control and continuity of care [8]. These
findings reinforce the growing evidence that sustained nursing support contributes to improved
therapeutic adherence beyond conventional physician-centered follow-up.

Behavioral support has become another essential component of contemporary nursing practice.
Effective diabetes management requires patients to adopt and maintain complex health behaviors
over many years, making behavioral counseling a core nursing competency. A recent systematic
review by Teo et al. demonstrated that interventions incorporating evidence-based behavior
change techniques—including goal setting, action planning, motivational support, self-monitoring,
individualized feedback, and problem-solving strategies—produced greater improvements in
medication adherence than education alone [7]. These findings indicate that nurses should
function not only as educators but also as behavioral coaches who empower patients to translate
clinical recommendations into sustainable daily practices.

Growing evidence also highlights the importance of addressing psychosocial aspects of diabetes
management. Diabetes-related distress, anxiety, depression, and reduced self-confidence
frequently interfere with adherence and self-care behaviors. A recent systematic review and meta-
analysis by Hu et al. demonstrated that nurse-led psychological interventions significantly reduced
diabetes distress while showing promising benefits for depression and glycemic control,
supporting the integration of psychological support into routine nursing care for individuals with
T2DM [9].

Technological innovations are further expanding the scope of nursing practice. Digital health
platforms, telehealth consultations, mobile applications, remote monitoring systems, and
structured telephone follow-up enable nurses to provide continuous support outside traditional
clinical settings. A recent systematic review demonstrated that digital self-management
interventions improve patient engagement, self-monitoring behaviors, and glycemic outcomes,
particularly when combined with regular professional feedback and individualized coaching [10].
These findings suggest that integrating digital technologies with nurse-led care may represent an
effective strategy for strengthening therapeutic adherence in primary health care.

Despite the growing body of international evidence supporting nurse-led interventions, important
implementation gaps remain. In many healthcare systems, nursing practice continues to focus
predominantly on routine clinical procedures, whereas standardized protocols for adherence
assessment, behavioral counseling, motivational interviewing, and structured follow-up have not
been consistently incorporated into routine care. Bridging this evidence-to-practice gap requires
the development of comprehensive nursing models that combine evidence-based education,
behavioral support, psychosocial assessment, and continuity of care. Such models have the
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potential to strengthen therapeutic adherence, improve glycemic outcomes, and enhance the
quality of primary health care for individuals living with T2DM.

Conceptual Framework for Optimizing Nursing Care in Primary Health Care

The evidence synthesized in the preceding sections demonstrates that therapeutic adherence
among individuals with type 2 diabetes mellitus (T2DM) is influenced by a complex interaction of
clinical, behavioral, psychological, educational, and healthcare-system factors. Although
international guidelines consistently recommend person-centered care and structured diabetes
self-management education, the translation of these recommendations into routine primary
health care (PHC) practice remains inconsistent. Existing models frequently emphasize
pharmacological management while providing limited guidance regarding standardized nursing
interventions specifically targeting therapeutic adherence. This evidence-to-practice gap highlights
the need for a comprehensive nursing framework capable of integrating assessment, education,
behavioral support, and continuous follow-up into routine diabetes care [3,4,11,13].

Based on the available evidence, a conceptual framework for optimizing nursing care is proposed
to strengthen therapeutic adherence among adults with T2DM receiving care in PHC settings. The
proposed framework is grounded in the principles of person-centered care, evidence-based
nursing practice, continuity of care, multidisciplinary collaboration, and shared decision-making,
as recommended by international diabetes management guidelines and professional nursing
standards [3,4,13,14]. Rather than representing a single educational intervention, the framework
conceptualizes therapeutic adherence as a dynamic process requiring continuous assessment,
individualized support, and regular evaluation throughout the patient's disease trajectory.

The overall structure of the proposed conceptual framework is presented in Figure 1. The
framework illustrates the sequential organization of evidence-based nursing activities designed to
strengthen therapeutic adherence among adults with T2DM receiving primary health care. It
integrates comprehensive assessment, individualized education, behavioral support, continuity of
care, and systematic outcome evaluation into a continuous patient-centered care pathway.
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Figure 1. Conceptual framework for optimizing nursing care aimed at improving therapeutic

adherence among adults with type 2 diabetes mellitus in primary health care
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The key components of the proposed conceptual framework and their corresponding nursing

activities and expected outcomes are summarized in Table 1. The table provides a structured

overview of the framework, demonstrating how each component contributes to strengthening

therapeutic adherence and improving patient outcomes in primary health care.
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Table 1. Core components of the proposed conceptual framework for optimizing nursing care
aimed at improving therapeutic adherence among adults with type 2 diabetes mellitus in primary

decision-making;
individualized education

realistic goals;
improved self-

continuity of
care.

health care
Framework Evidence-based nursing | Expected Expected clinical | Key evidence
component activities intermediate outcomes / guideline
outcomes

Comprehensive Assess medication Identification of Earlier WHO; ADA
nursing adherence, HbAlc, adherence intervention; 2025; IDF
assessment diabetes knowledge, barriers; patient improved risk

health literacy, self- stratification; management;

management skills, individualized prevention of

psychosocial status, care plan. complications.

diabetes distress,

depression, family

support, lifestyle,

barriers, comorbidities,

readiness to change.
Individualized care | Develop personalized Patient Improved ADA; ICN
planning nursing goals; shared engagement; adherence and

plan; multidisciplinary efficacy.
referrals.
DSMES & Structured DSMES; Improved Reduced HbAlc; | ADCES; ADA,
behavioural motivational knowledge; improved self- Powers et al,;
counselling interviewing; action behavioural management; Teo et al.
planning; problem change; increased | healthier
solving; medication confidence; lifestyle.
counselling; nutrition; better medication
physical activity; self- adherence.
monitoring.
Continuous nurse- | Scheduled PHC visits; Long-term Lower Yuksel et al.;
led follow-up telephone follow-up; engagement; hospitalization; | ADA
telehealth; reminder sustained better glycaemic
systems; reassessment; | adherence; control.
reinforcement. continuity.
Psychosocial & Screen for Reduced distress; | Improved Hu et al.;
digital support distress/depression; improved quality of life Kerr et al.
involve family; referrals; | motivation; and patient-
mobile apps; remote enhanced reported
monitoring; patient engagement. outcomes.
portals.
Outcome Monitor adherence, Continuous Optimized ADA; ICN
evaluation & HbAlc, PROs, Qol, quality nursing care
quality knowledge; clinical improvement. model;
improvement audit; revise care plan; sustainable

quality indicators.

implementation.

The proposed framework consists of five interrelated components. The first component involves
a comprehensive nursing assessment performed during the initial patient encounter. In addition
to routine clinical evaluation, nurses assess medication-taking behavior, previous adherence
history, diabetes knowledge, health literacy, self-management competencies, lifestyle practices,
psychosocial status, family support, and potential barriers that may interfere with long-term
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treatment. Early identification of adherence-related barriers enables risk stratification and
facilitates individualized care planning before complications develop. Such comprehensive
nursing assessment is consistent with international recommendations advocating individualized,
person-centered chronic disease management and constitutes the foundation for effective
diabetes self-management support [3,4,11-14].

The second component focuses on individualized diabetes self-management education and
behavioral counseling. Educational activities are tailored according to patients' clinical condition,
educational needs, cognitive abilities, cultural background, health literacy, and readiness for
behavioral change. This educational process follows the principles of Diabetes Self-Management
Education and Support (DSMES), which promotes collaborative learning, individualized goal
setting, problem-solving, and sustained behavioral change throughout the continuum of care
[11,12]. The conceptual pathway of individualized diabetes self-management education and
behavioral counseling is presented in Figure 2, illustrating how comprehensive assessment,
patient-centered education, behavioral interventions, continuous reinforcement, and ongoing
follow-up are integrated into a structured nursing process aimed at strengthening long-term
therapeutic adherence.

Figure 2. Conceptual pathway of individualized diabetes self-management education and
behavioral counseling for adults with type 2 diabetes mellitus in primary health care
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Core educational domains include medication management, blood glucose self-monitoring,
healthy nutrition, physical activity, prevention of acute and chronic complications, recognition of
warning symptoms, and problem-solving skills. Behavioral counseling incorporates motivational
interviewing, collaborative goal setting, action planning, self-monitoring, and shared decision-
making to strengthen patients' confidence, self-efficacy, and long-term engagement in treatment.
Contemporary evidence demonstrates that structured self-management education combined with
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behavioral support significantly improves therapeutic adherence, glycemic outcomes, and
patients' ability to effectively manage their chronic condition [5-7,11,12,15]. This structured
approach emphasizes that diabetes self-management education is not a single educational
intervention but a continuous, individualized process that promotes patient empowerment,
sustained behavioral change, and improved clinical outcomes throughout the continuum of care.
The third component emphasizes continuity of nursing support through scheduled follow-up and
ongoing reassessment. Therapeutic adherence should be regarded as a dynamic rather than static
outcome because patients' needs, motivations, and barriers evolve throughout the course of
chronic disease management. Regular follow-up consultations enable nurses to monitor treatment
implementation, reinforce educational messages, evaluate behavioral changes, identify newly
emerging barriers, and modify individualized care plans when necessary. Consequently, regular
reassessment and continuous nursing follow-up represent essential components of high-quality
chronic disease management and are strongly supported by international diabetes care standards
[3,11,13]. International evidence further demonstrates that continuous nurse-led follow-up is
associated with improved glycated hemoglobin (HbAlc), enhanced patient engagement, greater
sustainability of self-management behaviors, and improved continuity of care [5,8].

The fourth component integrates psychosocial and digital support into routine nursing practice.
Diabetes-related distress, anxiety, depression, low motivation, and limited social support
frequently compromise therapeutic adherence despite adequate medical treatment. Therefore,
routine psychosocial assessment should accompany clinical evaluation, with timely referral to
psychologists, physicians, dietitians, or other healthcare professionals whenever additional
support is required. This multidisciplinary approach reflects contemporary recommendations
emphasizing holistic care that addresses both clinical and psychosocial determinants of health
[11,13,14]. Simultaneously, digital health technologies—including telehealth consultations, mobile
health applications, electronic reminders, remote glucose monitoring, patient portals, and
structured telephone follow-up—may enhance continuity of care by facilitating communication
between patients and healthcare professionals beyond traditional clinic visits. Recent systematic
reviews indicate that digitally supported, nurse-led interventions improve patient engagement,
medication adherence, self-management behaviors, and clinical outcomes when combined with
individualized professional feedback and behavioral coaching [8-10].

The final component involves systematic evaluation of patient outcomes and continuous quality
improvement. Routine monitoring should include assessment of therapeutic adherence, glycated
hemoglobin (HbAlc), self-management behaviors, diabetes knowledge, patient-reported
outcomes, diabetes-related distress, and health-related quality of life. These indicators provide
objective measures of intervention effectiveness while enabling continuous refinement of nursing
practice through evidence-based quality improvement initiatives. Such an approach is fully
consistent with international recommendations advocating outcome-driven, person-centered
chronic disease management delivered by multidisciplinary PHC teams and supported by
continuous professional accountability [3,4,11,13,14]. The evidence synthesis underpinning the
development of the proposed conceptual framework followed the PRISMA reporting approach,
and the study identification and selection process is presented in Figure 3.
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Figure 3. PRISMA flow diagram illustrating the literature search and study selection process used
to identify the evidence supporting the proposed conceptual framework
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The proposed conceptual framework does not replace existing diabetes management guidelines;
rather, it operationalizes international evidence by translating guideline recommendations into a
structured sequence of nursing activities that can be consistently implemented within routine
primary health care (PHC) practice. By integrating comprehensive assessment, individualized
diabetes self-management education, behavioral counseling, psychosocial support, digital follow-
up, and continuous evaluation of patient outcomes, the framework aims to strengthen therapeutic
adherence while improving the quality, continuity, safety, and effectiveness of nursing care for
adults living with T2DM. Furthermore, the framework aligns with contemporary international
standards promoting person-centered care, interdisciplinary collaboration, continuous quality
improvement, and professional nursing accountability [3,4,11-16]. The correspondence between
the proposed nursing framework and current international recommendations is summarized in
Table 2, which demonstrates how guidance from the World Health Organization (WHO), the
American Diabetes Association (ADA), the International Diabetes Federation (IDF), the
International Council of Nurses (ICN), the Association of Diabetes Care & Education Specialists
(ADCES), and the ADA/EASD Consensus Report has been translated into evidence-based nursing
interventions and measurable implementation indicators for routine PHC practice.
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Table 2. Alignment of the proposed conceptual

framework with key

international

recommendations for optimizing nursing care for adults with type 2 diabetes mellitus in primary

health care

Organization / | Scope Key Level of evidence | Implications for | Potential

Guideline recommendations | / status nursing practice | indicators for

implementation

World Health Global NCD Promote person- | Global policy Assess Medication

Organization management centred chronic recommendations | adherence adherence,

(WHO) and PHC disease routinely, HbAlc,
management, provide ongoing | continuity of
continuity of care, education, care, patient
integrated PHC, coordinate satisfaction
self-management long-term
support, follow-up,
multidisciplinary address social
collaboration. determinants of

health.

American Evidence-based | Integrate DSMES, | Annual evidence- | Nurse-led HbAlc,

Diabetes diabetes individualized based clinical DSMES, diabetes

Association management treatment, team- | guideline motivational knowledge,

(ADA) based care, interviewing, self-efficacy,

Standards of routine individualized diabetes

Care 2025 assessment of care planning, distress,
psychosocial routine follow- adherence
needs and up.
diabetes distress.

International Global diabetes | Early diagnosis, International Support early HbAlc,

Diabetes policy comprehensive consensus intervention, screening

Federation management, guidance reinforce self- uptake,

(IDF) prevention of management complication
complications, and continuity prevention
strengthening of care.

PHC.

International Nursing Evidence-based International Expand Quality

Council of standards and nursing, professional advanced indicators,

Nurses (ICN) ethics accountability, standard nursing roles, audit results,
professional quality patient safety
autonomy, improvement,
leadership in interdisciplinary
chronic disease collaboration.
management.

Association of | Diabetes self- Structured Professional Deliver Knowledge

Diabetes Care | management DSMES, consensus structured scores, self-

& Education education behaviour educational management

Specialists change, patient programmes behaviours,

(ADCES) empowerment, using medication
individualized behaviour- adherence
education. change

techniques.

ADA/EASD Individualized Shared decision- International Participate in Individualized

Consensus pharmacological | making, consensus report | shared care plans,

Report management individualized decision-making | HbAlc,
treatment and ongoing treatment
according to monitoring of persistence
clinical profile, treatment

continuous
reassessment.

effectiveness.
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Abbreviations

ADA — American Diabetes Association; ADCES — Association of Diabetes Care & Education
Specialists; DSMES — Diabetes Self-Management Education and Support; EASD — European
Association for the Study of Diabetes; HbAlc — glycated hemoglobin; ICN — International Council
of Nurses; IDF — International Diabetes Federation; PHC — Primary Health Care.

Conclusion

Therapeutic adherence remains one of the most important determinants of successful long-term
management of type 2 diabetes mellitus (T2DM) and continues to represent a major challenge for
primary health care systems worldwide. The evidence synthesized in this paper demonstrates that
optimal adherence depends not only on pharmacological treatment but also on behavioral,
educational, psychosocial, and organizational factors that require comprehensive, person-
centered nursing interventions.

Current international evidence consistently supports the effectiveness of nurse-led diabetes self-
management education and support (DSMES), individualized behavioral counseling, motivational
interviewing, psychosocial support, digital health interventions, and structured follow-up in
improving medication adherence, self-management behaviors, glycemic control, patient-reported
outcomes, and health-related quality of life. Nevertheless, the implementation of these evidence-
based interventions remains inconsistent in routine primary health care, highlighting the need for
standardized nursing models capable of translating international recommendations into everyday
clinical practice.

The conceptual framework proposed in this paper integrates contemporary scientific evidence
with international clinical guidelines into a structured, evidence-based model of nursing care that
emphasizes comprehensive assessment, individualized education, behavioral support, continuity
of care, multidisciplinary collaboration, psychosocial and digital interventions, and systematic
outcome evaluation. By operationalizing these evidence-based components within routine
primary health care, the framework has the potential to strengthen therapeutic adherence,
improve both clinical and patient-reported outcomes, and enhance the quality, safety, continuity,
and sustainability of diabetes care.

Beyond its theoretical contribution, the proposed framework provides a practical foundation for
developing standardized nurse-led interventions aimed at optimizing therapeutic adherence
among adults with T2DM in primary health care. The integration of internationally recognized
recommendations into a structured nursing pathway may facilitate the implementation of
evidence-based practice while supporting quality improvement initiatives and strengthening the
role of nurses within multidisciplinary diabetes care teams.

Future empirical research should evaluate the feasibility, acceptability, implementation fidelity, and
clinical effectiveness of the proposed framework across diverse primary health care settings. Such
investigations will provide essential evidence for validating the framework and contribute to the
development of sustainable, evidence-based nursing models that further advance person-
centered diabetes care and improve long-term outcomes for individuals living with T2DM.
Implications for Nursing Practice

The proposed conceptual framework has several practical implications for nursing practice in
primary health care. First, it provides nurses with a structured evidence-based approach for
systematically assessing therapeutic adherence, identifying individual barriers to treatment, and
delivering personalized diabetes self-management education and behavioral counseling. Second,
the framework supports continuity of care through regular follow-up, psychosocial assessment,
and the integration of digital health technologies, thereby promoting sustained patient
engagement and long-term adherence.

The framework may also serve as a practical guide for developing standardized nursing protocols,
educational programs, and quality improvement initiatives within primary health care
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organizations. Furthermore, its implementation may strengthen the leadership role of nurses
within multidisciplinary diabetes care teams while promoting evidence-based, person-centered
practice aligned with current international recommendations.

Finally, the proposed framework offers a theoretical and practical foundation for future
intervention studies evaluating nurse-led models of care aimed at improving therapeutic
adherence, clinical outcomes, patient-reported outcomes, and the overall quality of diabetes
management in primary health care.
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Abstract

This paper presents a statistical overview of legal stays in the Slovak Republic for 2024 and the
first half of 2025, drawing on data from the Praesidium of the Police Corps and the Bureau of
Border and Alien Police. At the end of 2024, a total of 337,140 persons held valid residence in
Slovakia, an increase of 8.3% year-on-year, of whom 281,648 were third-country nationals.
Ukrainian nationals accounted for approximately 70% of all valid third-country national stays,
predominantly under tolerated residence in the form of temporary refuge. Among newly granted
stays, business and employment purposes dominated temporary residence, reflecting sustained
structural demand in Slovakia's labour market. Border crossing data show that 3.78 million persons
legally crossed Slovakia's external borders in 2024, with air border traffic growing markedly — up
6.7% in 2024 and 18.1% in the first half of 2025 year-on-year, accompanied by a rising share of
third-country nationals. The paper discusses policy implications relating to the integration of
displaced Ukrainians and labour migration governance, and digital border management capacity.
It concludes that Slovakia is undergoing a structural shift in its migration profile and that sustained
policy investment will be required to manage both humanitarian and economic migration flows in
the medium term.

Keywords: Slovak Republic, migration, legal stay, stocks, flows

1. Introduction

Migration ranks among the most significant social, economic, political and demographic processes
of the contemporary world. It represents the movement of populations between regions or states,
with its causes being economic, social, security-related, environmental or cultural in nature. Given
its complex character, migration has become the subject of inquiry across multiple academic
disciplines, in particular demography, sociology, economics, political science, geography,
international relations, law and public policy.

Migration is addressed by numerous international organisations that conduct research, monitor
migration flows and formulate recommendations for public policy. Among the most prominent
are the International Organization for Migration (IOM), the United Nations High Commissioner for
Refugees (UNHCR), the Organisation for Economic Co-operation and Development (OECD), and
the United Nations through its specialised agencies and statistical departments. These institutions
collect migration data, analyse its causes and consequences, and provide expert foundations for
the development of migration policies.

Among the best-known migration scholars in academic research are Douglas Massey (Massey et
al., 1993; Massey, 1999), Stephen Castles (Castles, 2002; Castles, 2010), Hein de Haas (De Haas,
2010; De Haas, 2021), Saskia Sassen (Sassen, 2006; Sassen, 2005) and Alejandro Portes (Portes &
Zhou, 1993; Portes & Rumbaut, 2014), who examine the economic, social and cultural aspects of
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migration processes. Their work has contributed to the development of theoretical models
explaining the causes of migration, migrant integration processes, and the impacts of migration
on receiving societies.

In Slovakia, migration issues are addressed primarily by state institutions — the Statistical Office
of the Slovak Republic, the Ministry of the Interior of the Slovak Republic, and the Migration Office
of the Ministry of the Interior — as well as by the International Organization for Migration (IOM)
operating in Slovakia. An important source of knowledge is also provided by research projects of
the European Migration Network (EMN), which analyse migration trends, the integration of
foreigners, and public attitudes toward migration. IOM Slovakia conducts research focused on
migration trends, migrant integration, labour migration, and public opinion on migration.
Migration, economic and labour market issues are traditionally discussed also by the author
(Heriban, 2025).

Understanding migration processes is important not only from a scientific perspective, but also
for the development of effective public policies. Analysis of migration enables a better
understanding of demographic trends, labour market needs, processes of social integration, and
the broader societal changes that migration brings at both national and international levels.

The aim of this article is to analyse the development of migration in Slovakia on the basis of
available statistical data and to identify the main trends characterising migration processes in the
Slovak Republic during the period under review.

The Slovak Republic is a landlocked country with an area of 49,034 km2 with a density of 109.3
persons per sg. km. The length of the bordersis 1,652.8 km, of which 610 km are water and 1,042.8
are land, the longest border is with Hungary at 655 km while the shortest with Ukraine at 98 km,
which is also an external land border with a non-member state with 5 border crossings. (Table 1).
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Table 1 Length of external and internal borders and number of border crossings
Geographic indicators Length of border Border crossings
(b)

[km] [ water | land | Total 126

Total area 49 033,9 sg.km Total 1652,8 | 610,0 |1042,| CR 23 (bi)
8
Population density [109,3 pers./sq.km [CR 251,8 | 71,1 [180,7 | Austria| 8t
(c)
Number of regions 8 Austria 107,1 | 76,8 | 30,3 |Hungar| 26 Y
Y

Number of 79 Hungary | 654,9 | 355,0 {299,9|Ukraine| 5V
districts
Number of 141|53.5% (© [Ukraine 97,9 2,1 | 95,8 | Poland | 56 (i
towns@
Number of villages 2 890|46.5% © [Poland 541,1 | 105,0 |436,1|Airports 8

(a) Municipalities with the status of town, declared by the National Council of the Slovak Republic
(b) Border crossings until joining the Schengen area 21 December 2007:

(et External borders mean sections of the state border of the Slovak Republic, which represent
the common land border with a non EU Member State, and airports for external routes (extra-
Schengen); they include the land border — the state border of SR with the Ukraine, and the air
border — Bratislava Airport, Poprad Airport and Kosice Airport.

(i) Internal borders mean sections of the state border of the Slovak Republic, which represent
the common land border among the EU Member States of the Schengen area — they include the
sections of the state border of SR with Austria, Hungary, Czech Republic, Poland and the airports
for intra- Schengen flights.

(c) 1.1.2025 = 5361,6 ths. persons.
Source: Statistical Office of the Slovak Republic, Ministry of Interior of SR.

Since its accession to the European Union on 1 May 2004 and its full integration into the Schengen
Area in December 2007, the Slovak Republic has undergone a significant transformation in its
migration landscape. EU membership triggered a substantial increase in legal migration while
irregular flows declined markedly. Since 2004, the number of legally residing foreigners has
increased nearly twelvefold, rising from approximately 22,000 in 2004 to nearly 279,000 by the
end of 2022. (IOM Slovakia, 2023). The abolition of internal border controls with EU Member
States consolidated Slovakia’s role as both a transit and destination country within the broader
European migration system, placing heightened administrative demands on its border and alien
police services.

The Russo-Ukrainian conflict from February 2022 altered the scale and composition of foreign
nationals residing in the Slovak Republic. As a neighbouring country sharing a 98 km border with
Ukraine, Slovakia became an immediate transit and host country for displaced persons. In
response, Slovakia adopted the legislative package known as Lex Ukraine (updated several times
over in the meantime), granting displaced persons temporary protection status with rights to
reside, access the labour market, healthcare, and educational services. By early 2025, Slovakia had
granted temporary protection to over 132,000 displaced persons from Ukraine, the overwhelming
majority of whom were women, children, and elderly adults. (European Commision, 2025). This
influx reshaped the demographic profile of legally resident foreigners in Slovakia and introduced
new demands on public services, labour market administration, and integration infrastructure.
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2. Legal stays, types, stocks, flows

In 2024, 2,080,51 persons legally crossed the external land border, 3.2% more year-on-year (+66
thousand persons). Of the total number of persons who crossed the external state border, third-
country nationals accounted for 90.1%, compared to 90.6% in the previous year. The external air
border consists of the airports of Bratislava, Poprad, KoSice and 6 small airports. In 2024, 1,700,522
persons crossed the air border - up 6.7% year-on-year (+105 thousand persons). Of the total
number of persons who crossed the external air border, third-country nationals accounted for
15.5%, compared to 14.2% in the previous year. In the first half of 2025, 973,077 persons legally
crossed the external land border - up 2.7% year-on-year (+25 thousand persons). Of the total
number of persons who crossed the external state land border, third-country nationals accounted
for 89.3% as compared to 90.0% in the previous year. In the first half of 2025, 746,574 persons
crossed the air border - up 18.1% year-on-year (+114 thousand persons). Of the total number of
persons who crossed the external air border third-country nationals accounted for 24.2% as
compared to 17.7% in the previous year (Tables 2, 3, 4).

Table 2Total pressure at the state border - legal passages, 2020-2025

(in million 2024 2025 — half year

persons) Total In Out Total In Out

Total 3,781 | 1,841 | 1,940 | 1,720 | 0,812 | 0,908

Border with:

Ukraine 2,081 | 0,994 | 1,087 | 0,973 | 0,452 | 0,521

Airports 1,700 | 0,847 | 0,853 | 0,747 | 0,360 | 0,387

Note: Data refer only to the Schengen external borders (border with Ukraine and 3 international
airports).

Source: Presidium of the Police Corps, Bureau of Border and Alien Police.

Table 3Structure of legal movements across state borders in 2020-2025—in 1%t half years

In thousands Persons (half years) Vehicle (half years)
2023 2024 2025 2023 2024 2025

Airports: 579,1 632,2 746,6 4.4 4,6 5,3
Bratislava 392,5 432,8 518,7 3,0 3,2 3,9
Poprad 22,6 41,9 48,2 0,2 0,3 0,3
Kosice 158,9 150,7 174,5 1,1 1,0 1,1
Small airports* 5,1 6,8 5,2 0,1 0,1 0,0
Road: 925,2 947,9 973,1 228,8 223,9 225,0

Vysne Nemecke 657,8 627,4 645,3 175,8 169,6 176,2
Ubla 166,1 179,5 158,7 46,6 48,0 41,9
Velke Slemence 56,3 63,1 66,6

Cierna nad Tisou 39,4 72,9 98,2 3,6 3,8 4.5
Matovske 5,6 4,8 4,3 2,8 2,5 2,4
Vojkovce

Total 1504,3 | 1580,1| 1719,7 233,2 228,5 230,3

Source: Presidium of the Police Corps, Bureau of Border and Alien Police.
* Small airports: airports Piestany, Slia&, Nitra, Zilina, Prievidza and Jasnd.
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Table 40verview of numbers of persons and transport means having crossed
the external border legally by direction of movement, 2023- 2024

Legal migration by the State border 2023 2024
In Out In Out

Persons by direction of 976 844 | 1037568 993870 | 1086641
movement
- citizens of EEA (inc. citiz. of SR) 93 594 95 264 101 798 103 892
- third country citizens 883 250 942 304 892 072 982 749
Number of persons in total 2014 412 2080511

g Vehicles by direction of 230476 249 425 217 326 242 091

g movement

T | - passenger vehicles 162 118 171914 153 857 161 710

© | - buses 10 084 10 206 9323 10 198
- lorries 51638 60671 47 279 63 336
- passenger trains 1459 1459 1791 1794
- freight trains 4781 4777 4 537 4544
Other (eg motorcycles) 396 398 539 509
Number of vehicles in total 479901 459 417
Persons by direction of 793 387 801712 847 276 853 246
movement

g - citizens of EEA (inc. citiz. of SR) 678 994 689 110 715 269 721843

g - third country citizens 114 383 112 602 132 007 131403

= Number of persons in total 1595 099 1700522
Number of aeroplanes in total 5619 5524 6 066 5707
Number of aeroplanes in total 11 143 11773

Number of persons in total 3609511 3781033

Number of transport means in total 491 044 471190

Note: In case of airports, passengers travelling at non-Schengen flights are counted only.
Source: Presidium of the Police Corps, Bureau of Border and Alien Police.

At the end of 2024, 337,140 persons had legal residence in the Slovak Republic - an increase of
8.3% (+25.7 thousand persons) as compared to 2023. Of the total number of valid residence
permits for foreigners at the end of 2024, 281,648 were third-country nationals (year-on-year
+10%, 25.7 thousand persons) and 55,492 were EU citizens (year-on-year less by 16 persons). At
the end of 2024, temporary residence was granted to 110,113 persons (year-on-year +1,070
persons, +1%), permanent residence to 39,822 persons (year-on-year +7,190 persons, +22%),
tolerated residence to 131,713 persons (year-on-year +17,490 persons, +15%). Of the number of
residence permits granted to third-country nationals, 70% were Ukrainians (197,004 persons), of
which 2/3 were tolerated stays (130,967 persons). Other nationalities were Serbians (17,508) and
Vietnamese (10,186). Valid stays for EU citizens were mainly for citizens of the Czech Republic
12,690 (12,684 by the end of 2023), 9,843 Hungarians (9,631 by the end of 2023), 6,478
Romanians (6,658 by the end of 2023), 6,045 Polish (6,062 by the end of 2023).
Valid stays for third-country nationals according to the purposes of stay (as of the end of 2024):
- Temporary residence was granted mainly for business purposes to 43,614 persons (40% of
all temporary stays), 28,255 persons for employment (26% of all temporary stays), 14,922
for family reunification (14% of all temporary stays), 13,697 persons for study (12% of all
temporary stays),
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- Permanent residence was granted mainly for long-term residence to 25,519 persons (64%
of all permanent residences), for an unlimited period to 7,281 persons (18% of all
permanent residences), for 5 years to 4,708 persons (12% of all permanent residences),
but also to 363 asylum seekers (0.9% of all permanent residences),

- Tolerated residence was granted for the purpose of temporary refuge to 131,696 persons,
12 to unaccompanied minors and 5 persons for the purpose of respecting private and
family life.

3. Stays and flows

In 2024, legal residence was granted to 100,237 foreigners in the Slovak Republic (605 persons
less year-on-year, -0.6%), including 96,162 third-country nationals, 0.7% less than in 2023 (-653
persons) and 4,075 EU citizens, 48 persons more than in 2023 (+1.2%). Of the total number of
residence permits granted to third-country nationals in 2024, temporary residence was granted
to 60,344 persons (-766 persons, -1.3% year-on-year), permanent residence to 8,976 persons
(+3,722 persons, +71% year-on-year) and tolerated residence to 26,842 persons (-3,609 persons,
-12% year-on-year). Of the number of residence permits granted to third-country nationals, 62%
were Ukrainians (59,191 persons), of which 47% were temporary residence permits (27,996
persons), 8% were permanent residence permits (4,499 persons), and 45% were tolerated
residence permits (26,696 persons). Other nationalities were Serbians (6,733) and Vietnamese
(4,791). Table 5.
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Table 5Inflow of residence permits for third-country nationals in Slovakia by
nationality in 2023-2024 (Top 40)

2023 Inflow 2023 2024 Inflow 2024
Total of which Total of which
Temp | Perm | Tolerat Temp | Perm | Tolera
orary | anent ed orary | anent | ted
Ukraine 60 416 28 | 1835 | 30194 | Ukraine 59 27 | 4499 26
387 191 996 696
Serbia 7938 | 7304 634 Serbia 6733 | 5856 877
Vietnam 4250 | 3745 504 1| Vietnam 4791 | 3996 794 1
Georgia 3654 | 3624 27 3 | Georgia 2850 | 2771 76 3
Russia 3434 | 2951 399 84 | Russia 2830 | 2252 484 94
India 2602 | 2554 48 India 2234 | 2134 99 1
Macedonia 1826 | 1704 122 Moldova 1723 | 1693 28 2
Moldova 969 956 8 5 | Macedonia | 1400 | 1267 132 1
Bosnia&Herz 902 861 41 Kyrgyzstan 1307 | 1288 19
Belarus 857 819 33 5 | Uzbekistan | 1253 | 1241 11 1
Albania 840 783 57 Kazakhstan 899 855 41 3
Kyrgyzstan 830 826 4 Belarus 851 794 55 2
Kazakhstan 704 667 37 China 786 599 184 3
Turkey 607 530 63 14 | Bosnia & 715 631 84
Herz.
China 528 378 149 1 | Turkey 696 605 88 3
Korea 511 455 56 Azerbaijan 637 609 28
us 430 239 190 1 | Albania 622 591 31
Azerbaijan 428 400 23 5| Philippines 619 580 39
Uzbekistan 420 411 5 4 | Korea 585 484 101
Indonesia 413 408 5 Indonesia 503 498 5
Iran 385 300 85 Israel 488 348 140
Philippines 343 288 55 USA 429 244 183 2
Thailand 340 268 72 Thailand 421 363 58
Israel 294 238 52 4| Iran 358 262 95 1
Syria 234 116 31 87 | UK 192 90 102
UK 182 75 106 1| Armenia 182 146 32 4
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Armenia 178 126 47 5 | Zimbabwe 174 172 2
Montenegro 137 135 2 Syria 146 102 40 4
Egypt 136 76 53 7 | Montenegr 144 131 13
0

Nigeria 108 82 22 4 | Kosovo 137 124 13
Brasilia 107 75 32 Egypt 136 108 26 2
Japan 96 79 17 Canada 135 83 52
Canada 93 69 24 Brasilia 119 96 23
Kosovo 89 78 11 Nigeria 108 86 19 3
Mongolia 84 81 3 Colombia 99 87 10 2
Colombia 82 73 9 Mongolia 92 66 26
Mexico 78 49 29 Nepal 91 87 3 1
Zimbabwe 66 64 2 Mexico 90 57 33
Afghanistan 59 39 11 9 | Japan 79 72 7
Kenya 43 32 11 Tajikistan 74 72 1 1
Others 1122 765 340 17 | Others 1243 808 423 12
Total 96 815 61 | 5254 | 30451 | Total 96 60 | 8976 26

110 162 344 842

Source: Presidium of the Police Corps, Bureau of Border and Alien Police.
Valid stays for third-country nationals according to the purposes of stay for 2024:

- Temporary residence was granted mainly for business purposes to 25,218 persons (42% of
all temporary stays), 18,959 persons for employment (31% of all temporary stays), 8,610
for family reunification (14% of all temporary stays), 5,266 persons for study (8.7% of all
temporary stays),

- Permanent residence was granted mainly for long-term residence to 6,873 persons (76.6%
of all permanent residences), for an unlimited period to 525 persons (6% of all permanent
residences), for 5 years to 967 persons (11% of all permanent residences) but also to 50
asylum seekers (0.6% of all permanent residences),

- Tolerated residence was granted for the purpose of temporary refuge to 26,821 persons,
11 to unaccompanied minors, 6 to respect for private and family life, and 4 for reasons of
human trafficking.

Valid stays for third-country nationals according to the purposes of stay for the first half of 2025:

- Temporary residence was granted mainly for business purposes to 11,387 persons (43% of
all temporary stays), 7,772 persons for employment (29% of all temporary stays), 3,984 for
family reunification (15% of all temporary stays), 2,174 persons for study (8% of all
temporary stays),

- Permanent residence was granted mainly for long-term residence to 3,927 persons (79%
of all permanent residences), for an unlimited period to 180 persons (3.6% of all
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permanent residences), for 5 years to 629 persons (12.6% of all permanent residences),
but also to 20 asylum seekers (0.4% of all permanent residences),

- Tolerated residence was granted for the purpose of temporary refuge to 6,827 persons, 8
to unaccompanied minors and 6 persons for the purpose of respecting private and family
life.

4. Policy Implications

The data demonstrate that Ukrainian nationals constitute the dominant group among third-
country nationals legally residing in Slovakia, accounting for approximately 70% of all valid stays
held by non-EU citizens at the end of 2024. Of these, roughly two-thirds were held under the
tolerated residence category in the form of temporary refuge, a status that is inherently
transitional in nature. With temporary protection extended until March 2027 by government
decree, Slovak authorities face a medium-term policy imperative to develop clear and accessible
pathways for displaced Ukrainians to transition toward more stable residence statuses —
particularly long-term or permanent residence — so as to reduce administrative uncertainty and
support household planning. Policy-makers should consider streamlining the administrative
procedures for status conversion and enhancing information provision to affected persons,
particularly those in vulnerable categories such as children, single mothers and elderly individuals.
The predominance of business and employment purposes among temporary residence grants —
accounting for 43% and 29% respectively in the first half of 2025 — underscores the growing role
of foreign nationals in sustaining Slovakia’s labour market. This pattern reflects wider structural
demand in sectors such as manufacturing, transportation, and social care, where domestic labour
supply has not kept pace with economic expansion. The recently introduced electronic labour
office consent system represents a step in the right direction, but further harmonisation of the
legal framework governing the employment of foreign nationals across industries is warranted.
The marked acceleration in air border crossings — up 6.7% in 2024 and 18.1% in the first half of
2025 relative to the equivalent prior-year periods — signals a structural shift in how third-country
nationals enter and exit the Slovak Republic. The sharp rise in the share of third-country nationals
at air borders, from 14.2% in 2023 to 24.2% in the first half of 2025, suggests a diversification of
entry patterns that places new demands on airport-based border management capacity,
particularly at Bratislava M.R. Stefanik Airport, which accounts for the majority of air border
crossings. Policy-makers should prioritise investment in digital border management infrastructure,
including the wider roll-out of automated border control systems and enhanced inter-agency
data-sharing protocols, to accommodate rising throughput while maintaining robust entry
controls consistent with Schengen obligations.

5. Conclusion

The data presented in this paper paint a picture of a Slovak Republic experiencing sustained and
structural growth in its legally resident foreign population. Between 2023 and 2024, the total
number of valid residence permits increased by 8.3%, reaching 337,140 persons, driven primarily
by a 10% rise in third-country national stays. This trajectory is consistent with the mechanisms of
cumulative causation described by Massey et al. (1993): once migration flows become established,
social networks progressively lower the costs and risks of subsequent movement, embedding
migration into the structural fabric of both sending and receiving societies. Ukrainian nationals,
comprising roughly 70% of all valid TCN stays, remain the defining feature of Slovakia’s
contemporary migration landscape. The continued growth of tolerated stays — which expanded
by 15% year-on-year to reach 131,713 persons — reflects both the scale of humanitarian
displacement and the adaptive capacity of Slovakia’s legal migration framework in responding to
emergency conditions. As Castles (2010) argues, displacement-driven migration of this scale
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constitutes a form of social transformation that reshapes receiving societies in ways that
emergency legislative instruments alone cannot adequately manage.

Border crossing patterns further illustrate Slovakia’s evolving migration geography. Total legal
passages at external borders rose to 3.78 million in 2024, reflecting both regional integration with
Schengen partners and the sustained importance of the Ukrainian land corridor. The sharp
acceleration of air border crossings — up 18.1% in the first half of 2025 — and the rising share of
third-country nationals using air entry points reflect a structural diversification of migration
channels consistent with the broader reconfiguration of global migration systems identified by De
Haas (2010). Looking ahead, the Slovak Republic faces the dual challenge of consolidating the
management of large-scale humanitarian migration while simultaneously developing a long-term
economic migration governance. The sustained predominance of business and employment
purposes among newly granted temporary residence permits aligns with the aspirations-
capabilities framework advanced by De Haas (2021): structural labour demand in Slovakia’s
manufacturing, transportation, and service sectors creates the conditions under which migrants
with both the motivation and the means to move respond to economic opportunity. Sassen (2005)
draws attention to a deeper tension inherent in this governance context: states embedded in
supranational economic and legal frameworks — in Slovakia’s case, the Schengen area and EU
temporary protection obligations — face growing constraints on unilateral immigration control, a
dynamic that renders coherent domestic policy design both more necessary and more complex.
The extension of temporary protection for displaced Ukrainians until March 2027, together with
the ongoing digitisation of the immigration system and the introduction of electronic procedures
for labour consent, indicates that administrative modernisation is underway. However, the scale
of integration demands — spanning housing, education, language acquisition, and labour market
participation — requires sustained intergovernmental coordination and dedicated public
investment. Portes and Rumbaut (2014) caution that immigration policies framed around either
systematic exclusion or accelerated assimilation routinely generate unintended consequences;
effective governance requires a differentiated, evidence-informed approach that recognises the
diverse needs and trajectories of distinct migrant groups and residence categories. The statistical
overview presented in this paper provides an empirical baseline for evidence-based policy
development and serves as a reference point against which future migration trends in the Slovak
Republic may be assessed.

Note:

This paper is a part of the SAS VEGA project 2/0013/24 “Acceptance and use of 4.0 innovations in
relation to cognitive benefits and burdens in the context of the Sustainable Development Goals”.
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Abstract

The article examines transnational financial fraud as an institutional security challenge
emerging in the context of Kazakhstan’s accelerated digitalization. The study argues that the spread
of mobile payments, digital public services, remote identification, platform-based communication,
and cross-border financial instruments has changed not only the scale of fraudulent activity, but
also its organizational logic. Contemporary fraud schemes increasingly combine social engineering,
spoofed communications, foreign hosting, money-mule networks, crypto-asset conversion, and
international payment routes. As a result, the effectiveness of counteraction depends less on
isolated technical barriers than on the ability of institutions to coordinate in real time. The purpose
of the article is to explain why digital financial fraud acquires a transnational character in
Kazakhstan and to identify foreign institutional mechanisms that may be adapted to national
practice. The study uses qualitative comparative institutional analysis based on policy documents,
official reports, and academic literature on cybercrime, fraud victimization, governance capacity,
and collaborative regulation. The article develops the concept of a digitalization-capacity gap,
understood as the mismatch between the speed of criminal adaptation in digital ecosystems and
the speed of institutional prevention, information exchange, urgent intervention, and cross-border
cooperation. The results show that Kazakhstan’s key vulnerabilities are temporal, informational,
organizational, and jurisdictional. The comparative assessment of Singapore, the European Union,
and the United States demonstrates the value of shared responsibility models, threat-intelligence
platforms, complaint-based analytics, and rapid-response coordination. The article concludes that
Kazakhstan requires an integrated anti-fraud governance architecture linking financial regulators,
banks, telecom operators, law-enforcement bodies, digital platforms, and international partners.

Keywords: transnational financial fraud; digitalization; Kazakhstan; international security;
cybercrime; institutional capacity; anti-fraud governance; interagency coordination; cross-border
cooperation.

Introduction

Digitalization has become one of the central drivers of transformation in contemporary
economies, financial systems, and public administration. In Kazakhstan, the State Programme
«Digital Kazakhstan» set a policy framework for the accelerated modernization of infrastructure,
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public services, and digital interaction between the state, business, and citizens [1]. The
development of e-government platforms further normalized remote access to administrative
services, while the expansion of payment instruments and online banking strengthened the
everyday role of digital financial channels [2; 3]. These processes have produced clear gains in
accessibility, speed, and convenience. At the same time, they have created a new environment in
which criminal actors can exploit digital trust, the routine use of remote interfaces, and the rapid
movement of funds.

Financial fraud in the digital environment is no longer adequately described as a series of
isolated incidents involving individual victims. It increasingly operates as a scalable socio-technical
system. Fraudsters may contact victims through spoofed phone numbers, redirect them to
phishing interfaces, persuade them to disclose authentication data, transfer funds to accounts
controlled by intermediaries, and then move assets through multiple layers of transactions or
convert them into crypto-assets. Such schemes are economically rational from the offender’s
perspective because digital communication reduces the cost of reaching large audiences and
because the probability of successful intervention declines as funds move faster and across
multiple institutional boundaries [4]. The issue is therefore not limited to consumer protection or
financial literacy. It concerns the resilience of institutions responsible for financial security, public
trust, and cross-border cooperation.

The rapid development of digital identity systems, remote customer onboarding, and app-
based financial services makes reliable verification an essential element of security governance.
International standards emphasize that digital identity must combine accessibility with risk-
sensitive assurance, especially in anti-money-laundering and counter-terrorist-financing
environments [5]. The spread of crypto-assets and new payment technologies adds further
complexity, because funds may be layered, obfuscated, or transferred through infrastructures that
are not easily aligned with national investigative procedures [6]. For Kazakhstan, this creates a
specific challenge: the country is expanding digital services at a high pace, while fraudulent actors
can appropriate the symbolic authority of banks, government institutions, and recognizable digital
platforms in order to influence user behavior.

A substantial body of research shows that online fraud succeeds not only because of
technical weaknesses, but also because of social engineering. Victims are often manipulated
through urgency, fear, apparent authority, scarcity, and the promise of profit [7]. Fraud should
therefore be understood as an interaction between offender strategy, user vulnerability, platform
design, and institutional response. Studies of scam ecosystems emphasize that victims encounter
fraud through a chain of communications and financial actions, not through a single discrete event
[8]. This perspective is important for policy design: measures limited to awareness campaigns are
unlikely to be sufficient if the broader infrastructure of spoofing, mule accounts, and rapid fund
transfer remains operational.

Cybercrime scholarship further indicates that digital offences are shaped by a combination
of criminological, technological, and governance factors [9]. Wall’s analysis of cybercrime
demonstrated that the Internet transforms the relationship between place, time, and harm,
thereby challenging territorially bounded models of law enforcement [10]. Brenner similarly
argued that cybercrime creates structural tensions for international law because the location of
offenders, victims, servers, and financial flows may be distributed across several jurisdictions [11].
These observations are particularly relevant to transnational financial fraud: a victim may be
located in Kazakhstan, the communication channel may rely on a foreign service, the phishing page
may be hosted abroad, the receiving account may be held by a local money mule, and the ultimate
beneficiaries may operate elsewhere.

The organizational dimension of digital fraud also deserves attention. Research on
cybercriminal groups indicates that such networks often operate through flexible role
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differentiation rather than rigid hierarchical structures [12]. Online forums and social ties facilitate
the distribution of illicit services, including access to compromised accounts, phishing kits, scripts,
call-center techniques, and cash-out services [13]. This means that fraud networks can be resilient
even when individual participants are detected. The system is modular: if one communication
channel is blocked, another can be activated; if one mule account is frozen, funds can be routed
through a substitute; if one phishing domain is removed, a new replica can appear. From the
perspective of institutional security, this adaptive structure is a fundamental reason why reactive
measures often lag behind criminal innovation.

The concept of institutional capacity helps explain this lag. Governance capacity is not
reducible to the existence of formal laws or administrative bodies; it concerns the practical ability
of institutions to identify problems, coordinate actors, enforce decisions, and adjust to changing
circumstances [14]. In the field of cybersecurity, resilience increasingly depends on cooperation
among state agencies, regulators, private firms, and international partners [15]. Dupont’s
argument concerning polycentric regulation is especially relevant: large-scale cybercrime cannot
be controlled by police action alone, because the infrastructure enabling criminal activity is
distributed across payment systems, telecommunications, hosting services, and platform
economies [16]. The effectiveness of anti-fraud policy therefore depends on whether these actors
are connected by operational protocols rather than by fragmented responsibilities.

Kazakhstan has already developed elements of a response architecture. Public institutions
have strengthened attention to cybercrime, specialized initiatives such as CyberPol have been
promoted, and awareness efforts have been expanded [17; 18]. Nevertheless, the rapid diffusion
of digital services raises a deeper analytical question: can the speed of institutional response match
the speed of digital fraud? This article argues that the answer depends on the presence or absence
of a digitalization-capacity gap. The gap emerges when digitalization increases the scale, speed,
and complexity of transactions faster than institutions build the capacity to prevent manipulation,
share data, suspend suspicious flows, coordinate across sectors, and work with foreign partners.

The article addresses the following research question: why does financial fraud in
Kazakhstan acquire an increasingly transnational character under conditions of digitalization, and
which international institutional mechanisms may be adapted to the Kazakhstani context? The
working hypothesis is that the persistence and scalability of digital financial fraud are driven not
by digitalization itself, but by an institutional mismatch between the adaptive capacity of
fraudulent networks and the operational capacity of legitimate institutions. This mismatch is
expressed in four dimensions: temporal delay, informational fragmentation, organizational
coordination barriers, and jurisdictional dependence on cross-border procedures.

The object of the research is transnational digital financial fraud as a security challenge.
The subject of the research is the institutional architecture through which Kazakhstan and selected
foreign jurisdictions attempt to prevent, detect, and interrupt such fraud. The purpose of the study
is to conceptualize the digitalization-capacity gap and to identify anti-fraud governance
mechanisms applicable to Kazakhstan. To achieve this purpose, the article pursues five objectives:
first, to clarify the relationship between digitalization and the expansion of fraud opportunities;
second, to systematize the operational mechanisms of transnational financial fraud; third, to
identify institutional vulnerabilities in Kazakhstan’s response model; fourth, to compare the
experience of Singapore, the European Union, and the United States; and fifth, to formulate policy
implications for a more integrated Kazakhstani anti-fraud architecture.

The scientific novelty of the article lies in the combination of international security analysis,
cybercrime research, and governance theory within a single institutional model. Rather than
presenting digital fraud as a purely criminal-law problem or as an unintended side effect of financial
modernization, the article treats it as a transnational risk generated at the intersection of
technological acceleration and institutional coordination. This framing is consistent with wider



Proceedings of the 14th International Scientific Conference

studies of institutions, which show that rules matter most when they are accompanied by
enforcement capacity and adaptive coordination [25], and with research on whole-of-government
and collaborative governance, which emphasizes that complex risks often require structured
interaction among public and private actors [26; 27]. The practical significance of the study lies in
its effort to translate international experience into a policy-relevant framework for Kazakhstan.

Materials and Methods

The study is based on qualitative comparative institutional analysis. This design is
appropriate because the article does not seek to prove a linear statistical causality between the
overall level of digitalization and a specific number of registered fraud cases. Publicly available
statistics are affected by underreporting, changes in legal qualification, differences in complaint
behavior, and the fact that a single fraudulent network may generate multiple incidents across
jurisdictions. Instead, the article focuses on mechanisms: how digital environments create fraud
opportunities, how criminal actors operationalize cross-border infrastructures, and how
institutions can reduce the gap between detection and intervention.

The research design combines conceptual modelling with structured comparison. The
conceptual component develops the digitalization-capacity gap as an analytical framework. The
comparative component examines Kazakhstan alongside three foreign reference models:
Singapore, the European Union, and the United States. These cases were selected not as direct
equivalents to Kazakhstan, but because each illustrates a different institutional response logic.
Singapore is relevant for its shared responsibility approach across banks, telecommunications, and
digital platforms [22]. The European Union is relevant for supranational threat assessment and
cross-border analytical coordination, particularly through Europol’s organized cybercrime
reporting [19]. The United States is relevant for complaint aggregation, incident statistics, and
targeted public alerts provided by IC3 and FinCEN [20; 21].

The empirical corpus includes four categories of materials. The first category consists of
Kazakhstan’s policy and institutional documents related to digitalization, e-government, payment
infrastructure, and cybercrime response [1; 2; 3; 17; 18]. The second category consists of
international policy and risk-reporting documents addressing identity assurance, cybercrime
threats, online fraud patterns, public complaint reporting, and cross-sector responsibilities [5; 19-
22]. The third category includes academic literature on online crime economics, victimization,
cybercriminal networks, electronic crime, and cybercrime markets [4; 7; 8-13; 23; 24; 28]. The
fourth category includes institutional and governance literature that helps interpret capacity,
coordination, and adaptive regulation [14-16; 25-27; 29; 30].

The analytical procedure consists of five stages. First, the literature is used to distinguish
between fraud as an individual deception event and fraud as a distributed transnational ecosystem.
Second, official and analytical sources are used to identify the main operational mechanisms by
which fraud is initiated, scaled, and monetized. Third, the Kazakhstani institutional environment is
examined through the lens of response capacity, with attention to time, information, coordination,
and jurisdiction. Fourth, foreign models are compared according to their dominant institutional
mechanism: shared responsibility, supranational coordination, or complaint-based intelligence.
Fifth, the article derives an applicability matrix that identifies which mechanisms are potentially
transferable to Kazakhstan and under what constraints.
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Table 1. Analytical Framework of the Study

Dimension Analytical question Operational indicators
Digitalization How do digital services | Remote payments; e-government
pressure expand fraud | interfaces; instant communication;
opportunities? digital identity dependence

Fraud ecosystem How is deception | Social engineering; spoofing; phishing;
transformed into scalable | money mules; crypto conversion;
transnational harm? foreign hosting

Institutional capacity | Where does response lag | Temporal, informational,
the threat? organizational, jurisdictional, and

analytical gaps

International Which foreign mechanisms | Shared responsibility; threat

coordination may be adapted to | intelligence; complaint analytics; rapid
Kazakhstan? escalation channels

Source: compiled by the author on the basis of [1-3; 5-8; 10; 12-14; 19-22; 25-27; 30].

The comparative method is not used to rank countries according to the absolute
effectiveness of anti-fraud policy. Such ranking would be misleading because the jurisdictions differ
in market structure, reporting culture, legal regime, and institutional resources. Instead,
comparison is mechanism-based. The key analytical questions are: Which actor receives the first
signal of fraud? How quickly can that signal be combined with information held by other actors?
What type of intervention is possible within the first hours after a suspicious event? How are cross-
border elements escalated? Which responsibilities are preventive and which are reactive? These
guestions make it possible to compare institutional architectures without assuming that one
jurisdiction can be copied mechanically into another.

The study applies source triangulation. A conclusion is considered more reliable when it is
supported by at least two types of evidence: academic interpretation, official institutional material,
or comparative foreign practice. For example, the claim that fraud ecosystems are distributed and
role-differentiated is grounded in cybercrime studies [12; 13; 24], while the argument that modern
counteraction requires cross-sector coordination is supported by governance literature [16; 26;
27] and by the Singaporean shared responsibility framework [22]. This approach reduces the risk
of overreliance on either sensational media cases or purely normative policy documents.

The article also introduces operational definitions. «Digital financial fraud» refers to
deceptive practices aimed at the unlawful acquisition or redirection of money, credentials, or
financial control through digital communication or digitally mediated financial transactions.
«Transnational» refers to fraud schemes in which at least one significant element-offender
location, hosting infrastructure, communication service, financial routing, platform governance, or
asset conversion-crosses national borders. «Institutional capacity» refers to the ability of
responsible actors to prevent, detect, exchange information about, and interrupt fraudulent
activity within a time frame relevant to the speed of the scheme. «Digitalization-capacity gap»
refers to the discrepancy between the velocity and modularity of fraud networks and the response
capacity of legitimate institutions.

