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FORMATION CHARACTERISTICS OF UZBEKISTAN'S NATIONAL MUSICAL INSTRUMENTS

Gulnar Alfi Verdiyeva
Associate Professor of the Department of Music History and Theory, Faculty of Musical Art, Azerbaijan
State University of Culture and Arts, PhD in Art Studies

OZBEKISTAN MILLI MUZIK ALETLERININ OLUSUM GZELLIKLERI

) Verdiyeva Glilnar Elfi
Azerbaycan Devlet Kltiir ve Sanat Universitesi Miizik Sanati Fakdltesi, Mdizik Tarihi ve Teorisi Anabilim
Dali Dogenti, Sanat Bilimleri Felsefe Doktoru

OCOBEHHOCTV @OPMUPOBAHMS HALUNOHAJIbHBIX MY3bIKAJIbHbIX UHCTPYMEHTOB
Y36EKMCTAHA

Bepouesa lMosbHap Angsl 2bibl

ZLloueHm kagedpsbl Vicmopuu u meopuu My3biKU, ¢pakyabmema My3bIKaabHO20 UCKYCCMBa
A3epbalioxaHckoeo [ocydapcmaeHHo20 YHusepcumema Kysbmypb! u Mickyccmas. Jokmop ¢uiocopuu
NO UCKYCCMBOBEOCHUH

Abstract

The article examines the formation characteristics of Uzbekistan's national musical instruments
from historical, theoretical, and practical aspects. Uzbek national musical instruments have ancient
historical roots and have been shaped under the influence of folklore and professional musical art. Their
systematic scientific study began in 1919, with researchers such as H.F.Eichhorn, V.A.Uspensky, and
V.M.Belyaev making significant contributions to this field. In 1934, new types of ghijak, rubab, and doyra
were created, and a typological classification of the instruments was carried out. In the works of Uzbek
composers, national instruments are harmonized with European instruments, demonstrating the unity
of Eastern and Western musical traditions. The folk-professional musicians of the 20th century
contributed to the development of these instruments and their transmission from generation to
generation.

Ozet

Makale, Ozbekistan milli mdizik aletlerinin olusum ézelliklerini tarihsel, teorik ve pratik acilardan
incelemektedir. Ozbek milli miizik aletleri, kadim tarihsel kéklere sahip olup folklor ve profesyonel miizik
sanatinin etkisiyle sekillenmistir. Bunlarin sistematik bilimsel olarak incelenmesi 1919 yilinda baslamis,
H.F.Eychhorn, V.A.Uspenski, .M.Belyayev gibi arastirmacilar bu alanda énemli calismalar yapmislardir.
1934 yilinda gicak, rubap ve doyranin yeni tirleri olusturulmus, aletlerin tipolojik siniflandirmasi
gerceklestirilmistir. Ozbek bestecilerinin eserlerinde milli aletler, Avrupa aletleriyle uzlastirilarak Dogu-
Bati mizik geleneklerinin birligini sergilemektedir. 20. ylzyil halk-profesyonel mdzisyenleri bu aletlerin
gelisimine ve nesilden nesile aktarilmasina katkilar saglamislardir.

AHHOMauyus

B cmamebe ucciedyromcs 0cobeHHoCmuU  ¢opMUPOBAHUS  HAUUOHAJbHBIX — MYy3bIKA/IbHbIX
UHCMPpYyMeHmoB Y3bekucmaHa B UCMOPUYEeCKOM, Meopemu4yeckoM U NPAKMUYeckoM acnekmasx.
Y3bekckue HayuoHasbHble My3bIKa/IbHbIE UHCMPYMeHMb! UMerom OpesHUe UCMOPUYecKue KOpHU U
ccopmupoBaiucb NOO BIUSIHUEM GOJIbKAIOPA U NPOGECCUOHAIbHO20 MYy3bIKAJIbHO20 UCKYCCMAAd. KX
cucmemamuyeckoe Hay4Hoe u3ydeHue Ha4anocb ¢ 1919 eoda, 3Ha4umesbHbIU BKIA0 8 3my 0b/1acmb
BHeC/Iu makue uccredosamenu, Kak I.®.30x2o0pH, B.A.YcneHckul, B.M.benses. B 1934 200y 6biiu
C030aHbl HOBble pA3HOBUOHOCMU 2udxaka, pybaba u 0Oolpbl, NpPoBedeHa MmMuNoIo2uYecKas
Kaaccugukayus UHCMpPYyMeHmMoB. B npou3sedeHusix Y306eKCKUX KOMNO3UmOopOoB HAUUOHA/bHbIE
UHCMPYMEHMbI  2dPMOHUYHO COYemMaromcs C  eBponelickumMu  UHCMPYMEHMamu, O0emMOHCMpUpys
e0UHCMBO BOCMOYHbLIX U 3ANAOHbIX MY3bIKA/IbHbIX ~Mpaouyul. HapodHo-npogdeccuoHarbHbIe
My3bIKaHMbl XX BeKa BHeC/1u BK/1A0 B passumue 3mux UHCMPYMeHMOoB U UxX nepedady u3 NOKoJIeHUs B
noKoJieHue.
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Keywords: Uzbekistan, musical instruments, ghijak, range, performance capabilities, types of
instruments, stringed bowed instruments, percussion instruments.