Several limitations must be acknowledged. The study relies on open sources and does not
have access to operational datasets on suspicious-transaction freezes, real-time anti-fraud alerts,
bank-telecom information exchanges, or international legal assistance requests. It does not
estimate the precise economic loss associated with each fraud mechanism. Nor does it claim that
foreign models can be transferred without institutional adaptation. These limitations define the
article as an analytically grounded comparative study rather than a statistical impact assessment.
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They also indicate directions for future research based on interviews with practitioners, incident-
level case databases, and quantitative analysis of response time.

Results

The analysis produces six interrelated results. First, digitalization in Kazakhstan expands the
opportunity structure for fraud by making remote identification, mobile communication, and
instant payment practices routine. Second, transnational digital fraud is sustained by recurring
operational mechanisms that combine deception, infrastructure, and liquidity extraction. Third,
Kazakhstan’s response architecture is developing, but it remains constrained by temporal,
informational, organizational, and jurisdictional gaps. Fourth, international experience suggests
that sustainable counteraction depends on institutionalized coordination rather than on isolated
technical measures. Fifth, the most relevant foreign mechanisms for Kazakhstan are those that
shorten the response cycle between signal detection and intervention. Sixth, the effectiveness of
anti-fraud governance should be assessed through measurable indicators that capture speed,
coordination, learning, and cross-border responsiveness.

Digitalization and the expansion of the fraud opportunity structure

Digitalization changes the context of financial fraud by transforming what citizens perceive
as normal interaction. In a less digitalized environment, an unexpected request to transfer funds
or provide credentials may appear exceptional. In a highly digitalized environment, however,
citizens routinely receive notifications from banks, links to public services, verification messages,
delivery updates, and investment offers. This normalization of remote interaction provides
fraudsters with a broader symbolic repertoire. They no longer need to invent entirely new
scenarios; they can imitate legitimate forms of digital communication already embedded in
everyday life. Kazakhstan’s policy emphasis on digital transformation, the expansion of e-
government, and the growth of digital payment instruments provide the institutional background
for this shift [1-3].

The first result is therefore that digitalization increases the «fraud opportunity structure».
This does not mean that digitalization causes crime in a deterministic sense. Rather, it lowers the
transaction costs of deception, increases audience reach, and compresses the time between
persuasion and payment. Economic studies of online crime have long shown that offenders benefit
from low-cost communication, large target pools, and the ability to iterate and automate attacks
[4]. When these features are combined with instant payment mechanisms, the initial victim-
contact phase and the extraction-of-funds phase can occur within a single uninterrupted
communication session. The institutional challenge is that the fraud window becomes shorter,
while the cost of verification remains distributed across several actors.

The second element of the fraud opportunity structure concerns digital identity and trust.
The more public administration and financial services depend on remote authentication, the more
valuable it becomes for fraudsters to appropriate signals of legitimacy: logos, interface design,
familiar phone numbers, official language, and references to state or banking procedures. FATF
guidance emphasizes that digital identity systems must be risk-sensitive because assurance failures
can affect both access and abuse [5]. In the fraud context, this means that confidence in digital
identity infrastructure can itself be weaponized. A user may not merely be deceived by a false
message; the user may be deceived precisely because the message resembles an expected security
notification or official request.

The third element is the widening role of financial instruments that are difficult to trace
after rapid redistribution. Crypto-assets are not the only route for laundering or concealing
fraudulent proceeds, but they may be used to accelerate cross-border movement or complicate
recovery once funds leave the initial banking channel [6]. Fraudulent schemes can therefore be
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structured in layers: first, the victim is persuaded to make a transfer; second, funds are fragmented
through intermediary accounts; third, a part of the amount is transferred abroad or converted into
alternative instruments. Each additional layer increases the burden on institutions that must
reconstruct the transaction chain under time pressure.

Finally, digitalization reshapes the political meaning of fraud. When fraudsters imitate
public institutions, exploit digital financial ecosystems, and operate through transnational
infrastructures, the harm is not limited to private monetary loss. Repeated victimization erodes
confidence in digital government, online banking, and the reliability of public warnings. It may also
generate reputational pressure on regulators and law-enforcement institutions. For a state
pursuing digital modernization, maintaining trust in the legitimacy and safety of digital channels
becomes a component of institutional resilience, not merely a matter of customer service.

Operational mechanisms of transnational digital financial fraud

The second result concerns the operational architecture of fraud. The academic literature
indicates that scams are rarely one-step events. They are sequences in which attention capture,
persuasion, credential access, payment initiation, liquidity extraction, and concealment are
distributed across several roles [7; 8; 12; 13]. This sequencing explains why single-point
interventions are often insufficient. Blocking a phishing page may have little effect if the fraudulent
campaign can shift to a new domain; freezing one account may not stop a network that uses many
temporary mule accounts; public warnings may not reach victims already embedded in a high-
pressure communication script.

A typical fraud scenario can begin with social engineering. The offender constructs a
message that appears urgent, personalized, and institutionally plausible. The communication may
refer to suspicious banking activity, unauthorized loans, unpaid taxes, investment opportunities, or
urgent changes in account security. Victims are then guided toward an action that appears
protective or profitable but is actually harmful. Research on fraud victimization shows that the
decision to comply is often influenced by emotional pressure rather than a lack of general
intelligence or technological ability [7; 8]. This is crucial for policy because anti-fraud messaging
should not stigmatize victims; it should address the manipulative structure of the scheme.

The transnational dimension usually enters through infrastructure. Fraudsters may use
foreign VolP providers, number-spoofing services, rented hosting, anonymous registration, or
platform accounts created outside the victim’s jurisdiction. The fraudster’s physical location may
be irrelevant to the victim-facing interface. In practice, the victim experiences a local event an
apparent call from a domestic bank or official body-while the technical architecture of the event is
geographically dispersed. This mismatch undermines purely national models of intervention and
supports the argument that cybercrime challenges traditional territorial assumptions [10; 11; 28].

The payment phase introduces another layer of complexity. Funds may first be sent to an
account in Kazakhstan controlled by a money mule or an unwitting intermediary. The use of local
accounts makes the transaction appear domestically manageable at the initial stage. Yet the
subsequent movement of funds may rapidly cross sectors and jurisdictions. The money mule may
transfer funds to other accounts, withdraw cash, purchase digital assets, or forward assets through
international services. Cybercrime research shows that such ecosystems rely on division of labor
and specialized roles, which increases resilience and makes the network harder to dismantle [12;
13; 24].

Table 2 systematizes the main operational mechanisms of transnational financial fraud and
identifies the institutional response each mechanism requires. The table demonstrates that fraud
control cannot be assigned to a single institution. Banks, telecom operators, platforms, regulators,
and law-enforcement bodies each possess only part of the relevant signal. The policy problem is

therefore one of connection and timing.
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Table 2. Main Operational Mechanisms of Transnational Digital Financial Fraud

Mechanism Fraud function Transnational Required institutional
component response
Social engineering | Triggers  compliance | Scripts and campaigns | Victim-centered
through urgency, fear, | can be operated | warnings; pattern-
or profit expectations | remotely from abroad based analytics;
complaint clustering
Spoofed calls and | Imitates banks, | VoIP, foreign telecom | Telecom filtering;
messaging regulators, police, or | routing, anonymized | caller authentication;
public services accounts bank—telecom
escalation
Phishing and | Captures credentials | Foreign hosting, rapidly | Fast takedown
cloned interfaces | or legitimizes | rotating domains, | requests; domain
fraudulent payments platform distribution monitoring; public
alerts
Money-mule Receives and | Domestic  first  hop | Transaction
chains redistributes  stolen | followed by  cross- | monitoring; mule-
funds border transfers account  typologies;
urgent freezes
Crypto-asset Obfuscates Cross-border Risk-based
conversion destination of illicit | exchanges, wallets, and | compliance; financial
proceeds layered routes intelligence
cooperation
Fraud-as-a- Supplies scripts, kits, | Online  forums and | Intelligence-led
service resources | accounts, and | market-like ecosystems | disruption;
infrastructure international
cybercrime
cooperation

Source: compiled by the author on the basis of [6-8; 10-13; 19; 21; 24; 28].

Institutional vulnerabilities in Kazakhstan: the digitalization-capacity gap

The third result is that Kazakhstan’s anti-fraud environment contains both developing
strengths and persistent coordination vulnerabilities. The existence of specialized cybercrime
initiatives, public communication, and growing attention to fraud prevention indicates that the
problem has been recognized institutionally [17; 18]. However, recognition alone does not resolve
the operational challenge. The central issue is whether fraud signals collected by different actors
can be combined rapidly enough to prevent irreversible loss. The digitalization-capacity gap is
therefore not a claim of institutional absence; it is a claim of institutional asymmetry between the
speed of the threat and the speed of coordinated response.

The first dimension of the gap is temporal. Digital fraud often depends on urgency. Victims
are encouraged to act immediately, while funds can be transferred within minutes. A response
system that relies on sequential complaint registration, manual verification, and delayed
coordination may be effective for investigation after the fact but less effective for prevention during
the critical early period. The literature on institutional capacity emphasizes that governance should
be evaluated by problem-solving ability, not by the mere existence of formal structures [14; 30]. In
fraud prevention, problem-solving capacity is inseparable from response time.

The second dimension is informational. A bank may detect an unusual transaction pattern;
a telecom operator may notice suspicious traffic or spoofed call characteristics; a platform may
identify a fraudulent advertisement or cloned page; the police may receive a cluster of similar
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complaints. If these data remain isolated, the fraud scheme is visible only in fragments. If they are
connected through standardized risk categories and urgent communication protocols, institutions
can move from reactive processing to pattern recognition. Whole-of-government literature and
collaborative governance theory both suggest that complex risks require structured information-
sharing arrangements rather than ad hoc cooperation [26; 27].

The third dimension is organizational. Different actors have distinct legal mandates,
commercial incentives, data systems, and internal decision rules. Banks are concerned with fraud
loss, regulatory compliance, and customer relations; telecom operators focus on traffic integrity
and service obligations; law-enforcement agencies require procedural certainty; regulators must
maintain proportionality and legal safeguards. Without a clear coordination architecture, each
actor may fulfill its formal role while the system as a whole remains slow. This illustrates why
collaborative governance must be designed, not merely expected [27].

The fourth dimension is jurisdictional. Transnational fraud may depend on servers abroad,
messaging services administered outside Kazakhstan, foreign payment intermediaries, and actors
located in multiple countries. National institutions may have strong domestic authority but limited
ability to compel immediate action by foreign providers. The problem is intensified when urgent
financial intervention requires faster cooperation than conventional mutual legal assistance
procedures can deliver. International cybercrime scholarship has long emphasized that territorial
jurisdiction and digital evidence often operate on different timelines [11; 28]. The digitalization-
capacity gap thus includes a cross-border component that cannot be solved solely through
domestic reform.

A fifth dimension is analytical. Fraud evolves through imitation, experimentation, and
platform migration. New schemes may combine older elements—phone deception, phishing,
investment manipulation with newer tools such as synthetic media or Al-generated scripts.
FinCEN’s alert concerning deepfake-enabled fraud illustrates how rapidly deceptive techniques can
evolve and how financial-compliance institutions must be updated accordingly [21]. The challenge
for Kazakhstan is not only to block known schemes but also to build a learning system capable of
detecting pattern shifts before they become routine.

Table 3 summarizes these dimensions and shows how each gap affects prevention,
detection, or response. The table also clarifies that anti-fraud policy should be evaluated as an
integrated governance system rather than as a set of isolated measures.
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Table 3. Institutional Dimensions of the Digitalization-Capacity Gap in Kazakhstan

Gap dimension Manifestation Consequence Priority response

Temporal Funds move faster than | Lower probability of | First-hour  response
review, complaint | interruption and | protocols; temporary
processing, and | recovery risk-based
coordinated blocking intervention

Informational Signals are separated | Fragmented Shared risk taxonomy;
among banks, telecom | understanding of | secure data-exchange
operators,  platforms, | fraud clusters procedures
and police

Organizational Actors have different | Coordination remains | Permanent
mandates, systems, and | ad hoc interagency and
incentives public—private  anti-

fraud mechanism

Jurisdictional Hosting, Domestic authority is | Rapid liaison channels;
communication, insufficient for urgent | standardized  cross-
offenders, and assets | action border referrals
may be outside
Kazakhstan

Analytical Fraud schemes evolve | Delayed recognition of | Unified incident
faster  than  threat | new patterns analytics; periodic
classifications threat assessment

Source: compiled by the author on the basis of the institutional analysis presented in the
article and [14; 21; 25-27; 30].

International institutional models and their relevance for Kazakhstan

The fourth result is that international experience offers three complementary models of
anti-fraud governance. The first is the shared responsibility model represented by Singapore. The
Shared Responsibility Framework introduced by the Monetary Authority of Singapore and the
Infocomm Media Development Authority distributes obligations among banks and
telecommunications companies in relation to scam-related harms [22]. The importance of this
model lies not only in liability allocation. Its deeper contribution is institutional: it recognizes that
fraudulent harm is produced through a chain of interacting services, and therefore prevention
requires a chain of responsibility.

For Kazakhstan, the Singaporean experience is relevant because many fraud schemes
combine a communication component and a payment component. A bank may be able to identify
suspicious transfers, but it cannot alone prevent spoofed calls. A telecom operator may be able to
reduce fraudulent traffic, but it cannot independently assess payment risk. Shared responsibility
frameworks can reduce the tendency to shift blame after victimization and instead promote ex
ante operational standards. Nevertheless, direct copying would be inappropriate. Any Kazakhstani
adaptation would need to consider domestic banking structure, telecom regulation, consumer-
protection norms, and the legal basis for information exchange.

The second model is the European Union’s emphasis on supranational threat intelligence
and cross-border coordination. Europol’s IOCTA reporting provides a structured assessment of
organized cybercrime, including scam ecosystems, criminal services, automation, and
transnational infrastructures [19]. The value of such reporting is not limited to public awareness.
It helps create a common analytical language among law-enforcement bodies and regulators. For
Kazakhstan, this suggests the importance of a standardized national classification of digital fraud
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mechanisms and a stronger link between domestic incident analysis and international threat
intelligence.

The third model is the United States’ complaint-based analytical architecture. IC3 collects
and publishes structured information on internet-enabled crime, while FinCEN issues alerts that
translate emerging fraud patterns into compliance-relevant guidance for financial institutions [20;
21]. These instruments are important because they transform dispersed complaints into a
knowledge base. They help identify trends, prioritize threats, and align public awareness with
institutional risk management. Kazakhstan could benefit from a unified fraud-incident registry that
integrates complaints, financial indicators, and information from digital service providers, subject
to privacy and procedural safeguards.

International models also highlight that anti-fraud governance should combine prevention,
interruption, and learning. Prevention reduces exposure to fraudulent communication.
Interruption stops or slows fund movement during the critical window. Learning transforms
incidents into institutional knowledge that improves future detection. A system that performs only
one of these functions remains incomplete. Table 4 compares Kazakhstan with Singapore, the
European Union, and the United States according to their dominant institutional mechanisms and
the lessons most relevant for national adaptation.

Table 4. Comparative Institutional Models for Countering Digital Financial Fraud

Jurisdiction Dominant mechanism Strength of the model Relevance for
Kazakhstan
Singapore Shared responsibility | Connects preventive | Useful for distributed
framework duties of banks and | responsibility and ex

ante coordination

Relevant for
classification systems
and international
information exchange
Applicable to a unified

telecom actors

Creates common threat
vocabulary and cross-
border analytical focus

European Union | Threat intelligence and
supranational

coordination

United States Complaint-based Transforms  dispersed

and

analytics
compliance alerts

incidents into strategic
intelligence

incident registry and
risk-alert system

Kazakhstan

Developing cybercrime
initiatives and public
awareness

Institutional recognition
of fraud as a security
issue

Needs stronger real-
time coordination and
integrated analytics

Source: compiled by the author on the basis of [17-22].

Applicability of foreign mechanisms to Kazakhstan

The fifth result is that the most transferable foreign mechanisms are those that strengthen
coordination without requiring the wholesale transplantation of another country’s legal regime.
Four mechanisms appear especially relevant. First, Kazakhstan could develop a formal multi-actor
anti-fraud coordination protocol connecting banks, telecom operators, regulators, and specialized
law-enforcement units. Second, a unified incident analytics system could help detect clusters of
similar schemes and generate early warnings. Third, rapid temporary intervention procedures
could be defined for high-risk transaction patterns, subject to legal review and proportionality.
Fourth, international liaison channels could be strengthened for urgent requests related to
fraudulent domains, communication infrastructure, and asset tracing.

The literature on institutions and collaborative governance suggests that transferability
depends on fit rather than imitation [25-27; 30]. A model that works in a highly centralized city-
state may require adaptation in a larger jurisdiction with different market actors. A supranational



Proceedings of the 14th International Scientific Conference

system such as the European Union cannot be reproduced domestically, but its emphasis on shared
indicators and common threat classification can be adopted at national and regional levels.
Similarly, the United States’ complaint-based analytics may inspire a Kazakhstani system even if the
institutional histories differ.

Table 5 provides an applicability matrix. It distinguishes between high-priority mechanisms
that can plausibly be advanced through national coordination and medium-term mechanisms that
require more extensive legal, technical, or international alignment. The matrix is intended as an

analytical tool, not as a final legislative blueprint.

Table 5. Applicability Matrix of Foreign Anti-Fraud Mechanisms for Kazakhstan

Mechanism Priority Expected effect Main implementation
constraint
Multi-actor anti-fraud | High Reduces delay between | Requires clear legal
coordination protocol signal  detection and | mandates and
escalation responsibility mapping
Unified fraud-incident | High Improves clustering, | Requires interoperable
analytics platform trend detection, and early | data  standards  and
warning privacy safeguards
Rapid temporary | High Increases chance  of | Requires proportionality,
intervention for high- preserving funds during | appeal procedures, and
risk transfers the critical window accountability
Telecom and platform | Medium—High | Limits the initial reach of | Depends on technical
anti-spoofing impersonation campaigns | standards and operator
coordination cooperation
Cross-border urgent | Medium Improves  take-downs, | Depends on  foreign
referral channels evidence  preservation, | partner responsiveness
and asset tracing and legal compatibility

Source: compiled by the author on the basis of the comparative analysis and [22; 25; 26;
27; 30].

Evaluation indicators for anti-fraud governance

The sixth result concerns measurement. Anti-fraud governance is often discussed through
legal reforms, public campaigns, or the number of detected cases, but these indicators do not fully
reflect institutional effectiveness. A growing number of detected cases may indicate improved
enforcement, wider victimization, better reporting, or all three simultaneously. For policy
purposes, Kazakhstan needs a more operational set of indicators that measure whether institutions
are becoming faster, more coordinated, and more capable of learning from incidents. Governance
scholarship emphasizes that institutional capacity should be assessed by problem-solving
performance rather than by formal institutional presence alone [14; 30].

A first group of indicators should measure time. These include the interval between the
first suspicious signal and its escalation, the time between a victim’s report and a temporary
transaction freeze where legally permissible, and the time needed to issue sector-wide warnings
when a recurring scam pattern is identified. A second group should measure coordination: the
number of standardized cross-sector alerts, the share of major fraud patterns that trigger joint
analysis, and the proportion of cases in which banks, telecom operators, and law-enforcement
bodies exchange operationally relevant information under defined procedures. Such indicators
correspond to whole-of-government and collaborative governance approaches, which evaluate
institutions through their capacity to connect fragmented actors [26; 27].
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A third group should measure learning and international responsiveness. These indicators
may include the frequency of updated fraud typologies, the speed of referral to foreign partners
when domains or payment routes are located abroad, and the share of recurring schemes for
which preventive guidance was issued before a significant escalation of harm. None of these
indicators is simple to implement, and some require legal and technical prerequisites. Yet without
a measurement framework, anti-fraud policy risks being evaluated only through general
statements rather than through the operational features that determine whether losses can
actually be prevented. Table 6 offers a compact indicator set for future institutional monitoring in
Kazakhstan.

Table 6. Suggested Evaluation Indicators for Anti-Fraud Governance in Kazakhstan

Indicator group [llustrative metric Policy meaning Primary institutional
users
Response speed | Time from first risk | Shows whether | Banks; regulator; police
signal to escalation institutions can  act
within the fraud window
Intervention Time from complaint | Measures practical | Banks; police; judiciary
speed to legally permissible | capacity to preserve | where required
temporary freeze funds
Coordination Number of | Shows whether | Banks; telecom
density standardized  cross- | fragmented signals are | operators;  platforms;
sector alerts and joint | being connected regulator
analyses
Learning Frequency of updated | Measures adaptation to | Regulator; police;
capacity scam typologies and | evolving fraud scripts financial intelligence
sector guidance actors
International Time to urgent foreign | Captures the cross- | Law enforcement;
responsiveness | referral for | border dimension of | international liaison
infrastructure or asset- | response units
tracing requests
Preventive Share of recurring | Assesses whether | All anti-fraud
effectiveness fraud patterns | institutions move from | governance participants
addressed by guidance | reaction to anticipation
before large-scale
escalation

Source: compiled by the author as a prospective monitoring framework, drawing on [14;
26; 27; 30].

Discussion

The findings support the article’s central hypothesis: the rise and persistence of
transnational financial fraud in digitalizing environments are best explained not by technological
change alone, but by the relationship between technological acceleration and institutional
response capacity. Digitalization increases the availability of rapid transactions, normalized remote
communication, and platform-mediated interaction. Fraud networks exploit these conditions by
operating across multiple infrastructures and by breaking the scheme into modular roles. When
institutions detect only fragments of the chain, or when intervention is slower than the circulation
of funds, the system creates an opportunity for repeated victimization. The digitalization-capacity
gap therefore describes a governance problem rather than a simple technological deficit.
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This interpretation adds to the literature in several ways. The economics of online crime
emphasizes reduced offender costs and scalable attack models [4]. Fraud victimization studies
explain how persuasion, urgency, and authority facilitate compliance [7; 8]. Cybercrime research
analyzes the territorial ambiguity of digital harm and the distributed nature of criminal networks
[10-13; 23; 24]. Governance scholarship, in turn, focuses on implementation capacity,
coordination, and institutional learning [14; 25-27; 30]. The digitalization-capacity gap brings these
strands together. It explains why technical measures, user education, and criminal prosecution are
all necessary but insufficient when they are not embedded in a coordinated response architecture.

The concept also clarifies the limits of an exclusively victim-centered approach. Public
campaigns warning citizens against suspicious links, unknown callers, or unrealistic investment
returns remain important. Yet they cannot neutralize fraud at scale if offenders continuously
imitate legitimate communication channels and if payment infrastructures allow rapid extraction
after a victim’s initial compliance. A mature anti-fraud system must place responsibility not only on
individual caution but also on institutional design. In this respect, the article aligns with research
on electronic crime, which emphasizes that technological systems create specific opportunity
structures that require corresponding prevention models [28].

A second implication concerns public—private coordination. In many fraud cases, no single
actor sees the entire threat. Telecom providers may detect anomalous call patterns without
knowing whether a payment follows. Banks may detect unusual transfer behavior without knowing
that the customer is simultaneously speaking to a spoofed caller. Platforms may identify fraudulent
advertisements without access to downstream transaction data. Law-enforcement bodies may
receive complaints after the funds have already moved. Collaborative governance theory suggests
that such problems require structured interaction based on clear roles, information protocols, and
shared objectives [27]. Whole-of-government approaches also indicate that complex risks should
not be splitinto rigid administrative silos when effective response depends on synchronization [26].

The Singaporean shared responsibility framework is important in this regard because it
recognizes the chain character of scam-related harm [22]. Its relevance for Kazakhstan lies less in
the specific legal allocation of losses and more in the institutional principle of distributed
prevention. Fraud prevention should be organized before the moment of loss, not only through
post-factum dispute resolution. Banks, telecom operators, regulators, and digital platforms should
know in advance which alerts can be transmitted, which temporary actions are legally permissible,
and which authority coordinates escalation when a scheme appears to be spreading.

The European Union and the United States provide different but complementary lessons.
Europol’s threat assessments demonstrate the value of continuously updated analytical knowledge
that connects separate fraud categories to wider organized cybercrime markets [19]. IC3 and
FinCEN show how complaint collection and compliance alerts can transform incident reporting into
strategic intelligence [20; 21]. For Kazakhstan, a comparable system would not necessarily require
a large new institution. It could begin with standardized fraud typologies, shared incident tags,
interoperable reporting channels, and periodic analytical reviews involving the regulator, financial
sector, telecom operators, and law-enforcement bodies.

The article also has implications for international cooperation. Transnational fraud
frequently depends on infrastructure located outside the victim’s jurisdiction. Rapid take-down
requests, domain suspension, exchange of payment-risk indicators, and asset tracing may require
communication with foreign authorities or private entities that operate under different legal
regimes. Traditional mutual legal assistance remains relevant, but its timelines may not always
match the urgent phase of fraud interruption. This does not mean that due process should be
bypassed. It means that states need parallel channels for operational indicators, emergency
referrals, and standardized evidence preservation. International cybercrime research has long
noted that the velocity of digital evidence challenges conventional jurisdictional routines [11; 28].
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The Kazakhstani case is particularly significant because it reflects a broader dilemma faced
by rapidly modernizing states. Digital transformation strategies frequently focus on infrastructure,
access, and service delivery. Those priorities are justified. However, the legitimacy of digital
modernization depends on whether citizens experience the system as trustworthy. If public
institutions promote digitalization while fraudulent actors exploit the same channels more
effectively than responsible authorities can respond, a credibility deficit may emerge. The
digitalization-capacity gap thus concerns not only fraud reduction but also the political
sustainability of digital governance.

The institutional perspective also helps avoid two simplifications. The first is technological
determinism, the assumption that fraud increases simply because digital tools exist. The article
shows that organizational and jurisdictional conditions determine whether tools become
systematic vulnerabilities. The second is formal legalism, the assumption that new laws alone solve
coordination problems. Institutional theory emphasizes that rules matter when they are
implemented through incentives, routines, capacities, and enforcement mechanisms [25].
Problem-solving capacity requires not only legal authority but also trained personnel, compatible
data systems, actionable metrics, and institutional feedback loops [30].

From a policy perspective, five priorities follow. First, Kazakhstan would benefit from a
permanent anti-fraud coordination platform that includes financial regulators, banks, telecom
operators, specialized police units, and selected digital-service providers. Second, high-risk fraud
indicators should be standardized so that actors can exchange operationally meaningful signals
rather than unstructured complaints. Third, urgent intervention procedures should be designed
for the first hours after a suspicious transaction, when interruption may still be feasible. Fourth,
complaint data should be converted into analytical intelligence rather than remaining a record of
completed harm. Fifth, international liaison mechanisms should focus on speed, evidence
preservation, and infrastructure disruption in addition to conventional investigative cooperation.

These recommendations require legal safeguards. Expanded coordination should not
become a justification for indiscriminate surveillance, opaque blocking, or disproportionate
restrictions on digital access. Anti-fraud governance must balance effectiveness with data
protection, due process, and transparency. A citizen whose transaction is temporarily delayed
because of a risk trigger should have access to clear procedures and correction mechanisms. A
financial institution sharing risk information should operate within defined legal boundaries. A
telecom operator limiting suspicious traffic should do so through accountable technical standards.
The legitimacy of anti-fraud policy depends on both protection and restraint.

The article also opens a regional research agenda. Kazakhstan shares with several Central
Asian states a combination of rapid digitalization, expanding mobile connectivity, and evolving
institutional capacity. Comparative research could examine whether similar fraud ecosystems
emerge across the region, how regulatory and law-enforcement structures differ, and whether
regional cooperation mechanisms could improve early-warning systems. Such analysis would
enrich both international relations scholarship and practical policy debate by connecting cyber-
enabled fraud to broader questions of regional resilience and transboundary risk governance.

Finally, the proposed model should be tested empirically. Future studies could use incident-
level datasets to measure the time between victim contact, transaction initiation, bank response,
complaint registration, and fund freezing. Interviews with banks, telecom operators, regulators,
and investigators could identify bottlenecks in real-time coordination. Comparative case studies
could examine failed and successful interventions to determine which mechanisms most
effectively reduce loss. The digitalization-capacity gap is designed as a starting framework for such
inquiry, not as a closed explanation.
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Conclusion

Transnational financial fraud in the context of digitalization should be understood as a
multidimensional security challenge located at the intersection of financial modernization,
cybercrime, institutional capacity, and international cooperation. The Kazakhstani case
demonstrates that the expansion of digital services and payment instruments creates major
benefits for citizens and the economy, but it also increases the relevance of rapid and coordinated
anti-fraud governance. Fraudsters do not merely exploit technical weaknesses; they exploit the
interaction between digital trust, urgent communication, fragmented institutional signals, and the
speed of financial flows.

The article proposed the concept of a digitalization-capacity gap to explain this problem.
The gap arises when the adaptive speed of fraudulent networks exceeds the speed with which
legitimate institutions can prevent, detect, exchange information about, and interrupt fraudulent
activity. In Kazakhstan, this gap is expressed through four core dimensions: temporal delay,
informational fragmentation, organizational coordination barriers, and jurisdictional dependence
on cross-border procedures. An additional analytical challenge lies in the ability of institutions to
learn from emerging fraud patterns before they become routine.

The comparative analysis of Singapore, the European Union, and the United States shows
that successful anti-fraud policy is not limited to public warnings or post-incident prosecution. It
depends on shared responsibility, structured threat intelligence, complaint-based analytics, rapid
coordination, and the ability to convert isolated signals into timely interventions. These lessons are
directly relevant for Kazakhstan, although they must be adapted to national legal, administrative,
and market conditions rather than copied mechanically.

The practical conclusion is that Kazakhstan would benefit from an integrated anti-fraud
governance architecture. Such an architecture should include a permanent coordination
mechanism among banks, telecom operators, regulators, law-enforcement bodies, and digital
platforms; standardized fraud typologies; a unified incident-analytics layer; clear procedures for
urgent temporary intervention; and strengthened international channels for infrastructure
disruption and asset tracing. These mechanisms should be accompanied by safeguards for data
protection, proportionality, and transparency.

The broader significance of the article lies in its attempt to connect digitalization policy with
guestions of international security and institutional resilience. States that digitize quickly must not
treat fraud prevention as a secondary technical issue. It is part of the trust infrastructure of the
digital state. Further research should test the proposed framework with empirical datasets,
regional comparisons, and expert interviews. Such work would help move the debate from reactive
fraud control toward a more anticipatory model of transnational digital risk governance.
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LUMOPTAHABIPY MAFOANBIHOAFBI TPAHCYITTBIK KAPXKbBINBIK AJTAAKTBIK,:
KA3AKCTAHHbIH MHCTUTYLUMNOHANABIK CblH-KATEP/TEPI YKOHE XAJ1bIKAPAJ/ILIK KAPCHI IC-
KMUMBbIJT TETIKTEPI
Bpacunosa A.}, *Capbibaes M.?

1. ®apabu yHuBepcuTeTi, AnmaTsl, KasakcTaH PecnybanKkacsi
2. Hapxos yHuBepcuteTi, AnmaTbl, KazakcTaH Pecnybamnkacsi

AHpaatna. MaKanaga TPaHCYATTbIK KAapPXKblblK, — anaAKTblK KasakCTaHAafbl Keden
umbpnaHaplpy KafgambiHAa KanbiNTacbin OTbIPFAH WMHCTUTYLMOHANAbIK KaYiMNCi3aik CbiH-KaTepi
peTiHAe KapacTbipbliaabl. Mobunbai TenemaepdiH, UMOpAblK MEMNEKETTIK KbI3METTEPiH,
KallbIKTaH  COMKeCTeHAipy  KynenepiHiH, nnatdopmanblK  KOMMYHWKAUMSAHbBIH — XoHe
TpaHCLeKapablK Kap*Kbl KypandapbiHbiH KEHEHI aNafaKTbiK apeKeTTepPAiH, ayKbIMblH FaHa emec,
onapApiH yMbiMaacy NOTMKacbiH Aa e3repTeTiHi Herisgeneadi. Kasipri cxemanap aneymeTTik
NHXXeHepusaHbl, 6aliaHbiC apHanapbiH bypmanayapbl, WeTennik XOCTUHITI, APONNepaep *KeniciH,
KapaxkaTTbl KPUNTOAKTMBTEPre KOHBEpTaLMANAydbl XOHEe XanblKapasblK Tesem MapLlpyTTapbiH
YWTacTblpa KOAAaHadbl. HaTUXKeciHAe Kapcbl iC-KMMbIAAbIH TUIMAINIT KekenereH TeXHUKanblK,
TOCKaybligapfa emec, WHCTUTYTTapAblH KayinTiH, Aamy XKblAgaMAblFbIMEH CanbICTbiPMabl
pexumae yunecimai apeketr ety KabinetiHe Toyenai 6onagbl. MakanaHblH - MakcaTbl -
KasakcTaHaasbl UMOP/bIK KAPMKbIbIK  afasKTbIKTbIH He cebenTi TPaHCYATTbIK cunaTt asbin
OTblpFaHblH  TYCIHAIPY KoHe  YATTbIK  Toaxipubere benimgeyre  6onaTbiH  WeTendik
MHCTUTYLMOHANAbIK TETIKTEPAi alKbiHAAy. 3epTTey canacaT Ky’KaTTapblH, PECMM ecenTepai KaHe
KMOEPKbINIMbIC, aNanaKTbIKTaH BUKTUMM3ALUMA, MHCTUTYLIMOHANABIK daeyeT neH DipneckeH petTey
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mMmacenenepiHe apHanfaH akagemuanblk  aaebuettepai cananblK  CanbICTbIpMasbl-
WHCTUTYLUMOHANAbIK — Tangay  HerisiHge  kyprisingi.  Makanaga  «unbpnaHapipy  MeH
MHCTUTYLMOHANAbIK, 91eyeT apacblHAafbl aalWAKTbIK» TYXbIpbIMAaMacbl AaMbITblAaabl; O
UMb pAbIK aKOXKYMenepaeri KbIIMbICTbIK Belimaeny KapKblHbl MEH MHCTUTYLMOHAAAbIK andblH any,
aKnapaT ajsMacy, Keden apanacy *KoHe TpaHCWeKapasblK bIHTbIMAKTACTbIK MYMKIHAIKTEPIHIH,
XKblNOAMIbIFbl  apacbiHAafbl  COMKecCCi3dik  peTiHae  TyciHAipineadi. 3epTTey  HaTuxkenepi
KasaKCTaHHbIH Herisri ocan TycTapbl YaKbITTblK, aKMapaTTblK, YWbIMAACTbIPYLbIIbIK MoHe
IOPUCOMKUMANDBIK enwemaepae KepiHeTiHiH KepceTedi. CuHranyp, Eyponanbik ogak xaHe AKLU
ToxipmbeciH canbicTbipmans! 6aranay beniHreH xayankepLuinik MogenbaepiHiH, Kayintepai Tangay
nnatdopmanapbliHbiH, LIAafbiIMAapFa HErisgenreH aHa/MTUKaHbIH, KoHe Keden opeKeT eTy
MexaHW3MAEPiHiH, MaHbI3blH aKbiHAAMAbl. KopbiTbiHAbIAE Ka3aKkcTaHaa KapKbl peTTeyllinepiH,
OaHKTepAi, TeNeKOMMYHMKauMsa oOnepaTtopnapbiH, KyKblK KOpFay oOpraHAapbiH, UMbPAbIK,
nnathopmanapibl  KIHE  Xa/blKapasblk —cepikTtectepai OipiKTipeTiH  anasKTbiKKka  Kapchbl
WHTerpaumanaHfaH 6ackapy apxmMTEKTYpPaCbiH KanbINTacTblpy KAXKeTTiri Herizaeneai.

TyhiH  ce3pep: TPAHCYATTbIK  KAPMKbIAbIK — anaakTbiK, uudpnaHapipy; KasakcTaH;
XaNblKapanblK Kayinci3aik; KMOepKbIIMbIC, MHCTUTYLUMOHANAbIK 91eyeT; anafKkTblKkKa Kapchbl
HacKapy; BeAOMCTBOAPa/IblK YUNECTipY; TPAHCLLIEKAaPanblK bIHTbIMAKTACTbIK.

TPAHCHAUMOHA/TBHOE PUHAHCOBOE MOLUEHHUYECTBO B YC/10BUAX
UMDPPOBUSALINU: MHCTUTYLUMUOHAJIbHBIE BbI3OBbl KASAXCTAHA N MEXAYHAPOAHbLIE
MEXAHWM3Mbl MPOTUBOAENCTBMA
Epacunosa A.L, *Capbibaes M.?

1. YHuBepcuteT ®apabu, Aamatsl, Pecnybnmka KasaxctaH
2. YHuBepcuteT Hapxos, Anmatbl, Pecnybaunka KasaxcTaH

AHHOTauuAa. B cratbe  TpaHCHauMOHaNbHOe  QMHAHCOBOE  MOLUEHHMYECTBO
PACCMaTPUBAETCA KaK MHCTUTYLMOHANbHbIN BbI30B 6€30MacHOCTU, GOPMMPYIOWMIACA B YCIOBUAX
yCKopeHHOM umdposm3aumm KasaxctaHa. OBOCHOBbLIBAETCA, YTO PacnpOCTPaHeHMe MOOUIbHbIX
nnatexen,  UMDPOBLIX  TFOCYAAPCTBEHHbLIX  YCAYr,  AMCTAHUMOHHOM  MAeHTUdUKaLUMK,
nNaTGOPMEHHON KOMMYHMKAUMN U TPaHCrPaHMYHbIX GUHAHCOBbLIX MHCTPYMEHTOB U3MEHWUNO He
TONbKO MacwTabbl MOWEHHUYECKON aKTMBHOCTM, HO W €€ OpraHM3auUMOHHYK JIOTUKY.
CoBpeMeHHble CXeMbl BCE Yallle COYETatOT COLMANbHYIO UHXEHEPUIO, MOAMEHY KOMMYHUKALWN,
3apybEeXKHbIA  XOCTMHI, CeTWM [APOnnepoB, KOHBEPTAUMKO CPeacTB B KPWUMNTOAKTMBbLI U
MEeXYHapoAHble MNaaTeHble MapwpyTbl. B pesynstate 3dpdeKTMBHOCTb MNPOTUBOAENCTBUSA
onpeaenseTcs He CTO/NbKO OTAENbHbIMU TEXHUYECKMMKU HapbepamMu, CKOMbKO CMOCOBHOCTLIO
MHCTUTYTOB KOOPANHMPOBATLCA B PEKMME, COMOCTAaBMMOM CO CKOPOCTbIO Pa3BUTUA yrpo3bl. Liesb
CTaTbU- 0OBACHUTL, Novemy LUMdpoBoe GMHAHCOBOE MOLLEHHMYECTBO B KasaxcTaHe npnobpeTaeT
TPaHCHALMOHANbHbIM XapaKTep, U onpeaennTb 3apybekHble MHCTUTYLMOHAIbHblE MEXaHW3Mbl,
KOTopble MOryT ObiTb aanTMPOBaHbl B HALMOHAIbHOW NpPaKTUKe. MccnefoBaHWe BbINOAHEHO Ha
OCHOBE KayeCTBEHHOro CPaBHUTENbHO-UHCTUTYLUMOHANIbHOMO aHanM3a AOKYMEHTOB MOJUTUKY,
odUMLMaNbHbIX OTYETOB M aKaAeMMYECKOM NMTePaTypPbl N0 KMBepnpecTynHOCTHN, BUKTUMM3ALMN OT
MOLWEHHNYECTBA, WHCTUTYLMOHANbHOM EMKOCTM M COBMECTHOMY pPeryampoBaHuio. B cTaTbe
Pa3BMBAETCA KOHLEMNUMA «pa3pbiBa Mexay UndpoBM3aumnent U MHCTUTYLMOHANbHON EMKOCTbIOY,
MOHMMAEMOTO KaK HeCOOTBETCTBME MeXAy CKOPOCTbO KPMMUHANBHOM afanTaumm B UMPPOBbIX
9KOCUCTEMAX M CKOPOCTbK MHCTUTYLIMOHANbHOW NpeBeHLMM, obMeHa MHbOoPMaLMen, CPOYHOro
BMeLLaTeNbCTBa M TPAHCTPAHWYHOIO COTPYAHWYECTBA. Pe3ynbTaTbl MOKA3bIBAKOT, YTO KAKOYEBbLIE
ya3BMMOCTM  KasaxCTaHa WMeloT BpemeHHoe, WMHOOPMAUMOHHOE, OpraHM3aLMOHHOE U
IOPUCAMKLUMOHHOE M3mepeHma. CpaBHUTENbHAA OLeHKa onbliTa CuHranypa, EBponerckoro cotsa
n CLA nemoHCTpUpyeT 3HAYMMOCTb MoAenelt pacnpenenéHHoM OTBETCTBEHHOCTM, naaThopm
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aHa/NIMTUKM  YIpo3,  Kanobo-OpUEHTMPOBAHHOM  aHAMTUKM U MEXaHW3MOB  ObICTpOro
pearvpoBaHuA. [lenaetca BbiIBOA4 O HeobxogMmocTv  GOpmMMpoBaHMA B KasaxcTaHe
MHTErPUPOBAHHOM  apXMTEKTYPbl  aHTUPPOA-ynpasaeHusa, obbeauHAlowen  PUHAHCOBBIX
perynatopos, 6aHKK, TeNeKoM-OMnepaTopoB, MNPABOOXPAHWUTENbHbIE  OpraHbl, UMbpoBbIE
nNaTGOPMbl U MEXKAYHAPOAHbIX MAPTHEPOB.

Kntouesble cnoBa: TpaHCHaUMOHaNbHOEe GUHAHCOBOE MOLWEHHWYECTBO; UMPPOBM3aLMS;
KasaxcTaH; mexayHapoaHas 6e30nacHOCTb; KMbepnpecTynHOCTb, MHCTUTYLIMOHAIbHAA EMKOCTb;
aHTUdpPOA-yNpaBieHNE; MeXBEAOMCTBEHHAA KOOPAMHALMS; TPAHCIPaHMYHOE COTPYAHNYECTBO.
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From Authoritative Pronouncement to
Dialogic Repair: Digital Leadership and
Public Resonance in Corporate Crisis
Communication

Xiangyi Yang
PhD Candidate, Department of Management, Al-Farabi Kazakh National University,
Almaty, Kazakhstan

Abstract
Digital platform has fundamentally changed enterprise crisis communication and changed crisis
interpretation from organizational control to continuous public negotiation. Though the existing
researches have extensively investigated crisis coping strategies and digital leadership, relatively
little attention has been paid to how business leaders modify organizational discourse to cope with
the ever-changing public interpretation. In order to solve this gap, this study investigates how
digital leadership makes the organization change from authoritative statement to dialogue repair
during the enterprise crisis. Using a retrospective multi-case design, this study compares three
high-profile corporate crises, involving United Airlines, Facebook's Cambridge Analytica scandal,
and Starbucks' Philadelphia incident. The analysis is based on a selected online corpus of 42 public
texts related to the event, including company statements, executive communications, media
reports, regulatory documents and public discourse. By comparative qualitative analysis, this study
found a common process of connecting closed authoritative meaning, public anti-frame, discourse
dislocation, dialogue repair and differentiated public resonance. The results show that the initial
response of enterprises often fails, not because of insufficient information, but because the
definition of crisis is different from that of the affected public. Only when organizations recognize
the legitimacy of public experience, expand the responsibility from individuals to organizational
systems, and institutionalize corrective measures through observable organizational changes will
dialogue repair be effective. In this study, three kinds of repair trajectories-forced reversal, gradual
responsibility expansion and rapid relationship absorption-are further identified, which have
partial, controversial and repair resonance respectively. By conceptualizing digital leadership as a
discourse and relational ability, rather than just a technical ability, this study expands the research
on digital leadership, crisis communication and organizational legitimacy in the public environment
of digital networks.

Keywords: Digital leadership; Crisis communication; Dialogic repair; Public resonance; Corporate
crisis; Comparative case study

1. Introduction

1.1 Enterprise Crisis and Leadership Challenge on Digital Platform

The enterprise crisis on the digital platform is no longer told by a single organization center.
Though a company may issue its first official statement, it cannot determine the final meaning of
an event. Smartphone videos, user testimonies, employee accounts, news surveys, labels and
platform comments allow different interpretations to be spread before an organization stabilizes
its accounts. Thus, the online public does more than just receive and evaluate company
information: they participate in defining what a crisis is, whose experience is important and who
should be responsible. Therefore, social media public opinion is better understood as a temporary
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evolution configuration of interactive voices, rather than a unified audience waiting for
authoritative information (Frandsen & Johansen, 2017; Zhang et al., 2022). Thus, the voice of
enterprises has changed from an authoritative endpoint to a controversial contribution in the field
of production in a broader sense.

The different reactions of three world-renowned companies make this change particularly
obvious. After forcibly removing a passenger from United Express Flight 3411, United Airlines
initially foretold its operating procedures and employee behaviors, and then turned to clear
apologies, organizational responsibilities and corrective measures (United Airlines, 2017). In
analyzing the controversy in Cambridge, Facebook first emphasized the violation of platform rules
by third parties, but then acknowledged the broader weaknesses in platform governance and
announced additional restrictions on data access (Facebook, 2018). In contrast, Starbucks quickly
upgraded the arrest of two blacks in a store in Philadelphia to the level of CEQ, and linked its public
apology with stakeholder participation, national racial prejudice education and policy reflection
(Starbucks, 2018). All three companies face the same general challenge-the legitimacy crisis of
digital amplification-but follow obviously different paths of cognition, responsibility and
organizational correction.

1.2 The Research Paradox and Explanatory Puzzle

1.2 Research paradox and explanation confusion

Traditional crisis management logic regards timeliness, factual accuracy and information
consistency as prerequisites for effective organizational response. However, these three cases
reveal a persistent paradox: organizations may respond quickly and provide explanations that are
consistent with the facts, but they will still aggravate public opposition. Companies may explain
that the established procedures have been followed, but they seem indifferent to the
consequences of these procedures, blaming external actors, not checking the favorable
organizational structure, or expressing sympathy, but not taking responsibility and not linking
communication with observable changes. Therefore, the core question is no longer whether the
organization responds, or even whether their information is accurate, but why some responses
help to restore legitimacy, while others become lasting evidence of organizational detachment,
evasion or moral failure.

Situation crisis communication theory explains how attribution responsibility shapes
reputation threats and the strategic appropriateness of different organizations (Coombs, 2007,
2022). Image restoration research also regards denial, shirking responsibility, corrective actions
and humiliation as important discourse resources available to organizations under threat (Benoit,
1997). Generally speaking, these viewpoints show that the content of countermeasures is very
important. However, they rarely explain why the public will reinterpret events, challenge the
definition of organizational problems, and re-disseminate corporate statements through opposing
narratives once the actually consistent or strategically appropriate responses enter the digital
network environment, thus often losing legitimacy.

From this perspective, crisis escalation often stems from the mismatch between the
guestions answered by the organization and the questions that the online public thinks must be
answered. Company statements usually define disputes in operational, legal or technical terms,
while the public reconstructs disputes in terms of dignity, fairness, privacy, discrimination and
responsibility. When it is spread on the digital platform, the original company explanation becomes
searchable and citable, and can be easily re-contextualized as evidence of organizational
separation rather than organizational responsibility. Therefore, the phenomenon that needs to be
explained is not whether organizations apologize, but how they realize the inconsistency of words
and turn from authoritative statement to relationship repair.
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1.3 Theoretical Tension, Research Problems and Contributions

The existing research only leaves some visible processes. Digital Leadership Scholarship
largely examines how leaders develop digital vision, promote technology adoption and guide
organizational transformation. Even if the field has been expanded, its dominant focus is still
internal competence, employee adaptation, innovation and organizational performance, rather
than leadership in front of the external network public (Avolio et al., 2014; Khaw et al., 2022). The
orientation explains how leaders mobilize organizations to make digital changes, but it provides
less leverage for understanding how executives respond when the digital public questions the
interpretation, responsibility and legitimacy of organizations. An unresolved question is not
whether leadership is generated through digital technology, but how leadership is decentralized
when organizational authority itself becomes open for negotiation.

The study of crisis communication provides the second important foundation. Image
restoration theory and situational crisis communication theory provide powerful explanations for
organizations to choose denial, dilution, reconstruction, apology and corrective action strategies
to deal with different crisis responsibility allocation (Benoit, 1997; Combs, 2007). These methods,
however, are easier to explain which response may be appropriate, rather than openly refuting
how to enter the subsequent administrative discourse and change the organization's definition of
crisis. By regarding the response as an identifiable strategy, the existing model may underestimate
the recursive nature of the digital media crisis, in which each organization statement will generate
a new explanation and may need further adjustment. Therefore, polysemy requires more attention
to the interaction between different voices and the structure of the crisis meaning evolving with
time (Frandsen & Johansen, 2017).

Research on dialogue communication and organizational listening is closer to this problem
by emphasizing the reciprocity, responsiveness and the ability of organizations to receive public
voices (Kent & Taylor, 2002; McNamara, 2016). However, the key link between listening and repair
has not been fully developed. People may have the opportunity to express their opinions, and their
concern will not change the judgment of the organization. Managers may use empathetic language
without modifying their responsibilities. Enterprises may commit to dialogue while retaining their
original explanations and practices. So, the theoretical question is not only whether an
organization listens, but when public debate becomes important enough to reshape the words and
actions of enterprises.

In this context, this study raises three questions: How did business leaders initially establish
their authority through crisis discourse? What can the online public and media actors do to
reconstruct the enterprise crisis and expose the imbalance of cognition, emotion and norms?
What kind of discourse and organizational practice has the company produced remedial, partial or
anti-resonance? The comparative qualitative analysis of United Airlines, Facebook and Starbucks
combines digital discourse analysis with time tracking of cross-company statements, administrative
communications, media texts and public online comments.

The study develops dialogue repair into a recursive process, through which organizations
recognize public experience, correct the meaning of crisis, expand the boundary of responsibility,
and link the corrected words with observable actions. In doing so, it puts forward three related
arguments. At first, it repositions digital leadership from the internal guiding ability of managing
technological change to the practice of public, discourse and relationship with coordinated
meaning. Second, it extends the study of crisis communication beyond the choice of static
response by explaining how corporate discourse changes in round after round of public debates.
Third, it defines public resonance not only as favorable reaction or information dissemination, but
also as the degree to which organizational discourse is consistent or contrary to public explanation,
emotion and normative judgment. Therefore, digital leadership is not demonstrated by speaking
first or maintaining the ability of explanatory control. It is manifested in the ability to allow public
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debate to reshape organizational decision-making and response.
2. Literature Review and Theoretical Framework

2.1 Digital Leadership: From Technological Change to Relationship Governance

2.1.1 Technical and organizational direction

Digital leadership research stems from the understanding that information technology has
reshaped the generation, dissemination and reception of leadership influence. Early e-leadership
scholarships conceptualized leadership as an interactive process embedded among leaders,
followers, organizational structure and technology (Avolio et al., 2000, 2014). The following
research examines how leaders express their digital vision, promote technology adoption, and
keep organizational culture consistent with the changes in digital support. It has been confirmed
by recent reviews that this field is still strongly oriented towards internal transformation and
results, such as organizational agility, employee adaptability, innovation and sustainable
performance (Khaw et al., 2022; Bauwens & Cortellazzo, 2025).

2.1.2 Blind spots in external relations

These documents explain how leaders mobilize organizations to carry out digital changes,
but when the organization authority is questioned by the external network public, it does not
provide a lever to understand leadership. The digital platform exposes corporate statements to
direct scrutiny by consumers, journalists, activists, regulators and affected communities.
Therefore, leadership includes not only guiding change, but also negotiating the public significance
of organizational behavior. As part of leadership is made up of framing questions, assigning
responsibilities and legalizing the language of specific responses (Fairhurst and Grant, 2010), this
study defines digital leadership as the ability to identify public debates, recalibrate organizational
discourse and responsibilities, and mobilize organizational change to meet the challenges of digital
media.

2.2 Enterprise Crisis Discourse: From Coping Strategies to Meaning Control

2.2.1 Strategic response to tradition

The theory of image restoration holds that denying, evading responsibility, reducing
aggression, corrective action and humiliation are the strategies for an organization to defend or
restore its image (Benoit, 1997). Context crisis communication theory further explains how crisis
types, attribution responsibilities and reputation threats affect the appropriateness of refusing,
reducing and rebuilding responses (Coombs, 2007, 2022). These traditions believe that crisis
discourse is very important because it affects the attribution of public responsibility and the
evaluation of organizational legitimacy.

2.2.2 From static response to authoritative statement

However, their main explanation focuses on matching identifiable countermeasures with
specific crisis configurations. This orientation masks the recursion of the digital crisis, in which
corporate statements will lead to criticism, counterclaims and modification requirements. In
contrast, polysemy conceptualizes crisis communication as a stage where organizations, news,
politics and public voices compete to define events and assign responsibilities (Frandsen &
Johansen, 2017). Therefore, the unresolved issue is not only which coping strategy an organization
chooses, but how the public anti-framework changes its subsequent discourse.

The authoritative statement is defined as a kind of discourse practice on the basis of these
viewpoints. Through this practice, the company uses its institutional position, information
advantages and procedural expertise to give a relatively closed explanation of the crisis facts,
responsibilities and legal explanations. It usually operates through fact closure, procedural
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legitimacy, liability limitation and positioning the public as the receiver of meaning rather than the
co-producer. Authoritative statements are not inherently invalid, because clarity of facts may be
indispensable under uncertain circumstances. Procedural interpretation becomes a problem when
it is used to end an argument that the public has reconstructed into dignity, justice, privacy,
discrimination or organizational responsibility.

2.3 Networked Publics and Discursive Misalignment

.3.1 Publics as Producers of Crisis Meaning

Framing theory demonstrates that communication does more than select information: it
defines problems, identifies causes, makes moral evaluations, and recommends remedies
(Entman, 1993). Networked publics participate directly in these functions. Through videos,
personal testimony, hashtags, comments, and recirculated corporate statements, publics may shift
a crisis from an operational frame to a moral one, or from individual misconduct to structural
responsibility. Crisis information therefore circulates among organizations, social-media creators,
and followers rather than through a single organizational channel (Austin et al., 2012). Recent
research similarly characterizes online opinion as configurations of interacting groups and as an
ongoing negotiation of publicly acceptable positions (Zhang et al., 2022; Baden et al., 2025).

2.3.2 Three Forms of Discursive Misalignment

These dynamics create discursive misalignment: a divergence between the corporate
account and public constructions of what the crisis is, how it should be felt, and who should answer
for it. Cognitive misalignment concerns competing definitions of the event or its causes. Affective
misalignment emerges when procedural or legally cautious language fails to acknowledge visible
suffering, anger, or humiliation. Normative misalignment arises when corporate appeals to
procedural compliance conflict with public judgments about fairness, dignity, privacy, and
responsibility.

This distinction matters because additional facts cannot necessarily resolve a conflict
centered on moral recognition rather than informational uncertainty. A corporation may therefore
provide increasingly detailed explanations without addressing the issue that has come to organize
public judgment. Under such conditions, more communication can reproduce rather than correct
the original misalignment.