Anahtar Kelimeler: Ozbekistan, mizik aletleri, gicak, ses araligi (diapazon), icra olanaklari, alet
tarleri, yayli calgilar, vurmali calgilar.

Knrovesble cnoBa: Y3bekucmad, My3bIKaJbHble — UHCMPYMEHMbI,  2UOXAK,  OUuand3oH,
UCNOJIHUME/IbCKUE BO3MOXCHOCMU, PA3HOBUOHOCMU UHCMPYMEHMOB, CMPYHHbIE CMbIYKOBbIE, YOapHbIe
UHCMPYMEHMbI.

GIRIS: Ozbek milli miizik aletlerinin olusumu, yiizyillar boyu devam eden tarihi-kiiltiirel gelisimin,
etnik birlik ve cografi cevrenin etkisi sonucunda ortaya ¢ikmis karmasik ve cok yénli bir sirectir. Bu
aletler yalnizca bir icra araci dedil, ayni zamanda Ozbek halkinin diinya gérisindin, estetik zevkinin ve
geleneksel yasam tarzinin agik bir tecesstimdd(ir. Arkeolojik kazilar, eski minyatirler ve edebi kaynaklar
gdstermektedir ki, muzik aletleri bu bélgede kadim dénemlerden beri var olmus ve giderek gelisip
glinimizdeki cesitli bicimlerine ulasmistir. Ozbek halkinin mdizik mirasinda, Dogu'nun dider bircok
halkinda oldudu gibi iki blyiik katmani ayirmak mimkdind(ir: folklor ve profesyonel miizik sanati. Her iki
katmanin gelisimi, farkli muzik aletlerinin gelismesine sebep olmustur. Folklor miiziginde basit yapili
aletler baskinken, profesyonel miizik sanatinda ve makom icrasinda daha karmasik, zengin teknik
olanaklara sahip aletler olusmustur. Boylece, maddi abidelerden gtiniimdiize ulasmis zengin enstriiman
fonu, Ozbek miizik kdiltiiriindin stirekli gelisimini kanitlamaktadir.

ANA METIN: XV-XVI. yiizyil kaynaklarinda ve minyatirlerinde bir dizi Ozbek milli miizik aletinin adi
zikredilerek tasviri verilmistir. Ozbek milli mdzik aletlerinin ilk arastirmacisi Herman von Eichhorn
olmustur. O, Orta Asya mlizik aletlerinin iki biyik koleksiyonunu toplayarak ilk koleksiyonu 1972 yilinda
Moskova'ya, ikincisini ise 1973 yilinda Avusturya dinya sergisine géndermistir. Ikinci koleksiyonun
Moskova ve Sankt-Peterburg sehirlerinde sergilenmesi siparis edilmis ve burada Orta Asya halklarina ait
otuz yedi tir enstriman yer almistir. [Eichhorn G.F., 1885. 16 s.]

.Akbarov séyle yazmaktadir: "Ozbek milli miizik aletlerinin sistematik olarak incelenmesi 1919
villarindan itibaren baslamistir" [Akbarov . 1961. 344 s.]

1919 yilinda Ozbekistan Milli Konservatuvari binyesinde V.A.Uspenski'nin liderliginde milli
aletlerin incelenmesi ve gelistirilmesi icin bilimsel arastirma kabinesi kurulmustur. Uspenski'nin temel
amaci, Ozbek milli aletlerinin tini ézelliklerini arastirmak, diyatonik, eksik kromatik ses dtizenine sahip
olan aletlerin ses araligini genisleterek, onlara ek perdeler baglatip teknik imkdnlarini artirmak suretiyle
bestecilerin eserlerinden tam anlamiyla yararlanabilecek diizeyde gelistirmekti.

Mizik aletlerinin incelenmesi ¢calismalari 1928 yilinda Semerkant'ta acilan Musiki ve Koreografi
Enstitisi'nde A.A.Mironov'un liderliginde devam ettirilmistir. Mironov, heniiz devrimden énce Alman
miizik¢i ustalara basvurarak Ozbek tanburunu yaratmaya calismis, 1930 yilinda ise Moskova mizik
arastirmacilarini bu ise dahil etmistir. Ancak, ne Alman ne de Rus mlizisyenlerin yarattiklari tanbur
enstrimani Ozbekistan miizik pratiginde uygulanamamistir. Ozbek milli aletlerinin incelenmesinde
V.M.Belyayev ézel bir faaliyet géstermistir. Onun "Ozbekistan Halk Calgr Aletleri” kitabinda biitin milli
aletler bilimsel bir sekilde arastirilarak tasvir edilmistir.

1934 yilinda Ozbek muizisyenleri-Sorahim Sourmanov, Matyusub Harratov ve Osman Zurapov
Taskent'te Bilimsel Arastirma Enstitiisi'nin deney atélyesi binyesinde yorulmadan ¢alisarak gicagin iki
kiclik, iki orta, bir blylik tdrind; Kasgar rubabinin yiiksek sese sahip iki tirlnd,; doyranin biylik ve kiicik
tdrlerini yaratmislardir. Béylece, Ozbek milli mdizik aletlerinin tipolojik acidan farkli gruplara
siniflandirilmasi mdmkdn olmustur:

Yayli calgilar: gicak, sato, kobuz, setor

Tezeneli calgilar: dombra, dutar, tanbur, ud, rubap

Telli vurmali ¢algilar: ceng

Nefesli-dilli calgilar: sibizgi, balaban, zurna, gosna

Nefesli-agizuikli calgilar: nay, hacir-nay

Bakir nefesli calgilar: karnay

Vurmali ¢algilar: doyra, nagara, ¢cindavul, sefail, kasik.

Ozbek halkinin en sevilen mdizik aleti olan gicak, Orta Asya'dan baslayarak Kuzey Kafkasya'ya
kadar biitin Tirk halklarinda yaygin olarak kullanilmakta ve adirlikli olarak Ozbekler, Tirkmenler,
Tacikler ve Uygurlar tarafindan icra edilmektedir. Enstriiman, dairesel bir gévdeden, uzun bir sap,
perdelerin bulundugu baslik ve bir yaydan olusmaktadir. Gicakta, tel yatadi egik degil, diiz bir konumda
ver alir; bu yapi, tellerin ayni diizlemde bulunmasini saglayarak yayin tiim teller (izerinde engelsiz hareket
etmesine olanak tanir, seslerin daha plrtizsiiz bir sekilde art arda gelmesine, hassas entonasyona ve
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enstrimana 6zgli yumusak tininin olusmasina neden olur. Eskiden gicak li¢ telli olup teller su sekilde akort
edilirdi: mi bemol-la bemol-I oktav, re bemol-Il oktav. Ses araligi bir bucuk oktav hacmindeydi. Ancak,
Ozbek mdizisyenlerinin uzun arayislarindan sonra enstriiman gelistirilerek farkl tdirleri olusturulmus ve
dordiinci tel eklenerek ses araligr kiiclik oktavdaki "sol" sesinden dérdincl oktavdaki "la" sesine
ulastirilmistir. Bu konuda A.F.Eichhorn séyle yaziyordu: "Gicak enstriimaninda, yayli calgilara 6zgd bditin
yay tekniklerini icra etmek mimkdinddr: detase, legato, staccato, pizzicato, arco, glissando, vibrato.
Bununla birlikte, bitin stslemeler (melizmalar) gicakta glizel seslenir: forslag, mordent, gruppetto”
[Eichhorn G.F., 1885. 16s.]