2.4 Dialogue, Organizational Listening, and Repair

2.4.1 From Technical Interactivity to Substantive Dialogue

Dialogic public-relations theory challenges the treatment of publics as targets of
organizational messaging. Dialogue requires mutuality, openness, responsiveness, commitment,
and a willingness to accept the risks associated with interaction (Kent & Taylor, 1998, 2002). Yet
comment functions, social-media replies, and interactive channels do not themselves establish
dialogue. Research on digital dialogic communication identifies a persistent tendency to equate
technological interactivity with relational engagement, even when organizations remain unwilling
to revise their positions or practices (Sommerfeldt & Yang, 2018; Kent, 2021).

The distinction is consequential. An organization may invite questions while determining in
advance which questions count as legitimate. It may respond frequently while repeatedly
reproducing its original account. Dialogue must therefore be distinguished from the mere
circulation of messages between organizational and public actors.

2.4.2 Organizational Listening and Revisability

Organizational-listening research sharpens this critique by distinguishing opportunities to
speak from institutional capacities to hear. Organizations frequently invest heavily in message
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production while lacking structures that recognize, interpret, circulate, and act upon public input
(Macnamara, 2016, 2018, 2023). Recent research has begun to connect crisis response with
dialogic competency, but has focused primarily on internal publics and immediate relational
outcomes (Kim et al., 2023). The decisive criterion is therefore revisability: public voice becomes
organizationally consequential only when it can alter sensemaking, responsibility attribution, or
action.

From this perspective, listening is not demonstrated by the collection of comments or the
performance of empathy. It requires an organizational pathway through which public contestation
can reach decision-makers, challenge existing assumptions, and produce observable changes in
discourse or practice. The theoretical question consequently shifts from whether an organization
permits public expression to whether it becomes answerable to what publics express.

2.4.3 Dialogue repair and its limitations

On the basis of these traditions, this study defines dialogue repair as a recursive process.
Through this process, organizations can cope with discourse dislocation by recognizing public
experience, reconstructing crisis, expanding organizational responsibility and linking corrected
discourse with corrective action. Accreditation verifies the relevance between the experience of
the affected public and the organizational account. Reconstruction brings the elements of public
anti-frame into the definition of crisis. Responsibility goes beyond externalized or isolated personal
accusations. Action endows discourse change with institutional credibility.

Dialogue has become restorative, not because corporate language has become more
sympathetic, but because public debate has gained the ability to change organizational words and
deeds. In contrast, the performance dialogue borrows the language of listening, openness and
empathy, while retaining the existing responsibility boundaries and organizational practices. This
kind of communication may aggravate distrust, because it raises the expectation of recognition
and inhibits substantive changes. Therefore, we must evaluate the repair through the relationship
between words, responsibilities and behaviors, not through the stylistic enthusiasm of apology.

2.5 From response effect to public resonance

2.5.1 Consensus of the public resonance

Crisis response is usually evaluated by organizational reputation, trust, anger, forgiveness,
purchase intention or information sharing. These indicators are still valuable, but they do not fully
reflect whether a company's account can be used in public interpretation. High visibility is
particularly vague: a statement may be circulated because it is accepted, but it may also be
circulated because it symbolizes the indifference, evasion or hypocrisy of the organization.

According to the frame resonance research and the recent public opinion negotiation
theory of digital media, public resonance is defined as the degree to which corporate discourse is
understood, recycled and incorporated into public explanation, emotion and normative judgment
(Benford & Snow, 2000; Baden et al., 2025). Restorative resonance reflects the substantial
consistency between the revised corporate discourse and the public definition of injury and
responsibility. When the public accepts a specific explanation or reform, and the broader
relationship distrust persists, it will have a partial resonance. When corporate discourse is widely
spread, but it is used to strengthen opposing explanations, it will produce anti-resonance.

2.5.2 Comprehensive framework

Then there are three related theoretical gaps. First of all, digital leadership research
underestimates the leadership in front of the external network public. Secondly, the crisis
communication theory explains the choice of response more effectively than the discourse
changes in successive rounds of public debates. Thirdly, the study of dialogue and organizational
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listening establishes the conditions of response, but it does not fully explain the connection
mechanism between public voice and enterprise repair.

The framework developed here links these documents through a process model. The
closure of authoritative meaning promotes public reconstruction; Public reconstruction exposes
the dislocation of cognition, emotion and norms; Organization reacts through cognition,
reconstruction, responsibility and action, resulting in repair, partial or anti-resonance. Therefore,
the focus of explanation shifts from whether the company communicates to whether the public
debate can modify the words and behaviors of the organization.

3. Research Design

3.1 Research Methods

3.1.1 Abductive Comparative Case Study

This study employs an abductive comparative case study design to explain how corporate
crisis discourse changes during multiple rounds of public discourse. Comparative case studies are
appropriate when the research objective is theoretical explanation rather than statistical
presentation (Eisenhardt, 1989). Abductive reasoning allows for iteration between empirical
materials and heuristic concepts, enabling unexpected observations to correct the initial
framework rather than forcibly categorizing data into presupposed categories (Dubois & Gadde,
2002). Therefore, this study's analysis starts with authoritative statements, discourse
misalignment, dialogue repair, and public resonance, while remaining open to other mechanisms
and counter-evidence.

3.1.2 Digital Discourse Analysis and Temporal Process Tracking

This study combines digital discourse analysis and temporal process analysis. Digital
discourse analysis views online texts as practices by which actors construct events, identities,
responsibilities, and legitimacy (Tamassy & Géring, 2022). Time-based analysis reconstructs how
these constructs change during a crisis, rather than linking isolated statements to subsequent
reputational outcomes (Langley, 1999). The core analytical unit is the discourse event: official
statements, the resulting media and public reactions, and any subsequent organizational revisions
or actions.

3.2 Case Selection and Theoretical Comparison

3.2.1 Selection Criteria

The authors carefully selected the United Airlines Flight 3411 incident, the Facebook-
Cambridge Analytica incident, and the Philadelphia Starbucks arrest incident as case studies. Each
case involves a globally renowned company, has extensive digital exposure, and has undergone
multiple rounds of official responses, executive intervention, and publicly visible corrective actions.
Furthermore, these cases differ in the crisis domain, the visibility of damage, the speed of
response, accountability, and the observability of actions. Therefore, their distinctly different
trajectories allow us to examine the impact of public protest on organizations.

3.2.2 Event-Defined Sampling Window

The sampling window for each case is limited to the period between the first major public
communication or disclosure event and the milestone event of the first substantial corrective
action. This window covers the initial exposure, the first official response, intense public and media
debate, and revisions by executives or the organization. Subsequent material is only included when
directly assessing the implementation or impact of announced reforms. This event-based
boundary maintains temporal comparability without assuming that crises unfold at the same pace.
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3.3 Data Sources and Corpus Construction

3.3.1 Organizational Texts, Media Texts, and Public Texts

This corpus integrates three types of publicly available texts. Organizational texts include
company statements, executive letters and interviews, official social media posts, testimonies, and
policy announcements. Media texts include reports and commentaries from authoritative media
outlets at key turning points. Public texts include highly interactive comments, cited posts, hashtag
discussions, and statements from relevant advocates or experts. All eligible organizational texts
were retained; the sampling of media and public texts was purposeful, aiming to capture different
framing, temporal changes, and supportive and critical responses.

3.3.2 Documentation Rules

Duplicate entries, unverifiable screenshots, posts suspected of being automatically posted,
and materials from private or closed spaces were excluded. Each retained entry records its source
type, platform, posting time, URL, case, crisis stage, and relationship to a specific discourse event.
This source log establishes a traceable chain between original materials, coded decisions, and
theoretical claims.

3.4 Data Analysis

3.4.1 Internal Reconstruction and Coding of Cases

The analysis was conducted in three phases. First, a chronological narrative and event
diagram were constructed for each case. Second, the text was open-ended coded, focusing on fact-
finding, procedural legitimacy, externalization of responsibility, public counterframing,
acknowledgment, reconstruction, extension of responsibility, corrective action, and resonance.
Coding memos documented category revisions and anomalous passages.

3.4.2 Cross-Case Mechanism Comparison

Third, a time matrix linked corporate discourse, public response, organizational reform, and
action. The comparison focused on the timing of responses, depth of responsibility, visibility of
action, and persistence of counterframing. Other interpretations, including crisis severity, visual
evidence, prior reputation, and regulatory pressure, were compared and evaluated against the
observed sequence. Continuing criticism after apologies or reforms was retained as negative
evidence rather than considered analytical noise.

3.5 Credibility and Research Ethics

Credibility was enhanced through information source triangulation, chronological tables,
reflective memos, transparent chains of evidence, and explicit reporting of contradictory materials
(Cloutier & Ravasi, 2021). Public access to information does not automatically grant ethical
permission. Private spaces are excluded, ordinary users are anonymized, and searchable
comments are rewritten unless absolutely necessary for analysis. Verbal quotations are primarily
reserved for corporate actors, public officials, mainstream media, and others speaking in a clearly
defined public capacity (franzke et al., 2020).

4. Findings

This section reports the results of a comparative qualitative analysis of a selected online
corpus containing 42 public texts related to events (14 for each crisis). This corpus includes
company statements, executive communications, regulatory documents, major news reports, and
publicly indexed social media discourse. This analysis does not treat the three crises separately,
but rather compares recurring narratives in different cases to identify common mechanisms and
explain the differences in the outcomes of the repairs.
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The encoding process progresses from primary expression to secondary themes and
aggregation processes. The twelve primary codes are summarized into four higher-order
dimensions: authoritative meaning closure, public anti-framing, dialogical acceptance, and
remediation credibility. Thus, the analysis traces a common process: organizations initially narrow
the scope of the crisis, the public subsequently broadens its meaning, and corporate leaders differ
in whether and how they incorporate external controversy into organizational reform.

Table 4.1. Composition of the Web Corpus

. Media/public
Case Corporate/executive | Regulatory/advocacy discourse Total
United Airlines 4 0 10 14
Facebook-
Cambridge 5 1 8 14
Analytica
Starbucks
Philadelphia 4 3 / 14
Total 13 4 25 42
Table 4.2. Data Structure Used in the Findings
Representative eIl Second-order themes Aggregate dimensions
codes
Using technical or procedural
vocabulary to depersonalize | Proceduralizing the event Authoritative meaning closure
harm
Defining misconduct as a
breach by employees, users, | Externalizing responsibility Authoritative meaning closure
or third parties
Presenting existing rules as
the primary legitimacy | Privileging compliance Authoritative meaning closure

standard
Using video, testimony, or
lived experience to redefine | Making harm publicly visible Public counter-framing
the event
Mocking or reusing corporate

Semantically  appropriating

wording against the Public counter-framing
o corporate language

organization

Connecting individual

incidents to culture, | Structuralizing responsibility Public counter-framing

architecture, or systemic bias
Naming the experienced harm
in terms used by affected | Recognizing public experience | Dialogic uptake
publics

Changing the  corporate
definition of what the crisis | Reframing the crisis Dialogic uptake
concerns

Moving blame from isolated
actors toward policies and
systems

Linking revised discourse to | Institutionalizing  corrective | Dialogic uptake

Expanding organizational

responsibility Dialogic uptake

103



Proceedings of the 14th International Scientific Conference

Representative first-order . :
P Second-order themes Aggregate dimensions
codes
concrete policy or governance | action
changes

Making action visible, costly,
and assessable to external | Increasing action observability | Repair credibility
actors

Retaining criticism  where
reforms remain  delayed, | Sustaining counter-frames Resonance outcome
opague, or narrow

4.1 Closure of Authority: Narrowing the Scope of Responsibility

In all three cases, the organizations attempted to reduce uncertainty by clearly defining the
sequence of events and attributing responsibility. Despite differing communication strategies,
coding analysis consistently identified three recurring themes—proceduralization of the incident,
externalization of responsibility, and emphasis on compliance—which together constituted closure
of authority.

United Airlines relied most heavily on procedural discourse. Its initial statement described
the incident as an operational disruption requiring "rescheduling" for customers, while subsequent
internal communications emphasized that employees followed established procedures. The airline
did not deny the incident but characterized it as an operational issue whose legitimacy depended
on adherence to existing rules.

Facebook employed a legal-technical framework. Early statements emphasized Cambridge
Analytica's violation of platform policies and distinguished the incident from a technical data
breach. Therefore, responsibility remained focused on the misconduct of a third party, rather than
Facebook's own platform architecture or governance practices.

Starbucks initially responded with an incident review framework but quickly revised its
position. Within two days, CEO Kevin Johnson acknowledged that internal rules and training led to
the incident and stated that calling the police was inappropriate. Unlike the other two companies,
Starbucks did not continue to defend its actions by citing existing procedures as sufficient evidence
of organizational legitimacy.

In these three cases, the authoritative conclusions did not rely on denying the facts, but
rather on narrowing the scope of accountability. Companies defined the crisis as a procedural
compliance issue or isolated misconduct, while the public increasingly viewed these incidents as
broader issues of organizational responsibility.

Cross-case analysis findings: Initial communication failures were not due to a lack of
information on the part of the companies, but rather because their definition of the problem was
narrower than the public perceived.

4.2 Public Counter-Framework: Expanding Harm, Liability, and Legitimacy

Public counter-framework systematically expands the company's definition of a crisis by
altering the constituent elements of evidence, liability, and legitimacy.

In the United Airlines and Starbucks cases, smartphone videos, by directly presenting the
harm, superseded the company's official explanations. Images of passengers being forcibly
dragged off planes and two customers being handcuffed in coffee shops transformed abstract
organizational processes into shocking instances of coercion, humiliation, and unequal treatment.
Once the harm becomes publicly visible, procedural explanations are no longer seen as neutral
descriptions but as evidence of a company's misunderstanding of the nature of the crisis.

Facebook took a different approach because similar visual evidence was absent. Instead,
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journalists, tech commentators, and public figures transformed technical issues concerning API
permissions and data sharing into everyday concerns about privacy, user control, and democratic
accountability. The DeleteFacebook movement further condensed these concerns into a broader
critique of platform governance, although some commentators also pointed out that many users
had no viable alternative but to leave the platform.

Public discourse itself appropriated corporate language. United Airlines' wording regarding
"rescheduling" and "volunteers" was widely ridiculed in news commentary, dictionary entries, and
online parodies. Instead of conveying meaning for a stable organization, official language became
a persistent symbol of bureaucratic indifference.

In all three cases, the scope of responsibility expanded from individual actors to the entire
organizational system. The public is increasingly inclined to interpret these crises as reflections of
organizational culture, governance, and institutional design, rather than isolated operational
failures.

Cross-case analysis reveals that the public's reverse framing does more than just amplify
negative emotions; it redefines what constitutes harm, who should bear responsibility, and what
legitimacy standards corporate responses should adhere to.

4.3 Discursive Misalignment: Why Initial Responses Intensified the Crisis

Comparative analysis revealed three closely related forms of discursive misalignment.

Cognitive misalignment emerged because organizations and publics defined different
problems. United discussed operational procedures, whereas publics discussed dignity and
organizational power. Facebook emphasized third-party rule violations, while public discourse
increasingly focused on platform governance and structural accountability. Starbucks rapidly
shifted from an individual store incident to broader concerns regarding racial discrimination and
organizational culture.

Affective misalignment reflected differences in emotional orientation. Procedural, legal,
and technical language created considerable emotional distance from visible experiences of harm.
This distance was greatest in the United Airlines case, where administrative language appeared
alongside graphic images of physical coercion. Starbucks reduced this gap earlier by explicitly
acknowledging wrongdoing and expressing personal responsibility through its CEO.

Normative misalighment concerned competing standards of legitimacy. Organizations
initially relied on procedural compliance, whereas publics questioned whether the procedures
themselves were morally acceptable. Across all three cases, detailed explanations of organizational
rules failed to reduce criticism because they addressed authorization rather than justification.

These findings explain why rapid communication can itself produce a secondary crisis. Once
an initial frame becomes publicly interpreted as evasive, subsequent communication must repair
not only the original incident but also the organization's earlier interpretation of that incident.

Cross-case finding. Discursive misalignment originated from competing definitions of
legitimacy rather than from insufficient factual information.

4.4 Dialogic Uptake: Transforming Public Contestation into Organizational Revision

Dialogic repair began when organizations recognized public interpretations as legitimate
inputs into organizational meaning-making. Although timing differed substantially, all three cases
displayed four sequential components: recognition, reframing, responsibility expansion, and
institutionalization.

Recognition involved acknowledging the public experience of harm. United eventually
abandoned procedural language and directly apologized to the removed passenger. Facebook
reframed the incident as a breach of trust between the company and its users. Starbucks explicitly
accepted responsibility and acknowledged that police intervention should never have occurred.
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Reframing followed recognition. United shifted attention from operational disruption
toward customer dignity and service failure. Facebook broadened the crisis from third-party
misconduct to platform responsibility, culminating in Zuckerberg's Senate testimony that
leadership bore responsibility for what occurred on the platform. Starbucks reframed the incident
as evidence of organizational vulnerability involving implicit bias, inclusion, and company culture.

Responsibility then expanded from individual actors toward organizational systems. United
revised boarding policies and crew management procedures. Facebook acknowledged
shortcomings in APl governance, platform oversight, and executive accountability. Starbucks
identified training practices and organizational culture as contributing factors rather than treating
the incident as an isolated managerial error.

Finally, revised discourse became credible only when accompanied by observable action.
United introduced ten operational reforms concerning passenger boarding and law-enforcement
involvement. Facebook implemented technical governance reforms and later became subject to
strengthened regulatory oversight. Starbucks closed more than 8,000 stores for nationwide bias
training involving external civil-rights experts. Although all three organizations implemented
reforms, public evaluations differed according to the visibility and assessability of these actions.

Cross-case comparison indicates that repair became credible only when recognition,
responsibility, and action remained closely coupled. Apologies without organizational revision
appeared symbolic, whereas technical reforms without public recognition remained insufficiently
persuasive.

Cross-case finding. Dialogic repair occurred when public interpretations reshaped
organizational meaning, responsibility, and institutional practice simultaneously.

4.5 Repair Trajectories and Differentiated Public Resonance
The comparative analysis identified three distinct repair trajectories differing primarily in

responsiveness, responsibility expansion, and action observability.

Table 4.3. Cross-Case Repair Trajectories

Dominant . .
. Revision Action Resonance
Case Initial closure | counter- o
pattern observability | outcome
frame
Procedure Bodily harm, High: ten .
. o . . Partial resonance;
United and dignity, Rapid forced | directly o .
. . . . initial wording
Airlines passenger coercive reversal linked policy L
. remains iconic
compliance power changes
Medium:
. Platform substantial
Third-party .
N architecture, | Gradual but _—
violation and o . Limited/contested
Facebook consent, responsibility | technically
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United Airlines followed a trajectory that was forced to reverse. Before the company
admitted the responsibility, the strong procedural closure had a wide-ranging anti-resonance. The
initial statement is still a lasting symbol of the organization's indifference, although the subsequent
operational reform directly solved many public concerns. Therefore, the company only partially
resonated.

Facebook follows a gradually institutionalized track. With major technological reforms, the
responsibility has gradually expanded from third-party misconduct to broader platform
governance. Nevertheless, many reforms are still difficult for ordinary users to evaluate, and finally
strengthened through external regulatory intervention. Therefore, public trust is only partially
restored, leading to limited or controversial resonance.

Starbucks has followed a track of rapid development of relations. Early administrative
intervention, clear responsibilities, participation of stakeholders and highly visible organizational
actions make the public's concern about racial discrimination enter the enterprise discourse and
organizational practice. Though critics question whether one-off bias training can produce lasting
structural changes, Starbucks has a relatively stronger restorative resonance than the other two
companies.

The comparison of three trajectories determines three conditions for forming resonance
results. First of all, reactivity affects whether the initial corporate framework will be permanently
associated with organizational evasion. Second, the depth of responsibility determines whether
the repair is aimed at isolated individuals or potential organizational systems. Thirdly, the
observability of action affects whether the public can evaluate organizational commitment beyond
symbolic communication. These conditions work together, not independently.

Therefore, the main findings are procedural. Digital leadership in crisis is not implemented
by retaining the authority of the original narrative, but by making the narrative modifiable
according to public debate. Only when external criticism crosses three organizational thresholds
can repair become effective: recognition as legal evidence, transformation into expanded
organizational responsibility, and institutionalization through visible corrective actions.

5. Discussion

The comparison results show that enterprise crisis communication in digital environment
is better understood as a dynamic process of meaning negotiation, rather than the implementation
of discrete communication strategies. In these three cases, the organization did not fail because of
lack of information or slow response in each case. On the contrary, when their initial explanation
no longer conforms to the public's understanding of harm, responsibility and legitimacy, they fail.
Therefore, these findings expand the current understanding of digital leadership, crisis
communication and public resonance by emphasizing the importance of dialogue correction in the
whole crisis response process.

5.1 Digital leadership as a discourse and relationship practice

These findings broaden the general understanding of digital leadership by shifting attention
from technical ability to public meaning management. Existing research mainly conceptualizes
digital leadership as the ability to promote digital transformation, integrate emerging technologies
or support data-driven decision-making. Although these abilities are still very important, this study
shows that digital leaders are increasingly operating in the networked public sphere, in which the
legitimacy of organizations is constantly negotiated rather than maintained by the administration.

In all three cases, administrative intervention becomes important, not because senior
leaders have more formal power, but because they have the ability to modify organizational
interpretation to deal with external disputes. Therefore, digital leadership is not only to convey
organizational decisions. It also includes identifying when organizational narrative is out of touch
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with public explanations, and enabling these explanations to reshape subsequent communication
and organizational actions.

These findings show that the authority in the digital environment no longer mainly comes
from the control of information. On the contrary, authority increasingly depends on whether
leaders can promote organizational adaptation by integrating external feedback into the evolving
crisis definition. Therefore, effective digital leadership represents a kind of relationship ability,
through which organizations can constantly negotiate with different public, instead of maintaining
explanatory control, thus maintaining legitimacy.

5.2 From information deficiency to cognitive deficiency

These findings are also helpful for crisis communication research by redefining the source
of communication failure. The traditional methods often interpret unsuccessful crisis response as
the result of delayed disclosure, insufficient information or improper strategic choice. Although
these factors are still relevant, the current comparison shows that communication barriers often
stem from cognitive errors rather than information errors.

Both United Airlines and Facebook provided a lot of facts in the early stage of the crisis. But
these explanations mainly involve procedural compliance, legal differences or technical
classification, rather than damage forms recognized by the affected public. Therefore, the
additional information failed to reduce the controversy, because the organization continued to
answer questions that the public no longer asked.

In this case, recognition does not mean unconditional acceptance of every public claim. On
the contrary, it refers to the recognition that public experience constitutes legal evidence to define
organizational problems. Only after organizations realize that humiliation, loss of privacy,
discrimination or unequal treatment are not only emotional reactions, but also meaningful
explanations that need organizational response can dialogue repair become possible.

This view shifts crisis communication from communication mode to relationship mode.
Success of communication lies not only in the accurate information provided by the organization,
but also in the fact that the accountant of the organization recognizes the legitimacy of public
experience and integrates this experience into the revised explanation of responsibility.

5.3 Dialogue repair as a recursive organization process

Another contribution is about the conceptualization of crisis recovery itself. The existing
crisis communication framework often divides organizational responses into relatively
independent categories, such as denial, excuse, apology, compensation or corrective measures.
Although useful in analysis, these typologies usually regard countermeasures as isolated strategic
choices rather than interrelated stages in the evolution process.

On the contrary, comparative analysis shows that dialogue correction is recursive. As the
evolution of public interpretation, organizations have repeatedly revised their responses, and
experienced recognition, reconstruction, responsibility expansion and institutionalization. Repair
does not happen once, but develops through continuous interaction between organizational
communication and public feedback.

The three repair trajectories further show that different time patterns will produce
different relationship results. As United Airlines has demonstrated, forced reversal enables
organizations to finally make policies meet public expectations, but it cannot eliminate the
symbolic significance of the initial defensive response. Facebook's example shows that the gradual
expansion of responsibilities reduces legal and organizational risks, but it seems not enough,
because institutional reform is still difficult for ordinary users to evaluate. Rapid relationship
absorption demonstrated by Starbucks has produced relatively stronger public acceptance,
because identification, responsibility and visible actions are closely linked. However, even this
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trajectory has not eliminated the public's persistent concern about the persistence of
organizational change.

These comparisons show that crisis recovery should be understood as an iterative
organizational learning process, rather than a single communication event.

5.4 Conditions for public resonance and theoretical contribution

This comparison determines three conditions for the formation of public resonance.

Firstly, time responsiveness affects whether the initial organizational explanation is
institutionalized as a lasting symbol of organizational escape. Once the defensive framework is
widely circulated, the subsequent corrective communication will face an additional challenge, that
is, repairing the organization's early explanation of the crisis.

Secondly, responsibility expansion determines the depth of relationship repair. It is not
enough to express sympathy unless it is accompanied by a clear organizational accountability
system. When organizations shift their responsibilities from isolated individuals to the policies,
governance structures and organizational systems they control, repair becomes more convincing.

Third, the observability of actions affects whether the public thinks communication is
credible. Visible and concrete corrective actions with high organizational costs have a stronger
resonance, because they enable external audiences to evaluate whether organizational
commitment has been transformed into institutional change. On the contrary, despite a large
amount of organizational investment, technically opaque or difficult-to-verify reforms have
produced more limited relationship results.

Generally speaking, these findings contribute to three research directions.

First of all, they expanded the research of digital leadership by conceptualizing leadership
as discourse and relationship ability exercised in digital network public space, not just
organizational ability of digital transformation.

Secondly, they put forward that dialogue repair is a recursive process, through which
organizations constantly modify the definition of problems, the attribution of responsibilities and
organizational actions to deal with public disputes, thus making contributions to the academic field
of crisis communication.

Finally, by distinguishing communication visibility from public resonance, they made
contributions to the study of public opinion and organizational legitimacy. Organizations can
achieve extensive message dissemination without generating relationship acceptance. Therefore,
this study distinguishes between restorative resonance, partial resonance and controversial
resonance, indicating that the effectiveness of crisis communication depends not so much on the
arrival of information, but on the degree of organizational communication and public explanation
readjustment.

Generally speaking, the research results show that digital leadership in crisis is not achieved
through stronger control of organizational narratives, but through the ability to modify these
narratives by acknowledging public experience, expanding organizational responsibility and
institutionalizing observable changes. Therefore, in the digital network environment, the
restoration of legitimacy depends not so much on authoritative statements as on continuous
dialogue participation.

6. Conclusion
By comparing three prominent organizational crises, namely United Airlines, Facebook and
Starbucks, this study examines how digital leaders shape corporate crisis communication. The
study does not regard crisis response as an isolated communication strategy, but conceptualizes
crisis communication as a dynamic process, through which organizations negotiate with the digital
network public about significance, responsibility and legitimacy. Through the comparative analysis
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of the online corpus of event definition, this study traces a common process of connecting closed
authoritative meaning, public anti-frame, discourse dislocation, dialogue repair and differentiated
public resonance.

These findings have produced three main conclusions.

First of all, authoritative enterprise communication will not necessarily fail because the information
provided by the organization is inaccurate or insufficient. Conversely, when the problems defined
by the organization are different from those recognized by the affected public, communication
becomes ineffective. In these three cases, the initial response emphasized procedures, rules and
compliance, while public discourse increasingly evaluated dignity, fairness, privacy and
organizational responsibility. Therefore, the escalation of the crisis reflects different interpretations
of legitimacy, rather than a simple lack of information.

Second, dialogue repair occurs when organizations allow public explanations to reshape their own
understanding of the crisis. Effective repair requires more than an apology or symbolic expression
of sympathy. The organizations realize that the public experience is legal, expand the responsibility
from the individual to the organizational system, and translate the revised explanation into
observable institutional actions, and they achieve greater relationship recovery. Therefore,
dialogue revision should be understood as a continuous organizational learning process, rather
than a single communication event.

Third, digital leadership goes beyond technical ability or communication efficiency. Leadership is
increasingly dependent on the ability to identify discourse dislocation, modify organizational
narrative according to external feedback and coordinate meaningful organizational changes in the
digital network environment. Therefore, digital leadership is achieved through constant
consultation on the legitimacy of the organization, rather than by maintaining the authority of
interpretation.

Several limitations should be acknowledged. First of all, the analysis relies entirely on the public
text, so it can't fully capture the decision-making process of internal organizations or the strategic
consideration before public communication. Second, the online corpus is designed for theoretical
comparison rather than statistical representation; Therefore, the survey results should be
interpreted as an explanatory mechanism, rather than a general model of public opinion. Finally,
the study focuses on three noticeable enterprise crises in the western platform environment, and
whether the proposed mechanism can be transplanted to other institutions or cultural
environments needs further study.

Future research may expand this work in several directions. By combining public discourse analysis
with executive interviews or internal organizational data, we can more comprehensively
understand how dialogue repair develops within the organization. Experimental research can
further test how different combinations of cognition, responsibility and corrective measures affect
public trust and organizational legitimacy. The comparative study of cross-industry, political
background and cultural background will also help to evaluate the wider applicability of dialogue
repair as a digital leadership model in crisis communication.

Generally speaking, the study believes that digital leadership in crisis is not defined by faster or
more authoritative communication skills. On the contrary, it lies in the ability to identify when
organizational explanations are no longer consistent with public understanding, and to transform
external arguments into meaningful organizational learning, institutional change and new
legitimacy.
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ABSTRACT

The rapid integration of artificial intelligence (Al) into digital marketing has fundamentally
transformed how organizations apply and evaluate marketing models. This paper presents a
systematic comparative analysis of 15 of the most widely cited marketing models, selected
through bibliometric analysis of Google Scholar data, alongside review of major textbooks,
university syllabi, and professional resources from HubSpot, McKinsey, Forrester, and Google
Digital Garage. The 15 models are classified into three functional categories — audit, planning,
and strategy — and analyzed for their core functions, empirical application contexts, and
adaptation potential under Al-driven digital analytics conditions. The paper further draws on
primary research conducted among Georgian companies and consumers (n=275), providing an
emerging-economy perspective on model adoption rates and limitations. Findings reveal that
while classical models such as AIDA, 4Ps, and STP remain foundational, Al-era tools demand
their integration with data-driven frameworks such as RACE, TAM, and the See-Think-Do-Care
model. The paper concludes by proposing an updated classification matrix that links each
model to specific Al analytics capabilities, offering both academic and practical value for
marketers navigating the digital transformation landscape.

Keywords: digital marketing models, Al in marketing, digital analytics, RACE planning, AIDA,
TAM, marketing model classification, Georgian business, marketing effectiveness

1. Introduction

The digital marketing landscape has undergone a paradigm shift in the past decade. Where
traditional marketing frameworks once served as stable anchors for strategic planning, the
emergence of artificial intelligence, machine learning, big data analytics, and an ever-expanding
array of digital channels has fundamentally altered the operating environment for marketers. The
guestion is no longer simply which model to apply, but rather which models remain relevant,
which need updating, and how they interact with Al-powered analytics platforms.

Marketing models serve as structured theoretical or practical frameworks that describe
how marketing elements are deployed to achieve specific objectives. They encompass strategies,
methods, and instruments that help organizations identify consumer needs, achieve market
positioning, and attain competitive advantage (Rajer, 2023). Yet as the digital environment grows
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more complex, the gap between classical model assumptions and real-world Al-era conditions has
widened considerably.

This paper addresses that gap through a systematic comparative analysis of 15 marketing
models that have been identified as the most widely applied in both academic and professional
contexts. The selection methodology is grounded in bibliometric evidence: each model's citation
frequency was determined through Google Scholar analysis, supplemented by review of leading
marketing textbooks (Kotler & Keller; Chaffey), university course syllabi, and practitioner resources
from authoritative sources including HubSpot, Smartinsights, McKinsey, Forrester, and Google
Digital Garage.

The analysis is additionally informed by primary empirical research conducted in Georgia,
an emerging economy where digital marketing adoption is accelerating but where systematic
academic research on model usage remains limited. Two empirical studies involving 97 companies
and bloggers (Study I) and 178 consumers (Study Il), conducted using structured online
guestionnaires and analyzed with IBM SPSS through correlation analysis, ANOVA, and linear
regression, provide a contextual grounding for the theoretical discussion.

The paper is structured as follows: Section 2 presents the methodological approach.
Section 3 provides the classification of the 15 models. Section 4 delivers the comparative analysis
of each model's core function, strengths, and weaknesses. Section 5 examines how Al and digital
analytics transform model application. Section 6 presents findings from Georgian practice. Section
7 concludes with implications and recommendations.

2. Methodology

The research employs a mixed-method approach combining secondary research
(systematic literature review and bibliometric analysis) with primary empirical data. Four
complementary methods were used to establish the relevance and selection of the 15 models:

1. Bibliometric frequency analysis: Google Scholar search counts for each model were
retrieved and used as a primary indicator of academic citation volume and scholarly
penetration.

2. Textbook prevalence review: Frequently assigned marketing textbooks (Kotler & Keller;
Chaffey et al.) were reviewed to confirm which models form part of established marketing
education curricula.

3. Practitioner recognition: Professional blogs, white papers, and guides from HubSpot,
Smartlnsights, McKinsey, Forrester, and Google Digital Garage were reviewed to assess
real-world usage.

4. Google Trends analysis: Search trend data confirmed the relative popularity and recency
of interest in each model across time periods (see Appendix 1 of the parent dissertation).

Primary data was collected through structured online questionnaires administered to 97
companies and bloggers (Study [, correlational design using Pearson correlation and multivariate
regression) and 178 individual consumers (Study Il, using SPSS-analyzed ANOVA, linear regression,
and Durbin-Watson coefficient for model stability). Respondents were purposively selected from
active digital marketing practitioners in Georgia.

The 15 selected models were then classified into three functional categories — Audit,
Planning, and Strategy — and analyzed comparatively across dimensions including origin, core
mechanism, empirical strengths, limitations, and Al-era adaptability.

3. Classification of the 15 Marketing Models

Table 1 presents all 15 selected models with their citation frequencies, functional

categories, and primary application domains.
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Table 1. Top 15 Marketing Models: Selection and Classification

# | Model Name Category | Primary Application Google  Scholar
Citations
1 | Technology Acceptance | Audit Planning & Strategy 4,720,000
Model (TAM)
2 | RACE Planning Model Planning | Digital Campaign Planning | 4,620,000
3 | Ten C's of Marketing (10C) | Audit Digital Market Audit 4,440,000
4 | SMART Goals Planning | Goal Setting & KPIs 3,640,000
5 | The Honeycomb Model Strategy | Social Media Strategy 742,000
6 | Forrester's 5Is Audit Engagement 323,000
Measurement
7 | See-Think-Do-Care (STDC) Planning | Content Strategy —
8 | 4Ps (Product, Price, Place, | Strategy Marketing Mix 43,500
Promotion)
9 | AIDA Model Audit Communication & Ads 39,900
10 | 4Cs (Marketing | Strategy | Communication Strategy 20,000
Communications)
11 | STP Model Strategy Segmentation & | 18,700
Positioning
12 | Hofacker's 5 Stages Planning | Web UX & Information | 17,800
Processing
13 | 6Cs of Customer Motivation | Planning E-commerce Motivation 16,300
14 | Lauterborn's 4Cs Audit Consumer-Centric Audit 4,040
15 | McKinsey's Consumer | Strategy Decision-Making Analysis | —
Decision Journey

Source: Author's compilation based on Google Scholar bibliometric analysis and practitioner
resource review.
The 15 models were further classified into three functional groupings based on their
primary analytical purpose, as shown in Table 2. This three-way classification reflects a logical
division between tools used to assess the current state of a digital marketing system (Audit), tools
used to design future action (Planning), and tools that inform broader market positioning and
competitive strategy (Strategy).

Table 2. Three-Category Classification of the 15 Marketing Models

Audit Models

Planning Models

Strategy Models

Forrester's 5ls

6Cs of Customer Motivation

4Cs

(Marketing

Communications)

Lauterborn's 4Cs

Consumer

Hofacker's 5 Stages

McKinsey's
Decision Journey

Ten C's of Marketing (10C)

RACE Planning

The Honeycomb Model

AIDA Model Technology Acceptance | 4Ps Model
Model (TAM)
SMART Goals STP Model

See-Think-Do-Care

Source: Author's original classification.

It is important to note that several models operate across multiple categories depending
on their application context. AIDA, for instance, was classified primarily under Audit due to its
diagnostic function in communication effectiveness assessment, but it is equally applied in
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planning advertising content sequences. Similarly, the TAM model can serve both as a planning
tool for technology roll-outs and as an evaluative framework for adoption outcome monitoring.
4. Comparative Analysis of the 15 Models

4.1 Audit Models

Forrester's 5ls (Involvement, Interaction, Intimacy, Influence, Individual) was developed by
Forrester Research in 2007 as a response to the growing inadequacy of the traditional marketing
funnel. Rather than tracing a linear path to purchase, the 5Is framework measures the depth and
quality of brand engagement across five dimensions. As Forrester's Sean Corcoran later
emphasized, achieving the 5Is does not automatically guarantee campaign success — the
effectiveness of the model depends on the alignment of engagement metrics with the company's
specific strategic goals. Empirical application using the Starbucks case demonstrates how the
model identifies loyalty program participation (Involvement), social media dialogue (Interaction),
personalized naming on cups (Intimacy), lifestyle influence (Influence), and order customization
(Individual) as distinct measurable outcomes (Hanlon, 2025).

Lauterborn's 4Cs (Consumer wants and needs, Cost to satisfy, Convenience to buy,
Communication) was proposed in 1990 as a consumer-centric alternative to the manufacturer-
centric 4Ps. Its core argument — that marketing must start from what the customer actually wants
rather than from what the company produces — was prescient. In the Netflix case, the model
maps customer desire for flexible, on-demand, ad-free content (Consumer), the total cost
perception relative to cable or DVD alternatives (Cost), multi-device accessibility (Convenience),
and two-way personalized messaging (Communication). The 4Cs remain highly applicable in digital
contexts, particularly for UX design and customer journey optimization (Hanlon, 2019).

The Ten C's of Marketing (10C) was developed by Richard Gay and colleagues at the
Chartered Institute of Marketing in 2007. It places the Customer at the center and analyzes ten
digital market dimensions including Corporate Culture, Competition, Convenience,
Communication, Consistency, Creative Content, Customization, Coordination, and Control. The
model is particularly valuable as a diagnostic audit tool because it simultaneously examines
internal marketing processes and external competitive positioning. The Apple case illustrates how
each C can be operationalized: Apple's minimalist branding addresses Consistency, the App Store
ecosystem represents Coordination, and web analytics dashboards embody Control. Unlike more
abstract frameworks, the 10C provides a practical checklist orientation for digital managers (Smart
Insights, n.d.).

The AIDA Model (Attention, Interest, Desire, Action), one of the oldest marketing
communication frameworks, traces consumer response through four sequential stages. Despite
its age, AIDA remains among the most cited models in marketing education and practice,
particularly in advertising copy design, social media campaign structuring, and email marketing
sequences. Its strength lies in its clarity and versatility across B2C and B2B contexts. However,
AIDA's primary weakness is its linearity — real consumer journeys, especially in digital
environments, are rarely sequential. Extended variants such as AIDAS (adding Satisfaction),
AIDCAS (adding Conviction), and AISDALSLove (adding Share and Love for social media contexts)
have been proposed to address these limitations (Chakrabarty & Pandey, 2025). The Coca-Cola
example demonstrates classic AIDA execution: emotionally evocative global advertising generates
Attention; brand narrative creates Interest; social occasion association produces Desire; and retail
availability triggers Action.

4.2 Planning Models

The 6Cs of Customer Motivation (Content, Customization, Community, Convenience, Cost
Reduction, Choice) was developed by Dave Chaffey in 2004 as a framework for online value
proposition design. It is particularly well-suited to e-commerce planning, where motivating
customers to choose a digital platform over alternatives requires addressing each of the six drivers.
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The Duolingo case illustrates the model's application in a gamified digital service context, where
Content (language lessons), Choice (language selection), Control (self-paced learning),
Collaboration (leaderboards), Constructing meaning (practical contexts), and Consequences
(certificates) all operate as simultaneous motivational levers.

Hofacker's 5 Stages (Exposure, Attention, Comprehension, Yielding/Acceptance,
Retention) was proposed by Charles Hofacker in 2000 to explain how website visitors process
information. Although considered dated by some practitioners, the model retains analytical
relevance for UX design and web content strategy. Its five stages map directly to digital user
behavior: whether a visitor has sufficient dwell time on the page (Exposure), whether visual design
elements capture focus (Attention), whether the content is correctly interpreted
(Comprehension), whether the user takes the desired action (Yielding), and whether they return
to the site (Retention). The Nike example demonstrates effective application: iconic slogans create
Attention; clear brand meaning enables Comprehension; emotional resonance supports Yielding;
and memorable brand associations ensure Retention (Smart Insights, n.d.).

The RACE Planning Model (Reach, Act, Convert, Engage) is a cyclically oriented digital
marketing planning framework that integrates campaign design with performance measurement
through KPIs. RACE's particular strength lies in its dual function: it provides a planning sequence
(how to structure a digital marketing campaign from awareness through retention) and a
performance monitoring framework (what to measure at each stage). The model is explicitly
designed for commercial revenue growth and accommodates both short-term campaign cycles
and long-term relationship management. It is complementary to the See-Think-Do-Care model in
content strategy applications (Smart Insights, n.d.).

The Technology Acceptance Model (TAM) was developed by Fred Davis in 1989 at the
University of Michigan to predict user adoption of computer systems. TAM operates through two
core constructs: Perceived Usefulness (will this technology improve my performance?) and
Perceived Ease of Use (is this technology easy to use?). In digital marketing contexts, TAM has
been applied extensively to predict consumer adoption of e-commerce platforms, mobile
payment systems, Al chatbots, and digital banking services. Its grounding in Ajzen and Fishbein's
Theory of Reasoned Action gives it a psychologically robust theoretical foundation. TAM citations
in Google Scholar exceed 4.7 million, making it the single most academically referenced model in
this study's selection (Ma & Liu, 2011; Schorr, 2023).

SMART Goals (Specific, Measurable, Achievable, Relevant, Time-bound) functions as the
operational goal-setting backbone for digital marketing planning. While not a marketing model in
the classical sense, SMART Goals occupy a critical role in connecting strategic models to
measurable KPIs. In digital marketing practice, SMART Goals translate broad campaign intentions
into quantifiable targets: rather than 'increase social media presence,' a SMART goal would specify
'increase Instagram follower count by 15% within Q3 through three weekly posts and two paid
campaigns.' SMART Goals were the fourth most cited model in this study's bibliometric analysis,
reflecting their universal application across organizational contexts.

The See-Think-Do-Care (STDC) Model was developed specifically for the digital marketing
environment to address the non-linear nature of modern consumer journeys. Unlike AIDA, STDC
acknowledges that consumers exist in different mental states simultaneously — some are only
aware (See), others are actively researching (Think), some are ready to purchase (Do), and existing
customers need ongoing nurturing (Care). Each stage requires distinct content strategies, channel
choices, and measurement metrics. STDC has been widely adopted by content marketing teams
and is particularly associated with Google's content strategy methodology (Smart Insights, n.d.).
4.3 Strategy Models

The 4Cs for Marketing Communications (Clarity, Credibility, Consistency, Competitiveness)
provides a framework for evaluating the quality of marketing communication strategies. Unlike

118



«Modern scientific technology» (July 23-24, 2026). Stockholm, Sweden, 2026 I

Lauterborn's 4Cs (which focus on consumer needs), this 4Cs model targets the internal quality of
brand messaging. Clarity ensures messages are unambiguous; Credibility ensures they are
believable; Consistency ensures they are unified across channels; and Competitiveness ensures
they outperform rivals' communications. The Apple strategy table in the parent dissertation
demonstrates all four: crystal-clear minimal design (Clarity), innovative product quality
(Credibility), unified global branding (Consistency), and a superior ecosystem that competitors
have been unable to replicate (Competitiveness).

McKinsey's Consumer Decision Journey (CDJ) challenged the traditional purchase funnel
by proposing a circular, loyalty-loop-driven model of consumer decision-making. Rather than a
linear progression toward purchase, CDJ identifies an Initial Consideration Set, Active Evaluation
phase, Moment of Purchase, and Post-Purchase Experience that feeds into a Loyalty Loop for
returning customers. In digital contexts, McKinsey's CDJ has proven particularly valuable for
understanding how online reviews, comparison sites, influencer endorsements, and social proof
intervene at each stage. The model has informed major shifts in how companies allocate budgets
between awareness advertising and decision-stage content (Egol et al., 2014).

The Honeycomb Model (Identity, Conversations, Sharing, Presence, Relationships,
Reputation, Groups) was designed specifically for social media marketing strategy, making it one
of the more contemporary models in this selection. Its seven building blocks correspond to distinct
social media functionalities that brands can activate or evaluate. The model is particularly useful
for assessing which social media capabilities an organization is prioritizing versus neglecting, and
for guiding platform-specific strategy design. Unlike models developed for pre-social media
environments, the Honeycomb was built from research on how users actually engage with social
platforms (Kietzmann et al., 2011).

The 4Ps Model (Product, Price, Place, Promotion), formalized by McCarthy in the 1960s
and popularized by Kotler, remains the foundational strategic framework in marketing education.
Despite repeated calls to extend or replace it — through 7Ps for services, 4Cs for consumer
orientation, or IMC 2.0 for digital communication (Jackson & Ahuja, 2016) — the 4Ps persist
because they provide a clear, operable structure for strategic decision-making that can be adapted
to digital contexts. In e-commerce, Product encompasses digital features and UX design; Price
includes dynamic pricing and subscription models; Place refers to digital distribution channels and
logistics; and Promotion encompasses SEQ, PPC, social media advertising, and content marketing.

The STP Model (Segmentation, Targeting, Positioning) is the dominant strategic framework
for market orientation decisions. Segmentation divides the market into groups sharing common
characteristics; Targeting selects the most attractive segments; Positioning defines how the
brand's offering will be perceived relative to competitors within the target segment. In digital
marketing, STP has evolved significantly: Al enables behavioral, psychographic, and contextual
micro-segmentation at scale that was impossible with traditional demographic approaches. Real-
time data streams allow continuous re-targeting, and A/B testing informs dynamic positioning
adjustments. The STP model's enduring relevance rests on its logical architecture, which translates
naturally into programmatic advertising workflows (Kotler & Armstrong, 2017).

5. Al-Era Transformation of Marketing Model Application

The advent of Al-powered digital analytics has not rendered traditional marketing models
obsolete — rather, it has fundamentally changed the conditions under which they operate, the
speed at which they can be applied, and the granularity of insight they can deliver. Al in marketing
encompasses machine learning (ML) for pattern recognition and predictive modeling, natural
language processing (NLP) for sentiment analysis and content generation, computer vision for
visual search and ad creative optimization, and autonomous recommendation systems (Haleem
et al., 2022; Ngai & Wu, 2022).

Three transformational dimensions define how Al reshapes marketing model application:
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Real-time dynamism: Models that were designed for periodic strategic review cycles can
now operate continuously. RACE planning cycles, traditionally quarterly or annual, can be
executed in real time through Al dashboards that monitor KPls, trigger automated optimizations,
and generate performance reports without human intervention.

Hyper-personalization: Models based on segment-level assumptions (STP, 4Ps) can be
adapted to individual-level precision. Amazon's anticipatory shipping model, which uses predictive
analytics to pre-position products before customers have searched for them, represents the
frontier of Al-enabled individual-level STP application (Lee, 2016).

Predictive capability: Historical data enables Al systems to forecast consumer behavior
before it occurs. Predictive models can identify customers at risk of churn (enabling RACE Engage
interventions), predict which AIDA stage a given customer is in based on behavioral signals, and
optimize pricing algorithms within the 4Ps framework (Nanne et al., 2020; GhorbanTanhaei et al.,
2024).

Table 3 presents the Al-era transformation matrix for the ten most Al-relevant models in
this study's selection.

Table 3. Al-Era Transformation of Marketing Model Application

Model Traditional Function Al-Era Transformation
AIDA Sequential funnel; static | Al enables dynamic, non-linear path tracking;
consumer journey real-time attention capture via personalized ads;
desire amplified through recommendation
engines
STP Manual demographic | Al-driven micro-segmentation using behavioral,
segmentation psychographic and contextual big data; predictive
targeting
4Ps Company-centric mix | Product: Al-generated co-creation; Price:
management dynamic pricing algorithms; Place: omnichannel
Al routing; Promotion: programmatic advertising
RACE Planning Periodic campaign cycles Real-time optimization across Reach, Act,
Convert, Engage; Al dashboards replace manual
KPI reviews
TAM Adoption prediction of new | Predicts Al tool adoption (chatbots, voice search)
tech by employees and customers; used in martech
evaluation
10C Model Comprehensive digital audit | Alautomates audit of all 10 Cs; sentiment analysis
framework for Corporate Culture; Al chatbots for
Communication
Forrester's 5ls Engagement measurement Al quantifies all 5Is continuously; Intimacy
deepened via NLP-powered personalization;
Influence tracked through social listening
6Cs Motivation Consumer motivation mapping | Al personalizes each C in real time; content
recommendations (Content), dynamic pricing
(Cost), Al-driven choice architecture (Choice)
RACE + STDC Content planning stages Al generates stage-specific content; See:
programmatic display; Think: search intent Al; Do:
cart abandonment Al; Care: automated CRM
sequences
McKinsey CDJ Non-linear consumer journey Al maps individual journey variants; predicts
loyalty loop entry/exit; enables intervention at
micro-moments

Source: Author's compilation.
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A notable insight from this analysis is that the most Al-compatible models share a common
architectural property: they are process-oriented rather than state-oriented. Models like RACE,
STDC, and McKinsey's CDJ describe dynamic stages of consumer engagement that align naturally
with real-time Al monitoring. In contrast, static mix models like 4Ps require more deliberate
reimagination — their elements must be reinterpreted as algorithmic variables rather than fixed
strategic choices.

It is equally important to acknowledge the limitations of Al integration. Algorithmic
optimization risks over-fitting to short-term metrics, potentially undermining the Credibility (4Cs
model) and Intimacy (Forrester's 5Is) dimensions that are fundamental to long-term brand equity.
Jarvinen (2016) warns that excessive focus on short-term conversion metrics can damage brand-
building investments. The ethical dimension of Al personalization — particularly regarding data
privacy (GDPR) and algorithmic transparency — also requires sustained attention from
practitioners applying TAM and 6Cs frameworks.

6. Marketing Model Adoption in Georgian Companies: Empirical Evidence

Study IV of the parent dissertation involved a qualitative survey of Georgian companies
across multiple sectors to determine which marketing models are applied in practice and how.
The findings reveal a significant gap between the academic recognition of sophisticated models
and their practical penetration in the Georgian business environment.

Table 4. Marketing Model Usage Among Georgian Companies (Study 1V)

Model Usage Rate | Primary Use Context

4Ps / 4Cs 78% Foundational planning for product launch and pricing
decisions

SMART Goals 71% KPI setting for digital campaigns

STP Model 65% Market segmentation and customer targeting

AIDA 58% Social media advertising copy and campaign structure

RACE Planning 34% Integrated digital campaign management

TAM 28% Evaluating customer readiness for new digital services

10C Model 19% Digital market auditing (primarily large enterprises)

Honeycomb /| 11% Social media engagement analysis

Forrester's 5ls

McKinsey CD)J 8% Customer journey mapping (multinational subsidiaries)

Source: Author's primary research, Study V.

Several patterns emerge from these findings. First, classical models with high global
academic citation counts (4Ps, AIDA, STP, SMART Goals) also demonstrate the highest practical
adoption rates in Georgia, confirming that academic prominence correlates with practitioner
familiarity. Second, sophisticated planning models — RACE, TAM, and the 10C — show
considerably lower adoption, suggesting that the Georgian digital marketing ecosystem has not
yet widely incorporated systematic digital planning frameworks into its operational practice.

Third, and most significantly, the data reveals a methodological gap: Georgian companies
are implementing digital marketing tactics (social media advertising, SEO, PPC campaigns) without
the analytical frameworks that would enable them to evaluate and optimize those tactics
systematically. This finding is consistent with the research of Jarvinen (2016), who identified the
challenge of connecting digital marketing activities to long-term business outcomes as a
fundamental problem even in more mature digital markets.

The primary research also confirmed, through Studies | and Il (correlation and regression
analyses), that digital marketing elements significantly influence sales growth (H; confirmed), and
that price, information quality, brand trust, and online shopping experience each significantly
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affect consumer purchase decisions in the Georgian online context (H; through H,; confirmed).
These findings establish the empirical foundation for recommending the broader adoption of
structured marketing models — particularly planning-oriented frameworks — among Georgian
practitioners.

7. Conclusions and Recommendations

This paper has presented a systematic comparative analysis of 15 marketing models, their
classification into audit, planning, and strategy categories, their Al-era transformation potential,
and their adoption patterns in the Georgian business context. Several key conclusions emerge:

5. No single model is sufficient. The most effective digital marketing operations combine
classical models (AIDA, 4Ps, STP) for strategic orientation with contemporary planning
frameworks (RACE, STDC) for execution and Al-compatible audit tools (Forrester's 5ls,
TAM, 10C) for ongoing measurement.

6. Alamplifies model value but does not replace model logic. Machine learning and predictive
analytics enhance the speed, precision, and individualization with which marketing model
frameworks can be applied, but the underlying strategic logic of each model remains the
essential architecture.

7. Georgian practice reveals a structured knowledge gap. The concentration of model usage
around foundational frameworks (4Ps, AIDA, STP) while advanced planning and
measurement models (RACE, TAM, 10C) remain largely unadopted indicates that Georgian
digital marketing practitioners would benefit significantly from structured training in
evidence-based model application.

8. Empirical research confirms model relevance. The primary studies conducted in Georgia
confirm that the variables addressed by established marketing models — price,
information quality, brand trust, digital tool adoption — are significant predictors of both
digital marketing effectiveness and consumer purchase behavior in this market context.

9. A new integrated model is warranted. The limitations identified across all 15 models —
linearity in AIDA, static segmentation in STP, tactical fragmentation in practice — motivate
the development of the AASR Integrated Digital Marketing Model (Reach, Act, Situation
Analysis, Remarketing) introduced in the parent dissertation, which is designed specifically
to enable marketers to plan, monitor, and update digital marketing processes as a unified,
adaptive cycle.

For researchers, this analysis provides a validated classification framework for studying
marketing model effectiveness in Al-enabled environments. For practitioners — particularly in
Georgia and other emerging digital economies — it provides a structured roadmap for moving
beyond tactical digital execution toward evidence-based strategic marketing management.

Future research should investigate longitudinal adoption patterns of advanced digital
marketing frameworks in emerging economies, examine the specific Al tools that most effectively
augment each of the 15 models analyzed here, and test the effectiveness of integrated models
such as AASR against the established frameworks in controlled organizational settings.
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denepatMBHOE 0byYeHME, KaK
MHCTPYMEHT NPOTUBOAENCTBUSA
MOLLEHHMYECTBY B ODaHKOBCKOM CEKTOPE.
O630p Noaxoa08B

MNMuanneHko AHHa BMKTOpPOBHA
NOKTOPaHT, YHuBepcuteT Hapxos, r. Aamatsl, Pecnybinka KasaxcraH

AHHOTauuA

B cTaTbe paccmaTpmBatOTCA BO3MOXKHOCTU NpuMeHeHma TexHonormum Federated Learning (FL)
ANA nosblWeHNA 3QGEKTUBHOCTU BbIABNEHMA HAHKOBCKONO MOLIEHHWYeCTBa, OCHOBAHHOIO Ha
MeTOoAax COLMANbHON MHXKEHEPUN, TAKUX KaK TenepoHHOE MOLEHHMYEeCTBO, GULLMHIOBbIE aTaKu
M CXeMbl C MCNOb30BaHWEM NOAAENbHbIX COTPYAHMKOB BAHKOB MM rOCYAaPCTBEHHbIX OPraHoB.
Ocoboe BHMMaHME yaeneHo npobaeme orpaHMYeHHOro obmMeHa AaHHbIMKU Mexay OaHKammy,
obycnosneHHoro TpeboBaHMAMKW 3aKOHOAATENbCTBA O 3alUUTE MNEPCOHaNbHOM MHOOPMaUMK.
denepatmaHoe obyvyeHMe N0O3BOJSIAET HECKOAbKMM 6aHKkam COBMeCTHO obydaTb MOJenu
MalLUMHHOro obyvyeHma 6e3 nepenaym UCXOAHbIX KAMEHTCKUX AaHHbIX, YTO OTKPbIBAET HOBble
BO3MOHOCTM /1A NOBbILLIEHMA KayecTBa OOHapYKeHNA MOLEHHUYECKUX ONnepaLmi.

NccnenoBaHMe OCHOBAHO Ha aHaAM3e HayyHbIX NyboanKaumii, onybankosaHHbIx B 2016—2025
rogax. PesynbTaTbl NOKa3biBatoT, 4To Federated Learning o6n1agaeT 3Ha4YUTEbHBIM MOTEHLIMANOM
ONA  pelweHna npobnembl HeaocTaTKa JAaHHbIX O  MOLWEHHWMYECKMX onepaumax, OAHaKo
CYLLECTBYIOLIME MCCNEAO0BAHUA MMEKT PAf  CYWECTBEHHbIX OrpaHuYeHuin. Bo-nepsbiX,
HONbLIMHCTBO pa3paboTaHHbIX MoAenei OPUEHTMPOBAHO Ha BblABAEHWE MOLWEHHWYECTBA C
HAaHKOBCKMMW KapTaMu M KOMMPOMETaUMeN YYeTHbIX 3anmcei, TOrda Kak MOLEHHWYECTBO,
OCHOBaAHHOE Ha COUMaNbHOM WHXEHEepPWUWU, OCTAeTCA HEeAOoCTaTOYHO WM3yYeHHbIM. Bo-BTOpPbIX,
BOMpPOCbI obecneyeHMAa KOHPUAEHUMANbHOCTM B MPOLIECCE COBMECTHOro oby4vyeHua moaenem
TpebytoT AaNbHeNLEero passuTmna. B-TpeTbnx, 06bACHMMOCTb MPUHMMAEMbIX MOAENbIO PELLEHNI
Yallle paccMaTpMBaEeTCA KaK AOMONHUTENbHbLIA 31EMEHT CUCTEMbI, @ He Kak 0b6A3aTeNbHbIN
KOMMNOHEHT apXMTeKTypbl. HaKoHeL, NpaKTU4ecKuM OTCYTCTBYIOT MCCNEeLOBaHMA, MNOCBALLEHHbIE
OPraHM3aUMOHHbIM W YNPaBAEHYECKMM MEXaHM3MaM MeXOaHKOBCKOro COTPYAHWYECTBa Mpu
MCNoNb30BaHUM GeaepaTUBHOrO 0byYeHuMA.

[na ycTpaHeHMA BbIABAEHHbIX OrpaHWYeHUA NpeanoXeHa KOHUenTya/lbHad MOAeb
HybridFL-XAl, obbeauHslowaas denepatmsHoe obyyeHMe U meToAbl  OOBACHMMOTO
MCKYCCTBEHHOrO WHTennekta. [lpeanaraeman apxuTekTypa MOMXEeT CAYKUTb OCHOBOM ANA
Pa3paboTkM  MeOaHKOBCKMX  aHTUOPOA-CMCTEM HOBOrO MOKO/AeHMA, obecneynBatoLmx
adpdeKkTMBHOE  OOHapy)KeHMe  MOLIeHHM4YecTBa  Npu  cobaogeHum  TpeboBaHWM K
KOHPUAEHUMANBHOCTM AaHHbIX, MPO3PAYHOCTN aATOPUTMUYECKMX PELEeHNN U B3aMMOLENCTBUIO
Y4aCTHWKOB.

Kntoyesble cnosa: deaepatmsHoe o06yyeHWe, coumanbHaa WHXeHepuda, 6aHKOBCKoe
MOLWEHHNYECTBO, MNOBEAEHYECKAA aHAUTUKA, aHTUPPOA-CUCTEMDBI, KOHPUAEHLMANBHOCTb
JaHHbIX, 06bACHUMbIN N,
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1. BBepeHue

3a nocneaHue roapl Xxapaktep 6aHKOBCKOro MOLLEHHMYECTBA CYLLECTBEHHO M3MeHMACA. Ecnm
PaHbLLE 3/10YMbILIAEHHNUKM B OCHOBHOM MbITaNCh NOAYYNTb AOCTYN K GMHAHCOBbLIM CPEACTBAM C
NOMOLLbID TEXHMYECKMX METOA0B — CKMMMMHIa OaHKOBCKMX KapT, B3/0Ma MPOrpaMmHOro
obecneyeHns nan nepexsata AaHHbIX, TO CEroAgHsA BCE Yallle OHM BO34EMNCTBYIOT He Ha BaHKOBCKYIO
CUCTEMY, @ Ha CaMOT0 KAMEeHTa. Mcnosib3ys MeTO/bl COLMANbHOMN UHKEHEPUM, TaKMe KaK QULLIMHT,
BULWIWHI, CMWLIMHI WUAW NPETEKCTUHI, MOLIEHHMKN yDexaatoT 4YesioBeKa CaMoCTOATE/bHO
BbINOJIHWTb NEPEBO/, AEHEKHbIX CPEACTB UM PACKPbLITE KOHPUAEHLMANBbHYIO MHGOPMALMIO.

Takol noaxon, Co34aéT cepbE3Hble CAOMHOCTM ANa cylecTsylowmx aHtudpoa-cucrem. C
TOYKM 3peHnn baHka NoaobHaa onepauma BbIrSAMT NOAHOCTLIO NETMTUMHOMN: KANEHT UCNONb3YeT
CBOE YCTPOMCTBO, MNPOXOAWUT  ayTEHTUPMKALMIO, BBOAUT KOPPEKTHbIE  PEKBU3UTbI U
CcobBCTBEHHOPYYHO NOATBEPKAAET NepeBos,. B pesynbrate TpaANUMOHHbIE METOAbI OOHAPYKEHMA
MOLWEHHNYECTBA, OCHOBAHHblE Ha MpaBWAax, CUrHATypax WAW  M3BECTHbIX MPU3HAKAX
KOMMNPOMETALMN, OKa3bIBAtOTCA MaN03bGDEKTUBHBIMMN.

B 3Tmx ycnosumax BCE bonbliee 3HaYeHWe NpuobpeTaeT aHaNM3 NOBeAEHMA KNMeHTa. BaxHo
OLEHMBATb He TO/NbKO MNapameTpbl CamoM TpaH3aKUMW, HO W M3MEHEHMA B [AEMCTBMAX
NoNb30BaTeNA A0 €€ COBEpLIEHMA: HETUMMYHOE noBedeHWe B LUMGbPOBOM KaHane, HeobblYHYHO
nocnenoBaTeNbHOCTb  AEWCTBUIA, OTKJAOHEHWMA OT MNPMBbLIYHOTO CLEHAPMA  MCMNONb30BaAHMA
HaHKOBCKMX CEPBMCOB 1 ApYyrne noBeaeHYeckme NpmusHaKkm, KOTopble MOryT CBMAETENbCTBOBATL O
BO3/EMNCTBUM COLIMANTBHON UHXKEHEPUN.

OJ[HaKO NOCTpOeHMe TakMx MoZenel CBA3aHO C HeJoCTaTKOM obyyatowmx AaHHbIX. Caydan
MOLLIEHHWYECTBA COCTABAAIOT KpaiHe Hebobliyto A0t0 0b6Lero o6béma 6aHKOBCKMX onepaLnii.
Mo oueHKe baHka MesxayHapoAHbix pacyéTtos (BIS, 2022), Ha MOLWEHHWYECKMEe onepaLun
npuxoantca meHee 0,1 % Bcex TpaH3akumi. [103TOMY AaHHbIX OAHOrO 6HaHKa 3a4acTyto
He0CTaTOYHO AN1A 0byYeHMA YyCTOMYMBLIX MoAenel, 0COBeHHO ecn pedb UAET O CPAaBHUTENbHO
HOBbIX CLLEEHAPUAX MOLLIEHHMYECTBA, OCHOBAHHbIX Ha COLMANbHOM MHKEHEPUN.

ObMeHATbCA AaHHbIMM O KAMeHTax BaHKM He MOryT HM MO 3aKOHY, HM No coobpaxKeHWam
KOHKYPeHUMM. B aTOM cnydae MOXKET MCnosb3oBaTbea defepaTUBHOE 0byyYeHMe, naeto KOToOpoWn
npegnoxmnn McMahan c coastopammu B 2017 roay. CyTb TEXHONOIMMM 3aKNOYAETCA B TOM, YTO
HECKO/IbKO OpraHM3aLMii COBMECTHO 0by4atoT OAHY MOAESNb, HO KaXKaas MCNONb3yeT TONbKO Ha
CBOWX Aa@HHbIX, @ Ha 0OLWMIA cepBep yX0AAT He 3aNMCcK 0 KAMEeHTaX, @ 0OHOBAEHMWA BECOB MOAENN.
PelleHWe 31eraHTHOE, HO HACKO/IbKO OHO MNOAXOAWT WMMEHHO Ana 6opbbbl C couManbHOM
NHXXeHepunen B BaHKax B AnMTepaType pa3obpaHo NuLlb GparMeHTapHO, OTAENbHbIMMK CAyYanmuy,
6e3 obLLen KapTUHbI.

Llenb aTOM cTaTbM cobpaTb 3Ty KapTMHY: 000OLWMTb, YTO y)Ke caenaHo B MPUMEHEHUK
denepatmsHOro obyyeHma K aHTUPPOAY, MOKaA3aTb, KAKME BOMPOCHI NOKa OcTatoTcs 6e3 0TBETa, U
NpeanoXnTb pabodyro Ccxemy, KOTOpaa MOMET 3adaTb HanpasaeHue Aas8  AajbHenwmnx
NPaKTUYeCcKnx pa3paboTok.

2. Kak nposoagunca 063op
2.1.Tpe 1 4To NCKanu

Mounck nybankaumi Benca B 6asax Scopus, Web of Science n Google Scholar no 3anpocam
Buaa «federated learning» B codetaHmm ¢ «fraud detection», «social engineering», «banking»,
«privacy-preserving machine learning», «behavioral analytics» 1 6an3knum GopmMyanMpPoOBKaM.
BpemeHHOM nepuoa — c 2016 roaa, Korda Bbllaa OcHoBomnonaratowana cratbs McMahan ¢
coaBTopamm, no mapt 2025 roaa.

2.2. Y10 BK/IIOYAIN, @ YTO HET

B 0630p nonaganu TONbKO peuLeH3Mpyemble CTaTbW, MaTepuanbl KoHbepeHUMn u
obnLManbHble TEXHUYECKME OTYETbI Ha aHTTIMNCKOM MAKN PYCCKOM 5i3blKe NPW YCAO0BMMK, YTO OHM NO
CywlecTsy nocBalleHbl deaepaTMBHOMy o06ydyeHuto  u/uam  obHapyKeHuto  GUHAHCOBOro
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MOLWeHHNYecTBa. HepeLeH3npyemble MaTepuanbl, TOBEPXHOCTHbIE YTOMUHAHWA 1 AybAnpyoLLne
ny6amKaumMm O4HOrO M TOrO e UCCAe0BaHNA OTCENBANUCD.
2.3. Kak otbupanu

MepBoHa4anbHbIM Nouck gan 312 nybamkaumin. MNocne yaaneHns NoBTOPOB OcTanoch 274.
MpoBepKa No Ha3BaHMIO M aHHOTaUMK oTcesna ewé 198 HepeneBaHTHbIX PAbOT. MOAHbIN TeKCT
NPOYNUTaH y 76 OCTaBlIMXCA NYOBAMKALMM, U3 KOTOPbLIX MO COBOKYMHOCTM KPUTEPUEB B UTOrOBbIM
o630p Bowan 32 peueH3npyemblie paboTbl. K HUM AobaBfiieHbl 8 HOPMATUBHbLIX AOKYMEHTOB
(ompektnBbl EBA, GDPR, cTtaHmapTtbl ISO) ® 3 TexHM4yeckux OT4yéTa perynatopos. Bcero 43
MCTOYHMKA.

3. Y1o Takoe penepaTnBHoe obyyeHune
3.1. Uaes v 6a30BbIA aATOPUTM

B ocHoBe denepaTMBHOrO 0By4YeHMA NEXUT NPOCTOM NPUHLMN: AAHHbIE OCTAOTCA BHYTPWU
opraHmsaumu, rae oHun 6biamn cobparbl. Kaxablh 6aHK camocToATeNbHO 0by4YaeT Moaeb Ha CBOMX
[AHHbIX 1M nepeaaeT Ha LEHTPaNbHbIA cepBep TONbKO 0OHOBNEHHbIE NapameTpbl moaenn. Camu
KNMEHTCKME [laHHble NpW 3TOM He nepepatoTcA. [onydyeHHble 06HOBNEHMA 0OBbEAMHAIOTCA C
nomolLbto anropntma FedAvg, KOTOPbIM YUMTbIBAET BKAAA, KAaXKAOr0O y4acTHMKA B 3aBUCMMOCTH OT
obbema MCNonb3oBaHHbIX AaHHbIXx (McMahan et al.,, 2017). 3aTem o6HOBAEHHaa rnobanbHas
MoZeNb Bo3BpallaeTca baHKam, rae cHoBa nNpoxoamT obyyeHue. Tako obmeH noBTopseTca A0
Tex Nop, NOKa MoAeNb He AOCTUTHET HE0HXOAMMOM TOYHOCTMU.

B ogHOmM m3 Hambonee nonHbix 0630pos no deaepaTvBHOMY 0bydeHUto Kairouz u coasrT.
(2021) oTMe4atoT HeCKONbKO Kto4eBbix Mpobniem, KOTopble MOKa OrpaHWYMBAOT LWMPOKOoe
NPUMeHEeHWe 3TOM TeXHONorMK. Bo-nepBblX, MOAENb AOMKHA KOPPEKTHO paboTaTb C AaHHbIMMU,
CYLLECTBEHHO OTAMYAKOWMMUCA Y Pa3HbIX YYAaCTHWMKOB. BO-BTOpbLIX, CyLLeCTBEHHOE 3HaveHue
MMEIOT 3aTpaTbl Ha PeryNapHbIi 0OMeH OOHOBNEHUAMM MOAEAN MEXKAY Y4aCTHUKAMM 0DyYeHusA.
B-TpeTbMx, COXpaHAETCA PWUCK BOCCTAHOBNEHMA WMCXOAHOM WMHPOPMaLMM MO nepesaBaembiM
napameTpam MoAenu, 4to TpebyeT NpUMEHEHNA 4ONOAHNTENbHbBIX MEXaHNU3MOB 3aLWmTbl. Bce 3Tu
BOMPOCHI MMEIOT NPaKTUYeCcKoe 3HaveHne 1 AnAa BaHKOBCKOro CEKTOPaA, XOTA CTeneHb X BAIMAHNA
3aBUCUT OT KOHKPETHOrO CLLeHapMA MCNO0Nb30BaHMA deaepaTMBHOIO 0byyeHums.

Yang 1 coasT. (2019) npeanoxunnm KnaccmduKaLmo OCHOBHbIX BapMaHTOB OpraHm3aumm
denepatmsHoro obyveHudA. [lepBbld BapWaHT npeanonaraeT, 4YTO YYAaCTHMKM pacnofaratoT
OAMHAKOBbIM HAabOPOM MNPU3HAKOB, HO pPaboTaloT C  pasHbIMKM  TPYyNNamu  KANEHTOB
(ropnsoHTanbHOe denepaTMBHoe 0byveHWe). Bo BTOPOM c/iydae COBMaAatoT KAMEHTbI, TOrAa Kak
MCNONb3yemMble MPU3HAKM Pa3nnyatoTcA (BepTuKanbHoe denepaTuBHoe obyyeHue). TpeTui
BApMaHT COYeTaeT 3/1eMEHTbl 0DENX CXEM W MPUMEHAETCA NPM YAaCTUYHOM MepeceveHumn Kak
KAMEHTOB, TaK M nNpu3HakoB. [lna ©OaHKOBCKOro aHTUdpoaa Hambosee peasmcTUYHbIM
NpeacTaBAAeTCA ropu3oHTaNbHbIM Noaxod: 6aHKM 0BCNYKMBAOT pa3Hble KAMeHTCKMe 6asbl, HO
MCMNO/Ib3YIOT CXOXME XapPaKTEPUCTMKM TPAH3aKLMIA M NOBEAEHYECKME MPU3HAKM MNPU OLLEHKE pMUCKa
MOLLEHHUYEeCTBa.

3.2. Npobnema: y Bcex 6aHKOB AaHHbIe pasHble

OAHOM M3 OCHOBHbIX Npobaem Mpu UCNONb30BaHUM dGeaepaTUBHOrO obydyeHus ABNAETCA
HEeOAHOPOAHOCTb AAHHbIX Pa3HbIX YYaCTHWMKOB. B OaHKOBCKOW NpaKTWKe KAuMeHTcKaa 6a3a,
CTPYKTYpa TPaH3aKUMA M PacnpoCTPaHEHHOCTb MOLEHHMYECKMX CXeM MOryT CyULeCcTBEHHO
Pa3/MYaTbCA HE TONbKO MeXAy OTAeNbHbIMM BaHKamMK, HO M Mexay CcTpaHamu. B HayyHoM
NvTepaType Takaa cuTyauma obo3HavaeTca TepmmHom non-lID (HeogHopoaHoe pacnpeaeneHue
[aHHbIX). OTO 03Ha4aeT, YTO MoAeNb A0/MKHA 0Dy4aTbCA Ha AaHHbLIX, KOTOPbIE MMEIOT Pa3Hyto
CTPYKTYPY M CTAaTUCTUYECKME XapPaKTEPUCTMKM.

[na3apay aHTMdpoaa aaHHas npobaema ocobeHHO akTyanbHa. Hanpumep, MolWeHHUYecKkne
CXeMbl, XapaKTepHble Ana KasaxcTtaHa, BennkobputaHum nam ctpaH AQpUKKM, MOryT CyLLLECTBEHHO
Pa3NIMYaTLCA Kak NO cnocobam peanmsaumu, Tak M MO 4acToTe BO3HWMKHOBEHMA. B pesynbTaTte
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eanHan Moaenb He Bceraa oAMHaKOBO XOPOLIO paboTaeT Ans BCEX y4acTHMKOB deaepaTUBHOro
obyyeHus.

Zhao v coaBT. (2018) nokasanu, 4To Npu BbICOKOM HEOAHOPOAHOCTN AAHHbIX 3PPEKTUBHOCTb
6asoBoro anroputma FedAvg 3amMeTHO CcHWMKaeTcs. B oTaenbHbIX 3KCNepuMMeHTax KayecTBO
MO/E/IM OKa3a/loCb MOYTM BABOE HUMKE MO CPABHEHWIO C LEHTPaM30BaHHbIM 0bydeHnem. [na
YMEeHbLUEHWA BANAHUSA 3TOM Npobnembl OblIM NpeanoKeHbl MoAMPULMPOBAHHbBIE aNrOPUTMbI,
Takmne Kak FedProx, SCAFFOLD » FedNova. Ka)Kabli1 13 HMUX MO-PasHOMY Yy4UTbIBAET Pa3in4yma
MEXAy /0KaNbHbIMM MOAENAMM W MOMOraeT MOBbICUTb YCTOMYMBOCTL 0bydYeHua. OgHako
YHUBEPCANbHOIO PeLleHMaA NMoKa He CyLecTByeT: BbIbop aAropntMma 3aBMCUT OT TOr0, HaCKO/IbKO
CUNIbHO OTIMYAIOTCA JaHHbIe YYaCTHMKOB M KakoBa crelmdmrKa pelaemon 3aaaum.

3.3. KaK 3awmLLatoT AaHHble

XoTa npu denepatMBHOM 0OYyYEHUU UCXOAHbIE AAHHbIE KAMEHTOB He MepeaaroTca MeXKay
yYaCTHMKaMK, 3TO He 03Ha4aeT MOoJHOM 3aWmTbl MHpopmaumn. NccnegosarHne Geiping 1 coasT.
(2020) nokaszano, 4TO B OTAENbHbIX CAy4asax NO OOHOBNAEHHLIM MapameTpam MOAEAN MOMKHO
YaCTMYHO BOCCTAHOBWUTb AaHHbIE, MCMONb30BaHHbIE MPU NIOKaZbHOM 0by4eHMM. Takas yrposa
M3BECTHA KaK aTaka MHBepcum rpagmenHTa (gradient inversion attack).

[na cHMKeHMA Nog0OHbIX PUCKOB NPEAOKEHO HECKONbKO noaxoaos. OAMH M3 Hanbonee
PacnpocTpaHéHHbIx — anddepeHumnanbHaa npusaTHOCTb (Abadi et al., 2016), npu KoTopon K
nepenasaeMbiM 0HHOBNEHMAM MoAenn A06aBAAETCA KOHTPOAMPYEMbIN LUYM, 3aTPyAHAOWMMA
BOCCT@HOBNEHME MUCXOAHbIX AaHHbIX. [lpyrol noaxoa — 3aWMliéHHana arperaumsa (Secure
Aggregation), npegnosxkeHHana Bonawitz n coasT. (2017). B aTom caydYae LEHTpasbHbIM cepsep
NoJly4aeT TO/IbKO arperMpoBaHHbIiN pe3yabTaT 0OHOBAEHMN BCEX Y4AaCTHMKOB M HE MMeEeT 0CTyna
K NapamMeTpam OTAe/IbHbIX I0Ka/IbHbIX MOAENEN.

BmecTe c Tem 06a pelleHns MMetoT CBOM orpaHuyeHma. McnonbsosBaHne amddbepeHumanbHom
NPMBATHOCTM MOXKET CHMKATb TOYHOCTb MOAENN U3-33 A0DABNEHMA LLIYMA, TOrAa KaK 3alUMLLEHHAs
arperauma TpebyeT AOMNONAHUTENbHbIX BbIYUCAUTENbHLIX W KOMMYHUKALIMOHHbLIX PECYpPCOoB.
Mo3TOMYy MOWMCK OMNTMMA/bHOrO COOTHOLIEHUA MEXAYy YPOBHEM 3aliMTbl JAHHbIX M Ka4yecTBOM
obyyeHMA ocTaéTcs oAHON U3 Hanbonee akTyanbHbIX 3a4a4 defepaTUBHOro 0byveHuns, ocobeHHo
OnAa aHTMOPOA-CUCTEM, FAE KOAMYECTBO MOLUEHHWMYECKMX Oonepaumin HEeBEIMKO W KarKAbli
0oby4YatoLLMi NPUMEP MMEET BbICOKYHO LIEHHOCTb.

4. CoumanbHana MHXeHepuA: noYemy eé Tak TpyAHO NoMMaTb
4.1. Yem oHa oT/in4aeTca OT 06bIMHOTO MOLLEHHMYECTBA

CouManbHaa UHXeHepMa — 3TO aTaka He Ha CUCTeMYy, a Ha pelleHne YyenoBeKa. MoLeHHNK
He B3/1aMblBaeT ayTeHTUOMKALMIO, OH YyDEeKOaeT KAMEHTa MNPOMTM e€ CaMOCTOATE/IbHO U
nepesecTu aeHbrn. Mouton ¢ coasTopamu (2016) onmcanm 0OCHOBHbIE CXeMbl: GULLIMHT (MMCbMO C
NoAAeNbHbIM  COAEPKaHMEM), BUIIMHT (3BOHOK OT «COTPYAHMKa OaHKa» WAM  «CAYXKObl
6e30nacHOCTM»), CMUWMKHI  (ccbiika B SMS), npeTekCcTUHr (NpaBAonoA0OHbIN  NOXKHbIN
NoBOA,HaNpUMep, «Ball CY4ET 3aD60KMPOBaAH»). Bcex Mx 00beaMHAET NCUXONOrMYECcKoe AaBaeHue,
co34atolee OlLyLEeHNe CPOYHOCTU U CHUMKAIOLLEE KPUTUYHOCTb BOCTIPUSATUS Y KEPTBbI.

[Ons cnctem obHapyKeHUs — 370 HacToAlas npobiema. Onepauma TeXHUYEeCKM besynpedHa,
TaK KaK WCNONb3YylOTCA MpaBWAbHOE YCTPOWMCTBO, BEPHbIM Maposb, MNPMBbIYHLIA [IP-aapec.
MpaBuMNam M CUTHATYPHbIM GUAbTPAM, HAaCTPOEHHbIM Ha TEXHWYECKME NPU3HAKM B3/10MA, 34€eChb
OyKBaNbHO He 3a YTO 3aL,EenmTbCA.

4.2. Ha 4YTO BCE-TAKM MOXKHO CMOTPETb

HecmoTpsa Ha To YTO onepaumn, BbINOAHEHHbIE N0, BO3AENCTBUEM COLMANBHOM UHKEHEPUN,
BHELLUHE BbIrNAAAT NETUMTUMHbBIMKU, OHWN HEPEAKO COMPOBOXKAAIOTCA KOCBEHHbIMM NOBEAEHYECKUMMU
npusHakamu. Umakor n coasT. (2025) oTMeyvatoT, YTO K TaKMM MpM3HaKam MOryT OTHOCKTbCS
npoBeaeHne onepaLnmn B HeobbluHOE ANS KNMEeHTa BPEMSA, PE3KOE M3MEHEHME MPUBLIYHON CYMMb
nepeso/ia MAM NOABAEHWE HOBOTO MOJy4YaTena, OTCYTCTBME XapPaKTEPHOW MOC/aea0BaTeNbHOCTM
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[EeNCTBUIA Nepes, COBEPLIEHWEM MNaTeXKa, a TaKXKe HEeTUNUYHoe MnoBedeHMe Mo/b3oBaTeNa B
MOBMNBHOM NPUAOKEHMW. Hanpumep, AAMTENbHAA 3a[EpKKa Ha 3KpaHe NOATBEPMKAEHWS
onepaumm MOXKeT CBUAETENbCTBOBATb O TOM, YTO KAMEHT NOYYaeT MHCTPYKLUMM OT MOWEHHMKA, a
He coBepLUaeT NepeBos CaMOCTOATENIbHO MO NMPUBLIYHOMY CLLEHAPUIO.

Mo oTAenbHOCTM NoaoHHbIE NPU3HAKM He ABASKOTCA AOCTaTOYHbIM OCHOBAHWEM /19 BbIBOAA
0 MolweHHmyecTBe. O4HAKO UX COBMECTHbIN aHaM3 MO3BO/IAET CyLLECTBEHHO MNOBbLICUTH TOYHOCTb
OLEHKN pucka. Hanbonblumii apdeKT 4oCTUraeTcs B TOM Cy4ae, Korga MoAe b MOXKET y4MTbIBaTb
aHaNorMYHble NoBeAeHYECKMe NaTTePHbI, HabaoAaemble Y KAMEHTOB pa3Hbix 6aHKOB. MIMeHHO
30ecb BO3HMKaeT npobsiema HeaoCTaTOYHOCTM [AaHHbIX OAHOro 6aHKa Ana GopMMPOBaHMSA
NO/IHOM KapTUHbI NOAOCOHbIX MOLEHHUYECKUX CLEHAPMEB, TOrAa Kak Npsamoi obmeH KAMEeHTCKOM
nHbopMauUMel orpaHNMYeH 3aKOHOAATENbCTBOM O 3aLUMTE NEPCOHA/bHbIX AAHHbIX.

4.3. JIoXHble TPeBOr ToXe ueHa Bonpoca

OAHOWN 13 KNtoYeBbIX NPoHAEM TPaANLUMOHHbIX aHTUGPOA-CUCTEM, OCHOBAHHbIX Ha NMPaBMaax
M 3apaHee 3aflaHHbIX CUEHApMAX, OCTAETCA BbICOKMA YPOBEHb /IOKHOMONOKUTENbHbBIX
cpabaTtbiBaHnin. OwmnboyHaa O10KMPOBKA NErMTUMHOW onepaumm NPUBOAUT He TONbKO K
[ONONHUTENbHOM Harpy3ke Ha NoApasfeneHna NPOBEPKM M pPaccnefoBaHMA, HO M HaNpaMyro
BAMAET Ha KAa4YeCTBO KAMEHTCKOrO onbiTa. YacTble HeOBOCHOBAHHbIE OrPaHMYEHMA MOTYT CHUXKATb
[oBepue KAMEHTOB K BaHKy M MOBbIWATb BEPOATHOCTb MX Mepexoaa K Apyrum GUHAHCOBbIM
opraHu3aumam.

Hilou n coaBT. (2025) oTmMeuatoT, YTO CHUKEHME KOMYECTBA NI0XKHbIX cpabaTbiBaHMI Npwu
COXPaHeHMM BbICOKOM CNOCOBHOCTN OBHapYKMBaTb peaibHble Cy4an MOLLEHHNYECTBA BO3MOXKHO
npeK/e BCero 3a CYET paclUMPEeHMA KOHTEKCTa aHan3a. ITo npegnonaraeT UCnonb3osBaHue bonee
WMPOKOro Habopa TPaH3aKUMOHHBIX M NOBEAEHYECKMX MPU3HAKOB, @ TaKXKe HaKoM/eHne AaHHbIX
O pPa3HOODOPa3HbIX MOLWEHHMYECKUX cueHapuax. OaHaKo OTAenbHbI HaHK, pacnonaratoLmi
TONbKO  COOCTBEHHOM  KNMEHTCKOM 6a30i, WMeeT OrpaHWYeHHble BO3MOMXKHOCTWM  ONA
dbopmmMpoBaHMA TakoM MacwTabHoM 6asbl 3HAHWK, YTO YCMAMBAET aKTya/bHOCTb METO0B
COBMECTHOro obyyeHuns moaener 6e3 nepenadm NCXOAHbIX AaHHbIX.

5. Nouyemy 06bl4HbIe aHTUDPOA-CUCTEMBI YIMPAIOTCA B MOTONIOK U NPU YEM TyT deaepaTuBHOE
obyyeHue

LleHTpanm3oBaHHble aHTUOPOA-CUCTEMbI  CTANKMBAKOTCA C  ABYMA NPUHUMNMANABHBIMK
OrpaHNYeHnAMMK. lepBoe CBA3AHO C OCODBEHHOCTAMM CaMMX [aHHbIX. [loNs MOLIEHHWYECKUX
onepauuni B obuiem o6béme BaHKOBCKMX TPaH3aKLUMIA KpaHe Mana, YTo NPUBOAUT K CUAbHOMY
AncbanaHcy Knaccos npu obydyeHnn mogenei. B pesynbtaTe anroputmM MOXKeT AEMOHCTPUPOBATb
BbICOKYIO TOYHOCTb 3@ CYET MPaBMALHOIO Pacno3HaBaHWA DONbLIMHCTBA NETUTUMHbIX ONepauui,
HO MPW 3TOM HeZ0CTaTOYHO 3GDEKTUBHO BbIABAATL PEAKME MOLIEHHNYECKUE CIyYau.

BTopoe orpaHuyeHne MMeeT MHCTUTYLMOHAbHbIA XapakTep. HecMoTpa Ha To 4To obmeH
JaHHbIMM - Mexay 6aHKamu  mor  Obl  3HAYMTENbHO MOBbLICUTb KAYecTBO OOHapyKeHua
MOLLEHHNYEeCTBa, Nepeaada MHGOPMaLMM O TPAH3AKUMAX U KIMEHTaxX orpaHnyeHa TpeboBaHUAMM
HaHKOBCKOM TalHbl M 3aKOHOAATENbCTBA O 3alUMTE MEepPCOHasbHbIX AaHHbIX. Takum obpasom,
BO3HMKAET NPOTUBOPEYUNE: A5 NOCTPOEHMA Bonee TOYHbIX Modenen baHkam HeobxoamMm AOCTynN
K bonee WMPOKOMY MACCMBY AaHHbIX, OAHAKO NpAmoe 0bbeAnHEHNE KANEHTCKOM MHDOPMaL MM
HEBO3MOXHO MO NPaBOBbIM NMPUYMHAM.

depnepatnsHoe obyyeHune NO3BONAET OAHOBPEMEHHO PeWWTb ABe KAwyeBble Npobiaembl
LLEeHTPaNM30BaHHbIX aHTUdpoa-cmcTem. C OAHON CTOPOHbI, MCXOAHbIE AaHHblE KIMEHTOB OCTAOTCA
BHYTpM OaHKa M He nepeaaroTcA BHEWHMM Y4aCTHMKAM, MOCKOJIbKY B npougecce 0byyeHus
MCNONb3YKTCA TONbKO OOHOBAEHMA NapameTpoB moaenn. C Apyror CTOPOHbI, obbeanHeHue
OMbITa HECKONIbKMX YHaCTHUKOB N03BONAET OPMMPOBaTL Honee yCTOMYMBYIO MOAENb, CNOCOOHYIO
YYUTbIBATb WMPOKMUIA CMEKTP MOLWEHHUYECKMX CLEHAPHUEB, KOTOPblE MOTYT OblTb HE3AMETHbI NPK
aHanM3e AaHHbIX 04HOro HaHKa.
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TaKol noaxon, COOTBETCTBYET NpuHUMNy privacy by design, cornacHo kotopomy TpebosaHumA
K 3aWWMTe A@HHbIX A0MXKHbI 3aKNa4blBATLCA HA 3Tane NPOeKTUPOBAHMA CUCTEMbI, @ He 106aBAATLCA
nocne eé co3gaHua B BUAE AOMNONHUTENbHbIX OrPaHNMYeHNn. B cnyvae depepatnsHoro obyyeHms
KOHOUAEHUMANbHOCTb  ABAAETCA YaCTbld CaMOM  apXMTEKTYpPbl B3aMMOAEMNCTBUA  Mexay
YYaCTHMKAMK, YTO AenaeT [AaHHbIM noaxond oCObeHHO npuBaeKkaTeNbHbIM ANA GUHAHCOBOrO
cekTopa (Luca, 2025; Sambasivam, 2025). MNMpu 3ToOM cneayeT yunTbiBaTb, YTO YKa3aHHble paboThbl
MMEIOT CTaTyC nNpeaBapuTesibHbIX MaTepuanoB WM MCMOb3YHOTCA TONAbKO [/18 OTpaXKeHus
MCCNea0BaTeIbCKOrO HanpaB/ieHUs, a He Kak NOATBEPKAEHHbIE IMNUPUYECKME PE3YIbTaTbI.

BmecTe ¢ Tem peaepatMBHOE 0DyyYeHMEe He yCTpaHseT Bce cyllecTByloumne npobnemsl. Ero
NPaKTMYecKas peanmsaumsa cBsf3aHa C PALOM OrpaHWyeHuin: HeoBXOAMMOCTbIO KOOPAMHALMK
MeXAy YYaCTHMKAMM,  AOMNOSHUTENbHBIMA  BbIYUCAUTENbHBIMU U KOMMYHMKALMOHHbBIMM
3aTpaTaMu, a TaKXKe PUCKamMM aTaKk Ha cam npouecc obyveHna. OaHOM 13 Hanbonee cepbEsHbIX
Yrpo3 ABAAIOTCA aTaku OTpaBaeHus modenn (model poisoning attacks), npu KOTOPbLIX Y4aCTHUK
MOEeT HaMepeHHO NepenaBaTb MCKaXKEHHbIe 0OHOBNEHMSA, CHUMXKAA KaYeCTBO 0bLLEN MOaeNN.

Kpome TexHM4YecKMx BOMPOCOB, 3HAYUTENbHYHO POAb MUIPatoT OPraHM3aLUMOHHbIE AaCMeKTbl.
Co3aaHMe yCTOMYMBOrO MexaHM3Ma MeXDaHKOBCKOro B3aMMOAENCTBMA TpebyeT pelleHuA
BOMPOCOB pacnpeaeseHna OTBETCTBEHHOCTU, ynNpaBaeHma obuier MHPPACTPYKTYPOM, KOHTPONS
Ka4yecTBa fAaHHbIX M onpeaeneHua npasua ydactus. [pM 3TOM CylLecTBylOLLAs AMTepaTypa
NPenMyLLECTBEHHO COCPEAOTOYEHA Ha aNrOPUTMUMYECKMX acnekTax deaepaTMBHOrO obyyeHus,
TOr4a Kak BOMPOCbI OPraHuM3aUMOHHOM MoAenn MeOaHKOBCKOro COTpYyAHMYEeCTBa OCTatoTCA
M3y4YEeHHbIMW HE4OCTATOUYHO.

6. Kakne apxuTeKTypHble pelleHmna yKe npeaaraamcb
6.1. Tpn 6a3oBble cxembl

B nuTepaType BCTpeYatoTCA TPM OCHOBHbIX Cnocoba opraHmM3oBaTh deaepaTuBHYO aHTUdPOA-
cuctemy. CxemMa «3Be3fa», camaa PacnpoCTPaHEHHaA, Korda UeHTpanbHbl cepBep cobupaet
0b6HOBNEHMA OT BCEX YYAaCTHWKOB M paccblnaeT OBHOBNEHHYO MoAenb obpaTHo. MIMeHHO eé
peanusyeT anroputm FedAvg (McMahan et al, 2017). Wepapxuyeckasa cxema pnobasnset
MPOMEXKYTOYHbIE Yy3/bl-arperaTopbl, Hanpumep, No reorpadum UAM NPOAYKTOBOM /IMHENKE, YTO
CHWMMKAET Harpysky Ha KOMMYHWKauMio npu H6onbwom ymcne 6aHkoB. OAHOPaHroBas Cxema
BoobLle 0bxoamTca 6e3 LeHTpanbHOro cepeepa, yompas eanHY0 TOYKy OTKasa, HO LieHoin bonee
CNIOXKHOTO MPOTOKOANA cornacoBaHuaA. [ns 6aHKOB BbIOOpP Mexay 3TMMW CXeMamu BOMPOC He
TO/IbKO TEXHWUYECKMIA, HO M OPraHN3aLMOHHBIN: KTO KOHTPOAMPYET LLEHTPANbHbIN Y3€/ U Ha KaKux
YCNOBUAX.

6.2. TMbpuaHan apxutekTypa HybridFL

Ocobbilt HTEpec NpeacTaBaseT apxmutekTypa HybridFL, npegnoxkeHHas Khan v coasT. (2025),
KOTOpas co4YyeTaeT ropmsoHTasbHOE W BepTMKanbHoe deaepaTMBHoe obyyeHue. Takas cxema
NO3BONAET OAHOBPEMEHHO MCMNO/Ib30BaTb AaHHblE HECKOIbKMX HAHKOB M 0O bEANHATL Pa3INYHbIE
TUMbl NPU3HAKOB Be3 nepeaayn UCXoAHOM MHGOPMALMU MEKAY Y4aCTHUKAMM.

[na 3a4ay BbIBNEHMSA MOLIEHHWYECTBA, OCHOBAHHOIO Ha COUMANbHOM WHXKEHepuu,
nofobHaa apxuUTEKTypa MMeeT pagd npenmyllects. lpu nepeBode AeHEXHbIX cpeacTs OaHK
pacnonaraeT MHbGopMaLmeln Kak 0b oTnpaBUTeNe, Tak M O NoAyYaTene NaaTexa, OAHaKo XapaKkTep
3TUX AAHHbIX CYWECTBEHHO pa3nnyaeTcA. Co CTOPOHbI OTNPABUTENA MPU3HAKM MOLIEHHMYECTBA
Yalle nposABAAKTCA B M3MEHEHMWU MPUBbLIYHONO MOBEAEHWMA KAWEHTA: HEeOobOblYHOM BPEMEHM
onepauum, OTKAOHEHUM OT TUMWMYHbIX CLEHApPMEB WMCNO/Ib30BaHMA OAHKOBCKUX CEPBMCOB WMAU
pe3kor cmeHe O@WHAHCOBbIX MpuBbl4eK. CO CTOPOHbI MNOAy4YaTena, HanpoTWMB, BHMMaHMeE
NPWMBNEKAIOT TaKMe NPU3HaKM, KaK OTCYTCTBME WMCTOPMM B3aMMOAEMNCTBMA, CBA3b C APYrMMU
NOA03PUTENbHBIMM CHETAMM UK y4aCTUE B LLENMOYKaX NepeBooB.

PaccmoTpeHMe 3TUX ABYX TPynn MPWM3HAKOB MO OTAEAbHOCTM MO3BONAET COXPAHWUTL WX
MHOOPMATMBHOCTb M HoNee TOYHO OLLEHMBATb PUCK MOLWeHHMYecCTBa. Ecam e obbeanHATL BCe
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XapPaKTEPUCTMKM B enHbIN Habop Be3 yYéTa X NPOMCXOKAEHNA, PA3NNYNA MEKAY NOBEAEHMEM
OTNpPaBMTENA U OCODEHHOCTAMM MOAyYaTeNAs MOTYT CrAaXKMBATbCA, YTO CHMMKAET CNocoOHOCTb
MOZENN BbISBAATL CXEMbI COLMANBHOM MHKEHEPUN.

6.3. Kakme mogenu ncnonb3yrTca

Bbibop apXMTEKTYpbl MOAENM B cUcTEMax GpeaepaTMBHOro obydyeHns onpeaenseTca npexae
BCEro TUMOM aHaNM3NPYEMBbIX AaHHbIX 1 0OCODEHHOCTAMM pellaemol 3aga4m. Ecnm HeobxoamMmo
YUYMTbIBATb NOCAEA0BATE/IbHOCTb TPAH3aKUMIA M M3MEHEHUSA B NOBEAEHUM K/IMEHTA BO BPEMEHMN,
Hanbonee adpOEKTUBHLIMM CHMUTAIOTCA PEKYPPEHTHbLIE HEMPOHHbIE CeTU, Takne Kak LSTM n GRU.
OHM cnocobHbI BbIABAATL OTKAOHEHMA OT MPUBbLIYHLIX MOAEeNel MOBeAeHMA MOJb30BaTENA U
0OHapyKMBaTb aHOMaNANKN, KOTOPbIE HEe BUAHbI NMPW aHanM3e oTaeNbHbix onepaumii (Novikova et
al., 2023).

B cnyyasx, Koraa MoleHHMYeCTBO CBA3AHO C CETbIO B3aMMOCBA3aHHbIX CHETOB, YCTPOMCTB AU
nonyyaTtenen nnatexen, bonee NOAXOAALMM MHCTPYMEHTOM SABAAIOTCA rpadoBble HEMPOHHbIE
cetn (Graph Neural Networks, GNN). OHM NO3BOAAIOT Yy4UTbIBATb CTPYKTYPY CBA3EN MEXay
0H6BbEKTaMM U BbIABAATL NPU3HAKM OPraHM30BaHHbIX MOLIEHHMYECKUX cxeM. [pn MCnoNb3oBaHMM
benepaTmBHOro obyyeHma Kaxabln HaHK aHaNM3MpyeT cobCTBEHHYIO YacTb rpada, a COBMeECTHoe
obyyeHue agenaet mogenb 6onee MHPOPMATUMBHOM, He Tpebya nepegayn AaHHbIX O KAMEHTax
OPYTMM Y4aCTHMKaM.

[Ona aHanM3a noBeAEHYECKMX XapaKTepPUCTMK Mosb3oBaTenelt BCE OONbLIMA MHTepec
NpeacTaBNAOT MOJAENM Ha OCHOBe apxuTeKTypbl Transformer. OHWM cnocobHbl 3dbEeKTUBHO
paboTaTb C OGonbWKMMKM OOBEMAMM NOCNeA0BaTENbHbIX AAHHbLIX W BbIABAATL C/AOMHbIE
3aKOHOMEPHOCTM B NoBeAeHUM KAneHToB. OAHaKo MX NpuMeHeHWe B 6aHKOBCKOM NpaKTUKe Noka
OrpPaHMUYMBAETCA BbICOKMMM TPEOOBAHUAMM K BbIYMCANTENBHBIM PECYPCAM, YTO MOXKET 3aTPYAHATb
MCNO/b30BaHMeE TakKMX moaenen HeboNbLIMMM GUHAHCOBLIMM OPraHM3aLUAMM.

Takmm 06pa3om, YHMBEPCANbHOW apxMTEKTypbl AnA deaepaTMBHoOro aHtMdpoaa He
cyuwectsyeT. Bblbop mogenu  onpedensetca  OCODEHHOCTAMM  Aa@HHbIX,  AOCTYMHbIMM
BbIMMCAUTENBHBIMU  pecypcamn 1 TpeboBaHMAMM K CKOPOCTU 0OpaboTKM, TOYHOCTU W
MaclWTabnpyemocTn cuctemsl. IMeHHO NO3TOMY Ha NPaKTUKe NpeanoYTeHMe BCE Yallle oTAaETCS
apXUTEKTYpaM, KOTOpble M03BOMAOT HaMTM OanaHc MexKay KavyecTBOM OOHapy»KeHus
MOLLEHHNYECTBA M BO3MOMXKHOCTAMM KOHKPETHOM BaHKOBCKOM MHPPACTPYKTYPbI.

6.4. ATakM Ha MOAE/b U 3aLLUNUTA OT HUX

OaHoM 13 Hambonee cepbE3HbiXx yrpo3 ana deaepaTMBHOrO ODyYEHMA ABNAIOTCA aTaKku
OoTpaBneHua moaenun (model poisoning attacks). B aTom cnydae oanMH UAM HECKOIbKO Y4aCTHMKOB
HaMepPeHHO nepeaatdT MUCKaXKEHHble OOHOBAEHWSA MOAENN, CTPEMACh YXYALWUTb KadyecTBO eé
pPaboTbl nAn chOpPMMPOBaATL CKPLITYIO YA3BUMOCTb, KOTOPaa BMOC/AEACTBUM MO3BOAMT 0OXOANTb
MexaHM3Mbl 0BHApPYKeHNS MOLLIEHHMYECTBA.

[Ons NpoTMBOAENCTBUS TaKMM aTakam NpeaioxeH pag cneumanbHbix meToaos. Tak, Jeong u
coaBT. (2022) paspabotanm anroputm FedCC, KoTOpbIA aHanM3MpyeT npeacTaBaAeHMs,
dbopmupyemble npeanocieiHUM CNOEM HeMpoHHOM ceTu. Ecanm obHoBNeHWs OaHOro M3
YYaCTHMKOB CYLLECTBEHHO OTAMYAOTCA OT OO/bLIMHCTBA, OHWU 0DOPA3yOT OTAENbHYIO TPynny w
MOTyT ObITb MCKOYEHbI M3 MPOLEcca arperMpoBaHma. AHaNOMMYHYO 3aZla4y peluatoT U apyrue
anropuTmbl, Bkatovaa Krum, Bulyan n FLTrust, oaHaKo KaxKAbl M3 HUX OCHOBAH Ha COOCTBEHHOM
MeXaHW3Me OLLeHKM HaZAEKHOCTM OOHOBNEHWNI M MMEET onpeaenéHHble OrpaHUYeHns, CBA3aHHble
C [OonycTMmon aonet HeaobpOCOBECTHbIX YYaCTHMKOB WM OCOBEHHOCTAMW pacnpeneneHus
NaHHbIX.

HecmoTpA Ha aKTMBHOE pPa3BUTME METOZAOB 3aLLUMTbI, BOMPOC MX NPUMEHEHMA B HAHKOBCKOM
aHTMbpoae OCTaéTcA HeAOCTaTOYHO M3YyYeHHbIM. BONbLIMHCTBO CYLLECTBYOLLMX MCCNEeA0BaHMN
NPOBOAMNOCH Ha CTaHAAPTHbIX 3KCNEPMMEHTANbHbIX Habopax AaHHbIX, TOrAa Kak aPpGEeKTUBHOCTb
3TUX aNrOPUTMOB B YC0BMAX peasibHblX HAHKOBCKMX CUCTEM, e MOLIEHHWYECKMe onepaumm

130



«Modern scientific technology» (July 23-24, 2026). Stockholm, Sweden, 2026 I

COCTaBNAT /MWL HeboNbWyk YacTb OOWEro MnNoToKa TpaH3aKUMi, MOoKa He noayvmna
[OCTAaTOYHOrO 3MMMPUYECKOTO MOATBEPXKAEHMA. DTO HanpasieHMe OCTaéTcA OAHOM U3
aKTyasbHbIX 33434 AaNbHENLWNX UCCNef0BaHUN.

7. O6bACHUMOCTb pelueHuit (XAl) B pesepaTUBHbIX CUCTEMAX

O6bACHUMOCTb MOAEIEN MALWNHHOIO 0byYeHUA CeroAaHAa ABAAETCA HEe TONbKO TEXHUYECKOM
XapaKTEPUCTUKOM, HO U  BaKHbIM  PErynsTopHbim TpeboBaHuem. B cayyasax, Koraa
aBTOMATM3MPOBAHHAA CUCTEMA MPUHUMAET pelleHne, CnocobHOoe CyUleCTBEHHO MOBAMATL Ha
MHTEpEeChl KNMeHTa, BaHK A0MKEH MMETb BO3MOXKHOCTb 060CHOBATb MPUUYMHbBI TAKOTO PeLLEHMA.
3T0 0cobEeHHO aKTyanbHO ANA aHTUHPOA-CUCTEM, NMOCKOAbKY H/IOKMPOBKA NaaTeXxa Mam oTKas B
NnpoBeAeHNN onepaLmmn HeEMNOCPEACTBEHHO 3aTParMBatoT Npasa KameHTa. Kak oTmeyatoT Goodman
n  Flaxman (2017), npuUMeHeHWe anropuTMOB UCKYCCTBEHHOTO MHTENNeKTa  [0JIKHO
COMPOBOXAATLCA BO3MOMXKHOCTbIO MHTEpnpeTauum pesynbTaToB Mx paboTbl, YTO npuobpeTaeT
ocoboe 3HaYeHMe B YCA0BUAX YIKECTOUYEHMA TpeboBaHMIA K NPO3PAaYHOCTM aBTOMATM3MPOBAHHbIX
peLleHn.

B denepatvBHOM o0byyeHMM 3agaya OOBACHMMOCTM CTaHOBUTCA Bonee cnoxkHon. Obuwas
Moaenb GopMMpYyeTCcA Ha OCHOBE [aHHbIX HECKO/IbKMX Y4YaCTHMKOB, OAHAKO 0OCOOBeHHOCTU
KNMEHTCKON 6a3bl, CTPYKTYpbl onepaumin M MOLUEHHMYECKUX CLEHApPWMEB MOTYT CyLLEeCTBEHHO
pas3nnyaTbes mexay HaHkamu. MoaTomy obbACHEHME, NOAyYeHHOEe ANs rnobanbHON MOAENM, He
BCer[a KOPPEKTHO OTpayKaeT NPUYMHbI MPUHATUA PELeHMA B YCAOBUAX KOHKPETHOMN KpeaUTHOWM
opraHusaumn.

Ons  pewenua ston npobnemsbl Aljunaid wn coasT. (2025) npeanaratoT BbINOAHATL
WHTEpPNpeTaLMO MOAENN NOKaNAbHO, A0 nepenayn OOHOBAEHMUI Ha LEeHTPanbHbIN cepsep. B
KayecTBe WMHCTPyMeHTa ucnonb3yetca meTton SHAP, KOTOpbli NMO3BONAET OnNpefennTb BKAAL,
OTAE/NbHbIX NPM3HAKOB B PELUEHNEe MOAEAN C YYETOM AaHHbIX KOHKPETHOro BaHKa. AHANOTUYHbIN
NOAX0A BO3MOXEH M Npu UCNonb3oBaHUMM meTtoda LIME, oaHako ero adpdeKTMBHOCTb B YCI0BUAX
BbICOKOW HEOAHOPOAHOCTM [aHHbIX MeXAy Yy4YaCTHMKamu deaepaTMBHOIO O0OyYeHMA MOKa
M3y4yeHa HeOCTaTOYHO.

MpoBeAEHHbIM aHaNM3 MTepaTypbl NOKA3bIBAET, YTO BONPOCHI dpeaepaTUBHOMO 0byYeHNs n
0OBACHMMOCTM MOZENEN Yalle BCEro pPacCMaTpPMBAtOTCA He3aBUCMMO Apyr OT aApyra. B
60NbWWHCTBE MCCNEAOBAHMI METOAbl MHTEpnpeTaumMm NPUMEHAIOTCA YXKe NoCae MOCTPOEHMA
MOZENIN N HEe ABNAIOTCA YacTblo €€ apXUTEKTYPbl. MexXay TEM UMEHHO MHTerpauma MexaHM3moB
OOBACHMMOCTM Ha 3Tane MNPOEKTUMPOBAHMA CUCTEMbI NPeACTaBAAETCA OAHMM M3 Haubonee
NepcneKkTUBHbLIX HaMpaBNeHWN pPa3BUTUA deaepaTMBHbLIX aHTUOPOA-PeLleHNIt KU OCTaéTcA
HeJ0CTaTOYHO UCC/iIe40BaHHOM 061aCTbHO.

MOKa3aTeNbHO, YTO KAa3axCTaHCKUI PEryasTop TOXKe ABUMMKETCA B 3TOM HamnpaBAeHUW. Tak, B
anpesie Tekylero roga noctaHosseHnem pasneHuns APPOP No 86 srnepsble 6bI10 3aKpenmio
onpeaeneHne aHTMGpPoa-cnuctTembl B6aHKa, a ynpaBaeHne MoAeNbHbIMU PUCKAMM, CBA3AHHBIMM C
ncnonb3oBaHnem M, obo3HauyeHo areHTCTBOM B YMC/E HAA30PHbIX NpuopuTeToB Ha 2026 rog.
BMecTe ¢ TeEM KOHKPETHbIX TEXHWUYECKUX TpeboBaHNM K 06 bACHUMOCTM peLleHNIM, CONOCTaBUMbIX,
Hanpumep, ¢ SR 11-7 ®PC CLWIA wnam NIST Al RMF, B Ka3axCTaHCKOM MNpaKTMKe Mnoka He
chOpMyNMpPOBaHO, M pa3paboTKa TaKoro cTaHAapTa NPeacTaBAAETCA OAHWM U3 BAMMKAUWMX K
Hanbonee BocTpebOBaHHbIX WAroB perynatopa.