Tirk bilgini B. Ogel'e gére: "Gicak séziyle ayni anlami tasiyan hicak sézi Tirklerin arkaik
sézlerinden olup, Ttirkin kemencesi anlaminda kullanilir.” [B.Ogel, 2010]

Ginimizde Ozbekistan halk calgilari orkestra ve topluluklarinda, profesyonel miizik
yaraticiliginda uygulanan gicak enstrimani, yiksek ve orta égrenim muzik kurumlarinda égretilmektedir.

Ozbeklerin vurmali miizik aleti olan doyra, iran, Irak, Ttirkiye, Surlye, Tacikistan ve tim Yakin
Dodu'da yaygin olarak kullanilmaktadir. Bu enstriman adirlikl olarak Ozbek makam icrasinda kullanilir.
Enstrimanin gévdesi dairesel formda olup-bir tarafi acik, diger tarafina ise deri gerilmis ahsap bir
kasnaktan olusmaktadir. Doyranin capi Kiclk bir degisiklikle 30-35 cm, genisligi ise 40 cm'dir.
Enstriimanin ic tarafina 60-70 metal halka takilir. Doyrada icra edilen ritmik figlrasyonlar, cesitlilikleri
ve renklilikleriyle farklilasarak dogaclama karakteri tasir.

Ozbek halkinin kadim nefesli miizik aleti olan zurnanin (surnay) ses araligi (diapazonu) birinci
oktavin "re" sesinden (liciinci oktavin "re" sesine kadar olsa da, islek ses araligi ikinci oktavin "si" sesine
kadardir. Oyle ki, yiiksek bélgede icracilik karmasik nefes teknidi gerektirdiginden ve sesin devamllidi
zorlastigindan, konser icrasinda en cok kullanilan ses araligr ikinci oktavin "si" sesine kadardir.

Karnay, lran, Tacikistan ve Ozbekistan'da yaygin olarak kullanilan metal nefesli bir enstriimandir.
Karnayin uzunlugu 2 metre olup, govdesi dliz, u¢ kismi ise boruya benzer bir formdadir. Tini ve bélge
(register) bakimindan trombon enstriimanina yakindir. Ses araligi blylik oktavin "sol" sesinden ikinci
oktavin "sol" sesine kadar olup, B (si) sesinde akort edilir. Enstriiman icin en rahat tonalite B major ve ona
yakin olan akraba tonalitelerdir. Staccato vurusu karnay enstriimaninda olduk¢a agir seslenir ve hava
esas olarak alt bolgelerde cok harcanir ki bu 6zellik, enstrimanda legato vurusunun icrasini zorlastirir.
Enstriimanda genis melodik cizgiler zor icra edildiginden cogu durumda kisa, akici, gérkemli epizodlar ve
uzun sesler ona emanet edilir. Genellikle gorkemli karakterli eserlerde, heyecan verici ve haber verici bir
enstriiman olarak islev gérir. Glndmdzde karnay enstrimani Ozbek halkinin ddddn térenlerinde ve
senliklerinde kullanilmaktadir. Enstriman ilk bicimini koruyarak gintmdze ulasmis olup, onun ses ve
ifade imkanlari oldukg¢a renklidir. Karnayda hem yliksek ve parlak, hem de ince ve nazik melodileri icra
etmek mimkdnd(ir.

Ozbek topluluklarinin karakteristik ézelligi, unison (essesli) icra tarzidir. Ses tinisi, dinamik renkler,
bélge ézellikleri ve icracilik teknidi gibi akustik-yapisal 6zelliklerin yakinliGina gére Ozbekistan'da iki ana
tip topluluk grubu olusmustur:

1. Keskin sesli enstrimanlar toplulugu, agirlikli olarak acik havada, meydanlarda, sokaklarda icra
eder. Bu enstriimanlar, bliyik geleneksel bayramlari, cesitli térenleri, sokak gosterisi etkinliklerini eslik
eder.

2. Yumusak ve nazik sesli enstriimanlar toplulugu ise agirlikli olarak profesyonel miizik sanatinda
uygulanir.

Ozbek bestecilerinin farkl tiirlerdeki eserlerinde: M.Nasimov "Bliyiik Vatan", H.izamov "Benim
Ozbekistanim", "Savasci Kizlar", M.Leviyev "Beyaz Altin" kantati, S.Babayev "Pamuk Bayrami”, M.Azraf
”Kahramanl/k”, "Zafere Alkis" senfonileri, M.O.Steinberg Ozbek konulu "Senfonik Rapsodisi” ve b.
eserlerde Ozbek milli muzik aletleri Avrupa aletleriyle birlikte yer alarak Dogu ve Bati miizik
geleneklerinin sentezini olusturmakta, zengin tini renkleri ve 6zglin ifade araclariyla eserlerin sanatsal
etki gliclinli daha da artirmaktadir. [Vahidov S., 1976. 138 s.]

1950-60'l yillarda Ozbekistan'da senfonik eserler ve bale tiirti ézellikle gelismistir. D.Zakirov ve
B.Giyenko'nun "Aynise"” balesi, Musel'in "Kesmir Efsanesi”, "Balerina" baleleri, A. Akbarov'un "Arzu"
baleleri sahnelenmistir. Bu eserlerde Ozbek milli mdizik aletleri Avrupa senfoni orkestrasinin
enstrimanlariyla birlikte yer alarak besteci eserlerini yliksek dlizeyde milli renklilikle zenginlestirmistir.
Dodgu melodikasinin ince niianslarini Avrupa armonisiyle birlestiren bu sentez, Ozbek bale sanatinin diinya
dlizeyinde taninmasina glgld bir ivme kazandirmistir.

20. ylizyil halk-profesyonel miizisyenlerinden: Ahmedcan Umurzakov, imamcan lkramov, Muhittin
Kari-Yakubov, Matyusuf Harratov, Nabican Hasanov, Tahtasin Celilov, Usta Alim Kamilov, Fahruddin
Sadikov, Sorahim Soumarov, Yunus Recebi, Ozbekistan'in mlizik kdltirinin olusmasinda énemli
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hizmetlerde bulunmuslardir. Bu sanatcilar, yaraticiliklarinda dutar, tanbur, doyra, gicak, zurna gibi Ozbek
milli mizik aletlerini ustalikla icra ederek, hem geleneksel makamlarin hem de modern temali eserlerin
nesilden nesile aktarilmasini saglamislardir.

Onlarin her biri, kendi enstrimaninin ses imkdnlarini daha da zenginlestirmis, icracilik ekollerinin
temelini atmis ve béylece Ozbek milli enstriimantal mdiziginin gelisimine essiz katkilar vermislerdir.

SONUC: Ozbek milli miizik aletleri, kadim tarihi kéklere sahip olmakla birlikte, yizyillar boyu devam
eden evrim stirecinde sekillenmis, gelismis ve glinimiizdeki seviyeye ulasmistir. 20. yizyilin baslarindan
itibaren baslayan bilimsel arastirmalar sayesinde Ozbek milli mizik aletleri sistematik bir sekilde
incelenmis, siniflandirilmis ve teknik imkanlarr genisletilmistir. Gicak, doyra, zurna, karnay, dutar, tanbur
gibi aletler, kendine 6zgtii yapi, tini ve icra ézellikleriyle éne cikmaktadir. Ozbek milli mdizik aletleri,
valnizca geleneksel folklor ve makam icrasinda degil, ayni zamanda modern besteci yaraticiliginda
senfonik eserlerde, balelerde ve kantatlarda Avrupa aletleriyle sentez icinde basariyla uygulanarak Dogu-
Bati mizik geleneklerinin birligini sergilemektedir. 20.ydizyil halk-profesyonel miizisyenlerinin faaliyetleri,
bu aletlerin gelisimine ve nesilden nesile aktarilmasina essiz katkilar saglamistir. Béylece, Ozbek milli
mdzik aletleri, ilkenin zengin kdltirel mirasinin ayrilmaz bir bileseni olarak bugiin de yasamakta ve
gelismektedir.
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Introduction. Microorganisms are found in almost all regions of the Earth's surface. A wide variety
of microorganisms have been isolated and studied from the internal tissues of many terrestrial and
marine plants. Such microorganisms are found on the surfaces and tissues of most parts of plants,
including roots, stems, leaves, fruits, and seeds. When microorganisms colonize the internal parts of a
plant and the plant tissue is healthy, the relationship between the microorganism and its host plant can
change from latent pathogenesis to mutualistic symbiosis [1,2].