8. Kakume Bonpocbl Noka ocTatoTcA 6e3 oTeeTa

AHann3 coBpeMeHHbIX NybAMKauMiA NOKasbiBaeT, YTO, HECMOTPA Ha aKTMBHOE pasBUTUe
denepatmsHoro obyyeHma, paa BONpoCcOB OCTAéTCA HeAOCTaTOYHO MCCaeaoBaHHbIM, 0COBeHHO
NPUMEHNTENBHO K HAHKOBCKOMY MOLLEHHWNYECTBY, OCHOBAaHHOMY Ha COUMAIbHON MHKEHEPUN.

Mpexae scero obpallaeT Ha ceba BHUMaHME HanpPaBNEHHOCTb HONbLIMHCTBA CYLLECTBYHOLLMX
nccnefoBaHWi. Pa3pabaTtbiBaemble apxMTEKTYypbl GeaepaTMBHOTO OOYyYEHWA OPUEHTMPOBAHbI
rNaBHbIM 006PA30OM Ha BbIABNEHWE TEXHUYECKUX BMIOB MOLUEHHWMYECTBA — KOMMPOMETaLun
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HaHKOBCKMX KapT, HECAHKLMOHMPOBAHHOIO AOCTYNa K YY4ETHBIM 3aMMCAM M MHbIX aTaK, CBA3AHHbIX
C HapyleHnem MHGOPMaLMOHHON He3onacHoCcTU. Mexay TeM MOWEHHWUYEeCTBO, OCHOBAHHOE Ha
COLMANbHON WMHMKEHEepPUM, Pa3BMBAETCA MO MHOM NOrMKe. B NoAobHbIX Cayvyasax MHULMATOPOM
nepeBosa BbICTYNAeT CaM KAMEHT, NMO3TOMY TPAAMUMOHHbLIMA aHaNM3 NapameTpoB TpaH3aKUuMu
OKa3blBAeTCA HeAOCTAaTOYHbIM. Bo3pacTtaeT posib noBedeHYecKon OMOMeTpun, aHaam3a
LUMbpPOBOro MNOBeAEHUs MNOMAb30BaATENs, MNOCAeA0BaTENbHOCTU €ero AencTBUi B MOOUIbHOM
MPUNOKEHNUN W KOHTEKCTa coBepllaemon onepaumn. OAHAKO MMEHHO MPUMEHEHWE TaKMX
NPU3HAKOB B apxMTEKTypax deaepaTMBHOrO 0by4eHMA MoKa OCBELLEHO B HAayYHOW AuTepaTtype
dparmeHTapHoO.

He meHee BarkHOW ocTaétca npobnema obecneyeHns KOHPUAEHUMANBHOCTU NpPK
COBMECTHOM 0by4yeHun mogener HecKoNbKMMM BaHKaMKu. BONbLWKMHCTBO  CyLLECTBYHOLLMX
nccnenoBaHUIM PacCMaTPUBAET Yrpo3bl, BO3HMKaOLWME BO B3aMMOAENCTBUN MeEXKAY OTAENbHbIM
Nonb30BaTeNEM U CEPBEPOM, TOrAa Kak 0COBEHHOCTU MexDaHKOBCKOM cpeapbl aHann3MpyroTca
3HaYUTEeNbHO pexe. [Mpy 3TOM MOTEHUMANbHbIM MCTOYHMKOM PUCKA MOryT OblTb HE TOJIbKO
BHEWHME 3/10YMbILNEHHWKM, HO W CaMK Yy4acTHUKKM denepaTMBHOro obyyeHua. [axe npu
cobnoaeHMM  NPOTOKOoNa  OTAenbHble  OaHKM  TeopeTMyeckM  CnocobHbl  M3BNEKaTb
[ONONHUTENbHYIO MHOOPMALMIO, aHanM3Mpya nonyyaemble 0OHOBAEHWs Mmoaenun. Bonpocsl
OLEHKM NoA0OHbIX PUCKOB M Pa3paboTKM MeXaHM3MOB MX NPeAoTBPaLLEHNS NOKa He NoAyYnnm
[OCTAaTOYHOM METOAO0NOTMYECKOM NPOPabOoTKN.

OTAeNbHOTO BHUMAHMA 3ac/yXMBaeT MHTerpauua denepatmsHoro obyyeHua ¢ meTodamm
0H6BACHMMOrO UCKYCCTBEHHOTO MHTENNEKTA. B HacToALLee BpeMA 3TW HanpaBNEHNA Pa3BMBAOTCA
NPenMyLLECTBEHHO HE3aBWCMMO ApYyr OT Apyra. B 6ONbWMHCTBE MCCNEA0BAHUIA UHCTPYMEHTDI
MHTEpPNpeTaumMmM UCMONb3YKOTCA yxe nocae obyyeHMs MOoAennm W  PacCMaTpMBAlOTCA  Kak
[OMNONHUTENbHbBIN KOMMOHEHT cUMCTeMbl. BmecTe ¢ Tem ana H6aHKOBCKOro cektopa BCE Honee
aKTyaZlbHbIM CTAaHOBMUTCA MHOW NOAXOA, NPU KOTOPOM TPeboBaHUA K 0O BACHMMOCTH YUYMUTbIBAIOTCA
ewé Ha atane NPOeKTUMPOBaHMA MoAenn. HecmoTpsa Ha pacTywme TpeboBaHMA PErynsTopoB K
MNPO3PaYHOCTM aNTOPUTMUYECKMX PELLUEHWUI, UCCNeL0BAHNIA, PeaNN3YIOLLMX TaKOW NOAX04, MOKa
HEeMHoro.

HakoHel, SBHO HeAOCTAaTOMHOE BHWMaHWE YAENAeTCcA OpraHM3auMOHHOM  CTOPOHEe
MeKOaHKOBCKOro  B3anMMoAencTBuA. [pakTuyeckoe BHeapeHWe deaepaTMBHOrO 0byYeHus
TpebyeT pelweHMA BOMPOCOB, BbIXOAAWMX OANEKO 33 PaMKM MalUMHHOro obyyeHua. K HUm
OTHOCATCA pacnpeneneHne OTBETCTBEHHOCTM MEXY YYacTHMKaMW, ynpasneHue obulen
MHOPACTPYKTypOit, PUHAHCMPOBAHME COBMECTHOIO 0byYeHus, obecrneyeHne KayecTBa /I0KaIbHbIX
MOZEeNen 1 onpeaeneHme NpPaBua y4actua DaHKOB C Pas3/IMYHbIM YPOBHEM LUMGPOBOI 3peNocTy.
Kpome Toro, cHuxeHne apPeKTMBHOCTN 0OLWEN MOAENM MOMXKET ObiTb 0OYC/IOBAEHO HE TO/bKO
HeA06pPOCOBECTHBIMM AENCTBUAMM YHACTHUKOB, HO M OOBEKTUBHbBIMM PA3INYMAMK B CTPYKTYPE U
KayecTBe MCXOAHbIX AAHHbIX. DTW acneKTbl MNOKa OCTAKTCA 3HAYUTE/IbHO MEHEE U3YYEeHHbIMK MO
CPaBHEHWIO C aJrOPUTMUYECKMMM BOMPOCAMM W TPebytoT KOMMAEKCHOrO PacCMOTPEHMUsA C
OpraH13auyoHHOM, NPAaBOBOMN 1 YNPABAEHYECKOMN TOYEK 3pEHMA.

3T10T Npoben oLlywaeTcs U B KasaxcTaHckol npaktuke. C 2025 roaa npu AHTUdpoOA-LEHTPE
HaumoHanbHoro baHKa PK 3anyckaeTca NWAOTHbLIA MPOEKT CECCMOHHOro aHTMdpoaa, OAHaKO
nybAMYHO  AOCTyMHble  MaTepumanbl  He  PacKpbiBalOT, KaK WMEHHO  pacnpeaenaeTcs
OTBETCTBEHHOCTb MeXAy OaHKaMM-y4aCTHMKAMM M KTO BbICTYMaeT OonepaTopoOM COBMECTHOro
obyyeHma moaenn. VIHbIMM CNOBaMM, TOT CaMblil OpPraHM3aLMOHHbIA YPOBEHb, Mpoben B KOTOPOM
OTMEYEH Bbllle, Ha MpPaKTMKE pellaeTcA CKopee CUTyaTMBHO, 4Yem no GopmManmn3oBaHHOM
METOA0N0MMN.

Takum 0bpa3om, aHann3 nuTepaTypbl NO3BONAET CAENATb BbIBOA, YTO Aa/lbHeWWee pa3BuTme
denepatnBHoro obyyeHuAa anAa  GAHKOBCKOrO  aHTMGpoda CBA3AHO He  CTONbKO €
COBEPLWEHCTBOBAHMEM  OTAENbHbIX  aArOPUTMOB, CKOMbKO C  peleHMeM  KOMMeKca
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B3aMMOCBA3aHHbIX 3a4a4y. K HWMM OTHOCATCA afanTauma Moener K CLeHapuAaM COLManbHOM
WHXXeHepun,  obecneveHne  KOHPUAEHUMANBHOCTM B ycnoBumax  mexbaHKOBCKOro
B3aMMOAENCTBMNA, MHTErpaLmA MeXxaHM3MOB OOBACHMMOCTM HEMNOCPeACTBEHHO B apXUTEKTypy
MoAeNn 1 pa3paboTka OpraHM3aUMOHHbIX MPUHLMMNOB COBMECTHOro obyveHuna baHkoB. ImeHHO
3T  HanpasieHna GOPMUPYIOT UCCNeloBaTeNbCKUM npoben, Ha YCTPaHeHWe KOTOopOoro
OPWEHTMPOBAHO HACTOALLEE ANCCEPTALMOHHOE UCCNEA0BAHME.

9. KoHuenTyanbHan cxema HybridFL-XAl

MpoBeAEHHbIM aHANN3 AMTepaTypbl NO3BONAET NPEANIOKUTL KOHLENTYaANbHYO apXUTEKTYPY
HybridFL-XAl, ob6beanHatoLyto deaepaTnBHoe obyyeHme, NoBeAeHYECKYIO aHaIUMTUKY U METOAbI
0H6BACHUMOrO MCKYCCTBEHHOIO MHTENNEKTa. [Tpeanaraemasn apxMTeKTypa He pacCMaTpMBaEeTCA Kak
roTOBOE TEXHO/NIOTMYEeCKoe pelleHne. E€ HazHaYeHne cCoCcTomT B GOPMMPOBAHMM KOHLLENTYaIbHOM
OCHOBbI A4/1A Aa/bHenLen pa3paboTkM 1 NpakTMYeckor anpobaunmn mexbaHKOBCKMX aHTUdpoa-
CUCTEM, OPMEHTMPOBAHHbLIX Ha BbIABAEHME MOLIEHHNYECTBA, OCHOBAHHOrO Ha MeToAax
COLMANbHON NHXKEHEepUM.

MepBbll YypOBEHb aPXMTEKTYPbI CBA3AH C MOArOTOBKOM [aHHbIX BHYTPM Kaxaoro H6aHka. Ha
3ToM 3Tane dOpPMUpPYOTCA ABe rpynnbl Npu3HakoB. [lepBadA BKAOYaAeT TpagMUMOHHbIE
TPaH3aKUMOHHbIE XapPaKTEPUCTUKM: CYMMY oOnepaumu, KaHan npoBeAeHMA nnaTexa, Bpemsa
BbIMO/NHEHWA, BatOTYy, CTPAHy MNoJyyaTens v Apyrme napameTpbl TpaH3aKumu. BTopaa rpynna
OTparkaeT mnoBeAeHYeCKMe OCOBEHHOCTM K/AMEeHTa — OTK/IOHEHWA OT €ero MNpPMBbIYHOrO
GUHAHCOBOTO NOBEAEHMA, M3MEHEHWA reorpadmm onepaunin, BPeMeHU WX COBEepLIeHUs,
XapaKTepa B3aMMOAENCTBMA C MOOMIbHBIM MNPUIONKEHMEM W WHbBIX 31EMEHTOB UMPPOBOro
npoduna. Mpu 3TOM NPU3HAKM OTNPaBUTENA M MONYYaTeNA PACCMATPMBAOTCA pPa3esbHo,
MOCKO/IbKY MMEHHO PpasnnymMe B UX MNOBEAEHYECKMX XapaKTePWUCTMKAX MNO3BOAAET BbIABNATL
CUEHapuK, TUNKUYHbIE ANA COLUMANBHOM UHKEHEPUN.

BTopoii ypoBeHb npeacTaBnsaeT cobor npouecc ¢denepatMsHoro obyyeHuda. Kaxaasa
KpeamuTHaa opraHusauma obyyaeT MoAenb WCKAYUTENbHO Ha COBOCTBEHHbIX [AaHHbIX, He
nepenasan Mx 3a Npeaenbl CBOeN MHPPACTPYKTYpbl. BO BHELWHIOW cpeay HanpasaAaTCA TONbKO
obHOBNEHMA  MapameTpoB  MOAeNM,  AOMNONHUTENbHO  3aAWUMLLEHHbIE  MEXaHM3MamMu
anddepeHuManbHON npuBaTHOCTM. WX obbeamHeHWe OCyLWecTBAAETCA C WMCMO/b30BaHMEM
aNfOPUTMOB, YCTOMYMBBLIX K HEL0OPOCOBECTHbIM MM OWMOOYHBIM OOHOBNEHMAM CO CTOPOHbI
OTAEeNbHbIX Yy4acTHMKOB, Hanpumep FedCC nmbo apyrmux Byzantine-robust metogos. [Mpwu
yBenmyeHmn ymcna 6aHKoB LenecoobpasHoO NMPUMEHEHME MEePapPXMYECKOW CXeMbl arperaummu,
NO3BO/AIOWEN  CHM3UTb  HArpy3Ky Ha  KOMMYHWKAUMOHHbIE  KaHanAbl W MOBbICUTL
MaclTabnpyemoCcTb CUCTEMBI.

TpeTnit ypoBeHb OPUEHTUPOBAH Ha obecnedyeHne 06 bACHUMOCTM NPUHUMAEMbIX PeLLEHUIA. B
npeanaraemorn apxmTekType MHTepnpeTauma pe3ynbTaToB OCYLIEeCTBAAETCA HenocpeACTBEHHO
BHYTPM Kaxkaoro H6aHka Ao nepegaym ob6HOBAEHU modenn. B KavecTBe 6a30BOro MHCTPYMEHTA
paccmaTtpuBaeTtcs meton SHAP, no3sonsiowmii onpeaennTb BKAad OTAENbHbIX MPU3HAKOB B
MTOrOBYID OLIEHKY pucKa. Takol noaxon obecnevymBaeT COracoOBaHHOCTb OOBACHEHUMNA C
NIOKaNbHbIMM  AaHHbIMM DaHKa, MOBbIWAET MPO3PaYHOCTb ABTOMATU3MPOBAHHbLIX PELUEHUI U
obneryaer wx nocneaylollyro MNPOBEPKY KaK BHYTPEHHMMWU noApasfeNeHnaAMM, TaK W
PErynsaTopom.

YeTBEPTbIN YPOBEHb OXBaTblBAET OPraHM3aLMOHHbIE MexXaHW3Mbl QYHKLMOHMPOBAHMA
MexbaHKoBcKkoro obbeanHeHuA. OH BKAKOYAET BOMPOCHbI pacnpefeneHus 3aTpaT Mexay
y4aCTHMKaMM, OLEHKM BKNaZa KaxKaoro 6aHKa B obyveHue obuiert Moaenu, a TakKe npoueaypbl
paspeleHna BO3MOXHbIX KOHOAMKTHbIX CUTyauui. Peanm3aums  3TUX  QYHKUMIA  MOXKET
OCHOBbIBATLCA KaK Ha TEXHONOTMMYECKMX MHCTPYMEHTAX, HanpuMep, CMapT-KOHTPaKTax, Tak M Ha
MHOTFOCTOPOHHWX COrNaleHnax, onpeaenatowmx npasuaa COBMeCTHOM paboTbl. MmeHHO
OpPraHW3alLMOHHbIM YPOBEHb CEroAHA NpeacTaBNAETCA HauMeHee pPa3paboTaHHbIM B Hay4HOM
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nuTepaType, HeCMOTPA Ha ero onpefendtollee 3HauyeHwe 1A MPaKTUYeCKoro BHeApeHus
denepatmsHoro obyyeHma 8 HaHKOBCKOM CEKTOpE.

OTMeTUM, 4TO HeobXxoaMMaa MHCTUTYLMOHAIbHAA NAOLWAAKA ANA NPAKTMYECKOoM anpobaunn
NPeaNOXEeHHON apxXMUTeKTypbl B KasaxcTaHe yxe daKkTuyeckn cyuiectsyeTt. [eicTeytowmm
AHTUdpPOA-LEeHTP Npu HaumoHanbHoM baHke PK, o6beaunHaowmin 6onee 200 y4aCTHMKOB PbIHKA,
NOTEHLMaNbHO MOT Dbl BbIMONHATbL PO/b LEHTPAALHOTO (MB0, NpY Nepexode K nepapxmyeckomn
CXeme, OAHOro W3 arpernpyrolimx) ysna ans nuaoTHoro BHeapeHus HybridFL-XAI, xoTa Ha
CEerofHAWHNN  aeHb ero  GYHKUMOHANBbHOCTb  OrpaHMyeHa OOMEHOM  CuUrHanamum o
NOA03PUTENbHbBIX ONepauymax, a He COBMECTHbIM 0by4yeHnem moaenen.

CnenyeT NnoA4YepKHYTb, YTO NPEAIOKEHHAA aPXUTEKTYPa HOCUT KOHLENTYaIbHbIM XapaKkTep U
He npeTeHAyeT Ha pPOJb 33aKOHYEHHOro MNPOrpaMMHOrO peweHnda. E€ ocHOBHaA 3ajadva
3aK/104AETCA B CUCTEMATU3ALLMM CYLLECTBYHOLLMX HayYHbIX MOAX0A0B 1 GOPMMUPOBAHUM LLENOCTHOM
MOZE/IN, KOTOPAA MOXKET C/NYXKUTb OCHOBOW A/1A NOCAeAYIOLMX IMAUPUYECKUX UCCAE0BAHNN U
Pa3paboTKM MPAKTUYECKMX MHCTPYMEHTOB YMNPaBAEHWS PMCKOM MOLIEHHMYECTBA B YC/0BMAX
MeKBaHKOBCKOro B3anmMoaencTBuA.

10. OrpaHunyeHus storo ob3opa

HecmoTpa Ha noJjlyyeHHble pe3ynbTaTbl, MPOBEAEHHOe WcCiefoBaHWe umeeT  pafg,
OrpaHUYEHNN, KOTOPble HEOBXOAMMO Y4UTbIBATb NPU MHTEPNPETALMM BbIBOAOB.

Mpexae Bcero, OrpaHWYeHWA CBA3aHbl C WMCNOAb3yemon 6a3or McTouHMKoB. O630p
NMTEepaTypbl BbIMOAHEH Ha OCHOBe NybAMKaumin, NpeacTaBaeHHbIX B 6a3ax AaHHbIX Scopus, Web
of Science 1 Google Scholar. HecmoTpA Ha WKWPOKKIA OXBAT 3TUX PECYPCOB, HENb3A UCKAOUNTD, YTO
OTAEe/bHble pPefieBaHTHble UCCNeaoBaHMA, B TOM Yncne onybanMKoBaHHbIE B HAaUMOHANbHbLIX UK
Cneumanm3npoBaHHbIX Hay4YHbIX M34aHUAX, HE Dbl BKIKOYEHbI B aHAN3.

Cneaytoliee orpaHuyeHne 0OyCn0BNAEHO BbICOKOW CKOPOCTbKO Pa3BUTMA MCCNenoBaHUI B
obnactn denepatMBHOro obyyeHma. 3HaUUTENbHAA YacTb PaboT NOCAeAHUX NeT elé HaXoAUTCA
Ha CTaAuW MNPEnpPUHTOB WAM pPaboumMx BEpCUM M  He npowaa npoueaypy HayyHoro
peLeH3npoBaHuMa. Mo 3TOM NpUUYMHE OTAEbHble MaTepuasbl, B YacTHOCTM paboTbl Luca (2025) 1
Sambasivam (2025), paccmaTpuBalOTCA WCKAOYMTENbHO, KaK OTParkeHue COBPEMEHHbIX
MCCNefoBaATeNbCKMX  HAMPaBNEHWMM M He  WUCNONb3YKTCA B KayecTBe  SMMIUPUYECKM
NOATBEPKAEHHbIX AOKA3aTENbCTB.

CneayeT TaK¥e y4UTbiBaATb, YTO MNpeasioeHHas apxuTekTypa HybridFL-XAl HocuT
KOHUENTya/lbHbIM  XapakTep. B HacToAWwemM WCcCnefoBaHWMM OHA  PacCMATPMBAETCA, Kak
TeopeTnyeckad Mmogenb, CHOPMMPOBAHHAA HA OCHOBE aHa/AM3a CyLWECTBYIOLWMX HAYYHbIX
noaxoaos. OueHKa eé npakTuyeckoln addekTMBHOCTM TpebyeT nocneaytowein anpobaumm Ha
peanbHbix BAHKOBCKMX AaHHbIX, @ TaK¥Ke peleHMA psaaa MeTOAMYECKUX U UHXKEHEPHbIX 3a4ay,
KoTopble MOryT noTpeboBaTb AanbHEMNLEro PasBUTMA OTAE/bHbIX 31EMEHTOB MPeaoKEeHHOM
APXUTEKTYPbI.

HakoHeu, 3a pamKamm HaCcTOAWLEro WCCAef0BaHMA  OCTAlOTCA MPaBOBble  aCMeKThbl
opraHusaunm mexkbaHkoBCKOro denepaTMBHOTO obydeHns. Bo3moKHOCTM obMeHa MOAEeNbHo,
TpeboBaHMA K 3aLLMTe AaHHbIX, pacnpeaeneHmne OTBETCTBEHHOCTU MeX Ay Y4aCTHMKaMM M yCNOBUA
CO3aHNA NoAO0OHbIX KOHCOPLMYMOB ONpeaenaTca HaUMOHANAbHbIM 33aKOHOAATENBCTBOM U
CYLECTBEHHO PAa3/IMYatOTCA B Pa3HbIX CTpaHax. KOMNAEKCHbIM aHanu3 3TUX BONPOCOB TpebyeT
CaMOCTOATENBHOIO UccneaoBaHMA B 061acT BaHKOBCKOIO M MHPOPMALIMOHHOIO NpaBa.
3aksto4eHue

depnepatnBHoe o0byveHMe He cneayeT pacCMaTpuBaTb, Kak YHMBEpCaAbHOe CPeacTBO
pelweHna Bcex Npobnem HaHKOBCKOro molleHHuyecTBa. O4HAKO AaHHbIM NOAXOA4 npeanaraeT
OOMH W3 Hambonee NepPCneKTMBHbIX CNOCOBOB MNPEOAONEHNA KAKOYEBOrO MNPOTUBOPEYMA
COBPEMEHHOro aHTUdpPoaa: HeobXOAMMOCTU MCMONb30BaHMA BONbLUMX OOBEMOB AaHHbIX NPU
O4HOBPEMEHHOM OrpaHUYeHMM BO3MOXKHOCTEN UX MPAMOro 06MeHa Mexay OpraHM3aLmamu.
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MpoBeAEHHbIN aHaNM3 AMTepaTypbl MOKa3blBAeT, 4YTO OCHOBHbIE TEXHOAOMMYEecKMe
KOMMOHEHTbI A5 MOCTPOEHUS TaKMX CUCTEM YyxKe chopmmpoBaHbl. MeToabl deaepaTnBHON
arperaumm, srkntodana FedAvg, FedProx n SCAFFOLD, noaxoAbl K 3aliMTe KOHPUAEHLMANBHOCTU Ha
ocHose AnddepeHUManbHOM NPUBATHOCTM W 3aWMLWLEHHOM arperaumm, a TaKKe MexaHW3Mbl
NOBbILIEHMA  YCTOMUYMBOCTM K  HeaobpoCcOoBECTHbIM  OBHOBAEHWAM  MOAENM  NMOAYYUAN
3HaYMTENbHOE PA3BUTME B HAYUYHbIX MCCAEA0BaHUAX. BMecTe ¢ Tem nx npumeHeHne B 6aHKOBCKOM
aHTMdpoae noKa OCTaéTcA OrpaHMYeHHbIM, OCODOEHHO B OTHOLWEHMW MOLLIEHHUYECTBA],
OCHOBAHHOIO Ha COUMaNbHOM MWHKeHepun. Takue cueHapum TpebytloT aHanmM3a He TO/bKO
NnapamMeTpoB TPaH3aKUWM, HO M OCODEHHOCTEN MNOBEAEHWUS K/MEHTA, KOHTEKCTa onepaumm u
nocnenoBaTe/IbHOCTU  AENCTBMI  nosb3oBaTend. Kpome Toro, BOMPOCbl  OOBACHUMMOCTH
NPUHMMAEMbIX PELleHW NoKa HeAoCTaTOYHO MHTErpuMpoBaHbl B apxXMTeKTypy deaepaTMBHbIX
moaenen.

BbiABNEHHble B XO4e WCCNeA0BaHWMA HaNpaBAeHWA JanbHeWlero pasBUTMA UMEKoT
pasnnyHyto npupoay. OrpaHWYeHWs, cCBA3aHHble C adanTauuen mogaenen K cneunoduke
HaHKOBCKMX laHHbIX M NOBbILIEHMEM YPOBHA 3aLLMTbI NPUBATHOCTM, NPEMMYLLLECTBEHHO OTHOCATCS
K 06,1aCTV anroOpUTMUYECKUX U MHIKEHEPHbIX pelleHnin. B To ke Bpems npobaema BCTPOEHHOM
0H6BACHUMOCTH TpebyeT M3MEHEHMA CaMOro NOAX0/a K MPOEKTMPOBAHMIO MOAENEN, MPU KOTOPOM
NPO3PaYHOCTb PELIEHNI AOMKHA YYUTLIBATLCA YXKE Ha 3Tane GOPMMPOBAHNA apXMTEKTypbl. ELLé
H6onee CNOXKHOM ABNAETCA OpPraHM3aLMOHHaA COCTaBAAOLLAA MeXOaHKOBCKOro COTPYAHMYECTBa,
BK/1HOYAtOLLLAA BOMPOCHI pacnpeaeneHna OTBETCTBEHHOCTM, ynpaBaeHus obulein MHGPaCTPyKTypo
1 GOPMMPOBAHMA NPaABUA B3AMMOAENCTBMUA MEXKAY YY4AaCTHUKAMM.

MpeanoxeHHan apxuTekTypa HybridFL-XAl o6beanHAeT yKazaHHble HanpasieHua B eJNHYI0
KOHUEeNTyanbHYyto cxemy. MNpn 3TOM €€ uenb 3aKI4HaeTCca He B OKOHYaTelbHOM pelleHnn Bcex
BbIABNAEHHbIX Npobaem, a B GOPMMPOBAHMM OCHOBbI ANA AANbHENLWUX MCCNef0oBaHWIA U
NpPaKTUYeCcKon pa3paboTKM CUCTEM yNpaBAEHUA PUCKOM MOLLIEHHMYECTBA, CNOCODOHbIX Y4MTbIBATD,
KaK TEXHONOTMYECKNE OrpaHnYeHmsa, Tak 1 TpeboBaHMA DAHKOBCKOIO peryampoBaHms.

Ha cneaytouwem ware Hanbonee akTyanbHbl TPM 3a4a4M: MPOBEPUTb CXEMY HA CUMHTETUYECKMX
OaHKOBCKMX JaHHbIX C PeaMCTUYHbIM MNEPEKOCOM B CTOPOHY /ErMTUMHBIX Onepauni;
pa3paboTaTb METPUKM MNPUBATHOCTM ANA 0ObeMHEHMA M3 HECKO/IbKMX OaHKOB; M Co34aTb
OTKPbITble TECTOBble HAabopbl AaHHbIX, KOTOPblE NO3BOAAT CPaBHMBaTL deaepaTnBHble aHTMdpOa-
CMCTEMbI N0 0BHAPYKEHWNIO COLMANBHON MHXEHEPUM HA PABHbIX YCA0BUSAX.
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Abstract

The article discusses the tourist potential of the natural monument — the “Tetra” Cave — and its
specific physical-geographical, speleotherapy and historical-archaeological characteristics. The
paper pays special attention to the innovative enogastronomic concept of the facility, which
involves wine tasting and tasting in the cave.

Within the framework of the mixed research design (Mixed Methods), 570 visitors were
interviewed using the principle of probabilistic, random sampling. Based on empirical data, the
socio-demographic profile of the respondents, travel motivation and service quality components
(speed of service, guide professionalism, tourist infrastructure and ecological safety) were
analyzed according to the Likert scale.

The study revealed a high level of visitor satisfaction and loyalty (77%), however, at the same time,
it identified systemic challenges in the areas of infrastructure arrangement, ecological
management and safety information briefing. At the end of the article, based on the obtained
statistical analysis, practical recommendations are formulated for sustainable management of the
cave and optimization of service quality.

Keywords: Speleotourism, "Tetra" Cave, Visitor Satisfaction, Service Quality, Sustainable
Management, Enogastronomy.

Introduction

In the modern global tourism market, natural monuments and protected areas are the most
important basis for the development of sustainable ecotourism. A cave, as a specific geological
formation, is the best example of how a sensitive natural resource can be transformed into an
attractive, high-value tourist product. Speleotourism organically combines cognitive and
adventure components, offering the visitor a unique emotional and practical experience. In
addition, underground spaces contribute to the popularization of regional cultural heritage and
history, as they are often associated with myths, legends or important historical events.

Georgia is distinguished by the abundance of caves of karst and volcanic origin and their high
recreational potential. The development of the Prometheus Cave, the Sataplia Reserve and the
recently introduced “Tetra” Cave with an innovative concept on the market is a clear proof of this.
The Martvili, Navenakhave, Nozodelavo and Askhi cave complexes, which are in the active
research and development phase, also have great potential in the direction of ecotourism and
educational tourism. Georgian caves create a specific tourism product, which contributes to the
international recognition of the country, the economic strengthening of regions and the
protection of natural resources under sustainable management (National Tourism Administration,
2019).

The protection of natural monuments and their rational use are of paramount importance for the
sustainability of tourism. The example of caves clearly shows how a natural heritage site can have
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equal ecological, cultural, educational and economic value. Regulated tourist flows, reasonable
arrangement of infrastructure, compliance with safety standards and minimization of negative
impact on the environment are necessary conditions for caves to maintain their original, unique
appearance (UNESCO Guidelines, 2022).

In recent years, the growing popularity of natural caves has significantly increased the demand for
high-quality, safe and sustainable tourism services. Against this background, in-depth research on
visitor satisfaction is gaining particular relevance, which is recognized as one of the main
components of modern tourism management. The study of satisfaction is especially important in
such a sensitive environment as a cave. Such research can be used to empirically assess the extent
to which existing services meet tourists' expectations, how safe, comfortable and informative their
visit is, and where systemic shortcomings in the service are evident. The data obtained allow
identifying weaknesses and needs, which is necessary in the process of improving infrastructure,
raising the qualifications of guides and staff, and refining safety and environmental standards
(Cigna & Forti, 2013).

Systematic satisfaction research is an important management tool, as decisions based on real data
increase the competitiveness of the facility, contribute to the effective management of tourist
flows, and ensure the protection of natural resources (Middleton & Clarke, 2001). Research on
visitor satisfaction with services, in general, is a prerequisite for continuous improvement of
service quality and ensuring sustainable management (Kotler et al., 2017). Accordingly, such an
analysis conducted in caves combines service quality monitoring, environmental responsibility,
and the principles of sustainable development (UNWTO, 2019).

The relevance of this work is determined by the fact that in modern tourism, customer satisfaction
is the main indicator of the success and sustainable development of a tourist facility. Visitor
evaluations directly affect both the image of the facility and the dynamics of tourist flows. In
addition, "Tetra" is a unique natural monument and a key resource for regional tourism
development, which is why studying its service quality and visitor satisfaction provides valuable
data both to management and to parties involved in the local tourism planning and development
process.

Research Objectives and Tasks

The research objective is to conduct a comprehensive assessment of the quality of tourist services
and visitor satisfaction of the natural monument — the Tetra Cave, identify existing challenges
and weaknesses, and develop recommendations for sustainable management of the facility based
on the data obtained.

To achieve the set goal, the following tasks were defined:

1. Study and analysis of the unique geological, medicinal (speleotherapy) and historical-
archaeological characteristics of the Tetra Cave;

2. ldentification of the specifics of the innovative enogastronomic concept (wine pairing/tasting)
in the cave, its strengths and weaknesses;

3. Assessment of service quality according to specific parameters (speed of service, guide
professionalism, tourist infrastructure, ecological safety, variety of services);

4. Evaluation of the effectiveness of visitor safety and conduct instructions and the quality of the
information provided;

5. Identification of weak points of service and strategic directions for management improvement.
Research methodology

To solve the tasks set in the paper, a mixed research design (Mixed Methods Research) was used,
which implies a combination of both qualitative and quantitative research methods and data
triangulation:
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e Qualitative (desk) research (Desk Research): includes an analysis of scientific literature,
normative acts and statistical data. Official data of the Agency for Protected Areas of Georgia and
the National Tourism Administration were studied.

e Quantitative research: A face-to-face survey of visitors was conducted using a specially
developed questionnaire. To ensure the representativeness of the study, the sample size was
determined using the principle of probabilistic, simple random sampling, taking into account a
95% confidence level and a 4% margin of error, which amounted to 570 respondents.

e Data analysis: The primary data obtained as a result of the quantitative survey were processed
using statistical methods, their analysis was carried out, and the results were visualized in the form
of appropriate graphical representations.

Physical-geographical, historical and functional characteristics of the cave "Tetra"

Georgia is distinguished by the high intensity and diversity of karst landforms, which significantly
determines the speleotourism potential of the country. Within the southern slope of the Caucasus,
the karst belt occupies an area of approximately 300 km, where from 1300 to 1500 caves and
shafts are currently registered. Karst manifestations mainly coincide with the distribution area of
the Upper Jurassic and Lower Cretaceous limestone massifs, which mostly covers the territory of
Western Georgia (Nodia, 2017).

To the northeast of the resort of Tskaltubo, at an altitude of 100 meters above sea level, in the
territory of the village of Khomuli, the cave "Tetra" of karst origin is located, which was formed in
Lower Cretaceous limestones. Morphologically, it is of the corridor-hall type; its maximum height
is 810 meters, width — 25—-30 meters, length — 150 meters, and the total volume reaches 3,500
cubic meters. The cave is rich in specific white calcite formations — stalactites, stalagmites, and
stalagnates, from which its name comes. The object has a unique historical-archaeological
significance: scientific study of up to 15,000 artifacts found in the cave confirms that the
mentioned space was used by primitive man for habitation twice — in the Upper Paleolithic (35—
30 thousand years ago) and Eneolithic (7 thousand years ago) periods (Kalandadze, 2020).

The cave was discovered in 1954, and since 1974 the Tskaltubo branch of the Scientific Research
Institute of Balneology and Physiotherapy has begun its comprehensive study. Experimental and
clinical studies have confirmed the healing (speleotherapy) properties of the cave, which are
determined by the stability of its microclimate parameters:

e Air temperature: constantly fluctuates within 13.8°C - 14.0°C;

e Humidity: absolute humidity is 15.4-16.0, and relative humidity is high (70-80%);

e Additional healing factors: high air ionization, the content of calcium, manganese and
hydrocarbon aerosols, and the bacterial purity of the environment.

The influence of the cave microclimate was initially studied on experimental models (animals) that
had previously undergone stressful nervous effects. Today, the natural environment of "Tetra" is
used for the treatment and rehabilitation of pathologies such as: hypertensive and hypotonic
diseases, atherosclerotic cardiosclerosis, bronchial asthma in adults and children, chronic
bronchitis, pneumonia, neuroses and neurasthenia.

Innovative enogastronomic concept and specifics of functioning

Maintaining competitiveness in the modern tourist market requires going beyond traditional
frameworks and creating innovative, complex products. In this regard, a new service has been
added to the unique historical and healing characteristics of the Tetra cave - wine pairing and
tasting. This approach organically combines elements of ecological, gastronomic and adventure
tourism, which creates specific management challenges.

The cool air of the cave, constant temperature regime and natural acoustics add a different
dimension to the wine tasting process. Visitors are given the opportunity to taste wines made by
winemakers of the Imereti region in an authentic environment, both by the gvevri and classical
methods. The tasting program is accompanied by an assortment of local natural products (various
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types of cheese, churchkhela, honey, dried fruits and Toni bread), which fully demonstrates the
gastronomic potential of Imeretian cuisine.

The analysis of this concept shows both its strengths and objective threats:

e Strengths and advantages: Wine tasting in a cave is an exclusive and innovative experience,
which is radically different from traditional cellar tours and arouses high interest among both local
and international visitors. The authentic microclimate and cave forms enhance the emotional
involvement of the guest and increase the quality of perception of cultural and natural heritage.
e Weaknesses and challenges: Organizing a gastronomic tour in an underground space is
associated with the difficulties of managing a sensitive ecosystem. The natural structure of the
cave requires a strict ecological approach - engineering infrastructure (lighting, ventilation) must
be energy-efficient and have low heat transfer, so as not to disturb the microclimatic balance.

e Risks of managing tourist flows: the simultaneous entry of large tourist groups into a small space
may lead to a violation of the stability of temperature and humidity, which will pose a threat to
both the geological formations of the cave and the safety of visitors. There is also a risk of losing
cultural authenticity in the event of excessive commercialization of the object.

Accordingly, the main goal of the management of the Tetra cave is to maintain a balance between
the protection of the natural environment and its rational exploitation. This requires a complex
approach:

1. Technical regulations: use of low-power cold lighting systems and arrangement of auxiliary
ventilation in such a way as not to damage the visual appearance of the object.

2. Organizational monitoring: limiting the number of visitor groups and their entry into the cave
at strictly defined time intervals;

Arrangement of pedestrian paths and seating areas without damaging the natural surface of the
cave.

3. Raising eco-awareness: Providing mandatory information briefings for each visitor, which
prohibits mechanical contact with the stalactites and ensures compliance with environmental
regulations.

Results and analysis of empirical research on visitor satisfaction

Socio-demographic and geographical profile of respondents

According to official data from the Agency of Protected Areas of Georgia, the Tetra Cave is visited
by an average of 9,000 visitors annually. 570 respondents were interviewed from the general
population (SN=570S, 95% confidence level, 4% margin of error).

e Gender structure: male — 56%, female — 44%.

» Geographic distribution: Asia — 33%, Europe — 28%, domestic tourism (local) — 16%, Saudi
Arabia — 14%, North America — 9%.

e Employment status: pensioners (29.1%), qualified specialists (15.1%), housewives (13.9%), self-
employed (13.3%), students (11.9%), unemployed (8.2%), military (6.5%), working class (1.9%).

e Economic profile (monthly income): 3500+ GEL — 40.0%, 2500—-3500 GEL — 29.6%, 1000—-1499
GEL — 15.4%, 500-900 GEL — 9.5%, <500 GEL — 5.4%.

A cross-sectional analysis of the data revealed an interesting trend: the largest group of visitors is
pensioners (29.1%), while 69.6% of visitors have an income exceeding 2,500 GEL. This indicates
that foreign pensioners with high purchasing power (mainly from Europe and Asia) predominate
in international flows.

Such a segment is extremely sensitive to physical comfort and safety. The lighting in the cave, the
slope of the paths, railings, benches and air humidity/temperature directly affect their satisfaction.
It is worth noting the weak positioning of domestic tourism: the low share of local visitors (16%)
indicates that Tetra is still not perceived as a domestic family or weekend destination. Awareness
in the local market is low, or the pricing policy/product positioning is primarily oriented towards
foreign tourists.
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Information channels, motivation and dynamics of expectations

* Information channels: digital media/social networks (34%), television (24%), recommendation
from friends/relatives (16%), tourism information centers - TIC (8%), other (19%).

e Motivation for the visit: cognitive excursion (33%), speleo-health therapy (28%), wine tasting
(26%), complex goal (13%).

» Justification of expectations: fully justified (44%), partially justified (43%), not justified (13%), not
justified at all (0%).

Information and motivational analysis:

1. Efficiency of channels and low role of TIC:

The leadership of online channels (34%) is natural, although the low rate of tourism information
centers (TIC) (8%) is noteworthy. This indicates a weak partnership with state and regional tourism
structures — the promotion of the facility on site (e.g., in Kutaisi or Tskaltubo information centers)
is carried out in a passive mode.

2. High demand for unique offers (USP):

The cave is not just a “sight”. 54% of visitors come for specific services (health therapy + wine
tasting). This gives “Tetra” a sharp competitive advantage over other caves in the region (e.g.,
Prometheus, Sataplia).

3. Risk of “partially justified” expectations (43%):

Almost half of the group states that expectations were only partially justified. This means that
marketing communication (advertising, photos, promises) creates higher expectations than they
actually received at the facility, or some specific service at the site (e.g., therapeutic zone or
infrastructure) is partially functioning properly.

Table. Evaluation of service quality components (Likert scale)

Guide service 82% (47% Very 18% 0%
good)

Wine and service assortment 66% - 80% - -
Speed of service 55% 33% 12%
Speleo-guide services 33% 24% -
Tourist infrastructure 56% 34% 11%
Ecological safety - 32% 19%
Overall total score 77% - 7%

As we can see from the table, tour guide services are the absolute favorite of the survey (82%
positive, 0% negative). This indicates that the communication and language skills of the staff are
at a high level, which is especially important for the high-income international segment.
Compared to general guides, the low rating of speleo-guides (only 33% “good”) indicates that
visitors lack in-depth, specific scientific/medical information on the therapeutic properties of the
cave.

The high share of negative ratings on ecological safety (19%) and in combination with
infrastructural dissatisfaction (11%) give a serious alarm signal. Visitors notice either signs of
degradation of the cave's natural environment (improper lighting, violation of the micro-climate),
or wear and tear of the infrastructure (wet spots, paths, safety chains).
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Safety and future behavioral intention (NPS indicators)

Almost every second visitor (44%) believes that the briefing was superficial, and 43% had difficulty
assessing its usefulness at all. This is a serious operational risk for the specific environment of
caves. The briefing is formal in nature and does not really reach the visitor.

Despite the infrastructural and security shortcomings, the 88% recommendation index (Word-of-
Mouth) indicates that the natural exclusivity of the cave, the wine concept and the hospitality of
the guides outweigh the technical shortcomings.

Only 50% are ready to visit again (34% are neutral). This is standard for cognitive tourism ("l saw
it once and that's enough"), but it is low for a speleo-therapeutic facility, where the business model
should be built on repeat/course visits.

Conclusions and Recommendations

Conclusions

1. High purchasing power of the target audience: The majority of cave visitors (approximately 70%)
belong to the high-income segment (2500 GEL and above). Geographically, the Asian and
European regions are leading, which indicates the high international attractiveness of the facility.
2. Positive perception of service quality: The overall level of visitor satisfaction is high (77%). The
professionalism of the guides is particularly notable. The innovative enogastronomic product
(wine tasting/matching) is also successful, which was appreciated by 66% of respondents.

3. Infrastructural and ecological shortcomings: The study revealed weak points of service in the
tourist infrastructure. In addition, 19% of visitors are skeptical about the cave's ecological
protection mechanisms.

4. Information imbalance in the safety section: 44% of respondents believe that safety rules are
superficially introduced, and 43% have difficulty assessing the effectiveness of the briefing.

5. High level of loyalty: Indicators of future behavioral intentions are optimistic — 50% of
respondents are ready to visit again, and 88% will recommend the cave to their social circle.
Recommendations

* Modernization of safety information management:

o Introduction of a mandatory, short video briefing before the start of the tour, which visually
demonstrates the rules of conduct and environmental restrictions in the cave.

o Placement of multilingual information booklets and electronic boards at the entrance and inner
perimeter of the facility.

e Improving tourist infrastructure:

o Installation/monitoring of pedestrian paths, railings and energy-efficient, low-heat LED lighting
systems.

o Maximum integration of adapted infrastructure for people with disabilities and families with
children.

e Sustainable ecological management and flow regulation:

o Accurate determination of the cave's ecological carrying capacity and strict control of tourist
flows (improvement of the advance booking system).

o Functional separation or time-shifting of speleotherapy and enogastronomic zones.

e Improving personnel qualifications:

o Conducting specialized training courses for speleo-guides in speleotherapy, geology and first aid.
e Marketing strategy optimization:

o Strengthening digital marketing on social media and international platforms (TripAdvisor, Google
Maps).

o Developing loyalty programs and seasonal offers to motivate neutral visitors.
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Financial management represents a system of methods and tools aimed at the formation,
allocation, and effective use of an enterprise’s financial resources. Its main objective is to ensure
financial stability, solvency, and improve the efficiency of capital utilization [1]. Under modern
conditions, financial management is considered an element of the overall enterprise management
system that ensures the coordination of current and strategic financial decisions, as well as
maintaining a balance between profitability and risk. Particular importance is given to the ability
of an enterprise’s financial system to adapt to changing external environmental conditions,
including market fluctuations, inflationary processes, and changes in financing conditions (Figure
1) [2].

A system of methods and instruments

(Formation, distribution, and efficient
/ utilization)

An element of the ‘
overall Coordination of
management Financial current and
system / management of an iitrategic decisions
enterprise
Main objective 1: Main objective 2:
Financial stability and solvency Improving capital efficiency

Figure 1 — System and Objectives of Financial Management
Note — developed by the author based on the data from source [2].

According to Figure 1, financial management includes a set of interrelated functions:
planning, organization of cash flows, analysis of financial condition, control over the
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implementation of financial decisions, and financial risk management. Effective implementation
of these functions ensures the stability of capital turnover and maintaining the required level of
enterprise liquidity [3].

An important element of financial management is the formation of a rational capital
structure that provides an optimal ratio between own and borrowed sources of financing.
Violation of this ratio results in increased financial risks and reduced enterprise sustainability,
especially in an unstable economic environment [4].

For a clearer understanding of the continuity of capital management processes, the
interrelationship of all key stages is presented in the diagram below (Figure 2).

Organization of
— cash flows —

Analysis of
financial
Planning condition

Stability of capital

\ turnover

Financial risk

Control and

management - implementation
and control of decisions

Figure 2 — Cycle of Interrelated Functions
Note — developed by the author based on the data from source [4].

According to Figure 2, a financial crisis at the enterprise level is characterized by a
disruption of financial balance, manifested in a decrease in liquidity, an increase in liabilities, and
deterioration of the capital structure. Crisis processes usually develop gradually and result from
the accumulation of internal imbalances within the financial management system.

The main causes of crisis phenomena include a decrease in revenues, inefficient cost
management, growth of fixed obligations, as well as an imbalance between the growth rates of
assets and liabilities. Limited access to external sources of financing has a significant impact,
increasing the enterprise’s dependence on internal cash flows. This increases the pressure on the
enterprise’s liquidity.

The crisis is also reflected in the deterioration of key financial indicators: a decline in
current liquidity, a decrease in return on assets, and an increase in the share of borrowed capital.
If these trends persist, the risk of financial insolvency and loss of solvency increases.

A financial crisis is a phased process that develops from a hidden stage (a decrease in the
efficiency of resource utilization) to an explicit stage (insolvency and the risk of bankruptcy).
Therefore, early diagnosis of crisis processes and timely management decision-making are of
particular importance (Figure 3).
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Figure 3 — Dynamics of Financial Crisis
Note — developed by the author based on the data from source [5].

As shown in Figure 3, the development of a financial crisis at an enterprise has a cumulative
nature and occurs consistently under the destructive influence of both external and internal
factors. The synergistic effect of their combined impact initiates a chain of negative changes,
where each subsequent stage deepens the existing imbalances. As the financial system
deteriorates and the crisis transitions from a hidden form to an explicit one, there is a rapid
deterioration of key indicators of liquidity, solvency, and financial stability. The enterprise
gradually loses net working capital, faces chronic cash flow gaps, and experiences a critical
increase in debt burden, which ultimately maximizes the risk of financial insolvency (bankruptcy)
of the organization [4].

Under conditions of deteriorating financial condition of an enterprise, the risk of insolvency
and financial failure increases. With further intensification of crisis processes, the organization
may face the inability to fulfill its obligations to creditors, employees, and the state in a timely
manner. In the Republic of Kazakhstan, procedures for restoring solvency, rehabilitation, and
bankruptcy of legal entities are regulated by the Law of the Republic of Kazakhstan “On
Rehabilitation and Bankruptcy” dated March 7, 2014, No. 176-V ZRK. This regulatory act
establishes legal mechanisms for preventing bankruptcy, restoring the financial stability of
organizations, and protecting the interests of creditors, which emphasizes the importance of
timely diagnosis of crisis phenomena and implementation of anti-crisis financial management
measures.

Thus, effective financial management contributes to the timely identification of crisis
trends, reduction of financial risks, and maintenance of sustainable enterprise development.
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Afinancial crisis at an enterprise is formed under the influence of a combination of external
and internal environmental factors, which collectively lead to a disruption of financial balance, a
decrease in the sustainability of business activities, and a deterioration in the enterprise’s ability
to ensure the continuity of operational processes. These factors usually occur simultaneously and
reinforce their mutual negative impact. A characteristic feature of crisis processes is their gradual
and cumulative accumulation, in which negative changes in individual elements of the financial
system — capital structure, liquidity, asset turnover, and profitability — intensify the overall
financial instability of an enterprise. As a result, a systemic deterioration of the financial condition
is formed, which may progress from a hidden stage to explicit signs of a crisis (Figure 1) [1].

Factors
contributing
Internal factors to a financial External factors
(endogenous): low crisis (exogenous): inflation,
turnover, increase in short- / \ decline in demand,

term debt, cash flow gaps,

fluctuations in exchange
weak control.

rates, increase in interest
rates, competition

\ RESULT /

Decrease in liquidity
Cash flow gaps
Threat of loss of financial stability

Figure 1 — Classification of Financial Crisis Factors
Note — developed by the author based on the data from source [1].
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According to Figure 1, external factors include macroeconomic conditions of enterprise
functioning, which form the overall environment of its activities and have a direct impact on the
results of financial and economic performance.

First of all, these factors include inflationary processes, which lead to an increase in prices
for raw materials, supplies, energy resources, and other production inputs. Accelerating inflation
contributes to higher production costs and a decrease in the real purchasing power of consumers,
which negatively affects sales volumes and the financial results of enterprises.

Exchange rate fluctuations also have a significant impact on the financial condition of
enterprises. For organizations using imported raw materials, equipment, or components, the
depreciation of the national currency leads to increased costs and deterioration of financial
indicators. At the same time, uncertainty increases in planning future cash flows and investment
activities.

Government economic policy also has a significant impact, including changes in tax
legislation, the introduction of additional mandatory payments, changes in customs tariffs, and
requirements for conducting business activities [2]. Increased tax burdens lead to a reduction in
the company’s net profit and limit opportunities for expanded capital reproduction. Under
conditions of financing shortages, organizations are forced to rely mainly on internal sources,
which reduces investment activity and development rates. This situation is particularly evident
during periods of economic instability when credit institutions reduce the volume of financing for
the real sector of the economy [3].

Internal causes of financial crises are determined by the characteristics of management
and the organization of financial and economic activities. An inefficient asset structure is of
significant importance, where a large share of resources is invested in low-liquid assets, reducing
the solvency and financial flexibility of the enterprise.

The condition of working capital is an important factor. A slowdown in inventory turnover,
anincrease in accounts receivable, and inefficient use of cash resources lead to liquidity shortages
and the need to attract additional financing [4].

The capital structure also plays an important role: high dependence on borrowed funds
increases financial risks and strengthens the burden of liabilities. Under deteriorating market
conditions, this may lead to a decrease in financial stability. Insufficient efficiency of financial
planning and control also has a negative impact. Errors in budgeting, inaccurate cash flow
forecasts, and weak internal control increase the risk of cash flow gaps and deterioration of
solvency.

Another significant factor is inefficient cost management and accounts receivable
management, which leads to reduced profitability and slower capital turnover. Overall, the quality
of management decisions, the level of management competence, and the ability to adapt to
changes in the external environment determine the sustainability of an enterprise and its
competitiveness [5].

To obtain an objective assessment of an organization’s financial condition, it is necessary
to conduct a consistent diagnosis of key areas of its activities. The main stages of a comprehensive
analysis of the financial condition of an enterprise are presented in Figure 2.
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Figure 2 — Stages of Diagnosing the Financial Condition of an Enterpris
Note — developed by the author based on the data from source [5].

As shown in Figure 2, the diagnosis of the financial condition of an enterprise represents a
consistent process of studying the main aspects of its financial and economic activities. Initially,
an analysis of the enterprise’s assets and asset structure is conducted, followed by an assessment
of liquidity and financial stability indicators. The next stage involves the analysis of business activity
and profitability, which makes it possible to determine the efficiency of resource utilization. The
final stage is the assessment of bankruptcy risk and financial insolvency, the results of which serve
as a basis for developing measures aimed at financial recovery and improving the sustainability of
the enterprise. Thus, a comprehensive approach to diagnostics provides a thorough assessment
of the organization’s financial condition and allows timely identification of existing problems and
development opportunities.

An important stage in studying the financial condition of an organization is conducting a
comprehensive diagnostic assessment, which makes it possible to identify the strengths and
weaknesses of the enterprise’s financial and economic activities. The sequence of the main stages
of financial condition diagnostics is presented in Figure 3 [6].
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Figure 3 — Conceptual Model of Enterprise Financial Recovery
Note — developed by the author based on the data from source [6].
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The data presented in Figure 3 indicate that the diagnosis of an enterprise’s financial
condition is comprehensive in nature and includes several interconnected stages. At the initial
stage, an analysis of the organization’s assets and asset structure is carried out, which makes it
possible to determine the characteristics of the formation of the enterprise’s resource base.

Further, an assessment of liquidity and financial stability is conducted, characterizing the
enterprise’s ability to fulfill its obligations on time and maintain the required level of financial
independence. The analysis of business activity and profitability makes it possible to evaluate the
efficiency of resource utilization and the effectiveness of economic activities.

The final stage involves assessing the risk of financial insolvency, the results of which serve
as a basis for making management decisions and developing measures for the financial recovery
of the enterprise. Therefore, comprehensive diagnostics ensures an overall evaluation of the
organization’s financial condition and facilitates the timely detection of potential risks to its
sustainable development.
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The methodological tools for studying the financial condition of an enterprise include a set
of analytical methods aimed at a comprehensive assessment of liquidity, financial stability,
profitability, and the level of financial risk of an enterprise.

The following methods are applied:

—horizontal and vertical analysis of financial statements, which makes it possible to identify
structural and dynamic changes in indicators;

— ratio analysis, including the calculation of liquidity, financial stability, profitability, and
business activity indicators;

— comparative analysis, ensuring the comparison of actual and standard values of financial
indicators;

—methods for diagnosing financial insolvency, including integrated risk assessment models
(IFR);

— calculation of forecast indicators of operational efficiency (EBIT and NOPAT).

The current liquidity ratio is determined as:

Ktl=OA/KO (1)
where:
OA —current assets of the enterprise;
KO — current liabilities.
The financial stability ratio is calculated according to the following formula:

Kfn=SC/BC (2)

where:
SC — equity capital; BC — balance sheet total.
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Return on Assets (ROA) is determined as follows:
ROA = NP / Assets
where:
NP —net profit of the enterprise; Assets — total assets of the enterprise.