The associations of endophytic organisms with host plants are diverse and complex, and we are
only beginning to understand these interactions. Endophytic microorganisms often contribute to the
normal health and development of their hosts in exchange for a relatively privileged location. Microbial
endophytes have been isolated from the tissues of algae, mosses, ferns, grasses, other plants, and trees
that grow in tropical, temperate, boreal, and arctic environments [3,4].

Many endophytic microorganisms produce secondary metabolites that have good antibacterial
and antifungal effects that inhibit the growth of harmful and pathogenic microorganisms. These metab-
olites, such as alkaloids, phenols, flavonoids, peptides, steroids and terpenoids, have been isolated from
endophytic bacterial and endophytic fungal strains. Alkaloids are active compounds that have the prop-
erty of inhibiting the growth of pathogenic microorganisms. Clavicipitaceae sp endophytic fungi have
been found to produce alkaloids in various plants [5]. Antifungal proteins such as iturin A, bacillomycin,
and fengycin isolated from Bacillus spp. were evaluated for their activity against the pathogenic fungus
Fusarium moniliforme [6]. An antifungal protein, designated Efe-AfpA, isolated from Epichloe festucae,
has shown resistance against the pathogen Sclerotinia homoeocarpa, which causes dollar spot disease
[7]. In addition, many endophytic microorganisms have been shown to inhibit the growth of pathogens
by producing lipopeptides and antibiotics. Jiao et al. reported that Bacillus amyloliquefaciens strain has
biocontrol activity against the pathogen Erysiphe cichoracearum through the production of lipopeptides,
and that substances such as fengycin, iturin, and surfactin produced by Bacillus sp. have been shown to
inhibit the growth of pathogenic fungi. [8].

Material and method. The bacterial streaking method was used to study the antagonistic activity
of high salinity-tolerant endophytic bacterial isolates [9]. Endophytic bacterial strains were tested
against 5 pathogenic bacteria Escherichia coli, Staphylococcus aureus, Bacillus subtillis, Pseudomonas
aureginosa, Candida albicans by diffusion method in LB medium at 37°C for 72 hours. Each pathogenic
bacteria, which was initially grown for 24 hours, was spread on the surface of LB agar medium using
sterile cotton swabs and 6 mm wells were created and endophytic bacterial strains were added in a
volume of 100 ul. As a negative control, sterile medium broth was added instead of endophytic bacteria,
and as a positive control, ampicillin was used in the wells. After 24 hours, the incubation zones were
observed and the incubation zones were evaluated by measuring [10].

Results and Discussion. The antimicrobial properties of 34 endophytic bacterial isolates isolated
from plants were also studied. The antibacterial properties of endophytic bacteria are due to the numer-
ous metabolites produced by them. It was noted that 34 endophytic bacteria have varying degrees of
antimicrobial activity against the opportunistic pathogens Escherichia coli, Bacillus subtillis, Staphylococ-
cus aureus, Pseudomonas auregionose, and Candida albicons.
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Figure 1. Number of endophytic bacterial isolates with antagonistic activity against various pathogens
(in %)

Looking at the data recorded in Figure 1, 4 bacterial isolates were found to have antimicrobial
activity against all pathogens. 14 bacterial isolates were found to have antimicrobial activity against E.
coli, 21 bacterial isolates were found to have antimicrobial activity against B. subtilis, 18 bacterial iso-
lates were found to have antimicrobial activity against S. aureus, 12 bacterial isolates were found to have
antimicrobial activity against P. aureginose, and 19 bacterial isolates were found to have antimicrobial
activity against C. albicon. Also, 6 endophytic bacterial isolates were found to have no antimicrobial ac-
tivity.