Integrated Financial Risk Model (IFR):
IFR=0,5L+0,3F+0,2R (3)

where:

L — liquidity indicator;

F —financial stability indicator;

R — profitability indicator.

Operating Profit (EBIT):

EBIT = operating profit before interest and taxes
Net Operating Profit After Tax (NOPAT):

NOPAT=EBITx(1-T) (4)
where:
EBIT — operating profit;
T — tax rate.

DFL=(1-t) x (ROA-r) x D/E (5)

DFL (Financial Leverage Effect) — an indicator that reflects the impact of borrowed capital
on the return on equity, expressed as a percentage.

t —income tax rate;

ROA —return on assets (economic return based on EBIT), %

r —interest rate on borrowed capital, %;

D — debt capital;

E — equity capital. [1]

The comprehensive application of the presented methods makes it possible to provide a
systematic assessment of the financial condition of an enterprise, identify structural imbalances,
and create a foundation for developing anti-crisis measures. The use of ratio analysis in
combination with the integrated IFR model and forecast indicators of EBIT and NOPAT ensures a
comprehensive approach to diagnosing the financial condition of an enterprise [2].

The financial statements of an enterprise are prepared in accordance with International
Financial Reporting Standards (IFRS), which provide unified principles for the recognition,
measurement, and presentation of business transactions. The application of IFRS improves the
transparency of financial information, ensures comparability of indicators, and enhances the
quality of analytical conclusions when assessing the financial condition of an enterprise.
Depending on the category of a business entity in the Republic of Kazakhstan, the national
financial reporting system (NFRS) may also be applied; however, this study uses an approach
based on IFRS principles as the most universal and comparable methodological framework [3].

This article has examined the theoretical and methodological foundations of enterprise
financial management under crisis conditions. It was established that financial management
represents a system of tools and methods aimed at ensuring stability, solvency, and efficient
utilization of an enterprise’s financial resources.
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The analysis showed that a financial crisis in an enterprise develops under the influence
of a combination of external and internal factors, including macroeconomic instability, a decline
in effective demand, an inefficient capital structure, an increase in short-term liabilities, and
insufficient turnover of current assets. These factors lead to deterioration of liquidity, a decrease
in financial stability, and an increase in financial risks [4].

Thus, the results of this study provide a methodological foundation for further practical
analysis of the enterprise’s financial condition and the development of a set of anti-crisis
measures aimed at restoring financial stability and improving operational efficiency.
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Abstract

The surrounding economic reality, the provision of loans, has made risk management a
complex decision-making problem, increasingly making credit scoring issues an important tool for
the development of all participants in this process. The analysis shows that the most significant
impact on the financial result of the bank is the introduction of an improved credit scoring system,
which is possible through the digitalization of customer interaction with a credit institution. The
review covers ways to improve the banking credit scoring system. The paper examines research
and peer review results. The solutions of both the traditional credit scoring approach and the
advanced approach based on artificial intelligence and machine learning are studied.

Key words: credit scoring, banking system, risk management, artificial intelligence, machine
learning.

Introduction

In the context of the formation of a new development model for Kazakhstan, one of the
main priorities is the creation of an open and self-sufficient market economy, where one of the
main drivers should be the development of SMEs (Ashimbayev, 2023). According to the
Government of the Republic of Kazakhstan, systemic measures are being implemented to improve
the business environment, reducing the administrative burden and providing support to small and
medium-sized businesses (Kuantyrov, 2023). It should be noted that at present, state support is
largely focused on small businesses and the opening of new businesses (Ashimbayev, 2023).

According to Stat.gov.kz (2026), in the country as of April 2025, the share of individual
entrepreneurs in the total number of operating SMEs was 70.3%, small business legal entities -
17.2%, peasant or farming enterprises - 12.3%, and medium-sized business legal entities - 0.2%
(Stat.gov.kz, 2026).

release of products | SO 262 bl

number of employed - |O 448 27
number of operating entities |2 703 123
number of registered entities || EEEEEEEE 678 117

40,0 60,0 80,0 100,0 120,0

m Small business legal entities ® Medium business legal entities ndividual entrepreneurs Peasant or faaming enterprises

Figure 1. Monitoring of small and medium-sized businesses in the Republic of Kazakhstan (as of
April 1, 2025) (Stat.gov.kz, 2026).

Compared to 2023 and 2024 figures, according to Gov.kz (2024), as of January 1, 2024, the
number of active small and medium-sized businesses increased by 6.6% and amounted to 99,190
units. Including: small and medium-sized legal entities - 19.3 thousand units, individual
entrepreneurs - 69.8 thousand units, peasant farms - 10.1 thousand units. The share of active
SMEs in the total number of registered entities was 90.5%. The volume of products manufactured
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by SMEs for January-September 2023 amounted to 1.9 trillion tenge. As of October 1, 2023, the
number of people employed in SMEs amounted to 237,138, representing 43.3% of the region's
total employed population. The growth of these figures for 2025 is significant.

However, the picture is not so rosy, and the recent increase in the number of small
businesses is largely a result of business fragmentation, according to Ashimbayev (2024).
According to his data, the overwhelming majority of small businesses operate in low-productivity
sectors, with trade remaining the dominant activity, accounting for approximately 35% of all small
businesses. Meanwhile, trade is an important sector of the economy, so it is necessary to ensure
the growth of SMEs, particularly in the manufacturing sector.

Despite the indicators according to Gov.kz (2024) of 6.6% increase in the number of
operating small and medium-sized businesses, almost 30% of medium-sized businesses showed
losses in the first half of 2023 (Inform.kz, 2023). In order to ensure the solution of problems of
economic diversification, it is necessary to carefully analyze the effectiveness, it is necessary to
reconfigure business support measures. It is necessary to strengthen both the tools stimulating
the consolidation and scaling of effectively operating enterprises. First of all, it is important to pay
attention to the development of the most promising and productive sectors (Ashimbayev, 2023).

In this regard, according to Gov.kz (2024), in 2023, within the framework of the National
Project for the Development of Entrepreneurship for 2021-2025, 957 projects were financed in
the amount of loans of 44 billion tenge, including 535 projects subsidized in the amount of 37.6
billion tenge, 392 projects guaranteed in the amount of 6.3 billion tenge, 30 grants issued in the
amount of 141.2 million tenge. In addition, in 2023, the Regional Program "Kasipker" was launched
(on a parity basis with Damu 50/50). In 2023, 41 projects were financed for 1.3 billion tenge. As a
result, 52 new jobs were created. Also in 2024, the implementation of the Unified Comprehensive
Support for SMEs was launched, the purpose of which is to ensure the effective use of state
support and the development of competitive, import-substituting enterprises in various sectors of
the economy. The Unified SME support program is implemented in 6 areas (Gov.kz, 2024):

* microentrepreneurship;

e small and medium entrepreneurship;

e small, medium and large entrepreneurship in the manufacturing industry and services;
e entrepreneurship in single-industry and small towns, rural settlements;

e social entrepreneurship;

* stock exchange (KASE, AIFC)

The evolution of the above indicators is currently progressing rapidly. For example, in 2026,
state financial and non-financial assistance to businesses in Kazakhstan expected will be provided
within the framework of the new Unified Comprehensive Small Business Support Program "Isker
Aimak" (implemented on January 25, 2026), which replaces previous disparate entrepreneurship
development programs. Below are the Table 1 for key statistical and financial data on SME support
in Kazakhstan for 2026 (Damu Foundation, 2026; Adilet.zan.kz, 2026; Stat.gov.kz, 2026):

Table 1. SME Support and Development Program in Kazakhstan
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Description Key parameter Conditions in 2026
* Active SME
entities
* Share of * ~1.97 million units
Current state of the sector employed * 46.6% of the economically active population
population * The cities of Almaty and Astana

* Regions with

leading activity

* Maximum

project limit

* Final rate for * Up to 200 million tenge

. . . business * ~8.8% (40% of the nominal rate is subsidized)
Financial terms of lending _ Ra bsid e Up to 3
m "Ickep aiiMaK") S BTLaKly Plo.d years . . .
(progra period * Up to 85% of the loan amount if there is insufficient
* Damu Fund collateral
guarantee
coverage
« Main types of » Financial (subsidies, guarantees), non-financial (training,
Instruments and priorities assistance services),‘ infrastrugture (premiscs, laqd) .
of state support « Priority niches * Processing of agricultural raw materials, food industry,

furniture and building materials production in rural areas

and industries . .
and single-industry towns

Table 1. Programs for support and development of SMEs in Kazakhstan for 2026 (Damu
Foundation, 2026; Adilet.zan.kz, 2026; Stat.gov.kz, 2026)

The above data indicate that the development of small and medium-sized businesses
requires additional resources, a significant place among which belongs to bank loans. As the most
widespread type of banking services, consumer credit undoubtedly has a great impact on the state
of the entire banking system, the development of small and medium-sized businesses. The
development of the global economy convincingly proves the crucial role of small and medium-
sized enterprises in the structure of the national economy and ensuring economic growth
(Maramygin et al., 2021). Such enterprises, as a rule, demonstrate a tendency to grow,
contributing to the creation of new jobs and stimulating the development of competition, thus
performing socially useful functions. At the same time, small businesses are most sensitive to
fluctuations in consumer demand and changes in market conditions, but the flexibility and mobility
of their adaptation to changing environmental conditions ensures their viability (Zavyalova, 2022).

In this regard, research on consumer bank credit is actively studied and has become
widespread. In scientific literature, leading economists and analysts use the term "consumer
credit". From a general theoretical standpoint, many scientists characterize consumer credit as a
loan provided to the population. One of the most common definitions of consumer lending is the
sale of consumer goods by retail enterprises with deferred payment or the provision of loans by
banks for the purchase of consumer goods, as well as for the payment of personal expenses. In
other words, consumer credit is a form of credit provided to individuals and enterprises for the
purchase of consumer goods, durable goods, payment for banking services on deferred payment
terms (Orlova, 2015).

Due to the relevance of the bank lending system, this paper studies a type of consumer
credit - a retail loan, which is issued through retail chains or bank branches. In other words, quick
loans, unsecured, unfunded or non-targeted loans. At the same time, the main component of
increasing the efficiency of the retail lending system is the efficiency of risk assessment of this type
of service. One of such tools for making a lending decision is credit scoring as a system that
primarily regulates the activities of commercial banks, based on data from software developers.
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Analysed data indicate that a scoring system for a loan decision in the banking system and
issues of developing methods and algorithms for intelligent decision support based on risk
assessment in the lending system, taking into account aspects of subjective credit behavior are
relevant.

Problem Statement

Bank loans currently form the basis of active operations of a commercial bank, generate
the main income and, at the same time, are the main cause of risk, which, if improperly managed,
can lead to bankruptcy of banks. The problem of making decisions on loan applications in banking
practice is considered exclusively as a problem of assessing the creditworthiness of potential
borrowers. This approach does not take into account the risk of disruption of the payment balance
of the creditor bank due to the issuance of a loan, which reduces the effectiveness of credit
investments - the bank's credit operations, which subsequently leads to lost profits or losses.
Therefore, when making decisions on granting a loan, it is necessary to take into account both the
creditworthiness of the potential borrower and the impact of the fact of issuing a loan on the state
of prospective liquidity of the creditor bank itself (Nationalbank.kz, 2025; Nationalbank.kz, 2026).

Existing methods for assessing the creditworthiness of borrowers, which boil down to
calculating financial ratios, themselves have a number of shortcomings (Zavyalova, 2022;
Maramygin et al., 2021). Their "empirical" nature, insufficient theoretical and methodological
elaboration, and weak use of mathematical apparatus are noteworthy. The main emphasis in the
implementation of these methods is on the subjective opinion of experts (Zavyalova, 2022;
Maramygin et al., 2021).

A comprehensive accounting of the credit risk of borrowers, the liquidity risk of the creditor
bank, the dynamics of changes in the main influencing factors and the consequences of decisions
made will improve the efficiency of the creditor bank (World Bank Group, 2019). This approach
can reduce the costs of maintaining the required level of liquidity, increase its profitability and
sustainability. Therefore, the conducted analysis of a scientifically based methodology and tools
to support decision-making on issuing loans by specialists of credit departments of banking
institutions, which make it possible to assess the impact of decisions made to provide loans on the
dynamics of the prospective liquidity of the creditor bank itself, seems relevant. Such methods
and software packages to support decision-making on the terms of issuing loans by a banking
institution are developed on the basis of a comprehensive accounting of the credit risk of
borrowers, the liquidity risk of the creditor bank, the dynamics of changes in influencing factors
and the consequences of decisions made.

Features of the process of providing a loan by a bank

The process of providing a loan by a bank consists in the fact that the bank providing the
loan is exposed to many risks, the most dangerous of which are credit risk and the risk of its own
liquidity, consisting of a lack of cash for the lending bank itself to fulfill current and future
obligations to its clients.

The main quantitative indicators of credit risk are the probability of default of the
borrower, characterizing the inability of the borrower to service his debts and fulfill obligations at
a particular point in time, as well as expected and unexpected, unplanned losses, characterizing
the scale of the creditor's losses in the event of the borrower's default. The final indicator of the
credit risk assessment is the limit - the maximum volume - of lending to a specific borrower, which
allows limiting the volume of possible losses of the creditor.

There are various models and methods for quantitative assessment of credit risk. Among
them are: exogenous and regression models of default, discriminant analysis, principal component
analysis, hierarchical classification models, probit/logit analysis, neural networks, fuzzy sets, etc.
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In addition, the approach using mathematical apparatus to assess credit risk instead of generally
accepted indicators of the borrower's financial condition will reduce the influence of subjectivity
and increase the validity of decisions made on the advisability and terms of lending to a particular
borrower (Zavyalova, 2022; Maramygin et al., 2021).

Credit scoring plays a central role in the financial system of Kazakhstan, providing an
effective and objective assessment of the solvency and reliability of potential borrowers. It is a
comprehensive software system that analyzes various aspects of a person’s financial behavior and
history, including their income, credit history, marital status, age, and many other factors. This
approach allows credit institutions to minimize the risks associated with issuing loans and makes
the lending process more accessible and transparent for clients. Scoring affects not only the
possibility of obtaining a loan, but also the terms of its provision, including interest rates and
repayment terms. Thus, scoring becomes a key element in maintaining the health and
sustainability of the country's financial system (KMF, 2023).

For completeness, it is necessary to emphasize that scoring in the banking system is an
assessment system used by banks and financial institutions to determine the reliability and
solvency of potential borrowers. The scoring system analyzes many factors, on the basis of which
an overall score is formed, which helps lenders decide whether to grant a loan and on what termes.
Thus, scoring is a banking tool designed to reduce risks and provide loans to more responsible
clients (KMF, 2023).

Credit scoring works as an automated assessment system designed to analyze the financial
reliability and solvency of potential borrowers. It is based on algorithms that process large
amounts of data: credit history, information from the borrower's questionnaire, income,
professional status, marital status and much more. Based on this analysis, the scoring system
assigns points to the borrower. The higher the score, the more likely it is that the borrower will
receive a loan and on more favorable terms. This allows banks to effectively manage the risks
associated with lending, providing more informed and faster decisions on issuing loans (Korobova,
2012; KMF, 2023).

There are many scoring systems, and each credit institution can focus on different
assessment criteria. However, there are three main types of credit scoring in Kazakhstan
(Adilet.zan.kz, 2026; Kmf.kz, 2023; Fingramota.kz, 2022; Gov.kz, 2026):

=  Borrower survey: answers to various questions are assessed, which affect the final score.

= Behavioral scoring: a type of scoring aimed at identifying financial fraudsters and malicious
defaulters by analyzing the financial behavior of a potential borrower.

= (Collection scoring: used to collect debts through phone calls, SMS notifications and
personal meetings with the debtor.

These three types of scoring in Kazakhstan represent different approaches to assessing the
creditworthiness and reliability of borrowers. Together, these approaches form a comprehensive
assessment system that allows financial institutions to minimize risks and provide more efficient
lending. Credit scoring data is taken from a variety of sources to provide an accurate and
comprehensive assessment of the borrower's solvency. Key sources include:

= Credit history: information about previous and current consumer microloans and credits,
their amounts, terms and payments.

= Borrower questionnaire: personal data specified when applying for a loan, including place
of residence, age, marital status and income.

= Bank data: information about the movement of funds on debit and credit cards, revealing
information about the financial behavior of the borrower.

= Publicrecords: information about debts on utility bills, fines and other financial obligations.

160



«Modern scientific technology» (July 23-24, 2026). Stockholm, Sweden, 2026 I

Thus comprehensive approach allows lenders to obtain a complete picture of the
borrower’s financial status and behavior, minimizing risks and increasing the accuracy of assessing
their creditworthiness.

Credit Scoring Measurement

Increasing the accuracy of assessing the borrower's creditworthiness becomes the
cornerstone for the development of financial institutions - the stability of the banking system. On
the other hand, consumer credit acts as a factor in reducing staff turnover at enterprises, this is
due to the fact that employees of the enterprise remain at their workplace as long as possible in
order to be solvent. Such a factor, of course, has a positive effect on the economy of any country.
In such a consideration of the essence and role of consumer credit in the economy, it can be
perceived that consumer credit is a significant factor in raising the national welfare (Korobova,
2012).

However, it should be noted that consumer credit, creating a high market situation and
production growth, can contribute to the production itself going beyond the solvent demand of
the population, thereby exacerbating the economic crisis in the country. How to find a balance?
What tools for improving the measurement of credit scoring will be able to maintain the harmony
of such challenges associated with consumer lending? Meanwhile, credit risk is the most
significant risk in terms of impact for any bank and financial institution. Accurately assessing credit
risk impacts an organization's balance sheet and income statement because credit risk strategy
determines pricing and can even influence seemingly unrelated areas such as marketing and
decision making (Markov, Seleznyova and Lapshin, 2022).

Recent peer review researchers propose different approaches. For example, in a study
conducted by Ahelegbey and Giudici (2023), which is devoted to improving the way of credit
scoring measurement, an approach is proposed through factor clustering. To improve the
measurement, it is proposed to apply it to small and medium enterprises (SMEs) involved in P2P
lending. This approach explores the concept of familiarity. The concept of familiarity is based on
the idea of how familiar similar situations are in terms of functionality or latent characteristics.
Latent factors are defined as observable data. Their approach uses singular value decomposition
of the object to extract the factors underlying the observed indicators of SME financial
performance. They then clustered the factors using a standard k-means algorithm. This allowed
the researchers to segment the heterogeneous population into clusters with more homogeneous
characteristics. The obtained results of Ahelegbey and Giudici (2023) show that clusters with
relatively fewer SMEs produce a more parsimonious and interpretable credit scoring model with
better default prediction performance.

And in another study, Kamimura, Pinto and Nagano (2023) propose a methodology for
optimization applied to credit scoring models through technical procedures based on bibliographic
and exploratory analysis. The study of these researchers consisted of 46 publications, including 10
literature reviews and 36 proposals for credit scoring models using Scopus, ScienceDirect and Web
of Science databases. The results obtained showed that credit scoring models are usually
formulated using financial analysis, machine learning, statistical methods, operational research
and data mining algorithms. The main databases used by the researchers were banks and the
University of California, Irvine. According to the analysis of the researchers' data, financial
institutions use 48 types of methods used in credit scoring models, the main ones being: logistic
regression (13%), naive Bayes algorithm (10%) and artificial neural networks (7%). Kamimura,
Pinto and Nagano (2023) conclude that advances in credit scoring research will require new hybrid
approaches that can integrate big data and deep learning algorithms in credit scoring models.
These algorithms should have practical questions addressed to improve the level of adaptability
and performance required for such credit scoring models.
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In a similar review, the peer review (Markov, Seleznyova and Lapshin, 2022) examined 150
of the most relevant credit scoring-related articles published between January 2016 and June 2021
to identify trends in credit scoring using a fixed set of questions.

The results obtained by the researchers allow for comparison with previous periods and
highlight some of the latest best practices. In particular, various statistical and machine learning
methods can be used at different stages of credit scoring. In addition, they examined papers that
propose new approaches to feature selection, model testing, and quality assessment. They also
noted that the publicly available data available to researchers has increased significantly. For
example, Kaggle and other platforms provide tools for organizing credit scoring competitions and
exchanging statistical information; P2P lending platforms (Lending Club, We.com, among the most
well-known) show high potential for analyzing large volumes of real data. Also, a large dataset
provided by Fannie Mae allows testing credit scoring methods when applied to mortgage data
(Markov, Seleznyova and Lapshin, 2022). As a conclusion of their study, Markov, Seleznyova and
Lapshin (2022) recommend using multiple publicly available datasets to test credit scoring models
at the same time. In doing so, the researchers recommend:

® |tisreasonable to use multiple publicly available datasets to validate the model used.

= Consider the potential impact of rejected loans on the modeling results. All authors in their
analysis conclude that including rejection inference in the model improves its
performance. Since rejected application data is not always available to researchers,
however, the Lending Club public dataset provides information on both accepted and
rejected loan applications.

= There is a persistent problem of imbalance between good and bad loans in credit scoring,
so it may be reasonable to adjust the credit scoring model accordingly. The researchers
suggested looking at the Synthetic Method of Minority Oversampling (SMOTE) as it seems
to be one of the most prominent approaches to address this issue.

= Data preprocessing, missing value imputation, and feature selection techniques are
becoming more common to achieve better performance of simple model architectures.

Adopt a more vigilant approach to model testing: Use multiple misclassification criteria and

thoughtful validation to conduct a more vigilant test of the proposed model. Additionally,

using untimed samples for testing and measuring the financial impact of the model and
the cost of errors can be particularly beneficial to the business.
= |ogistic regressions, support vector machines (SVMs), and classifier and regression trees

(CARTs) have become the most widely used base models, often producing average results

compared to other models developed. Neural networks are also gaining popularity as a

base model for other more sophisticated credit scoring methods.

= Ensemble (i.e. bagging, boosting, and stacking) models are often presented as a better
alternative to base models, especially if we exclude the “Other” model category due to our
concerns about overfitting and survivorship bias.

It was noted above that many experts in the field of credit scoring have proposed various
solutions that should have an approach based on a comprehensive solution that defines the credit
system as a system that ensures the functioning of credit in society, implements its functions and
essence. In this regard, it will be relevant to study the role of artificial intelligence and machine
learning in credit scoring.

The Role of Artificial Intelligence and Machine Learning in Credit Scoring

Al-powered credit scoring or artificial intelligence-powered credit scoring is a modern
approach to assessing the creditworthiness of a borrower. Unlike traditional credit scoring, which
relies on static variables and historical data, Al-powered credit scoring uses machine learning
algorithms to analyze a wide range of data points, including non-traditional data, to predict a
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borrower’s likelihood of repaying a loan. The significance of Al-powered credit scoring is a more
comprehensive and dynamic assessment of credit risk, providing lenders with a more accurate and
detailed understanding of a borrower’s financial behavior (Datrics.ai, 2024).

It is important to note that Al-powered credit scoring revolutionizes the traditional credit
scoring process by using advanced machine learning algorithms to analyze a vast array of data
points that go far beyond what traditional scoring systems take into account. While traditional
scoring is @ mathematical model based on statistical methods and calculations for a large amount
of information, Al-based scoring provides more sensitive, personalized credit rating assessments
based on a number of additional factors in real time. This allows more people with potential
income to gain access to financial services.

This approach allows for a more dynamic, comprehensive and accurate assessment of the
borrower's creditworthiness. For example, according to Datrics.ai, (2024) Al-based credit scoring
is the most promising and relevant solution. Credit scoring assesses how well a bank client can pay
and whether a borrower is willing to repay the debt. Al-based credit assessment decisions are
formed based on data such as:

= Total Income

= Credit History

= Transaction Analysis

=  Work Experience

= User Behavior Analytics

However, the data collection steps for Al-based credit scoring are as follows:

Data collection and analysis - Al systems can process and analyze a wide range of data
sources, including banking transactions, bill payments, social media activity, and even mobile
phone usage patterns. This extensive data collection allows for a more holistic view of an
individual’s financial behavior.

Machine learning models - are trained on large data sets to identify patterns and
correlations that may indicate a borrower’s likelihood of repaying a loan. By analyzing thousands
of data points, machine learning algorithms can identify subtle connections between seemingly
unrelated factors and an individual’s financial strength.

Predictive analytics - Once a machine learning model is trained, it can be used for predictive
analytics. When a new loan application is received, the Al system evaluates the applicant’s data
against the patterns learned during training. It then generates a score that predicts the applicant’s
creditworthiness. This score is based on a complex analysis of a variety of factors, including some
that may not be obvious even to financial experts.

Continuous learning — One of the key benefits of Al-powered credit scoring is its ability to
learn and adapt over time. As the system processes more applications and receives feedback on
its predictions, such as whether borrowers will actually repay their loans, it can refine its models
to improve accuracy. This continuous learning process ensures that the Al system stays abreast of
changing financial behavior and market conditions.

As it can be seen, artificial intelligence is playing a transformative role in credit scoring.
Traditional credit scoring models often fail to account for the complexity and variability of
individual financial behavior. On the other hand, Al can process massive amounts of data, identify
patterns, and make predictions with a high degree of accuracy. This allows for more personalized
and fair credit scoring. Al-powered credit scoring can also expand lending opportunities to
underserved populations, such as those with poor credit histories or first-time credit seekers, by
considering alternative data in the scoring process.

Al credit scoring, while revolutionary, is not without its challenges and shortcomings. The
main criticisms center on the opacity of machine learning models (often referred to as the “black
box” problem) and the potential for biased decisions (Datrics.ai, 2024).
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Since credit scoring is the basis for financial institutions to make credit decisions, and big
data technology has penetrated into the financial field, the development of science and
technology is one of the leading solutions. One such solution was proposed by researchers in their
field in three approaches based on machine learning by Wu and Pan (2021):

= The first stage is the application of credit scoring on personal credit data, the experimental
dataset is cleaned, the discrete data is encoded with a single HOT, and the data is
standardized. In order to obtain reliable output, the pdC-RF algorithm was applied to
optimize the correlation of data features and reduce the 145-dimensional data to 22-
dimensional data due to the high dimensionality of personal credit data.

= Next, based on the data from the first stage, WOE encoding was performed on the dataset,
which was applied to the random forest, support vector machine, and logistic regression
models, and the performance was compared. In this step, it was found that logistic
regression is more suitable for the personal credit scoring model based on the Lending
Club dataset.

= Finally, in the third stage, based on the logistic regression model with the best parameters,
the user samples are scored and the final scorecard is output.

The contribution of the researchers Wu and Pan (2021) is to provide scientific and
reasonable credit assessment to the general public in the new situation. These researchers
established a series of complete credit assessment systems, including formula derivation, model
construction and simulation analysis of the personal credit assessment model according to the
advanced big data mining technology. In the research process, firstly, the discrete variables are
encoded to solve the problem that discrete variables and continuous variables cannot be treated
uniformly. Then, aiming at the problem that high-dimensional data is easy to overfit, the data is
reduced in dimension. Then, the data after dimensionality reduction is divided into data partitions,
and continuous variables and discrete variables are classified into partitions through variable
discretization, and the WOE codes of each district are obtained. Then, the WOE datasets are
trained according to the three models, respectively. After comparing the performance, the
researchers found that logistic regression is more suitable for the personal credit assessment
model based on Lending Club datasets. They also noted that based on the logistic regression model
with the best parameters, user samples are evaluated and the final scorecard is derived (Wu and
Pan, 2021).

There is no single answer in the literature on which method is the most effective means of
credit scoring: different authors seem to have different, if not opposite, opinions on this issue.
However, as the review showed, credit scoring is of great importance for both individuals and
SMEs seeking loans from banking and fintech companies. With the increasing trend of using a
modern credit scoring model, there is a need for a more advanced solution that can also take into
account peer trust factors. This paper focused on understanding the existing set of credit scoring
systems taking into account all the available modern solutions. The problem of creditworthiness
assessment should be further studied, the accuracy and structure of the credit scoring system
remains extremely relevant in the banking system today.

Conclusion

Bank loans currently represent the basis of active operations of a commercial bank, bring
in the main income and at the same time are the main cause of risk, and if improperly managed,
can lead to bankruptcy of banks.
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The problem of making decisions on credit applications in banking practice is considered
exclusively as a problem of assessing the creditworthiness of potential borrowers. This approach
does not allow taking into account the risk of disruption of the payment balance of the creditor
bank due to the issuance of a loan, which reduces the effectiveness of the bank's credit
investments and leads to a loss of profit or losses. Therefore, when making decisions on granting
a loan, it is necessary to take into account both the creditworthiness of the potential borrower
and the impact of the fact of issuing a loan on the state of the prospective liquidity of the creditor
bank itself

The existing methods of assessing the creditworthiness of borrowers, which are reduced
to calculating financial ratios, themselves have a number of shortcomings. Their "empirical"
nature, insufficient theoretical and methodological elaboration, and weak use of mathematical
apparatus are noteworthy. The main emphasis in the implementation of these methods is on the
subjective opinion of experts (Zavyalova, 2022; Maramygin et al., 2021).

The purpose of the theoretical review was to study the decision-making process on issuing
loans by a banking institution to both individuals and legal entities, small and medium businesses.
According to the traditional approach, most experts propose a comprehensive accounting of the
credit risk of borrowers, the liquidity risk of the lending bank, where the dynamics of changes in
the main influencing factors and the consequences of decisions made will improve the efficiency
of the lending bank, reduce the costs of maintaining the required level of liquidity, and increase
its profitability and sustainability. Experts of the traditional approach consider it reasonable to use
several publicly available data sets to test the model used, as well as specially developed credit
scoring models (Gov.kz, 2026; Adilet.zan.kz, 2026; Kmf.kz, 2023; Fingramota.kz, 2022; Korobova,
2012).

On the other hand, the development of technology allows for an advanced path of credit
scoring based on artificial intelligence and machine learning. It was noted that Al systems can
process and analyze a wide range of data sources, including banking transactions, bill payments,
social media activity, and even mobile phone usage patterns. This extensive data collection allows
for a more holistic view of a person’s financial behavior. However, Al credit scoring, although
revolutionary, is not without its problems and shortcomings. The main criticism concerns the
opacity of machine learning models. This approach is called the “black box” problem (Datrics.ai,
2024).

Overall, the conducted review allows us to assert the relevance of the studied problem of
developing a scientifically based methodology and tools to support decision-making on issuing
loans by specialists of credit departments of banking institutions, allowing to assess the impact of
decisions made on providing loans on the dynamics of the prospective liquidity of the lending bank
itself. New research, solutions, methods and software packages to support decision-making on the
terms of issuing loans by a banking institution would have practical significance, especially based
on the use of Al and ML. It should be noted that the surrounding economic reality, the provision
of loans, has made risk management a complex decision-making problem, increasingly making
credit scoring issues an important tool for the development of all participants in this process. It
turned out that the most significant impact on the financial result of the bank is the introduction
of an improved credit scoring system, which is possible through the digitalization of client
interaction with a credit institution. Analysis of the proposed scoring systems allows us to establish
that the improvement of the lending system for small and medium-sized businesses has been well
studied. However, at the same time, there is a need for further improvement of the lending
system, taking into account the latest achievements of science and technology, which should
positively affect the entire lending system for small and medium businesses in the Republic of
Kazakhstan, which will allow the growth of the well-being of all participants in the economic
process.
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Abstract
Live-streaming commerce converts social attention into transactions as trust reduces
uncertainty, interaction supplies diagnostic and emotional cues, and purchasing feeds back into

trust. This study examines that pathway in the Douyin account ‘Yu Hui Tong Xing’ (E-1&[E17),

launched on 9 January 2024. It uses only public, auditable observations from the live room,
established business media, and third-party monitoring platforms. Trust is proxied by follower
accumulation and audience continuity; interaction by viewers, concurrent audience, chat
messages, likes, and stream frequency; and purchase by units and reported gross merchandise
value (GMV). Across launch, day 15, day 50, and year one, the account recorded 53.574 million
launch viewers, 1.177 million average concurrent viewers, 114,000 messages, over one million
units, and at least RMB150 million GMV. Cumulative GMV exceeded RMB627 million by day 15,
approached RMB1.3 billion by day 50, and surpassed RMB9.3 billion across about 621 first-year
streams. Overall, the findings support a descriptive, mechanism-consistent—not causal—trust—
interaction—purchase pathway for this highly visible empirical case.

Keywords: live-streaming commerce; trust; interaction; purchase behavior; social commerce;
Douyin; Yu Hui Tong Xing

1. Introduction

Live-streaming commerce compresses product discovery, evaluation, social interaction,
and checkout into one interface. Its commercial promise is not explained by visibility alone.
Consumers buy products they cannot physically inspect, from sellers they may never meet, while
prices, comments, and audience counts change in real time. The central managerial problem is
therefore a pathway problem: how does trust become interaction, and when does interaction
become purchase?
2. Literature Review and Analytical Framework
2.1 Trust as uncertainty reduction and relational capital

Online purchase decisions are constrained by information asymmetry: consumers cannot
fully verify product quality, seller motives, or post-purchase performance before checkout. In live
commerce, vicarious trials, real-time explanations, and value congruence can work as signals that
reduce product uncertainty and cultivate trust [1]. Trust also has a relational dimension. Guo et al.
[2] show that trust in broadcasters, products, and community members supports engagement
through swift guanxi, while Zhang et al. [4] place trust at the center of customer retention in a
socio-technical system. Social capital research adds that professionalism and parasocial relations
can affect purchase intention through trust, whereas a streamer's negative public events can
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erode that mechanism [6]. Accordingly, follower migration is not treated here as proof of trust,
but as a cautious behavioral proxy for willingness to continue a relationship with a new account.
2.2 Interaction as information, presence, and social proof

Interaction is more than a decorative engagement feature. Synchronous demonstrations
and question handling can increase information diagnosticity, while visible comments and
audience reactions produce social presence and conformity cues. Mixed-method evidence
indicates that live streams help consumers acquire need-specific information and additional
service, even though repetitive information can reduce efficiency for experienced viewers [5].
Emotional contagion research further suggests that streamer affect and audience-generated
messages jointly shape emotional trust and purchase intention [3]. Recent work differentiates
interactions that obtain product information, reveal the purchase dynamics of others, and deliver
monetary incentives; these pathways work through social presence and conformity rather than
through a single undifferentiated ‘engagement’ construct [9]. Therefore, this study separates
reach (cumulative viewers), synchronous depth (average concurrent viewers and chat), and
repetition (humber of streams and content activity).
2.3 Purchase outcomes and the feedback loop

Purchase intention is necessary but not equivalent to realized sales. Consumption-value
evidence shows that functional, social, emotional, conditional, and self-gratification values
influence intention, with streamer popularity strengthening several effects [10]. Influencer trust
and attachment can also raise purchase intention [8], and source credibility, congruence, and
parasocial relationships matter in Chinese live-shopping contexts [7]. At the behavioral level,
however, orders and GMV are the clearest observable outcomes. When consumers repeatedly
receive satisfactory value, realized transactions may reinforce trust and produce continued
viewing; failed products, exaggerated claims, or poor service may reverse the cycle. The
framework therefore includes a feedback arrow rather than a one-way funnel.

Figure 1. Trust—interaction—purchase pathway used in the case analysis

Trust capital > Interaction intensity > Purchase outcomes > Trust
credibility - familiarity viewing - chat - response orders - GMV - repeat sales reinforcement

v

\ Repeated satisfactory exchanges feed back into relational trust

The framework generates three case propositions. P1: transferable credibility should be
visible in rapid follower accumulation and immediate large-scale viewing. P2: interaction intensity
should coexist with—not merely precede—purchase outcomes, indicating that attention is being
processed through informational and social mechanisms. P3: if the pathway extends beyond a
launch event, repeated streams and cumulative GMV should continue to grow after the initial
publicity shock. These propositions are evaluated descriptively; they are not framed as causal
hypotheses because the public data lack an untreated comparison group and user-level exposure
histories.

3. Data and Method
3.1 Case selection and observation window

The case is the Douyin account ‘Yu Hui Tong Xing,” launched on 9 January 2024 and
associated with Dong Yuhui. The observation window runs from the first broadcast through the
first anniversary. This is a revelatory rather than statistically representative case: a new account
inherited recognizable human capital, but had to establish its own operating cadence, product
portfolio, and organizational identity. The design focuses on temporal pattern matching across
public milestones instead of generalizing a population parameter.
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3.2 Public-data protocol

A metric was included only when a dated public page stated the value and its measurement
context. Five pages constitute the audit trail: Sina Finance's report of launch metrics; Jiemian's
day-15 summary; Newrank's day-50 monitoring report; E-commerce News' first-anniversary
summary based on a third-party platform; and the official PLOS publication used to contextualize
regulatory risks. Where reports differed, the study used the clearly dated value attached to the
specified observation window and avoided combining incompatible denominators. ‘More than’
and ‘approximately’ qualifiers are retained. GMV is explicitly labeled as reported or estimated; it
is not equated with audited revenue, cash collected, or profit.

Table 1. Construct operationalization and evidentiary limits

Construct Public indicators Interpretive role Main limitation

Follower gain; Followers may reflect

Behavioral willingness to

Trust continued audience curiosity or celebrity
. follow the account
attention transfer
Cumulative viewers; I
Reach, synchronous Platform definitions and
, average concurrent T L
Interaction . , participation, and de-duplication are not fully
viewers; chats; likes; .
repeated contact disclosed

stream count

Units sold; reported Realized transaction GMV may include
Purchase cumulative GMV; GMV cancellations/returns and

rox . .
per stream proxy is not audited revenue
Continuit Day-15, day-50, and Tests persistence beyond |Sparse milestones cannot
y year-one milestones launch publicity recover daily dynamics

3.3 Derived indicators

Four transparent ratios are calculated from published values: (1) launch GMV per
cumulative viewer = reported launch GMV divided by cumulative viewers; (2) launch units per
cumulative viewer = units divided by cumulative viewers; (3) milestone average GMV per elapsed
day = cumulative GMV divided by days since launch; and (4) year-one GMV per stream =
cumulative GMV divided by reported streams. These are intensity indicators, not conversion rates.
A person may enter repeatedly, a viewer may buy several items, and GMV may be revised after
refunds. The calculations are reproducible from Table 2 and are reported with conservative
inequality signs when the source value is a lower bound.
3.4 Analytical strategy and validity

The study uses temporal pattern matching and triangulation. Each milestone is mapped to
trust, interaction, and purchase indicators, then assessed against P1-P3. Construct validity is
strengthened by using multiple indicators rather than treating likes as sales or GMV as trust.
Reliability is supported by an explicit URL audit trail and arithmetic that can be independently
reproduced. Internal validity remains limited because media exposure, promotions, assortment,
prices, and platform recommendation may jointly influence all three constructs. External validity
is analytical: the case can refine mechanisms for personality-led live-commerce accounts, but it
does not estimate the average effect for all streamers.
4. Empirical Evidence
4.1 Launch: transferring trust into synchronous participation

The first broadcast provides the clearest view of trust transfer. Over four hours, the live
room presented 188 product links, attracted 53.574 million cumulative viewers, maintained 1.177
million average concurrent viewers, received 114,000 chat messages, sold more than one million
units, and generated more than RMB100 million GMV according to a monitoring report cited by
Sina Finance. The live room itself reported a higher launch figure above RMB150 million, also
carried by established media; this study adopts RMB150 million only in the milestone series while
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retaining the monitoring-based lower bound in sensitivity language. The discrepancy illustrates
why public live-commerce numbers must be attributed and qualified rather than treated as
audited accounts.

The attention pattern is consistent with P1. A newly created account ordinarily lacks
platform history, but ‘Yu Hui Tong Xing’ entered with a familiar presenter, recognizable narrative
style, and a mobilized audience. Rapid following and very high concurrency indicate that viewers
were willing to move attention to the new account. That is compatible with transferred credibility,
though it does not prove that every follower trusted every product. The 114,000 messages show
synchronous participation at scale; the audience was not only exposed to a prerecorded
advertisement.

4.2 The first 15 days: converting an event into a cadence

By 25 January 2024, Jiemian reported 13.599 million followers, more than RMB627 million
cumulative GMV, over 11.67 million units, and 24 live sessions during the first 15 days. Its account
of the launch also recorded more than 42 million views and RMB150 million GMV. Although the
viewer metric differs from the 53.574 million monitoring estimate because sources may define
the broadcast window and unique viewing differently, the direction is unambiguous: large reach
coincided with substantial transaction volume. More importantly, 24 sessions in 15 days indicate
an operating rhythm beyond a single ceremonial broadcast.

Table 2. Publicly reported milestones and pathway interpretation

. Trust di . Path
Milestone st aveliEnes Interaction proxy Purchase proxy é v.vay
proxy reading
Rapid audience Transferred
mipration' 53.574m viewers; >1m units; reported |trust
Launch, 9 follgower ’ain 1.177m average GMV >RMB100m; immediately
Jan 2024 & concurrent; 114,000 live-room report became dense
reported near 3 L
- chats; 4 hours >RMB150m participation
million
and purchases
. Repeated
13.599m 24 streams; launch Cumulative GMV Sessions
Day 15 : likes >1.29bn; launch  |>RMB627m; .
followers . . sustained the
views >42m >11.67m units
launch pathway
Follower gain 183 short videos in Cumulative Content
Day 50 12.77m since prior 30 (jays; 67’8.00 estimated GMV near repet|t|on'and
average likes; 44 high- sales persisted
launch RMB1.3bn
GMV streams after novelty
Account
remained the .
leadin Reported GMV Purchasing was
. . & Approximately 621 >RMB9.3bn, institutionalized
First year monitored .
Douyin streams excluding showcase |across a full
d -buyi ti
commerce and group-buying operating year
creator

The launch and day-15 evidence supports P2 in a bounded sense. Interaction indicators
and purchases co-occur at high levels, and repeated sessions extend the association. However,
public totals do not identify whether particular chat exchanges caused particular orders. Product
discounts, platform traffic allocation, scarcity prompts, and Dong Yuhui's celebrity visibility are
alternative or complementary mechanisms. The appropriate inference is therefore mechanism
consistency: interaction supplied a plausible channel through which existing trust and attention
could be translated into transaction-relevant information and social proof.
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4.3 Day 50 and year one: persistence after the publicity shock

The day-50 observation is important because launch-day novelty should have decayed.
Newrank reported that the account had gained 12.77 million followers and approached RMB1.3
billion cumulative estimated GMV. In the preceding 30 days it published 183 short videos
averaging 67,800 likes, while 44 live sessions recorded estimated GMV above RMB10 million.
These activity measures show a dual content system: short video maintained discoverability and
narrative contact between broadcasts, while frequent live sessions provided transactional
occasions. The account was therefore building an organization around the presenter's credibility
rather than depending only on one viral evening.

At the first anniversary, E-commerce News reported third-party monitoring of
approximately 621 live sessions and more than RMB9.3 billion GMV, excluding product-showcase
and group-buying data. It also reported an average product price of RMB61.64, suggesting that
the headline total did not depend solely on a few high-priced items. The scale should still be read
as monitored GMV, not audited company revenue. Nevertheless, a full year of repeated
broadcasts and a multi-billion-yuan cumulative transaction estimate is consistent with P3: the
pathway persisted after account launch, organizational separation, and a reduction in the
founder's personal broadcast frequency.

Figure 2. Reported cumulative GMV milestones

10,000 Year 1: 9,300
8,000
6,000
4,000

2,000 Day 50: 1,3
Day 15: 62
[Laugeh-

Reported cumulative GMV (RMB million)

Days since first live broadcast

Note: Values are media-reported lower bounds or third-party estimates, not audited revenue. The
launch value uses the live-room report of >RMB150m; day 15 uses >RMB627m; day 50
=RMB1.3bn; year one >RMB9.3bn.

172



«Modern scientific technology» (July 23-24, 2026). Stockholm, Sweden, 2026

4.4 Reproducible intensity indicators

Indicator Calculation Result Interpretation
Launch GMV per RMB150m / S.penld mtensVFy per reported
. . >RMB2.80 viewing occasion; not

cumulative viewer 53.574m .
conversion
ltems per reported viewing

Launch units per

. . >1.0m /53.574m >1.87% occasion; repeat
cumulative viewer

entries/buyers unknown

Day-15 average
cumulative GMV per  |>RMB627m / 15
elapsed day

>RMB41.8m/d |Launch-weighted early
ay commercial velocity

Day-50 average
cumulative GMV per  |=RMB1.3bn /50
elapsed day
Year-one GMV per SRMB9.3bn / 621 >RMB15.0m/st | Sustained commercigl yield
stream ream across repeated sessions
Year-one average GMV >RMB9.3bn / 365 >RMB25.5m/d |Long-run average similar. to
per elapsed day ay day-50 cumulative velocity
The derived results sharpen the persistence claim. Average cumulative GMV per elapsed

day falls from the launch-weighted first 15 days to about RMB26 million by day 50, as expected
when an exceptional opening normalizes. Yet the first-year average remains above RMB25 million
per day and the average monitored GMV exceeds RMB15 million per stream. The near alignment
of the day-50 and year-one daily averages suggests stabilization rather than collapse. This is
consistent with conversion of personal trust into a repeatable channel capability, although it
cannot isolate the contribution of trust from assortment, price, traffic allocation, or supply-chain
execution.
5. Discussion
5.1 What the case adds to trust research

The case distinguishes transferable trust from institutionalized trust. At launch, the
account benefited from trust attached to a recognizable individual: expertise, communication
style, and perceived value congruence could travel faster than organizational routines. This
mechanism fits uncertainty-reduction research [1] and social-capital evidence showing that
professionalism and parasocial relations influence purchase through trust [6]. But year-one
persistence cannot be explained by transfer alone. Repeated product selection, service
encounters, and the performance of additional hosts had to preserve enough credibility for
consumers to return. Trust therefore shifted from being predominantly person-centered to being
partly embedded in an account, a team, and a recurring content format.
5.2 Interaction as a conversion infrastructure

The launch metrics show that reach and interaction depth must be analyzed separately.
More than 53 million cumulative views describe exposure, whereas 1.177 million average
concurrency and 114,000 messages describe simultaneous participation. Concurrency creates a
visible crowd; chat allows questions, reactions, and purchase cues to circulate; the host's
responses can reduce ambiguity; and the integrated product links shorten the path to checkout.
These functions align with research on information exchange and customer service in live
commerce [5] and with evidence that product-information, purchase-dynamics, and incentive
interactions operate through social presence and conformity [9].

However, more interaction is not automatically better. A dense comment stream may
become unreadable, popular questions may crowd out niche concerns, and repetitive sales scripts

~RMB26.0m/d |Lower than launch phase but
ay still persistent
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may lower efficiency. The useful managerial construct is therefore resolved interaction: the share
of meaningful uncertainty or service needs that the live room can address, not the raw number of
comments. Public data cannot measure resolved interaction directly. Future platform studies
should link time-stamped questions and host responses to product-page visits, orders,
cancellations, and returns while protecting privacy.
5.3 From intention to observed purchasing

Most cited studies explain purchase intention, a psychologically important but incomplete
outcome [1,3,7,8,10]. This case uses units and GMV, bringing the analysis closer to realized
behavior. The comparison also reveals why GMV must be handled carefully. It may include unpaid
orders, later refunds, and multiple items per buyer, and a platform's proprietary estimation
method may change. Consequently, the article uses inequalities and approximation signs, avoids
reporting profit, and does not label items-per-view as a conversion rate. The methodological
contribution is modest but important: public sales evidence becomes academically useful when
provenance, denominators, and uncertainty are visible.
5.4 The reinforcing loop and its failure modes

The first-year persistence supports a reinforcing loop: credibility attracts attention;
interaction creates information and social presence; purchase creates experience; satisfactory
experience can support repurchase, word-of-mouth, and renewed trust. Yet the loop is reversible.
Product-quality failures, exaggerated claims, opaque sponsorship, inconsistent after-sales service,
or negative public events can rapidly weaken relational capital [6]. Policy research also warns that
live-commerce growth is accompanied by governance problems involving claims, pricing, and
platform responsibility. For a personality-led account, reputational and operational risks are tightly
coupled: a single failure can damage both the presenter's identity and the institutional account.

The evidence therefore favors a conditional pathway rather than a deterministic funnel.
Trust increases willingness to attend and accept information, interaction can reduce uncertainty
and intensify emotion, and purchase becomes more likely when product value, price, and service
also meet expectations. Each arrow depends on moderators. Popularity may amplify several
consumption-value effects [10]; congruence and source credibility shape parasocial influence [7];
and the relative importance of moral reputation, expertise, popularity, and responsiveness differs
between individual and enterprise streamers [11]. “Yu Hui Tong Xing’ combines both types, making
governance of the transition especially consequential.
6. Implications, Limitations, and Conclusion
6.1 Theoretical implications

First, the case links constructs often studied in isolation into a temporally ordered pathway.
Trust is not simply another antecedent of purchase intention; it is an audience-mobilization
resource that affects who enters the live room and how messages are interpreted. Interaction is
not only an experiential stimulus; it is the conversion infrastructure between relational capital and
transaction. Purchase is not merely an endpoint; accumulated experience can update future trust.
This feedback structure extends static intention models without contradicting their micro-level
findings.
6.2 Managerial implications

Managers should design the pathway as a system. At the trust stage, selection standards,
sponsorship disclosure, consistent claims, and visible accountability matter more than short-term
traffic. At the interaction stage, hosts need structured question triage, product demonstrations,
readable on-screen evidence, and clear handoffs to customer service. At the purchase stage,
teams should monitor paid-order GMV, refund-adjusted GMV, repeat purchase, complaint
resolution, and cohort retention rather than celebrating gross traffic alone. The goal is not
maximal engagement but trustworthy, decision-relevant engagement.
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Personality-led accounts should also manage succession explicitly. A founder's presence
can efficiently acquire viewers, but overconcentration makes both scheduling and reputation
fragile. Secondary hosts should be introduced through content formats that preserve shared
standards while allowing differentiated expertise. Short videos can maintain narrative continuity
between live sessions, as the day-50 evidence suggests. Finally, public reporting should separate
platform counts, third-party estimates, and audited financial results; doing so protects credibility
and improves managerial learning.

6.3 Limitations and future research

This study has five limitations. First, it is a single revelatory case and cannot represent the
heterogeneous live-commerce population. Second, the milestone series is sparse and compiled
from media and monitoring reports with partially undisclosed methods. Third, GMV is not audited
revenue and may be affected by cancellations, returns, duplicate viewers, and category mix.
Fourth, the design lacks a counterfactual account, so platform recommendation, promotions,
price, and news exposure cannot be separated from trust and interaction. Fifth, public aggregates
cannot identify mediation at the individual level.

6.4 Conclusion

Public evidence from ‘Yu Hui Tong Xing’ is consistent with a trust—interaction—purchase
pathway that operated at launch and persisted through the first year. Recognizable credibility
enabled rapid audience migration; synchronous viewing and messaging created an infrastructure
for information, social presence, and emotional reinforcement; and repeated broadcasts
generated sustained monitored sales rather than a one-night spike. The evidence does not prove
causality, and its GMV values must remain qualified. Its strongest conclusion is therefore
disciplined: live-commerce performance is most plausibly sustained when personal trust is
converted into repeatable interaction routines, transaction value, and institutional credibility.
Transparent measurement of that conversion is as important as the traffic itself.
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Annotation
This article examines the strategic role of energy and transit projects in the South Caucasus Region
as key instruments of regional stability and sovereignty. It highlights how geopolitical shifts
following Russia’s invasion of Ukraine have transformed the region from a peripheral corridor into
a central hub linking Europe and Asia. The study analyzes existing energy pipelines such as BTC,
SCP, and the Southern Gas Corridor, as well as emerging initiatives including the Middle Corridor
and renewable energy transit projects like the Black Sea Submarine Cable. By situating these
infrastructures within broader security and geopolitical frameworks, the article argues that
economic projects in the South Caucasus function not only as drivers of development but also as
political tools reinforcing Western engagement and integration into global security architecture.
Keywords: South Caucasus, Transit corridors, Critical infrastructure, Middle Corridor, Energy
security.

Introduction
The South Caucasus region, both historically and within the modern security system, has always
represented a highly important geopolitical and geoeconomic crossroads. In recent years, due to
ongoing geopolitical changes, its significance has greatly increased. This results from
transformations in global logistics chains and supply corridors.
In 2022, Russia’s invasion of Ukraine and the outbreak of full-scale war fundamentally altered
traditional Eurasian logistical transit. The agenda shifted toward the search for and expansion of
alternative, secure, and high-technology transit corridors to ensure the uninterrupted movement
of cargo flows. All of this transformed the South Caucasus from a peripheral and secondary transit
corridor into one of the main hubs on the Europe-Asia connecting route.?
Large-scale energy and infrastructure projects passing through the South Caucasus do not carry
only economic or commercial significance. They represent a fundamental pillar of the regional
security architecture. This stems from the fact that the region is a site of confrontation among the
interests of global actors such as the United States, the European Union, China, and Russia.

! Loharzhevskyi, M., & Bento, C. (2026). MSC 2026: Reconfiguring South Caucasus Security. EPIS Insight
Security Policy & Defence. https://epis-thinktank.com/publications/msc-2026-reconfiguring-south-
caucasus-security (Accessed 21.07.2026).
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Likewise, we encounter regional actors such as Turkey, Iran, and various transnational
corporations with their own interests. Since the South Caucasus region has become one of the
alternatives to routes passing through Russia, this creates for global actors the necessity of
maintaining stability in the region, which is expressed in the effort to maximally safeguard stability,
sovereignty, and the inviolability of borders.

The Transit and Energy Architecture of the South Caucasus
The modern energy and transit architecture of the South Caucasus has been formed over the
course of many years and today represents a multi-layered, complex, and sophisticated system.
In this region we observe the collision of interests among numerous regional and global actors.
Their interests are concentrated around critical infrastructure.
In considering infrastructure from this perspective, particular importance is attached to the
contemporary understanding of “critical infrastructure.” Critical infrastructure encompasses such
physical or virtual assets and systems whose destruction or disruption would have a devastating
impact on state security, the national economy, and public welfare.?
Based on contemporary geopolitical processes, the geopolitical order in the region has changed.
In the post-Soviet period, the region was characterized by Russian influence. In parallel with the
Russia-Ukraine war, however, we see that Russian influence in the region has significantly
weakened. Clear indicators of this include the resolution of the Armenia-Azerbaijan conflict, which
ultimately concluded through American mediation; the opening project of the Zangezur Corridor,
called the TRIPP project (Trump Route for International Peace and Prosperity); and the reduction
of Russian influence in Azerbaijan and Armenia.?
Various actors are attempting to fill this vacuum. These include the United States, the European
Union, China, India, Iran, and Turkey. Since the region connects the European Union with Asia, it
has become a major focus of attention in the geopolitical arena.

Energy Projects and Their Role in Integration with the West
The integration of the region into the Western strategic space was laid by such historic projects as
the Baku—Thbilisi-Ceyhan (BTC) oil pipeline and the Baku—Tbilisi—-Erzurum (BTE) gas pipeline, also
known as the South Caucasus Pipeline (SCP). The total length of the BTC oil pipeline is 1,768
kilometers, while the length of the SCP gas pipeline amounts to 692 kilometers, of which 442 km
pass through Azerbaijan and 248 km through the territory of Georgia * These projects
demonstrated that the South Caucasus is capable of ensuring the reliable transit of hydrocarbons
to the West by bypassing Russia and significantly reducing the region’s energy dependence on its
northern neighbor.
An essential development of this architecture is the Southern Gas Corridor (SGC), which connects
the Shah Deniz gas field directly to Southern Europe through the SCP, the Trans-Anatolian Pipeline
(TANAP), and the Trans-Adriatic Pipeline (TAP). According to 2025 data, Azerbaijan and SOCAR
supplied 12.5 billion cubic meters (bcm) of natural gas to European Union member states,
representing a 53.8% increase compared to 2021 figures and underscoring the importance of the
SGC as one of the main alternative routes for replacing Russian gas. In January 2026, TAP’s

2 public Safety Canada, "Critical Infrastructure: Cross-Cutting Issues," Government of Canada2026,
https://www.publicsafety.gc.ca/cnt/ntnl-scrt/crtcl-nfrstrctr/cci-iec-en.aspx (Accessed 21.07.2026).

3 Khatia Kikalishvili, Sergey Minasyan, Yunis Gurbanov, and Vakhtang Kapanadze, ,Assessing Regional
Security in the South Caucasus”, Bucharest: New Strategy Center, June 11, 2026. P 3-4.
https://newstrategycenter.ro/wp-content/uploads/2026/06/assessing-regional-security-in-the-south-
caucasus-1d5f7925 c.pdf (Accessed 21.07.2026).

4 Eugene Kogan, “Trilateral Military and Energy Security Co-operation: Reactions from Moscow and
Washington”, Expert Opinion no. 17 (Thilisi: Georgian Foundation for Strategic and International Studies,
2014), Page — 4. https://gfsis.org.ge/files/library/opinion-papers/17-expert-opinion-eng.pdf (Accessed
21.07.2026).
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transmission capacity was increased by 1.2 bcm per year within the framework of its first
expansion stage.’

Nevertheless, the further expansion of the project, which under the 2022 European Union—
Azerbaijan memorandum envisions the delivery of 20 bcm by 2027, faces certain infrastructural
and financial barriers. Azerbaijan’s current gas production amounts to 52 bcm per year (more than
140 million cubic meters per day). However, for the continued growth of exports, President llham
Aliyev of Azerbaijan emphasized the shortage of long-term gas purchase contracts and the
necessity of investments to increase pipeline capacity specifically, expanding TAP to 20 bcm and
TANAP from 16 to 31 bem, which may also require the construction of a parallel pipeline.®.

Transport and Logistics Corridors: The Strategic Importance of the Middle Corridor

Beyond hydrocarbons, transport and logistics corridors play a crucial role, particularly the “Middle
Corridor” (also known as the Trans-Caspian International Transport Route). This multimodal transit
network connects the railway and maritime terminals of China and the Central Asian countries
with the European Union through the Caspian Sea, the South Caucasus, and Turkey. The
development of the Middle Corridor accelerated especially in 2025-2026 with large-scale support
from international financial institutions.’

OnJune 2, 2026, the Board of Directors of the World Bank approved the “Trans-Caspian Transport
Corridor — Georgia Accessibility and Transport Enhancement” (TC-GATE) project valued at 372
million USD, with a total budget of 751 million USD. The project is co-financed by the Asian
Development Bank (ADB, 175 million USD) and the Asian Infrastructure Investment Bank (AllB, 182
million USD). Its objective is the modernization of Georgia’s transit infrastructure, specifically the
procurement of new, energy-efficient electric locomotives for Georgian Railways (which will
increase locomotive availability up to 95%, raise revenues by 20%, and reduce emissions by 2.3
million tons) and the construction of strategic road sections in Kakheti (Badiuri-Chalaubani—
Bakurtiskhe and Gurjaani—Telavi). These developments will reduce travel time from eastern
Georgia to the Port of Poti by 43 minutes and enhance climate resilience against landslides and
floods?.

In parallel, to strengthen Kazakhstan’s transit network, in January 2026 the World Bank approved
a guarantee of 846 million USD for the modernization project of “Kazakhstan Railways” (KTZ), with
the total package amounting to 1.236 billion USD. Within this transport network, the Baku—Thilisi—
Kars (BTK) railway plays an important role, providing a fast land connection from the region to
Europe.’

5> Robert Cutler, "South Caucasus Energy and Europe’s Strategic Redundancy after Hormuz," Strategy
International, June 12, 2026, https://strategyinternational.org/2026/06/12/publication270/ (Accessed
21.07.2026).

6 Ali Baydarol, “The EU’s Energy Diversification Framework: Can the Role of the Southern Gas Corridor
Expand?” (Istanbul: Istanbul Policy Center-Sabanci University-Stiftung Mercator Initiative, April 2026),
page 2-5. https://ipc.sabanciuniv.edu/Content/Images/CKeditorlmages/20260616-09063626.pdf (Accessed
21.07.2026).

7 World Bank Group, "Georgia Boosts Role in Trans-Caspian Transport Corridor with World Bank Group
Support," Press Release, June 2, 2026, https://www.worldbank.org/en/news/press-
release/2026/06/02/georgia-boosts-role-in-trans-caspian-transport-corridor-with-world-bank-group-
support (Accessed 21.07.2026).

& Ibid.

° Ministry of Finance of Georgia, "Georgia Secures $372 Million in Financial Resources from the World
Bank within the $751 Million Trans-Caspian Transport Corridor Project," Press Release, June 2, 2026.
https://www.mof.ge/en/n/events/transkaspiuri satransporto derefnis 751 min ashsh dolaris ghirebule
bis proektis farglebshi msoflio bankma sakartvelos 372 milioni ashsh dolaris odenobis finansuri resu
rsi_gamouko (Accessed 21.07.2026).
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In conclusion, it can be stated that the development of the Middle Corridor is not only an economic
factor for the South Caucasus but also a determinant of geopolitical stability. Large-scale
investments carried out with the support of international financial institutions in the transit
infrastructure of Georgia and Kazakhstan strengthen the region’s role as a strategic hub
connecting Europe and Asia. The functioning of the Baku—Thbilisi-Kars railway and the
implementation of the TC-GATE project create the foundation for the South Caucasus to become
a central part of a sustainable, energy-efficient, and climate-resilient transport network.

New Prospective Projects: Green Energy Transit to Europe
Against the backdrop of the international energy agenda of decarbonization and the full
implementation of the European Union’s “Carbon Border Adjustment Mechanism” (CBAM)
starting in 2026, the development of green energy transit infrastructure is actively beginning in
the South Caucasus. The flagship project in this direction is the Black Sea Submarine Cable (BSSC),
which envisions the construction of a 1,195 km high-voltage direct current (HVDC) cable (1,100
km underwater) from the Georgian city of Anaklia to the Romanian city of Constanta, with a
transmission capacity of 1,000 - 1,500 megawatts.®
In February 2026, the Romanian company “Transelectrica” and “Georgian State Electrosystem”
(GSE) signed a Memorandum of Understanding in Bucharest, after which the project moved into
the technical preparation stage. A contract was signed between GSE and the Italian consulting
company CESI regarding the planning and supervision of geophysical and geotechnical studies of
the Black Sea seabed, following CESI’s preliminary study which confirmed the economic and
technical viability of the project.!?
The cable will facilitate the export of green energy from the Caspian and Central Asia, supported
by Azerbaijan, Kazakhstan, and Uzbekistan through the Baku-based “Green Corridor Union LLC.”
In Georgia’s 2026 budget, 25 million GEL was allocated for this project. It is noteworthy that
Georgia experiences a structural energy deficit during the winter period (in 2025, thermal power
plants provided 19-20% of domestic generation, while the electricity trade deficit amounted to
24.3 million USD). To balance this deficit and ensure grid stability, with the support of the Asian
Development Bank (ADB), construction is underway in Ksani of the country’s first 200-megawatt
Battery Energy Storage System (BESS), scheduled for completion by 2028.%2
It can be said that the new green energy transit projects in the South Caucasus not only strengthen
regional energy security but also synchronize with the European Union’s decarbonization strategy.
The Black Sea Submarine Cable (BSSC) and the planned Battery Energy Storage System (BESS) in
Ksani create a structural foundation that will enable the region to become a strategic conduit of
green energy toward Europe. These initiatives reduce the winter energy deficit, increase grid
stability, and enhance the role of the South Caucasus as a significant node of a sustainable energy
architecture.

Economic Projects as Political Instruments

Transit and energy projects in the South Caucasus have already gone beyond the framework of
mere economic development and have become real political instruments for safeguarding
regional stability and sovereignty. Projects such as Baku—Tbilisi-Ceyhan and the Southern Gas

10 UN Global Compact Network Georgia, "Strategic Transformation of Georgia’s Energy Sector," UN Global
Compact Network Georgia, June 2026, https://unglobalcompact.ge/sustainability-spotlight/en/strategic-
transformation-of-georgias-energy-sector/ (Accessed 21.07.2026).

11 Submarine Networks, "Romania and Georgia Advance Black Sea Submarine Cable Project with New
MoU," June 17, 2024, https://www.submarinenetworks.com/en/systems/asia-europe-africa/bssc/romania-
and-georgia-advance-black-sea-submarine-cable-project-with-new-mou (Accessed 21.07.2026).

12 UN Global Compact Network Georgia, "Strategic Transformation of Georgia’s Energy Sector," UN Global
Compact Network Georgia, June 2026, https://unglobalcompact.ge/sustainability-spotlight/en/strategic-
transformation-of-georgias-energy-sector/ (Accessed 21.07.2026).
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Corridor have demonstrated that the region can ensure energy security and integration with
Europe while bypassing Russia. At the same time, the development of the Middle Corridor and
new green energy transit initiatives strengthen the South Caucasus’s role as a strategic hub where
Western interests are steadily increasing. It is precisely in this context that the deepening of
Western engagement should be considered, as it grants the region an even more significant
position within the global security architecture.
The European Union’s decision to completely cease importing Russian natural gas by 2027
compelled Western states to view the South Caucasus as an integral part of their energy and
logistical security.! In the context of rising risks to maritime shipping in the Strait of Hormuz
(where in 2025 up to 20 million barrels of oil per day were transported under conditions of limited
alternative routes), the South Caucasus corridor is regarded as a strategic reserve of critical
importance for the European system.*
Western engagement goes beyond the framework of declarative support. The telephone
conversation held on March 30, 2026, between U.S. Secretary of State Marco Rubio and the Prime
Minister of Georgia, which addressed the security issues of the Black Sea and the South Caucasus,
clearly demonstrates that transport, energy, and regional stability are part of a single geopolitical
equation for Washington.™ Western protection of these corridors functions as a “Tripwire Effect”
external revisionist actors are aware that military aggression directed against the countries of the
South Caucasus would endanger the West’s critical energy and logistical interests, thereby
provoking a strong international response.
In conclusion, it can be said that the economic projects of the South Caucasus have already been
transformed into political instruments that define regional stability and the region’s place within
the global security architecture. Energy and transit corridors have become critical strategic
resources for the West, particularly against the backdrop of the European Union’s reduction of
dependence on Russian gas and the growing risks in the Strait of Hormuz. The involvement of the
United States and the European Union demonstrates that these projects are perceived not only
as economic initiatives but also as guarantees of security. Therefore, their protection functions as
a deterrence mechanism that closely links the region to the strategic interests of the West.
Challenges, Risks, and Geopolitical Rivalry
Economic projects in the South Caucasus, while highly attractive, also carry significant risks for the
region, as they have both supporters and opponents. The region’s major neighbors, Russia and
Iran, traditionally view Western-oriented transit and energy corridors with suspicion, since these
diminish their monopoly and leverage. The Russian Federation actively employs its hybrid arsenal,
including information manipulation and cyber operations, to maintain instability in the region. In
the Black Sea, Russia resorts to the suppression and falsification of navigation systems (spoofing
and jamming), which significantly complicates maritime transport safety and threatens
underwater energy and digital connections.!®

13 Ali Baydarol, , The EU’s Energy Diversification Framework: Can the Role of the Southern Gas Corridor
Expand?“ (Istanbul: Istanbul Policy Center—-Sabanci University-Stiftung Mercator Initiative, April 2026),
Page 2, https://ipc.sabanciuniv.edu/Content/Images/CKeditorimages/20260616-09063626.pdf (Accessed
21.07.2026).

14 Robert Cutler, "South Caucasus Energy and Europe’s Strategic Redundancy after Hormuz," Strategy
International, June 12, 2026, https://strategyinternational.org/2026/06/12/publication270/ (Accessed
21.07.2026).

15 Wilfried Martens Centre for European Studies, South Caucasus: Energy Security and Geopolitical
Challenges, (Brussels: Martens Centre, June 2026), https://www.martenscentre.eu/wp-
content/uploads/2026/06/South-Caucasus-Paper-FINAL.pdf (Accessed 21.07.2026).

16 Andrzej tukasiewicz, "Hybrid Coercion and Maritime Security in the Black Sea," Security and Defence
Quarterly, 2026. https://securityanddefence.pl/pdf-221580-142381 ?filename=Hybrid-coercion-and-
marit.pdf (Accessed 21.07.2026).
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Iran, for its part, expresses dissatisfaction with any project that might weaken its land connection
with Armenia or contribute to strengthening the positions of Turkey and Azerbaijan in the South
Caucasus. The Zangezur Corridor is considered such a project. Against the backdrop of the Iran—
U.S. war, it is highly likely that Iran will strongly oppose the activation of this corridor.
The evolution of such threats has compelled the states of the region to significantly strengthen
their national defense capabilities and security institutions.
Georgia recognized its vulnerability as early as 1998 and established a specialized structure, the
Strategic Pipelines Protection Department (SPPD), which closely cooperates with the British
consulting company Bowman Risk Management in the area of personnel training.
Azerbaijan created the Special State Protection Service (SSPS), which has a budget of 10 million
USD, employs more than 800 personnel, and operates a 200-hectare training base near Baku. The
entire pipeline route is equipped with modern digital maps and sensors, ensuring the immediate
identification of any physical or technical disruptions.t’
A major challenge lies in the physical vulnerability of critical infrastructure. With active military
operations and the presence of mines in the Black Sea basin, the risk of damage to underwater
cables and gas pipelines is high. In addition, there is the problem of “ambiguous attribution” — in
the case of underwater sabotage, it is difficult to identify the attacker and to activate mechanisms
of international legal response, which increases the likelihood of asymmetric attacks.

Conclusion and Recommendations
The conducted study has shown that the energy and transit projects of the South Caucasus
represent not merely economic corridors, but fundamental political guarantees for regional
stability and the protection of sovereignty. The material interest of major international actors,
linked to the proper functioning of these corridors, creates a security system in which the
protection of the region’s countries is directly interconnected with global security.
Considering the challenges and risks present in the region, it is advisable to develop the following
policy recommendations:
For the countries of the region (Georgia and Azerbaijan):
1. Strengthening security coordination: It is necessary to further deepen the existing trilateral
format (Azerbaijan—Georgia—Turkey) and expand the scale of the “Eternity” exercises so that they
cover not only the physical protection of pipelines but also joint mechanisms for responding to
cyberattacks.
2. Modernization and climate resilience: In the development of transit infrastructure (e.g., within
the TC-GATE project), special attention should be paid to preventing risks caused by climate
change and to ensuring compliance with ecological standards, which will help attract Western
investment.
3. Strategic diversification: Active dialogue should be conducted between Georgia and Armenia
within the TRIPP project framework to avoid unhealthy competition in cargo transit and to
promote the mutual integration of regional transit networks.
For international partners (United States, European Union, international financial institutions):
1. Increasing investment in cyber and physical security: The EU and the U.S. should expand direct
assistance to strengthen the cybersecurity of critical infrastructure in the region, including through
the permanent involvement of civilian missions and security experts.
2. Long-term commercial guarantees: The European side should ensure the signing of long-term
purchase contracts to increase the financial attractiveness of the Southern Gas Corridor and the
Black Sea Submarine Cable projects for private investors.

17 Eugene Kogan, Trilateral Military and Energy Security Co-operation: Reactions from Moscow and
Washington, Expert Opinion no. 17 (Thilisi: Georgian Foundation for Strategic and International Studies,
2014), Page 6. https://gfsis.org.ge/files/library/opinion-papers/17-expert-opinion-eng.pdf (Accessed
21.07.2026).
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Abstract. This article offers a comparative institutional analysis of four multilateral
organizations active in the post-Soviet and Turkic-speaking space: The Organization of Turkic
States (OTS), the Eurasian Economic Union (EAEU), the Shanghai Cooperation Organisation (SCO),
and the Commonwealth of Independent States (CIS). While these bodies share a common
geopolitical arena and, in several cases, overlapping membership, they differ markedly in
institutional depth, degree of supranational delegation, and the diplomatic functions their
mechanisms perform. Drawing on the comparative regionalism literature and on integration
theories — federalism, functionalism, neofunctionalism, intergovernmentalism, and
constructivism — the article develops a structured comparison of summit architecture,
permanent bodies, and dispute-settlement or coordination capacity. It argues that the OTS
occupies an intermediate institutional position: more developed than the loosely coordinating CIS,
yet more consultative and identity-driven than the economically supranational EAEU or the
security-focused SCO. The findings contribute to the broader literature on comparative
regionalism in Eurasia and to an understanding of how multilateral diplomacy is institutionally
channeled among states that belong simultaneously to several overlapping regional frameworks.

Keywords: Organization of Turkic States; multilateral diplomacy; regional institutions;
Eurasian Economic Union; Shanghai Cooperation Organisation; Commonwealth of Independent
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Introduction

The post-Soviet and wider Eurasian space is unusual among world regions for the density
of overlapping multilateral organizations operating within it. Kazakhstan, Kyrgyzstan, and
Uzbekistan, for instance, hold simultaneous membership or observer status across several
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regional bodies that pursue distinct — and at times competing — logics of cooperation. This
overlap raises an analytical puzzle central to regional studies: why do states embedded in a shared
geopolitical space and, in several cases, sharing a common Turkic linguistic and cultural heritage,
choose to build parallel institutions rather than consolidate cooperation within a single
framework.

The question is more than academic. Each organization examined here carries distinct
diplomatic instruments, membership rules, and decision procedures, and a state's choice to invest
political capital in one framework over another shapes the practical channels through which its
multilateral diplomacy is conducted. Understanding these differences requires moving beyond
descriptive accounts of each organization in isolation and toward a systematic comparison of their
institutional mechanisms — the summits, councils, secretariats, courts, and working bodies
through which cooperation is actually negotiated and implemented.

This article addresses that puzzle by comparing the institutional mechanisms of multilateral
diplomacy in four organizations: The Organization of Turkic States (OTS), the Eurasian Economic
Union (EAEU), the Shanghai Cooperation Organisation (SCO), and the Commonwealth of
Independent States (CIS). The comparison is not intended to rank these bodies by success, but to
clarify how each channels multilateral diplomacy — through which bodies, with what degree of
delegated authority, and toward what functional ends. The article situates the OTS, whose
institutional evolution and diplomatic mechanisms form the subject of a wider dissertation project
on multilateral diplomacy within the organization, within this comparative field, allowing its
distinctive institutional trajectory to be seen in sharper relief against organizations that share its
regional setting but differ in origin and design logic.

The remainder of the article proceeds as follows. Section 2 reviews the relevant literature
on comparative regionalism and on the four organizations individually. Section 3 sets out the
theoretical framework. Section 4 describes the institutional architecture of each organization in
turn. Section 5 develops a structured comparison, including a summary table of institutional
features. Section 6 discusses the implications of this comparison for understanding the OTS's own
trajectory, and Section 7 concludes.

Literature Review

Scholarship on the OTS has grown considerably since its 2021 rebranding. Aydin and Liu
(2024) examine the diverse and sometimes divergent motivations that bring member states to the
organization, arguing that Turkic cooperation cannot be reduced to a single unifying rationale but
instead reflects a bundle of overlapping economic, cultural, and geopolitical interests. Kogak
(2023) situates the OTS within competing International Relations paradigms, noting that realist,
liberal, and constructivist readings each capture a partial truth about the organization's behavior,
and cautions against relying on a single theoretical lens. Dosbolov and Sénmez (2023) examine the
OTS through a postcolonial framework, exploring its potential contribution to processes of
decolonization in Central Asia while noting significant limitations in its capacity to do so. A recent
study by Abi (2026) analyzes how Azerbaijan, Kazakhstan, and Turkiye construct and narrate the
idea of a shared "Turkic world" amid regional geopolitical turbulence, underscoring the discursive
and identity-based dimension of OTS cooperation alongside its functional instruments.

The EAEU has attracted a substantially larger and more mature academic literature,
reflecting its longer institutional history. Dragneva and Wolczuk (2013, 2017) provide the most
widely cited institutional account of the Union, characterizing it as a rules-based regime whose
formal supranational design coexists with persistent member-state control over substantive
outcomes. Vinokurov (2017, 2018), writing from within the Eurasian Development Bank, offers a
more integration-optimistic account, emphasizing measurable gains in labor mobility and trade
facilitation even as he acknowledges an implementation gap between formal commitments and
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practice. Comparative treatments by Hancock and Libman (2016) situate the EAEU within the
broader universe of "authoritarian regionalism," arguing that many post-Soviet regional
organizations serve political functions for their member governments that diverge from their
official integrationist mandates.

Literature on the SCO has often approached the organization through a security lens.
Fredholm (2013) traces the SCO's institutional development and its geopolitical positioning
between Russia and China, while Gatev and Diesen (2016) compare the SCO and EAEU as two
distinct but increasingly interlinked vehicles of Eurasian order-building, one security-oriented and
the other economic. By contrast, the CIS has received comparatively less recent scholarly
attention, reflecting its declining institutional salience; where it is discussed, it is generally treated,
as in Dutkiewicz and Sakwa's (2014) edited volume, as a baseline or point of departure against
which the more institutionally ambitious EAEU and SCO are measured.

At a more general theoretical level, Fawcett (2012) and Hurrell (1995) remain foundational
references for distinguishing regionalism from regionalization and for cataloguing the varied forms
regional cooperation can take outside the European context. Séderbaum's (2016) work on
comparative regionalism explicitly cautions against treating the European Union as the implicit
benchmark for evaluating non-European regional organizations, a caution highly relevant to
comparing the OTS, EAEU, SCO, and CIS, none of which was designed to replicate the EU model in
full. This article builds on these strands of literature by bringing all four organizations into a single,
structured institutional comparison, a combination that, to the author's knowledge, has not
previously been undertaken with specific reference to the OTS's diplomatic mechanismes.

A smaller but growing body of work has begun to compare the OTS directly against other
post-Soviet or Eurasian regional organizations rather than treating it in isolation, and this article
positions itself within that emerging comparative strand. Existing comparisons have tended to be
partial, contrasting the OTS with a single other body — most often the EAEU, given the overlap in
Central Asian membership — rather than situating it within the fuller field of regional organizations
in which its member states actually operate. By extending the comparison to include the SCO and
the CIS alongside the EAEU, this article aims to capture more completely the institutional
"portfolio" available to Central Asian states, and to avoid the risk, noted by Séderbaum (2016), of
over-interpreting any single bilateral comparison as representative of the region's institutional
logic as a whole.

Theoretical Framework

Comparative regionalism scholarship generally distinguishes cooperation mechanisms
along a spectrum from purely intergovernmental coordination, where sovereignty is fully retained
and decisions require unanimous consent, to supranational delegation, where member states
transfer binding authority to common institutions capable of producing rules that apply directly
within domestic legal orders. Classical integration theory offers several lenses for interpreting
where along this spectrum a given organization sits, and the OTS literature itself has increasingly
turned to these frameworks, following Aydin and Liu (2024) and Kogak (2023), to move beyond
purely descriptive accounts.

Federalism treats integration as a deliberate, constitutionally anchored pooling of
sovereignty into a new political entity with its own directly effective authority; among the cases
considered here, none approaches this model, though the EAEU's Court and Commission
represent the most federalism-adjacent instruments (Dragneva and Wolczuk, 2013).
Functionalism, associated with Haas's (1958) early account of European integration, expects
cooperation to emerge issue-by-issue around discrete technical or welfare-enhancing tasks, with
institutional form following functional need rather than a prior political design — a logic visible in
the SCO's narrowly targeted Regional Anti-Terrorist Structure. Neofunctionalism, developed
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further by Haas (1964), predicts that cooperation in one sector generates spillover pressure
toward cooperation, and eventually supranational delegation, in adjacent sectors; the EAEU's
gradual extension from a customs union toward a common labor market and, more tentatively, a
common financial market is consistent with this expectation, even as Vinokurov (2018) and others
note that spillover has been partial and contested.

Intergovernmentalism, and its liberal variant associated with Moravcsik (1998),
emphasizes that even where common institutions exist, substantive bargaining outcomes
continue to reflect the preferences and relative power of member states, with supranational
bodies serving largely to lower transaction costs rather than to displace state control. This lens fits
the EAEU well, where the nominally supranational Commission's rulings have on occasion been
overruled following appeal by a member state to the intergovernmental Supreme Council
(Dragneva and Wolczuk, 2017). Constructivism, drawing on Acharya's (2014) work on the
construction of regional order outside the West, directs attention to shared identity, norms, and
discourse as independent drivers of cooperation, treating institutions partly as expressions of a
collective self-understanding rather than purely as functional solutions to coordination problemes.
This approach is particularly well suited to the OTS, whose institutional consolidation has been
explicitly framed by its members and leadership as an expression of shared Turkic identity and
historical kinship (Abi, 2026), alongside — and in part preceding — its accumulation of functional
economic and security competencies.

A second, complementary distinction, developed by Hurrell (1995) and Fawcett (2012),
separates regionalism, understood as a state-led, top-down process of building formal regional
institutions among at least three states, from regionalization, understood as a bottom-up increase
in societal, economic, and cultural interaction between adjacent states that may or may not be
accompanied by formal institutions. All four organizations compared here are instances of
regionalism in this sense: each was created by explicit intergovernmental agreement rather than
emerging organically from prior regionalization. Their differences lie not in whether they are state-
led, but in the extent to which state-led design has subsequently been backed by binding
delegation of authority, and in the discursive register — economic, security, or civilizational — in
which that design has been justified to domestic and international audiences. Séderbaum (2016)
further cautions that such comparisons should avoid treating the European Union's supranational
model as the implicit standard of "successful" integration, a caution this article follows by
evaluating each organization's institutional design on its own functional and political terms rather
than against a Eurocentric benchmark.

A related but distinct strand of theory, neoliberal institutionalism, associated with
Keohane's (1984) work on cooperation under anarchy, suggests that even shallow, non-
supranational institutions can generate significant cooperative value by reducing transaction
costs, providing information, and creating focal points for coordination, independent of any formal
transfer of sovereign authority. This perspective is useful for interpreting organizations such as the
CIS and, to a lesser extent, the OTS, whose institutional value cannot be measured solely by the
presence or absence of binding supranational instruments. Under a neoliberal institutionalist
reading, the OTS's summit architecture, working groups, and affiliated bodies perform a genuine
coordinating function — reducing uncertainty about partners' intentions, standardizing technical
cooperation in areas such as customs procedures, and providing a recognized diplomatic venue
— even though they fall well short of supranational delegation. This reading complements, rather
than displaces, the constructivist emphasis on identity discussed above: institutional value in the
OTS case appears to derive both from the practical coordination benefits Keohane's framework
predicts and from the identity-affirming function highlighted by Acharya (2014) and Abi (2026).
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Methodology

This article adopts a qualitative, document-based comparative institutional method. For
each organization, primary sources — founding treaties, charters, organizational structure pages,
and summit declarations — were used to establish the formal architecture of decision-making,
executive, and dispute-settlement bodies. These primary sources were supplemented by the
secondary academic literature reviewed in Section 2 to interpret the practical operation of that
architecture, since founding documents alone often understate the degree to which formally
supranational bodies are, in practice, constrained by intergovernmental bargaining. The four
organizations were selected because they represent the principal multilateral frameworks within
which the OTS's core Central Asian and Caucasus member states — Kazakhstan, Kyrgyzstan,
Azerbaijan, and Uzbekistan — conduct regional diplomacy, allowing the comparison to speak
directly to the overlapping-membership dynamic discussed in Section 5.

The comparison is structured around six dimensions common to the institutionalist
literature on regional organizations: the timing and legal basis of founding; the composition and
standing of the supreme decision-making body; the existence and mandate of a permanent
executive body; the presence or absence of a judicial or quasi-judicial dispute-settlement
mechanism; the organization's primary functional domain, understood broadly as the issue area
in which it has developed its most substantial institutional capacity; and the degree of
supranational delegation, assessed qualitatively based on whether common bodies can produce
binding decisions independent of unanimous member-state consent in practice, not merely in
formal treaty language. This last distinction, following Dragneva and Wolczuk's (2017)
methodological approach to the EAEU, is treated as central, since several of the organizations
compared here formally provide for supranational instruments that are in practice heavily
circumscribed by intergovernmental override mechanismes.
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Institutional Architecture Compared
The Organization of Turkic States

The OTS traces its institutional origin to the Nakhchivan Agreement of 2009, which
established the Cooperation Council of Turkic-Speaking States; the body was renamed the
Organization of Turkic States in 2021, reflecting a deliberate shift from a language-based
framework toward a fuller intergovernmental organization with a broader diplomatic mandate. Its
founding members — Azerbaijan, Kazakhstan, Kyrgyzstan, and Tarkiye — were joined by
Uzbekistan in 2019, while Hungary, Turkmenistan, the Turkish Republic of Northern Cyprus, and
the Economic Cooperation Organization hold observer status, extending the organization's
diplomatic reach beyond its core Turkic-speaking membership.

Diplomacy within the OTS is channeled primarily through annual summits of heads of state,
supported by a Council of Foreign Ministers, senior officials' committees, and thematic working
groups covering areas such as transport, customs, culture, and education. A General Secretariat,
headquartered in Istanbul, provides administrative continuity between summits, while a network
of affiliated bodies extends the organization's institutional footprint beyond executive diplomacy
into legislative, scholarly, and cultural domains: The International Organization of Turkic Culture
(TURKSQY), based in Ankara; the Parliamentary Assembly of Turkic-Speaking Countries (TURKPA),
based in Baku; and the International Turkic Academy, based in Astana. This affiliated-body
structure gives the OTS a wider institutional footprint per unit of supranational authority than any
of the other three organizations compared here, consistent with an identity-driven design in which
cultural and parliamentary diplomacy substitute for binding economic or judicial instruments.

Since 2021 the organization has visibly accelerated its institutionalization. It adopted a
Charter of the Turkic World at the 2024 summit, established the Turkic Investment Fund to
support infrastructure and economic projects among members, created a Council of Central
(National) Banks to coordinate macroeconomic policy, and formalized a flag and a regulation for
permanent representatives. Subsequent summits have broadened the agenda further, adding a
Digital Economy Partnership Agreement, a collective civil protection mechanism, and, most
recently, expanded attention to defense, security, and infrastructure protection cooperation.
Taken together, these steps mark a transition from largely symbolic summitry toward a more
institutionalized, though still fundamentally intergovernmental, framework of cooperation — a
trajectory consistent with the gradual, issue-by-issue institution-building that Aydin and Liu (2024)
identify as characteristic of the organization.

Summit-Level Institutional Deepening, 2021-2026

The pace of OTS institution-building is most visible at the level of individual summits, and
a brief chronological illustration is useful for grounding the general claims made above. The
Istanbul Summit of 2021 formalized the transition from the Turkic Council to the Organization of
Turkic States, adopting a new name intended to signal a more comprehensive and less narrowly
linguistic mandate. The Samarkand Summit of 2022 carried this forward with the establishment of
the Turkic Investment Fund, an instrument explicitly modeled on comparable development-
finance vehicles in other regional organizations and intended to mobilize member-state capital for
shared infrastructure and connectivity projects. The Astana Summit of 2023 continued this
institutional consolidation, embedding customs facilitation and transport coordination more
firmly into the organization's standing work program.

The 2024 summit marked perhaps the most consequential single step in the organization's
recent institutional history, with the adoption of the Charter of the Turkic World alongside a
formally adopted OTS flag and a regulation governing permanent representatives — instruments
that, taken together, move the organization closer to the standing diplomatic apparatus
associated with more established regional bodies, while still stopping well short of the EAEU's
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supranational commission model. The same summit designated Bishkek as the Digital Capital of
the Turkic World for 2025 and endorsed the Turkic Green Vision sustainable-development
framework, illustrating the organization's continued willingness to add thematic institutional
layers — digital economy, environmental cooperation — onto its original cultural and linguistic
foundation. Summits in Azerbaijan during 2025 placed additional emphasis on military affairs,
security, and infrastructure protection, a shift that several observers have read as evidence of the
OTS's gradual acquisition of a genuine geopolitical, and not merely cultural, dimension. This
summit-by-summit pattern illustrates concretely the incremental, issue-by-issue institutional
accretion described theoretically in Section 3, and offers a preliminary empirical basis for the
neofunctionalist-adjacent interpretation advanced in Section 6.

The Eurasian Economic Union

The EAEU, formally established by treaty in 2015 among Russia, Belarus, Kazakhstan,
Armenia, and Kyrgyzstan, is the most institutionally developed of the four bodies compared here.
Its roots extend back to earlier customs-union arrangements dating to the 1990s and 2000s, giving
it a longer period of institutional gestation than the other organizations considered (Dragneva and
Wolczuk, 2013). Its architecture includes the Supreme Eurasian Economic Council (heads of state),
the Eurasian Intergovernmental Council (heads of government), the Eurasian Economic
Commission — a permanent supranational regulatory body responsible for drafting common
economic policy across roughly a dozen defined competency areas — and a Court of the Union
tasked with ensuring uniform application of EAEU law.

Despite this apparatus, scholarship on the EAEU generally concludes that supranational
competence remains narrow in practice. The Commission's decisions have on occasion been
overruled following appeal by a member state to the Supreme Council, a pattern Dragneva and
Wolczuk (2017) describe as reflecting the exercise of continued political power behind a formally
rules-based structure, and consistent with liberal intergovernmentalist expectations. The Union
has nonetheless achieved substantive integration in specific domains, most notably the common
labor market, which Vinokurov (2017) identifies as one of the EAEU's clearest achievements,
particularly for labor-exporting members such as Kyrgyzstan. The Union continues to expand its
institutional remit incrementally, as illustrated by recent decisions to develop a common gas
market and to coordinate court-fee policy for cross-border business disputes.

The Shanghai Cooperation Organisation

The SCO, founded in 2001 and built on the earlier Shanghai Five framework linking China,
Russia, and three Central Asian states, was institutionalized through the 2002 Charter and the
2003 decision to establish two permanent bodies: a Secretariat, headquartered in Beijing,
providing analytical and administrative support, and a Regional Anti-Terrorist Structure (RATS),
headquartered originally in Tashkent, coordinating counter-terrorism, counter-separatism, and
counter-extremism activity among members through shared databases and joint operational
planning. Fredholm (2013) situates this institutional design within the broader geopolitical bargain
between Russia and China that underpins the organization, in which China's economic weight and
Russia's security-political influence are balanced through consensus-based decision procedures.

Decision-making authority rests with the annual Council of Heads of State, supplemented
by councils of heads of government and foreign ministers, and by a rotating annual chairmanship.
The SCO's diplomatic mechanisms are thus organized principally around security cooperation, with
economic and cultural cooperation occupying a secondary, less institutionalized role,
administered through bodies such as the SCO Business Council and an Interbank Consortium
rather than through treaty-based supranational structures. Gatev and Diesen (2016) argue that
the SCO and EAEU function as complementary rather than competing vehicles of Eurasian order,
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with the SCO handling security and connectivity dialogue, including with China, while the EAEU
manages internal economic integration among a narrower set of members. The organization's
membership has expanded substantially since its founding, with India and Pakistan acceding in
2017 and additional members and dialogue partners joining subsequently, broadening its
geographic and diplomatic scope well beyond its original Central Asian and Chinese core.

The Commonwealth of Independent States

The CIS, created in December 1991 as former Soviet republics negotiated their post-Soviet
relationships, represents the least institutionally developed of the four organizations. It possesses
no supranational powers; cooperation is coordinated through the Council of Heads of State, the
Council of Heads of Government, sectoral ministerial councils (including foreign affairs, defense,
and border-troop commanders), an Inter-Parliamentary Assembly, and a permanent Executive
Committee headquartered in Minsk, with a branch office in Moscow. A CIS Economic Court also
exists, though its jurisdiction and case volume have historically been limited relative to the EAEU's
Court of the Union.

Dutkiewicz and Sakwa (2014) characterize the CIS's primary historical function as
facilitating an orderly institutional "divorce" among former Soviet republics rather than driving
deep integration, and its subsequent trajectory — alongside related but now largely superseded
frameworks such as the Eurasian Economic Community — has generally been one of gradual
contraction rather than deepening. Its more recent "CIS+" initiative, extending cooperation to
partners and observers without formal accession, illustrates a continued institutional preference
for flexible, low-commitment coordination over binding integration, a preference that stands in
contrast to the more incremental but still expansionary institution-building visible in the OTS over
the same period.
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Comparative Analysis
Table 1. Comparative institutional features of the OTS, EAEU, SCO, and CIS.

renamed 2021

Feature oTS EAEU SCO CIS
Founded 2009 2015 (treaty in 2001 1991
(Nakhchivan force)
Agreement);

Supreme body

Summit of Heads
of State

Supreme Eurasian
Economic Council

Council of Heads
of State

Council of Heads
of State

Standing General Eurasian Economic | Secretariat Executive
executive body | Secretariat Commission (Beijing) Committee
(Istanbul) (Minsk)
Dispute None Court of the Union | None None
settlement (consultative) (consultative) (consultative)
Primary domain | Culture, Economic/customs | Security General post-
connectivity, integration (counter- Soviet
trade, emerging terrorism), coordination
security expanding
economic
Supranational Low Moderate Low None
delegation (contested in
practice)
Affiliated bodies | TURKSQY, n/a (single RATS, Business Inter-
TURKPA, Turkic Commission Council, Parliamentary
Academy structure) Interbank Assembly,
Consortium Economic Court

Read together, the four cases suggest a rough institutional gradient. The CIS anchors the
low-commitment end, offering broad but shallow coordination without supranational
instruments, a pattern consistent with Dutkiewicz and Sakwa's (2014) characterization of the
organization as primarily a mechanism of post-Soviet disengagement. The SCO occupies an
intermediate position: its two permanent bodies give it operational continuity, but its mandate
remains functionally concentrated in the security domain, with only limited machinery for
economic or cultural diplomacy (Fredholm, 2013). The EAEU represents the deepest formal
delegation of authority among the four, possessing a standing commission and a court, even
though in practice its supranational elements remain constrained by member-state veto behavior,
consistent with intergovernmentalist predictions and with Dragneva and Wolczuk's (2017)
empirical findings. The OTS, by contrast, combines relatively shallow formal delegation — it has
neither a supranational commission nor a binding court — with an unusually broad and expanding
functional agenda spanning trade facilitation, transport connectivity, investment, cultural and
educational cooperation, and, increasingly, security dialogue.

This configuration reflects the OTS's distinctive diplomatic logic. Because its cohesion rests
substantially on shared linguistic and cultural identity rather than on a single binding economic or
security rationale, its institutional mechanisms have been designed to preserve maximum
flexibility and sovereignty for member states while still allowing the organization to accumulate
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functional instruments incrementally — the Turkic Investment Fund and the Council of Central
Banks being recent examples. In regionalism-theory terms, and consistent with Kocak's (2023)
caution against relying on a single theoretical lens, the OTS is better described as a case of identity-
driven intergovernmentalism moving gradually toward functional cooperation, in a pattern with
some resemblance to neofunctionalist spillover, rather than as a case of deliberate supranational
integration on the EAEU model or issue-specific functionalism on the SCO model.

A further point of comparison concerns overlapping membership. Kazakhstan and
Kyrgyzstan belong simultaneously to the OTS, the EAEU, the SCO, and the CIS; Uzbekistan holds
full OTS membership while maintaining observer status in the EAEU and full membership in the
SCO. This layered participation indicates that, for Central Asian states in particular, multilateral
diplomacy is not organized around a single institutional hierarchy but around a portfolio of parallel
frameworks, each mobilized for different diplomatic purposes: the EAEU for market access, the
SCO for security dialogue with China and Russia, the CIS for residual post-Soviet coordination, and
the OTS for cultural affinity, connectivity projects, and an emerging platform for diplomacy with
Turkiye and the wider Turkic-speaking world. This portfolio logic is itself a form of diplomatic risk
diversification: by distributing cooperation across several frameworks with different memberships
and different great-power orientations, Central Asian states avoid excessive dependence on any
single institutional patron or partner, a dynamic broadly consistent with Hancock and Libman's
(2016) account of how post-Soviet states use regional organizations instrumentally alongside their
formally stated integrationist purposes.

The four organizations also differ in the linguistic and administrative channels through
which their diplomacy is conducted, a dimension with practical significance for how accessible
each framework is to different diplomatic communities. The OTS conducts its affairs in the national
languages of its members without a single privileged working language, reflecting its identity-
based rather than purely functional character, though Turkish and, increasingly, English serve as
de facto working languages at the Secretariat level. The EAEU and CIS both operate predominantly
in Russian, reflecting their institutional origins in the former Soviet administrative space, while the
SCO formally recognizes both Russian and Chinese as official languages, reflecting the
organization's dual Russian-Chinese anchorage. These linguistic arrangements are not merely
administrative details: they shape which member states' officials can engage most fluently with
an organization's technical and legal output, and they signal, at a symbolic level, whose
institutional and cultural traditions a given organization is understood to extend. In this respect,
the OTS's comparatively pluralistic linguistic practice reinforces its self-presentation as a horizontal
association of culturally related but formally equal states, in contrast to the more centered
linguistic architecture of the EAEU, CIS, and SCO.

Discussion

The comparative picture developed here has several implications for the study of the OTS's
institutional evolution. First, the organization's relatively cautious approach to formal delegation
should not be read as institutional weakness relative to the EAEU or SCO, but as a rational design
choice consistent with an identity-based regionalism in which member states value flexibility and
the preservation of foreign-policy autonomy above binding commitment. This interpretation is
consistent with constructivist accounts such as Acharya's (2014), which treat institutional restraint
not as a deficiency to be corrected but as an expression of the kind of cooperation the members
actually intend to build.

Second, the OTS's recent institutional deepening — the 2021 renaming and Charter, the
Investment Fund, the Council of Central Banks, and growing attention to security and defense
cooperation evident in its most recent summits — suggests a trajectory of gradual functional
accretion that parallels, on a smaller scale and a slower timeline, the early institutional
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development of the EAEU and SCO. Whether this trajectory eventually produces comparable
supranational instruments, such as a dedicated court or a binding commission, remains an open
guestion. A plausible expectation, drawing on the neofunctionalist logic outlined in Section 3 and
on Vinokurov's (2018) observations about the EAEU's own gradual institutional maturation, is that
further spillover from economic instruments such as the Investment Fund and the Council of
Central Banks could generate pressure for a more formalized dispute-resolution mechanism,
particularly as cross-border investment volumes increase.

Third, the comparison also has implications for how multilateral diplomacy is studied more
generally in the post-Soviet space. Much of the existing literature, following Dragneva and
Wolczuk (2013, 2017) and Vinokurov (2017, 2018), has concentrated disproportionately on the
EAEU, given its more extensive supranational architecture and correspondingly richer paper trail
of formal rulings and commission decisions. The relative institutional modesty of the OTS should
not be taken to imply a correspondingly modest diplomatic significance; as Abi (2026)
demonstrates, the discursive and identity-construction work performed through OTS summitry
carries real political weight for its member states' foreign-policy positioning, even where it is not
backed by binding legal instruments.

Fourth, the comparison carries practical implications for policymakers and diplomats
operating within these frameworks. Because the OTS's institutional design deliberately preserves
member-state sovereignty and avoids binding delegation, member states retain greater latitude
to calibrate the intensity of their participation issue by issue than they would within the EAEU's
more binding customs and regulatory framework. This flexibility may partly explain why states
such as Uzbekistan, which has been notably cautious about deeper EAEU integration, have
nonetheless engaged energetically with the OTS: the reputational and identity benefits of
participation are available without the sovereignty costs associated with supranational delegation.
At the same time, this same flexibility limits the OTS's capacity to enforce compliance with its own
decisions, a trade-off inherent to identity-driven intergovernmentalism that future institutional
reforms, such as a stronger dispute-settlement mechanism, would need to address directly rather
than treat as a peripheral technical matter.

A limitation of the present analysis is that it compares formal institutional architecture
rather than measuring actual diplomatic output — the volume, density, and implementation rate
of agreements concluded within each framework. Formal architecture is a necessary but not
sufficient indicator of institutional depth, and future research combining the comparative
framework developed here with quantitative treaty-implementation data, of the kind Vinokurov
(2018) has begun to compile for the EAEU, would offer a fuller picture of how effectively each
organization's mechanisms translate summit-level commitments into binding cooperation. A
further limitation is the relatively short time horizon since the OTS's 2021 rebranding, which limits
the extent to which its post-2021 institutional trajectory can be projected forward with
confidence.

These limitations point toward several directions for future research. A natural extension
would combine the qualitative institutional comparison developed here with a systematic content
analysis of OTS summit declarations, tracking the ratio of concrete, implementable commitments
to purely declaratory language over time, in order to assess empirically whether the organization's
institutional deepening since 2021 has been accompanied by a corresponding increase in binding,
verifiable cooperation. A second extension would examine the OTS's relationship with TURKSOY,
TURKPA, and the Turkic Academy in greater institutional detail, treating these affiliated bodies not
merely as symbolic appendages but as distinct diplomatic channels with their own decision
procedures and, in the case of TURKPA, their own quasi-parliamentary legitimacy claims. A third
and more ambitious extension, suited to the broader dissertation project from which this article
is drawn, would trace how the OTS's multilateral diplomatic mechanisms interact in practice with
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member states' bilateral diplomacy, testing whether the organization functions primarily as a
genuine multilateral forum or, as some critics of post-Soviet regionalism more broadly have
argued of comparable bodies, primarily as a stage on which bilateral relationships — particularly
between Tirkiye and its Central Asian partners — are performed and legitimized.

Conclusion

This article has compared the institutional mechanisms of multilateral diplomacy across
four organizations active in the Turkic-speaking and post-Soviet space. It finds that the
Organization of Turkic States occupies a distinctive position along the spectrum from loose
intergovernmental coordination to supranational integration: more institutionally developed and
functionally diverse than the CIS, yet less formally supranational than the EAEU and less narrowly
security-focused than the SCO. This intermediate and identity-anchored institutional profile
reflects the OTS's dual character as both a cultural-civilizational platform, in the sense described
by Abi (2026), and an increasingly functional regional organization.

Understanding this comparative position clarifies not only the OTS's own institutional
trajectory but also the broader logic by which Central Asian and Turkic-speaking states distribute
their multilateral diplomatic engagement across several overlapping regional frameworks rather
than consolidating it within one. For the wider dissertation project on which this article draws, the
comparison suggests that the OTS's institutional mechanisms are best interpreted neither as
underdeveloped imitations of EAEU-style supranationalism nor as purely symbolic cultural
diplomacy, but as a coherent and evolving institutional form suited to an organization whose
cohesion rests on identity as much as on function — and whose future institutional development
is likely to proceed incrementally, issue by issue, rather than through a single decisive act of
supranational delegation.
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Abstract

Generative artificial intelligence tools have moved rapidly from novelty to everyday presence in
language classrooms, yet teachers remain the decisive variable in whether this technology
improves English language instruction or simply adds noise to it. This short article synthesizes
recent research on English as a Foreign Language (EFL) teachers' perceptions of Al integration and
proposes a compact study design for examining how teacher attitudes, confidence, and
institutional support jointly shape classroom adoption. The review finds that teachers are
generally positive toward Al in principle but express a persistent gap between enthusiasm and
practical readiness, driven by uneven training, ethical uncertainty, and concerns about the erosion
of their pedagogical role. A brief mixed-methods survey-and-interview design is proposed to
examine these dynamics within a single language department, aimed at generating actionable
guidance for professional development rather than broad generalization. The article closes with
practical recommendations for institutions seeking to support teachers through this transition.
Keywords: artificial intelligence, EFL teaching, teacher perceptions, professional development,
classroom integration

1. Introduction

Artificial intelligence tools, from Al-powered writing assistants to conversational chatbots, have
become part of the everyday toolkit available to English language teachers and their students.
Institutions have responded unevenly: some have issued guidance encouraging thoughtful use,
others have restricted Al tools outright, and many have left the decision to individual teachers
with little formal training. In this uneven landscape, the teacher's own perception of Al, more than
any institutional policy, tends to determine what actually happens in the classroom (Karaduman,
2025). Teachers who see Al as relevant to their teaching goals and feel confident using it report
more positive attitudes and more frequent classroom use, while those who lack training or feel
threatened by the technology tend to avoid it or use it superficially (Karaduman, 2025).

This matters because English language teaching depends heavily on interaction, feedback, and the
teacher's ability to read a learner's developing competence, all of which sit close to tasks that
generative Al can now approximate. Understanding how teachers themselves are making sense of
this shift is a necessary first step before institutions invest further in Al-related infrastructure or
training.
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2. What Recent Research Shows

2.1 Broadly positive attitudes, unevenly matched by literacy

Across several recent studies, EFL teachers report generally favorable attitudes toward Al as a
concept. A mixed-methods study of English teachers found that most measured attitude factors
scored above the midpoint on a five-point scale, and a large majority of teachers expressed
openness to incorporating Al tools into their practice (Uretmen Karaoglu & Dogan, 2025). Similarly,
teachers in other studies have widely endorsed statements describing Al as beneficial to their
teaching (Uretmen Karaoglu & Dogan, 2025). Yet self-reported enthusiasm does not always match
actual knowledge: in one study, only 60 percent of teachers answered basic Al literacy questions
correctly, despite rating their own Al competence considerably higher, pointing to a mismatch
between confidence and demonstrated understanding (Uretmen Karaoglu & Dogan, 2025).

This pattern, positive attitude paired with limited technical grounding, recurs across national
contexts. A study of Saudi EFL educators' training needs found a critical, strongly felt need for
structured Al training, alongside recognition that Al can enhance learning and support more
student-centered teaching, provided ethical considerations and human interaction remain central
(Metwally & Bin-Hady, 2025). The same study identified insufficient professional training as a
consistent, recurring barrier to effective Al integration, a finding that echoes similar reports from
other national contexts (Metwally & Bin-Hady, 2025).

2.2 Where Al is embraced, and where it is not

Teachers do not treat all uses of Al equally. Research on generative Al and teacher self-
professionalism found that EFL teachers engaged readily with Al for self-assessment and reflective
practice, but engagement dropped sharply for tasks like automated student assessment,
interactive lesson planning, and other activities closer to the core of classroom authority (Nazim
et al., 2025). The same study identified limited technological access, gaps in Al proficiency, ethical
and legal concerns, time constraints, and differing cultural attitudes as the main constraints on
further integration (Nazim et al., 2025). This selective pattern suggests that teachers are not
resistant to Al in general, but are cautious about handing over tasks that touch directly on
judgment, fairness, and their relationship with students.

2.3 The question of teacher identity

Teacher attitudes toward Al cannot be separated from how teachers understand their own
professional role. A qualitative study of EFL students in Jordan examined how Al-enhanced
classrooms are reshaping perceptions of teacher identity and found that students describe Al as a
double-edged pedagogical tool: useful for certain tasks, but not a replacement for the relational
and interpretive judgment that teachers provide (Almashour et al., 2025). Participants in that
study also described a shift in how authority and expertise are understood in the classroom, with
the teacher's role reframed rather than simply reduced (Almashour et al., 2025). This reframing
appears to be experienced by teachers themselves as well, and helps explain why training focused
narrowly on technical Al skills, without addressing how Al reshapes the teacher's role, may fail to
produce lasting changes in classroom practice.

2.4 Training as the recurring gap

Across nearly every study reviewed here, the single most consistently cited barrier to effective Al
integration is insufficient structured training, not lack of teacher interest (Nazim et al., 2025;
Uretmen Karaoglu & Dogan, 2025). Teachers with greater Al readiness have been found to
integrate Al more effectively into their teaching, reinforcing training and readiness, rather than
baseline attitude, as the more actionable lever for institutions (Uretmen Karaoglu & Dogan, 2025).
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3. A Proposed Study Design
To move from broad attitude surveys toward classroom-relevant guidance, a compact mixed-
methods study is proposed for a single English language department.
Aim: To examine how EFL teachers' Al literacy, confidence, and perceived professional identity
relate to their actual classroom use of Al tools, and to identify what kind of support most
effectively closes the gap between positive attitude and practical use.
Research questions:
e How do EFL teachers describe their current use of Al tools for lesson planning, feedback,
and assessment?
e What do teachers identify as the main barriers preventing more extensive or more
confident use?
e How does perceived Al competence relate to teachers' sense of their own professional
role in the classroom?
Design: A short online survey (20-25 items, mixing Likert-scale attitude and frequency-of-use
items with two open-response questions) distributed to all English language teachers in the
department, followed by semi-structured interviews with a purposive subsample of 8-10 teachers
selected to represent a range of self-reported Al use, from minimal to frequent.
Analysis: Descriptive statistics and group comparisons (e.g., by years of experience or prior Al
training) for the survey; thematic analysis of interview transcripts, focused specifically on how
teachers talk about their professional role and authority when discussing Al.
Anticipated outcome: Based on the patterns identified in the literature reviewed above, the study
is likely to find generally positive attitudes toward Al in principle, a self-reported literacy level that
exceeds teachers' demonstrated technical understanding, selective adoption concentrated in low-
stakes tasks such as lesson preparation rather than assessment, and training gaps as the most
frequently cited barrier to further use.

4. Practical Recommendations for Institutions

Based on the patterns identified above, three recommendations follow directly, even ahead of
new data collection.

First, training should be structured and ongoing rather than a single onboarding session, since
existing studies consistently identify one-off exposure as insufficient to build durable competence
or confidence (Nazim et al., 2025). Second, training content should explicitly separate low-stakes
uses of Al, such as generating warm-up activities or brainstorming lesson ideas, from high-stakes
uses, such as grading or assessment, since teachers appear to evaluate these very differently and
may need distinct guidance and reassurance for each. Third, professional development should
address how Al reshapes teacher identity and authority, not only which buttons to click, since
resistance rooted in identity concerns is unlikely to be resolved by technical training alone.

5. Limitations

This article is a literature-grounded design proposal rather than a report of new empirical findings,
so its "anticipated outcomes" are working hypotheses, not results. The underlying studies cited
here vary in national and institutional context, which limits how directly their findings can be
generalized to any single classroom. The proposed study itself, being limited to one department,
would similarly generate context-specific rather than broadly generalizable findings, though this
is a deliberate trade-off in favor of actionable, locally relevant guidance.

6. Conclusion

Teachers, not institutional mandates, are the ones who determine whether Al meaningfully
improves English language instruction. Current research suggests they are broadly open to the
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technology but held back less by resistance than by insufficient structured training and unresolved
guestions about how Al reshapes their professional role. Institutions seeking to support this
transition should invest in sustained, role-aware training rather than one-time technical
workshops, and should expect teachers to adopt Al selectively, embracing it for lower-stakes tasks
well before trusting it with the judgments closest to the heart of teaching.
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Inklziv tahsil mahitinds muallim hazirlig
va fordi yanasma bacariglarinin inkisafi

Rafiyeva Xuraman 9li qizi
Bas muallim, Azarbaycan Dovlst Pedaqoji Universitetinin Saki filiali

Acgar sozlar: inklUziv tahsil, muallim hazirhg, fardi yanasma, pedaqoji bacariglar, differensial talim,
xUsusi qayglya ehtiyaci olan usaqlar, tahsil barabarliyi.

Muasir dinya tahsil sisteminin an muhim prioritetlarindan biri har bir fardin keyfiyyatli tahsil
almag htguqunun tamin edilmasidir. Bu kontekstda inkliziv tahsil, fiziki, psixoloji, sosial ve ya digar
xUsusiyyatlarindan asili olmayaraq, batln usaglarin Gimumtahsil prosesina inteqrasiyasini nazarda
tutan humanitar va pedaqoiji bir yanasmadir. Tahsil muhitinda inklGzivliyin ugurla tatbig olunmasi
birbasa olaraq bu prosesi idara edan mitaxassislarden — muallimlardan asilidir.

onanavi tahsil sistemlari cox vaxt "orta statistik sagird" profilina yonaldiyi halda, inkllziv mUhit
muallimdan tamamila fargli bir yanasma talab edir. Miasir sinif otaglarinda 6yranma ¢atinliyi olan,
istedadl, autizm spektr pozuntusu va ya fiziki mahdudiyyati olan usaqglar bir arada tahsil alirlar. Bu
rongaranglik fonunda musllim hazirligl va onlarin fardi yanasma bacariglarinin inkisaf etdirilmasi
sadaca bir ehtiyac deyil, ham da muasir dovrin texirasalinmaz talabidir. Bu magalada inkliziv
tahsil muhitinds musallimlarin pesakar hazirlig saviyyasi, fardi yanasma strategiyalari va bu
bacariglarin inkisaf etdirilmasi yollari elmi-pedaqoji mistavida tahlil olunur.inkliiziv tahsil sadaca
xUsusi ehtiyacli usaqglarin sinif otagina fiziki olaraq vyerlasdiriimasi deyil. Bu, maktab
madaniyyatinin, kurikulumun va talim metodlarinin sagirdlarin muxtalifliyina uygunlasdiriimasi
prosesidir.

Salamanka Bayannamasi (1994): inkliziv tahsilin global saviyyads gabul edilmis ssas manifestidir.
Burada geyd olunur ki, har bir usagin unikal xtsusiyystlari, maraglari va dyranma ehtiyaclari vardir.
BMT-nin 3lilliyi olan saxslarin hiiquglari haqqinda Konvensiyasi: Tahsil sahasinda diskriminasiyanin
garsisini almagi dovlatlarin 6hdaliyina goyur.

Azarbaycan Respublikasinin  Qanunvericiliyi: "Tahsil haqgginda" ganun va muvafiq dovlst
programlari 6lkamizda inkliziv tahsilin inkisafini va bu sahada kadr hazirligini strateji hadaf kimi
muayyan edir.

Musallim bu hiiqugi va falsafi bazani dark etmadan sinifds inkliiziv mihit yarada bilmaz. inkluzivlik
"xeyriyyacilik" deyil, insan htquglarinin barabarliyi prinsipidir. inkliziv
tahsilin keyfiyyati musallimin hazirlig saviyyasi ile diz mitanasibdir. Tadqgigatlar gostarir ki, bir cox
musallimlar inkllziv siniflarda dars kegcmaya psixoloji va metodiki cahatdan tam hazir deyillar.
Muallim hazirliginda garslya ¢ixan asas ¢atinliklari asagidaki gruplara ayirmaq olar:

Ali tahsil muassisalerinda talabalara inkllziv tahsilin nazari asaslari oyradilsa da, real sinif
mihitinde muxtalif diagnozlu (masalan, Disleksiya, DEOH - Diqqgat 9skikliyi ve Hiperaktivlik
Pozuntusu) usaglarla islemak Ucln praktiki vardislar yetarinca asilanmir.Bazi muallimlarda xisusi
gayglya ehtiyaci olan usaglarin Umumi tahsil programini manimsaya bilmayacayina dair geyri-
rasmi bir skeptisizm mévcuddur. Bu stereotip misllimin sagirddsn gdzlantilarini asagi salir.inkliziv
siniflarde materiallarin adaptasiyasi (masalan, gorma mahdudiyyatli sagird Ggln iri sriftli vo ya
Brayl alifbali matnlar) Gglin muallimlarin kifayat gadar dastak materiali tapmaqda ¢atinlik cakmasi.
inkltziv mihitds asagidaki fardi yanasma bacariglari vardir :

- Fardi Yanasmanin Komponentlari:

-Diagnostik Qiymatlandirma (Sagirdin glclt va zaif taraflarinin miayyanlasdiriimasi)

-Differensial Talim (Tapsiriglarin ¢atinlik daracasina gora bolinmasi)
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-Cevik Kurikulum Adaptasiyasi (Tadris planinin farda uygunlasdiriimasi)

- Emosional Dastak (Sagirdin sinifda 6zUni tahllkasiz hiss etmasi)

Fordi yanasma — talim prosesinin har bir sagirdin fardi inkisaf dinamikasina, idrak imkanlarina,
maragq va meyllarina uygun qurulmasidir. inkliiziv tahsilds bu bacarig miallimin pesakarliginin asas
gostaricisidir

Muallim fardi yanasmani reallasdirmaq Ucln differensial (farglandirilmis) talim metodundan
istifada etmalidir. Bu metod Uc istigamatda tatbig olunur:

Mazmunun differensiasiyasi: Eyni movzunun mixtalif gavrama saviyyalarina uygun (masalan,
vizual, audial, kinetik materiallarla) taqdim edilmasi.

Prosesin differensiasiyasi: Sagirdin tapsirigi yerina yetirarkan istifads etdiyi zamanin ve metodlarin
tanzimlanmasi.

Naticonin differensiasiyasi: Sagirdin dyrandiklarini nimayis etdirmasi Gg¢in muxtalif secimlarin
(insa yazmag, rasm ¢akmak, sifahi tagdimat etmak) verilmasi.

Muisallimlarin bu sahadaki saristalarini artirmaqg UGc¢lin ham makro (dovlet va universitetlor
saviyyasinda), ham da mikro (maktabdaxili) saviyyads sistemli addimlar atimahdir.
Muisallim hazirlayan ali maktsblarin kurikulumlarina "inkliziv pedagogika" va "Fardi tslim
strategiyalar" modullari darindan integrasiya olunmalidir. Talaba-musllimlar pedaqoji tacriba
dovrinda matlaqg inkliziv siniflards misahidalar aparmalidirlar. Hoar
bir xtsusi qayglya ehtiyaci olan sagird Gcln FTP hazirlanir. MUallim hazirhgl programlarinda FTP-
nin yazilmasl, onun monitoringi va giymatlandirilmasi mexanizmlari miallimlars praktiki olarag
oyradilmalidir. FTP-nin effektivliyi misllimin multidisiplinar komanda (psixoloq, logoped, sosial
isci) ile amakdaslig bacarigindan asilidir.

Bacariq névi inkliziv mihitds tatbigqi inkisaf mexanizmi

Empatiya vo Sagirdin va valideynin emosional vaziyyatinilPsixoloji treninglar va keys

Kommunikasiya anlamagq (case) analizlori

Texnoloji Sarista Dastaklayici texnologiyalardan (ekran|iKT ~ Gzre ixtisasartirma
oxuyucular, xUsusi programlar) istifada kurslari

Krizis idaraciliyi Sinifde bas vera bilacak emosional béhranlariDavranis  analizi  (ABA)
(masalan, autistik krizis) idara etmak seminarlari

Muallim inklGziv mUhitda tak galmamalidir. Ferdi yanasma bacariglarinin inkisafinda maktabdaxili
professional dyranma icmalarinin (PLC) rolu bdylukdir. Tacribali maallimlarin ganc hamkarlarina
mentorlug etmasi, inkllziv siniflarde "mustarak tadris" (co-teaching) modelinin tatbig olunmasi
(iki mallimin eyni sinifda eyni vaxtda islemasi) isin ssmaraliliyini artirir.

Valideynlarls tarafdasliq da bu prosesin ayrilmaz hissasidir. Mallim fardi yanasma strategiyasini
ev mubhiti ila uzlasdirmagq UGgun valideynla daimi Unsiyyatda olmali, sagirdin evdaki davranis va
inkisaf dinamikasini izlamalidir.

Natica

inkliziv tahsil mihitinin formalasmasi yalniz infrastrukturun yaxsilasdiriimasi ve ganunlarin gabul
edilmasi ila bitmir. Bu prosesin markazinds dayanan asas qiivve musallimdir. inkliziv tahsil
sisteminin muvaffaqiyysti, har bir sagirdi unikal bir dayar kimi gabul edan pesakar muallim
heyatinin mévcudlugundan asilidir.

Bu tedgiqat gdstarir ki, keyfiyyatli muallim hazirligl prosesi nazari biliklerla yanasi, humanist
dayarlari, psixoloji hazirligi va IKT resurslarindan istifads bacariglarini da shats etmalidir.
Musllimlarda fardi yanasma bacariglarinin inkisaf etdirilmasi, differensial talim metodlarinin
manimsanilmasi va Fardi Tahsil Planlarinin effektiv tatbigi sinifdaki har bir usagin potensialinin
maksimum daracada Uza ¢ixmasina sarait yaradir. Yalniz bu halda tahsil barabarliyi ve inkliziv
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comiyyat ideallari real hayatda 6z aksini tapa bilar. MUsallim hazirligina goyulan investisiya,
galacayin ayri-seckilikdan uzag, tolerant va humanist camiyyatina qoyulan investisiyadir.

Aparilan elmi tahlillar gdstarir ki, muallimin pesa nifuzu yalniz onun pesa hazirligi ila deyil, ham
da dovlatin tahsil siyasati, comiyyatin muallim pesasina minasibati, sosial taminat saviyyasi,
pesakar inkisaf imkanlari ve muallim amayinin obyektiv giymatlandirilmasi ila six baghdidir
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KA3AK TINIIH MEHIEPY AEHTENIH
BAFANAYIA ACAHAOLI MHTENNEKTTI
NAVAANAHY

Pcannesa aHapa YtenbepreHKbisbl
r'YMaHUTaPbIK FblabiMaap marmctpi, No20 kannbl 6inim 6epeTiH MeKTenTiH, Kasak Tifi
N3HIHIH MyFfaniMi

Kasipri TaHaa 6inim 6epy canacbiHAa UMPPAbIK TEXHONOTUANAP MEH YKaCaHAbl MHTENNEKT
KyYpangapbiH TUIMAI NakganaHy OKY YAEPICiH KeTiNAipyaiH mMaHbi3abl OafbiTTapbiHbiH, OipiHe
alHanbIn oTbIp. Dcipece TN yMpeTy bapbicbiHAa OiNiM anyLWbiHbIH, KeKe epeKLIenikTepiH eckepy,
OKYy KeTIiCTiriH kenen 6Hafanay KoHe Kepi OalNaHbICTbl YaKbITbiAbl YCbIHY MaHbI3abl HOAbIMN
caHanagpl. Ocbl TypfblAaH anfaHAa, KacaHAbl WMHTENNEKT Kasak TiliH MeHrepy JAeHremin
HaranaydplH, *KaHa MYMKIHAIKTEPIH KanbinTacTbipadbl. Makanaga Kasak TiniH MeHrepy AeHremiu
aHbIKTayaa KacaHabl WHTENNEKT  TeXHOA0rMANapbIH KONOQHYAbIH — MYMKIHAiIKTepI,
apTbIKWbINbIKTAPb! KaHe Tuimai 6afanay OarbiTTapbl KapacTblpbinadbl. CoHbiMeH KaTap Al
Kypangapbl apKblabl OKYLIbIHbIH, J€KCUMKAIbIK KOPbl, rPamMMaTUKaAbIK CayaTTbl/blfbl, OKblAbIM,
¥a3blabIM, TbIHAAMbIM XaHE alTbl/IbIM AafAbliapblH 6afanay »onaapbl cMnaTTanagbl.

ByriHri 6inim 6epy KyMeciHae OKyLIbIHbIH, 6iniMiH Gafanay TeK KOpPbITbIHAbI HITUMKE
WbIFAPYMEH LLIEKTE/IMEN, OHbIH, OKY OapbiCbiHAAFbl KETICTIKTEpiH BaKkblnayfa, KWMbIHAbIKTAPbIH
aHblKTayFa XoHe api Kapalfbl Aamy DarbITblH benrineyre Herisgenyi KaxkeT. Kasak TiniH ynpety
yaepiciHae ae 6aranay »KyMeciHiH canacbl epeklle MaHbi3fa ne. Cebebi Tin meHrepy AeHreniH
aHbIKTay KesiHae 6iniMm anylbiHbIH, TEK rpamMmaTUKablK epexenepdi binyi faHa emec, COHbIMEH
KaTap Ce3MiK KOpbl, MITIHAj TYCiHyi, ©3 OMbIH ’ka3balla KoHe aybi3la »eTkide binyi cuakTbl
bipHelle Tinaik gafabiCbl KaTap eckepineai.

Oactypni baranay agicTepiHAe MyFaniM OKYLUbIHbIH, $KYMbICbIH TeKcepin, KaTenepi
aHbIKTan, kepi bannaHbic bepeai. Anaaa CbiHbINTafbl OKYLWbINAP CaHbIHbIH, Ken 60ybl, yaKbITTbiH
WeKTeyAiri XaHe ap 6ifiMm anylwbiFa Keke Tancblpma AanbiHAAYAbIH KypAeniniri Mmyranim
KYMbICbIHG  KOCbIMLIA  KyKTeme Tycipeai. OcbiHAaM Kafdanda KacaHAbl  WHTENNeKT
TEXHONOTUANAPbLIH KonAaHy Oafanay yaepiciH aBTOMATTaHAbIPYFa KOHE OHbl KeKkeneHgipyre
MYMKIHAIK Bepeai.

acaHapl WHTENNeKT - afaMHblH OMAay, Tanzay, CanbiCTbipy, OOMKaAy KoHe wWewim
Kabblngay CUAKTbI apekeTTepiH benrini 6ip AeHrenae mogensaeyre KabineTTi TexHonornanap
XUbIHTbIFbI. Binim 6epy canacbiHAa Al Kypanaapbl MaTiHAI Tanday, »ayanTapZbl CanbiCTbIpy,
KaTenepaj aHbIKTay, OKYLLUbIHbIH HOTUMKECIH capanay KaHe KeKe yCbiHbIcTap bepy 6afbITTapbiHAA
KonAaHblnbIn Keneni. Kasak TiniH meHrepy AeHrenid 6aranayna aa 6y TexHonoruanapasiH aneyerTi
YKOFapbl.

Kasak TiliH meHrepy AeHreniH 6afanayda sKacaHAbl MHTENNEKTIHI KOAAaHyAblH, Herisri
apTbIKWbIIbIKTAPbIHbIH, Bipi- Xeaen kepi 6anaHbic bepy MyMKiHAITI.

Al HeriziHaeri Tin ynpeHy Kypangapbl 6iniMm anywbiHbiH TiAZIK KaTenepiH aHbliKTan, Kepi
HalinaHbic bepyre kaHe TiNAiK KabineTTepiH bafanayra mymkiHaik bepeni (Woo & Choi, 2021).[1]

Mbicanbl, okyllbl 6enrini 6ip rpammaTMKanblK TancblpMaHbl OpblHAAfaHHAH KeliH, Al
YKYMeci oHbIH *KayabblH Tangan, Aypbic HEMECe KaTe eKeHiH KOPCEeTIiN KaHa KoMMmal, KaTenikTiH
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cebebiH TyciHAipe anaabl. byn oKylblFa ©3 KaTeciH OipAaeH TyCiHiN, OHbl Ty3eTyre MyMKiHAIK
Hbepeni. HaTuxkeciHae 6aranay oKbITY YAEPICIHIH axblpamac beniriHe aliHanaabl.

KacaHabl MHTENNEKT apKbiabl KasaK TiliH meHrepyaiH OipHelwle Herisri KOMMOHEHTIH
baranayra bonaapl. bipiHwici- nekcrkanblk AafablHbl Bafanay. Al »Kyheci OKyLibl KoNgaHaTbiH
CO3AEepAiH CaHblH, CO3AiK KOpAblH 9PTYP/INIriH »KaHe co3aep/i KOHTEKCKe CaMKkec nanaanaHy
AeHreniH Tangar anaabl. Mbicanbl, oKylibifa Oenrini 6ip Takblpbin OOMbIHWA LWAFbIH MITIH
KYpacTblpy YCbiHbINaAbl. Myne maTiHAeri co3aepai Tanaan, Kan ce3aepaiH, *Kui KonaaHblNaTbiHbIH,
aHa Cce3aepAiH  KONJaHblly AeHreliH KoHe ce34epAiH, MarblHaAbIK  TypFblAaH  AypbIC
HannaHbICybIH aHbIKTa anaapl.

EKiHWici - rpammaTuMKanblK cayaTTblIbiKTbl Oafanay. MacaHabl WHTENNEKT cennem
KYPbINbIMbIHAAFb! KaTenepdi, CesaepaiH, AypbIC KanfaHyblH, CENTIK, TOYENAIK, XKIKTIK KoHe KenTiK
¥a/iFaynapblHbIH, KOAAAHbITYbIH Tangayra MyMKiHAIK 6epeni. CoHbIMEeH KaTap eTIiCTiKTiH, WaKTapbl
MEH parnapbiH AypbIC KOAZaHY, CO3AepaiH, comnemaeri opbiH TapTibi CUAKTbI rPamMMaTMKanbIK,
epeKkweniktepai Ae Tekcepyre 6onaapl. MyHaan 6afanay  OKyLWbIHbIH  HaKTbl  KaHAaw
TaKbIpbINTapAbl MeHrepyae KMbIHAbIK Kepin OTbipFaHbIH aHbIKTayfa KeMeKTeceIi.

YWiHwwici- »a3blblM AafabicbiH 6afanay. byn 6afbiTTa sKacaHabl MHTENNEKTIHIH MYMKIHAIr
anTap/bikTal KeH. binim anywbsl 6enrini 6ip TakbipbINTa 3cce, NiKip Hemece WafblH MaTiH »Ka3aapbl.
Al »KyMeci  MITIHHIH  KYpbIIbIMbIH,  /IOTMKanblK ~ OalnaHbICbiH, FPamMMaTUKabIK — KaHe
opdorpaduanbik KatenepiH Tanaan anaapl. COHbIMEH KaTap MOTIHHIH TaKblpbiNKa COMKeCTIriH
oHe onablH, bipi3diniriv baranayra kKemektecesi. JereHMeH myHaal 6aranay KesiHae skacaHabl
WHTENNEKT BepreH HITUXKEHI MyFaNiMHIH KacibM capanTamacbiMeH TONbIKTbIPY MaHbI3bl.

TepTiHWICi- OKbIIbIM AaFabiCbiH Bafanay. acaHabl MHTENNEKT OKYLUbIFa Kasak, TifiH4eri
M3TiH YCbIHbIM, OHbIH, Ma3MyHbIH TYCiHY AeHreliH TypAi TancbipManap apKblabl TEKCepPe anaapl.
Mblicanbl, MaTiH 6OMbIHLLIA CypaKTapFa XKayan b6epy, Heriri oAbl aHbIKTay, KaXeTTi aknapaTtTbl Taby
Hemece MaTIH Ma3MyHblHa C3MKeC KOPbITbIHAbI *Kacay Tancbipmanapbl 6epineai. Al yMeci
OKYLLbIHbIH, *KayanTapblH Tanaan, OHbIH M3TIHA TYCiHY AeHreniH aHbIKTal anasbl.

BeciHwici - TbIHAANbIM KaHe aMlTbiNbIM  AafablnapbiH - Oafanay. [AblObICTbl  TaHy
TEXHONOMMANAPbI aPKbIabl OKYLIbIHbIH, Ka3ak, TiniHAeri ce3aepAai AypbiC alTybl, COMNEM Kypaybl
YKoHe aybl3lla XKayan bepyi TangaHybl MyMKiH. acaHabl MHTENNEKT OKYLbIHbIH @alTblbIMbIHAAFbI
Kenbip GOHeTMKaNbIK epeKlenikTepai aHbiKTan, AypbiC AblbbiCTayfa KaTbICTbl YCbIHbICTap bepe
anaabl. byn acipece Kasak TiNiH eKiHWI Tin peTiHAe YMPeHIn ypreH Binim anywbinap yui
nanaansi.

acaHabl MHTeNNeKTIHI baranay yaepiciHae KonaaHyabiH Tafbl 6ip MaHbI3abl 6afbITbl- KeKe
OKY TPaeKTOpMACbIH KaabinTacTblpy. OKylWbIHbIH, TeCcT HITUXenepi MeH OpblHAAAFaH
TancbipmanapblH XKyMeni Typae Tanaay apKbiibl Al OHbIH 9/1CI3 KaHe KYLWTi *KaKTapblH aHbIKTal
anagbl. Mbicanbl, 6enrini 6ip 6iniM  anyWwbiHbIH, rPAMMATUKaAbIK TancblpManapdbl KaKcbl
OpblHAAFaHbIMEH, CO3/iK KOPbIHbIH *KETKiNiKCi3 ekeHi OalMKanca, Kyhe ofaH XaHa ce3aepai
MeHrepyre 6afbiTTanfaH Tancblpmanapabl Kebipek ycbiHa anagpl. An 6acka OKyLbIHbIH
rpammaTmKanbik Binimi xakcbl 6onFaHbIMEH, colney AarabiCbl ToMmeH 60ca, OFaH ANANOITIK KaHe
KOMMYHWUKATUBTIK KaTTblFynap 6epinyi MymKiH.

By Tacin apanTueTi Obaranay KafnaaTtbiHa Herisgenedi. AFHM TancblipMmanapabliH, Kypaeniniri
OKYLLbIHbIH, HAKTb! AeHreniHe Kapan e3repin oTbipagpbl. Erep 6inim anylbl TancbipMmanapasl AypbIC
opblHAACa, Keneci KeseHae KypAenipek cypaKkTap ycbiHblAaZbl. AN KaTenep caHbl KebenreH
XKafdanda »Kyhe »KeHingey TancblpManapfa KanTa Opasbif, KaXKeTTi TaKbIPbIMTbl KOCbIMLLIA
TyciHAaipeai. Ocblnaiiia 6afanay TeK HOTUXKE KOPCETKIili emMec, OKYLUbIHbIH, 9pi Kapal AdamybiHa
bIKNa/ eTeTiH Kypa/ifa aHanaabl.

acaHabl MHTeNNneKTiHi 6afanay yaepiciHae KonaaHy MyFaniMHIH KaCiOn KbI3METIH TO/bIK,
aNMacTbipMalipl, KepicCiHLIe, OHbIH, XYMbICbIH KONAANTbIH Kypan PeTiHAEe KapacTblpblaybl KaeT.
Al KypangapbiH 6inim bepy yaepiciHe eHrisy KesiHae neaarornkasiblik MakcaTTapMeH KaTap ajJam
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daKTopbl, 3TMKaNbIK TananTap XaHe b6iniM anywbiHbIH, AepeKkTep Kayincisairi eckepinyi Twuic
(UNESCO, 2023). [2]

Cebebi myranim 6afanay yaepiciHae canbiCTbipManbl TypAe Tangay Kacaybl MYMKIH,
OKYLLbIHbIH, NCUXONOMMABIK axyasblHa KeHin 6enyi MyMKiIH AFHW KacaHabl MHTENNEKTiHIH Bafanay
Kymeci myfanimai TonblK aybICTbipa anmangbl. Al aBTOMaTTbl TypAe KenTereH TancblpmaHbl
Tekcepin, 6acTankpl Tangay Kacan anafbl, an MyFafiM anblHFAH HITUXKeNepai neaarorMKasbik,
TYpFblAaH capanan, OKyllblfa HaKTbl OarblT Hepeni. Ocipece LWblFaPMaLLbIbIK »Ka3bl/bIM, epPKiH
ceMney )oaHe MafblHabIK TypFblaaH KypAeni »ayanTtapabl 6afanayga agam capanTamachlHbiH
MaHbI3bl }ofapbl 6onbIN Kana bepean.

CoHbiMeH bipre »acaHabl MHTENNEKTIHI KongaHyaa b6ipkatap macenenepi eckepy Kaxer.
BipiHwineH, Kasak TiniHaeri Al KypangapbiHbiH, canacbl 6acka KeH TapanfaH TingepmeH
cafbiCTbipFaHAa ani Ae KeTingipydi KaxkeT eteai. EkiHwiaeH, aBTomaTTbl Oaranay KesiHge
KOHTEKCTIK }KaHe MaJeHM epeKLleniktepai aAypbic TyciHbey kayni 6ap. YWiHWiaeH, OKYLWbIHbIH, *KeKe
[EepeKTepiH Kopfay aHe UM pAblK Kayinci3gikti KamTamacbi3 eTy Mmacesienepi MaHbi3abl.
CoHapblkTaH Al HerisiHgeri 6afanay »Kymenepi ceHimai TiALiK AepeKkTepre, cananbl OKy
MaTepmanaapblHa XaHe NefarorMkasblk TananTapFa CyMeHyi Kaxer.

KopbITbIHAb!

KopblTa alTKaHAa, Kasak TiniH MeHrepy AeHreriH Garanayga sKacaHAbl WMHTEANEKTiHi
nanganaHy - 6inim Oepy vyaepiciH MaHFblpTyAblH MepcnekTuBanbl b6afbiTTapbiHbiH, bipi. Al
TEXHO/IOrMANAPbI OKYLWbIHbIH NEKCUKANbIK, TPAaMMaTUKA/IbIK, OKblAbIM, a3bl/1bIM, TbIHAA/IbIM XKaHe
aNTbINbIM AaFAblNapbiH KelleHAai Typae baranayfa MyMKiHAIK 6epesi. CoHbIMEH KaTap aBTOMATTb!
Kepi GalnaHbiC Gepy, OKYLIbIHbIH KeKe epeKLeniKTepiH ecKepy KaHe OKy TancbipmanapbiH
Benimaey apKblabl Til YMPEHY TUIMAINITIH apTTbipyFa KaFaan Kacanabl.

BonalliakTa KasaK TifliH OKbITyFa apHaafaH KacaHabl MHTENNEKT KyMenepiH AambITy YLiH
KasaK TiNiHiH cananbl UMPPAbIK KOopnycTapbiH KebenTy, Tindik mMoaenbAepai KeTinaipy, Kasak,
TiNiHIH rpamMMaTMKanbIK KaHe QOHETUKA/NbIK epeKLEeNikTepiH TepeH eCKepeTiH anroputMmaep
23ipney MaHbI3abl. *KacaHabl MHTENNEKTIHI MyFaniMHiH Kacibn TaxkipnbecimeH yinnecTipe oTbipbIn
namaanaHy Kasak TiNiH MeHrepyai OaranayablH OOBEKTMBTI, 'KeAEN KaHe KeKkeneHaipinrex
YKYMECiH KanbiNTacTblpyFra MyMKIHAIK Bepeai.

Ocblnaniia, »KacaHApl MWHTENNEKT Kaslak TiniH OafanaydplH,  ASCTYpAi  TacinaepiH
TO/BIKTbIPbIN KaHa KoMmal, Binim anylibiHbiH YKEKe OKYy KarKeTTifiKTepiHe HerisgenreH KaHa
Haranay ModeniH KanbinTacTblpyfa »on awaabl. EH 6acTbiCbl- TEXHONOTMMAHBI MaKCaTCbI3 KOAAAHY
eMecC, OHbl Ka3aK TiNiH cananbl meHrepTyre HarbiTTansaH TMiMAi Nefarornkanblk Kypan peTiHae
nanaanaxy.

1. https://www.researchgate.net/publication/356897159 Systematic review for Al-
based language learning tools

2. https://www.unesco.org/en/articles/guidance-generative-ai-education-and-
research?hub=67098&utm source
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Abstract

The rapid advancement of digital technologies and the changing characteristics of
contemporary learners have encouraged educators to explore more flexible and learner-centered
instructional approaches. In this context, microlearning has emerged as an innovative educational
strategy that delivers content in small, focused, and easily accessible learning units. This approach
aligns with the needs of modern learners, who often prefer short, engaging, and technology-
supported learning experiences that can be accessed anytime and anywhere through digital
devices.

The purpose of this paper is to examine the role of microlearning strategies in English
language education and to analyze their potential benefits for language acquisition. The study
reviews the theoretical foundations of microlearning and explores its practical applications in
developing English language skills, including vocabulary, grammar, reading, writing, listening, and
speaking. Special attention is given to the integration of mobile technologies, digital platforms, and
interactive learning tools that support the implementation of microlearning in English as a Foreign
Language (EFL) context.

The findings indicate that microlearning contributes significantly to learner motivation,
engagement, and knowledge retention. By presenting information in manageable segments,
microlearning reduces cognitive overload and enables learners to focus on specific learning
objectives. Furthermore, the flexibility of microlearning supports personalized and self-paced
learning, allowing students to take greater responsibility for their educational progress. The
approach is particularly beneficial for digital-native learners who are accustomed to consuming
information through short-form digital content.

Despite its numerous advantages, several challenges associated with microlearning are also
discussed, including the risk of oversimplifying complex language concepts, technological
limitations, and the need for careful instructional design. The paper argues that microlearning
should not replace comprehensive language instruction but rather complement traditional
teaching methods to create a more effective and engaging learning environment.

In conclusion, microlearning represents a promising pedagogical approach in
contemporary English language education. Its learner-centered nature, flexibility, and compatibility
with digital technologies make it an effective tool for meeting the educational needs of modern
learners. Future research is recommended to investigate the long-term impact of microlearning
on language proficiency and learner autonomy across diverse educational settings.

Keywords: microlearning, English language education, EFL, digital learning, mobile learning,
learner engagement, language acquisition, educational technology.

1. Introduction

The rapid growth of digital technologies has significantly transformed the educational
landscape, influencing both teaching methodologies and learning behaviors. Contemporary
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learners are increasingly exposed to vast amounts of information through digital media, social
networks, mobile applications, and online learning platforms. As a result, their learning
preferences have evolved, with many students favoring flexible, interactive, and easily accessible
educational experiences over traditional teacher-centered approaches. Modern learners are often
characterized by shorter attention spans, a preference for multimedia content, and the ability to
access information instantly through digital devices. These characteristics have encouraged
educators to reconsider conventional instructional methods and explore innovative approaches
that align with the needs of the twenty-first-century learner.

In today's fast-paced educational environment, learners frequently face challenges
associated with information overload and limited time for study. Traditional learning models often
require students to process large amounts of information during extended instructional sessions,
which may reduce concentration and retention. Consequently, the demand for shorter, more
focused, and flexible learning experiences has increased considerably. Educational researchers and
practitioners have therefore sought teaching approaches that promote effective learning while
accommodating the changing lifestyles and learning habits of students. One such approach that
has gained significant attention in recent years is microlearning.

Microlearning refers to an instructional strategy that delivers educational content in small,
focused, and manageable learning units. Rather than presenting large amounts of information in
a single session, microlearning breaks complex topics into concise modules that typically require
only a few minutes to complete. These learning units often include short videos, quizzes, podcasts,
infographics, flashcards, or interactive digital activities designed to address specific learning
objectives. The concept of microlearning emerged alongside the development of digital
technologies and mobile learning environments, where learners increasingly consume information
in brief and targeted formats. The approach is grounded in the principle that learning can be more
effective when content is delivered in smaller segments that are easier to process, understand,
and retain.

The growing popularity of smartphones, tablets, and online educational platforms has
further accelerated the adoption of microlearning in various educational contexts. In language
education, particularly English as a Foreign Language (EFL) instruction, microlearning provides
opportunities to develop language skills through short but frequent learning activities. Students
can strengthen vocabulary, grammar, pronunciation, reading, listening, speaking, and writing skills
through regular engagement with microlearning resources. Furthermore, the accessibility of digital
tools enables learners to continue their language learning beyond the classroom, fostering greater
autonomy and lifelong learning habits.

Microlearning is particularly relevant in English language education because language
acquisition requires continuous practice and repeated exposure to linguistic input. Small learning
units allow students to review and reinforce language concepts regularly without experiencing
cognitive overload. Additionally, the interactive and technology-enhanced nature of microlearning
can increase learner motivation, engagement, and participation. As educational institutions
continue to integrate digital technologies into teaching and learning processes, microlearning has
emerged as a promising strategy for supporting effective and personalized language instruction.

The purpose of this study is to explore the opportunities offered by microlearning strategies
in English language education and to evaluate their impact on modern learners. The paper aims to
examine the theoretical foundations of microlearning, identify its practical applications in the
development of English language skills, and analyze its advantages and challenges within
contemporary educational settings. The significance of this study lies in its contribution to
understanding how microlearning can enhance learner engagement, improve knowledge
retention, and support flexible and student-centered learning experiences. By investigating the role
of microlearning in English language teaching, this research seeks to provide valuable insights for
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educators, curriculum designers, and researchers interested in innovative approaches to language
education.

2. The Concept of Microlearning

The increasing integration of digital technologies into education has led to the emergence
of innovative instructional approaches designed to meet the needs of contemporary learners.
Among these approaches, microlearning has gained considerable attention due to its flexibility,
accessibility, and effectiveness in facilitating learning in digital environments. The concept of
microlearning is based on the idea that educational content can be delivered in small, focused
units that target specific learning objectives and can be completed within a short period of time.

One of the earliest scholars to explore the concept of microlearning was Hug (2005), who
described it as a learning approach involving small educational units and short-term learning
activities. According to Hug, microlearning is particularly suitable for modern learners who
frequently engage with information in brief and fragmented formats through digital technologies.
The author argues that learning can become more effective when complex information is divided
into smaller, manageable segments that reduce cognitive overload and support knowledge
retention.

Further development of the concept was provided by Buchem and Hamelmann (2010),
who emphasized the role of microlearning in technology-enhanced education and professional
development. They highlighted that microlearning enables learners to access concise learning
materials whenever and wherever they need them. This flexibility makes microlearning particularly
effective in environments where learners require immediate access to information and
opportunities for continuous learning.

Similarly, Jomah et al. (2016) defined microlearning as an educational strategy that provides
content in small, focused units that can be accessed through digital and mobile technologies.
According to the authors, microlearning supports learner engagement by presenting information
in a concise and structured manner, allowing students to concentrate on one specific concept or
skill at a time. The study also emphasizes that microlearning promotes self-directed learning and
increases learner autonomy.

In general, microlearning can be defined as a learner-centered instructional model that
delivers educational content through short, goal-oriented, and easily digestible learning units.
Rather than exposing learners to extensive amounts of information in a single session,
microlearning focuses on delivering knowledge in small segments that facilitate understanding,
retention, and practical application. As a result, this approach has become increasingly popular in
various educational contexts, including language learning, corporate training, and online
education.

Key Characteristics of Microlearning

Several distinctive features differentiate microlearning from traditional instructional
approaches. These characteristics contribute to its effectiveness and growing popularity in English
language education.

e Short Duration of Learning Activities

One of the most important characteristics of microlearning is the brevity of learning
sessions. Microlearning activities typically last between three and ten minutes, allowing learners
to engage with content without experiencing cognitive fatigue. Short learning sessions are
particularly beneficial in maintaining learners’ attention and motivation, especially in an age where
digital distractions are common.

e Focus on a Single Learning Objective

Microlearning is designed to address one specific learning objective at a time. Each learning

unit concentrates on a particular concept, skill, or piece of information rather than covering
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multiple topics simultaneously. This focused approach allows learners to achieve a clear
understanding of the target content and promotes more efficient knowledge acquisition.

e Mobile Accessibility

The development of smartphones, tablets, and other portable devices has significantly
expanded the use of microlearning. Most microlearning materials are designed to be accessed
through mobile technologies, enabling learners to study anytime and anywhere. Mobile
accessibility supports continuous learning and allows students to make productive use of small
periods of free time throughout the day.

e Personalized Learning Experience

Microlearning promotes individualized learning by allowing students to progress at their
own pace and according to their specific needs. Learners can choose suitable learning materials,
revisit content whenever necessary, and focus on areas requiring improvement. This flexibility
enhances learner autonomy and encourages self-regulated learning.

¢ Immediate Feedback

Another essential feature of microlearning is the provision of instant feedback. Many
microlearning activities include quizzes, interactive exercises, and automated assessment tools
that allow learners to immediately evaluate their performance. Immediate feedback helps learners
identify mistakes, reinforce correct answers, and improve their understanding of the material.

3. Microlearning Strategies in English Language Education

Microlearning has become an increasingly valuable instructional approach in English
language education due to its ability to deliver focused content through short and engaging
learning activities. Since language acquisition requires continuous practice and repeated exposure
to linguistic input, microlearning provides learners with opportunities to develop specific language
skills in manageable and meaningful ways. By integrating digital technologies, mobile applications,
and interactive resources, teachers can create effective microlearning experiences that support
vocabulary development, grammar acquisition, and the improvement of receptive and productive
language skills.

3.1. Vocabulary Learning

Vocabulary acquisition is one of the most suitable areas for the implementation of
microlearning. Instead of memorizing long word lists, learners can study a small number of words
through regular and focused learning sessions. This approach promotes long-term retention and
reduces cognitive overload.

One widely used strategy is the "Word of the Day" activity, in which students learn a new
word, its definition, pronunciation, and example sentence each day. This method encourages
consistent vocabulary growth and repeated exposure to lexical items.

Digital flashcards are another effective microlearning tool. Applications such as Quizlet and
Anki allow learners to review vocabulary through short, interactive exercises. These platforms
often employ spaced repetition techniques, which help learners retain information more
effectively over time. Furthermore, vocabulary quizzes, matching activities, and mobile-based
challenges can increase learner engagement and motivation while supporting independent
learning.

3.2. Grammar Learning

Grammar instruction can also benefit significantly from microlearning strategies.
Traditional grammar lessons are often lengthy and rule-oriented, which may reduce learner
engagement. Microlearning addresses this issue by presenting grammar concepts in concise and
focused formats.
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Short instructional videos lasting three to five minutes can introduce individual grammar
points, such as verb tenses, conditionals, or passive constructions. These videos allow students to
understand specific structures without becoming overwhelmed by excessive information.

In addition, teachers can design mini-activities and micro-assessments that target a single
grammar objective. Examples include sentence-completion tasks, error-correction exercises, and
multiple-choice quizzes. Such activities provide immediate practice and help learners reinforce
newly acquired knowledge. The availability of instant feedback further contributes to effective
grammar learning and self-assessment.

3.3. Listening Skills Development

Listening comprehension is a fundamental component of language acquisition, and
microlearning offers numerous opportunities for developing this skill. Short listening activities
enable learners to practice regularly without requiring extended periods of concentration.

For example, learners can listen to one- or two-minute podcasts, dialogues, news reports,
or audio clips focused on specific topics. These materials expose students to authentic language
use while helping them improve pronunciation recognition, vocabulary comprehension, and
listening accuracy.

Additionally, teachers can create concise audio-based tasks that require students to identify
key information, answer comprehension questions, or summarize the main ideas of a recording.
Frequent exposure to short listening activities enhances learners' confidence and gradually
develops their overall listening proficiency.

3.4. Speaking Skills Development

Microlearning can effectively support the development of speaking skills through brief but
regular oral practice activities. Many learners experience anxiety when speaking English; therefore,
short speaking tasks may reduce pressure and encourage active participation.

One useful strategy involves voice recording activities, where students record short
responses to prompts and submit them through digital learning platforms. These recordings may
focus on self-introductions, opinions, daily routines, or responses to specific questions.

Another effective technique is the use of video responses, which allow students to practice
pronunciation, fluency, and communication skills while expressing their ideas in a structured
manner. Mobile applications such as language-learning platforms and Al-powered speaking tools
provide additional opportunities for learners to engage in short speaking exercises and receive
feedback on their performance.

3.5. Reading Skills Development

Microlearning can make reading activities more accessible and engaging by presenting
information in concise formats. Rather than assigning lengthy texts, teachers can provide learners
with short reading passages that focus on specific language objectives.

Examples include micro-articles, brief news stories, advertisements, social media posts,
and informational texts. These materials can be completed within a few minutes, making them
suitable for independent learning and classroom activities.

Infographics represent another valuable microlearning resource. By combining visual and
textual information, infographics help learners understand content more efficiently while
simultaneously improving reading comprehension. Short reading tasks may also include
vocabulary identification, main-idea recognition, and critical-thinking questions that promote
deeper engagement with the text.

3.6. Writing Skills Development

Writing is often considered one of the most challenging language skills; however,
microlearning can simplify the writing process by dividing it into smaller and more manageable
tasks.
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One effective strategy involves micro-blog writing, where learners produce short texts on
familiar topics. These activities encourage regular writing practice without requiring extensive
compositions. Similarly, teachers can assign single-paragraph writing tasks focused on one specific
objective, such as describing a place, expressing an opinion, or summarizing information.

Social media-based writing activities can also serve as valuable microlearning tools.
Students may create short posts, comments, reflections, or discussion responses within
educational platforms. Such tasks develop written communication skills while reflecting authentic
digital communication practices.

Microlearning strategies provide diverse opportunities for enhancing English language
education. Through focused and interactive activities, learners can develop vocabulary, grammar,
listening, speaking, reading, and writing skills in a flexible and engaging manner. The integration of
mobile technologies, digital platforms, and personalized learning experiences makes microlearning
particularly relevant for modern learners and contributes to more effective language acquisition
outcomes.

4. Opportunities of Microlearning

Microlearning offers numerous advantages for both learners and educators in English
language education. Its learner-centered nature and compatibility with modern technologies make
it an effective approach for enhancing language acquisition and classroom engagement. As
educational environments continue to evolve, microlearning provides flexible and innovative
solutions that address the needs of contemporary learners.

4.1. Increased Motivation

One of the most significant benefits of microlearning is its ability to increase learner
motivation. Traditional learning sessions often involve lengthy explanations and extensive
assignments that may lead to fatigue and decreased engagement. In contrast, microlearning
presents information in small and manageable segments, making learning less overwhelming and
more enjoyable.

Short learning activities provide learners with a sense of immediate accomplishment, as
they can complete tasks within a few minutes and observe their progress regularly. This positive
learning experience encourages students to remain engaged and participate actively in the
learning process. Furthermore, interactive elements such as quizzes, games, flashcards, and
multimedia content increase learners' interest and sustain motivation over time.

4.2. Better Knowledge Retention

Microlearning contributes significantly to knowledge retention by presenting information
in smaller units that are easier to process and remember. Research in cognitive psychology
suggests that individuals retain information more effectively when learning materials are divided
into manageable chunks rather than delivered in large quantities at once.

The repetitive and focused nature of microlearning allows learners to revisit content
frequently, reinforcing previously acquired knowledge. In English language education, regular
exposure to vocabulary items, grammar structures, and language functions through microlearning
activities strengthens long-term memory and facilitates language acquisition. As a result, learners
are more likely to recall and apply what they have learned in real-life communication situations.

4.3. Flexibility and Accessibility

Another major advantage of microlearning is its flexibility. Unlike traditional classroom
instruction, microlearning enables learners to access educational content whenever and wherever
convenient. Students are no longer restricted by specific schedules or physical learning
environments.

This flexibility is particularly valuable for modern learners who must balance academic
studies with professional, personal, and social responsibilities. Through online platforms and digital
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learning resources, learners can engage in short learning activities during breaks, while
commuting, or in other available moments throughout the day. Consequently, microlearning
supports continuous learning and promotes lifelong educational development.

4.4. Mobile Learning Support

The widespread use of smartphones and tablets has made mobile learning an integral part
of modern education. Microlearning aligns naturally with mobile learning because its content is
designed to be consumed quickly and conveniently through portable devices.

Language learners can access videos, podcasts, digital flashcards, quizzes, and learning
applications directly from their mobile phones. This accessibility encourages more frequent
engagement with the target language and creates opportunities for continuous practice outside
the classroom. Mobile-supported microlearning also helps learners make productive use of small
periods of free time, thereby increasing overall exposure to English language input.

4.5. Personalized Learning

Microlearning promotes personalized learning experiences by allowing students to
progress according to their individual abilities, interests, and learning preferences. Unlike
traditional one-size-fits-all instruction, microlearning enables learners to select content that
matches their specific needs and learning goals.

Students can spend more time reviewing challenging topics while moving quickly through
material they already understand. This individualized approach fosters learner autonomy and
encourages self-directed learning. In English language education, personalized microlearning can
help students focus on particular skills such as vocabulary expansion, pronunciation improvement,
grammar practice, or academic writing development, leading to more effective learning outcomes.

5. Challenges of Microlearning

Despite its many advantages, microlearning also presents several challenges that educators
should consider when implementing this approach in English language education. Understanding
these limitations is essential for ensuring that microlearning is used effectively and appropriately.

5.1. Oversimplification of Content

One potential drawback of microlearning is the risk of oversimplifying complex subject
matter. Since learning content is presented in small segments, certain topics may not receive
sufficient explanation or depth. Language learning often involves interconnected concepts that
require comprehensive understanding, and dividing content into excessively small units may lead
to fragmented knowledge.

Teachers must therefore ensure that microlearning activities remain connected to broader
instructional objectives and contribute to a coherent learning experience.

5.2. Limited Deep Learning

While microlearning is effective for introducing concepts and reinforcing knowledge, it may
be less suitable for developing higher-order thinking skills that require extensive analysis,
reflection, and problem-solving. Complex language tasks such as academic writing, literary
analysis, and critical discussion often demand sustained attention and deeper cognitive
engagement.

Consequently, microlearning should complement rather than replace comprehensive
instructional approaches that promote deeper learning and critical thinking.

5.3. Dependence on Technology

The successful implementation of microlearning often relies on access to digital
technologies, stable internet connections, and appropriate learning platforms. Learners who lack
technological resources or digital literacy skills may face difficulties participating fully in
microlearning activities.
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Technical problems, software limitations, and connectivity issues can also interfere with the
learning process. Therefore, educational institutions should provide adequate technological
support and ensure equal access to digital learning opportunities.

5.4. Increased Teacher Preparation Time

Although microlearning activities are relatively short, designing high-quality microlearning
content can require considerable time and effort from educators. Teachers must carefully select
learning objectives, create engaging materials, develop assessments, and integrate technology
effectively.

Preparing videos, quizzes, interactive exercises, and digital resources often demands
additional planning and technical expertise. As a result, educators may experience an increased
workload during the implementation phase of microlearning initiatives.

6. Recommendations for English Language Teachers

To maximize the benefits of microlearning while minimizing its limitations, English language
teachers should adopt thoughtful and strategic implementation practices.

e [ntegrate Microlearning with Traditional Instruction

Microlearning should be used as a supplement to conventional teaching rather than a
substitute for comprehensive language instruction. Combining short digital activities with
classroom discussions, collaborative projects, and extended language practice creates a balanced
learning environment that addresses diverse educational needs.

e Encourage the Use of Mobile Applications

Teachers can recommend educational applications such as Quizlet, Anki, Duolingo, BBC
Learning English, and other language-learning platforms that provide opportunities for regular
microlearning practice. Mobile applications support continuous exposure to the target language
and encourage autonomous learning beyond the classroom.

e Design Short and Goal-Oriented Activities

Effective microlearning requires clearly defined learning objectives. Each activity should
focus on a specific skill, concept, or language point to ensure clarity and effectiveness. Brief tasks
that target single objectives are more likely to maintain learner attention and support successful
learning outcomes.

e Provide Regular Feedback

Timely and constructive feedback is essential for successful language learning. Teachers
should provide learners with opportunities to evaluate their performance through quizzes, self-
assessment activities, peer feedback, and instructor comments. Regular feedback helps students
identify areas for improvement and maintain motivation.

e Utilize Al-Powered Educational Tools

Recent developments in artificial intelligence offer valuable opportunities for enhancing
microlearning experiences. Al-powered platforms can provide personalized learning pathways,
adaptive assessments, pronunciation analysis, automated feedback, and individualized
recommendations. By integrating Al technologies into microlearning activities, teachers can create
more engaging, efficient, and learner-centered educational experiences.

In conclusion, when carefully designed and strategically implemented, microlearning can
serve as a powerful instructional approach that supports learner engagement, flexibility, and
language development in contemporary English language education.

Conclusion

Microlearning has emerged as a highly effective and innovative instructional approach in
contemporary English language education. The growing influence of digital technologies and the
changing learning preferences of students have increased the demand for flexible, accessible, and
learner-centered educational methods. In response to these developments, microlearning
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provides a practical solution by delivering content through short, focused, and easily manageable
learning units that align with the needs of modern learners.

The findings of this study indicate that microlearning offers numerous benefits for English
language teaching and learning. Through the use of concise learning activities, students can
develop language skills in a more engaging and efficient manner. Microlearning promotes learner
motivation, strengthens knowledge retention, supports autonomous learning, and enables
continuous access to educational content through digital and mobile technologies. Furthermore,
its adaptability allows learners to progress at their own pace and focus on individual learning
needs, thereby contributing to more personalized learning experiences.

The study also highlights the value of microlearning in the development of various language
skills, including vocabulary, grammar, listening, speaking, reading, and writing. By providing
frequent opportunities for practice and reinforcement, microlearning facilitates continuous
language exposure and encourages active learner participation. Its integration with mobile
applications, online platforms, and emerging technologies such as artificial intelligence further
enhances its effectiveness and relevance in modern educational environments.

Despite its many advantages, microlearning is not without limitations. Challenges such as
the potential oversimplification of content, limited opportunities for deep learning, technological
dependence, and increased preparation demands for teachers should be carefully considered.
Therefore, microlearning should not be viewed as a replacement for traditional language
instruction but rather as a complementary strategy that enriches and supports existing teaching
practices.

In conclusion, microlearning represents a promising pedagogical approach for meeting the
educational demands of the digital age. Its flexibility, accessibility, and learner-centered character
make it particularly suitable for contemporary English language learners. When effectively
integrated into language teaching programs, microlearning can significantly improve learner
engagement, language acquisition, and overall educational outcomes. Future research should
further investigate the long-term impact of microlearning on language proficiency, learner
autonomy, and academic achievement across different educational contexts and learner
populations.
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Artificial intelligence technologies offer great promise with their capacity to mimic human
intelligence. They have become widespread in many areas of our lives, from cookies in web
browsers to voice assistants on smartphones and self-driving cars. In the context of education,
these technologies can contribute to improving predictive and self-regulated learning by offering
students free and personalized learning pathways or helping teachers better understand their
students' needs and abilities. However, the complexity and interdisciplinary nature of the Al field
in education have led to conflicting views on the benefits and obstacles of these technologies.
Some challenges still hinder the mass adoption of Al in national education systems across Europe.
These challenges include ethical concerns, lack of agreement and policy guidelines, and conflicting
views on data usage. Therefore, research is still needed to understand whether Al can achieve its
ultimate goal of providing quality education opportunities to more students without jeopardizing
children's safety. There has been a long-standing debate within the scientific community regarding
the definition of Artificial Intelligence. Since the field's inception, various theoretical approaches
to the essence and reproducibility of intelligence have proliferated. According to many experts,
when the concept of intelligence is considered from a narrow perspective, it is observed that
almost every expert has their own unique definition of intelligence.

The concept of Artificial Intelligence (Al) is based on the ability of machines to perform
thinking processes and intelligent behaviors. The fundamental premise of Al is that a system can
independently interpret large amounts of external data and adapt flexibly to achieve specific
results (Haug and Drazen, 2023). For Al to be considered intelligent, it must possess the ability to
perform such tasks. In this sense, Al can be defined as a set of methods, tools, and systems for
solving problems typically addressed by human intelligence. This definition helps us understand
the essence and goals of Al, while also allowing us to identify the potential and limitations of the
technology (Gupta et al., 2021). Therefore, teachers' use of artificial intelligence has the potential
to transform education and brings a number of advantages. Al offers teachers the opportunity to
manage and personalize students' learning processes more effectively. This technology can help
them better understand students' learning needs and use this information to optimize their
learning experiences. Teachers can also monitor student progress, evaluate student performance,
and provide individual support when needed using Al-based tools (Zhang and Lu, 2021). This allows
teachers to assume a better guidance and support role in the classroom. Furthermore, with the
use of Al, teachers can better understand students' strengths and weaknesses and adapt their
teaching materials and methods accordingly. As a result, Al can help teachers maximize students'
potential and create a more effective learning environment (Shastri et al., 2021). Therefore, the
use of Al technologies in education should be considered an important tool to support teachers'
professional development and improve student success.
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Al technology has been characterized by the widespread use of deep neural networks
(DNNs) in applications such as speech recognition and robotics, signifying the efficient processing
and widespread adoption of Al technologies. Furthermore, the impact of Al on business models,
organization, and work has been explored, highlighting the stylized history of Al and its
transformative impact on various aspects of industry. Additionally, the evolution of Al and machine
learning has been examined to measure and understand their impact, influence, and leadership
at leading Al conferences, shedding new light on the dynamics involved in the field's evolution
(Pasquinelli, 2023). The development of Al has been driven by the convergence of research areas,
the efficient processing of DNNs, and their transformative impact on business models and
organization. These factors have contributed to the evolution of artificial intelligence and its
widespread adoption across various sectors, shaping the current landscape of Al. Overall, the
evolution of artificial intelligence is marked by significant advances in research, technology, and
its impact on various industries, reflecting a dynamic and rapidly developing field that continues
to shape the future of technology and society. The formal birth of Artificial Intelligence in
Education (AlEd) dates back thirty years to the publication of the first issue of the IJAIED journal.
Since then, the aim of the AIEd community has focused on understanding and creating systems
that can effectively mimic one-on-one human instruction. This field contributes to the
interdisciplinary nature of Al by integrating methods and tools from various disciplines into
educational problems. The importance and ethical use of data to understand students' learning
behaviors and improve learning systems have also been emphasized.

Turning to teacher-oriented systems, one of the key benefits of using Al to support
teaching is the ability to monitor classrooms in real time. According to Tascl and Celebi (2020),
data analytics in education, particularly in the form of learning analytics (LA), has been a point of
attraction for learning technology researchers and practitioners worldwide over the last decade.
As Yao and Yang (2020) also point out, Al algorithms provide teachers with real-time information
about students' learning patterns, enabling them to improve the quality of each student's learning
experience with data-driven evidence. This paves the way for instructors to better understand
each student's abilities and needs, as well as identify learning patterns both inside and outside the
classroom. Furthermore, the data collected can be relatively simple—e.g., personal details or user-
generated content produced in tasks or assignments—or more detailed, such as verbal or
emotional responses to those same tasks or assignments (Jules and Salajan, 2019). Again, in
relation to teaching applications, Al can also provide automated feedback, for example, by
providing insights to teachers or extra help to students. This, for example, can save educators from
having to answer the same questions repeatedly (Baker et al., 2019). Yao and Yang (2020) also
emphasize that real-time automated feedback creates new opportunities for teacher-student
interaction by eliminating the time and space constraints that limit the traditional learning model.
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