Conclusion. In this study, the antagonistic activities of 34 endophytic bacterial isolates isolated
from the roots, stems, and leaves of the Krascheninnikovia ewersmanniana plant against various patho-
genic microorganisms Escherichia coli, Staphylococcus aureus, Bacillus subtillis, Pseudomonas aure-
ginosa, and Candida albicans were studied. As a result of the studies, it was noted that 44% of the endo-
phytic bacterial isolates had antimicrobial activity against pathogens E. coli, 71% B.subtillis, 53% S.au-
reus, 35% P.aureginose, and 56% C.albicons.
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Abstract

The contemporary corporate environment is shaped by a rapidly evolving technological landscape,
intensifying competitive dynamics, and increasingly complex regulatory requirements. In this context,
organizations face significant challenges in simultaneously pursuing strategic priorities such as maintain-
ing operational effectiveness, ensuring reqgulatory compliance, and exercising systematic risk oversight.
Corporate governance systems respond to these challenges by serving as structured methodological
frameworks for decision-making, resource management, and process optimization.

The primary objective of this research is the development of an advanced enterprise governance
model incorporating integrated standardization mechanisms and risk management methodologies. The
standardization approach entails aligning organizational procedures with unified quality benchmarks,
thereby reducing inter-departmental variability and enhancing overall performance indicators. The risk
management component encompasses the systematic identification, assessment, and mitigation of fac-
tors that pose potential threats to operational continuity and strategic objectives. The integration of
both strategies enables the formation of a more transparent, resilient, and managerially effective organ-
izational structure.

To this end, the study conducts a critical analysis of existing governance practices, identifies meth-
odological gaps, and advances practical implementation recommendations. The findings indicate that a
proactive and systematic approach to operational uncertainty, combined with the consistent alignment
of internal corporate procedures with external requlatory requirements, plays a decisive role in enhanc-
ing governance effectiveness. The research ultimately concludes that the adoption of an integrated
standardization and risk management framework enables organizations to consolidate long-term sus-
tainability, minimize operational losses, and improve decision-making quality, thereby securing a sus-
tained competitive advantage in dynamic market environments.

Keywords: Enterprise management, standardization, risk management, organizational efficiency,
process improvement, strategic planning

INTRODUCTION

Enterprises face a wide range of challenges in today’s rapidly changing business environment,
which requires efficient and flexible management methods. Traditional management practices are often
inadequate within the complex operational landscape shaped by globalization, technological advance-
ment, market volatility, and increasingly stringent regulatory requirements. In this context, the sustain-
ability and efficiency of an organization largely depend on the strength of its management system. In
addition to ensuring operational continuity, a well-organized management system provides a foundation
for strategic decision-making, resource optimization, and continuous organizational development. One
of the most important tools for improving management systems is comprehensive standardization. By
establishing consistent procedures, performance indicators, and quality standards across all depart-
ments, organizations can minimize errors, reduce variability, and increase overall operational efficiency.
Furthermore, standardization facilitates compliance with national and international regulations, result-
ing in an accountable and transparent organizational structure. At the same time, risk management has
emerged as a crucial element of modern business management [4-8]. Enterprises are always vulnerable
to various internal and external risks such as operational disruptions, technical failures, financial uncer-
tainty, and strategic misalignment. By integrating risk management into the management system, or-
ganizations can proactively identify potential threats, assess their impact, and implement mitigation
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measures. This proactive strateqy minimizes losses, enhances organizational resilience, and reduces the
likelihood of operational failures. A comprehensive approach to corporate governance is achieved
through the integration of risk management and comprehensive standardization. While risk manage-
ment ensures preparedness and adaptability to uncertainties, standardization guarantees efficiency and
uniformity. When combined, they create a dynamic management framework that enhances competitive-
ness, promotes sustainable development, and improves overall organizational performance in an increas-
ingly unpredictable business environment.

Relevance: The main objective of this research is to explore practical ways of improving enterprise
management systems by combining the use of comprehensive standardization with holistic risk manage-
ment. The specific objectives of the study include identifying gaps in management practices, examining
the effectiveness of existing standardization procedures, and assessing the organization’s ability to an-
ticipate and mitigate risks. By doing so, the research aims to provide useful recommendations for the
development of an integrated and robust management framework that improves operational perfor-
mance, ensures compliance with internal and external standards, and strengthens organizational flexi-
bility in a changing business environment. This study also aims to understand how the integration of risk
management and standardization enhances overall organizational effectiveness. It examines how proac-
tive risk management approaches minimize potential losses and prevent disruptions, while also highlight-
ing the importance of standardized procedures in reducing variability and errors. The ultimate goal of
the study is to demonstrate that enterprises adopting an integrated approach can achieve sustainable
development, improved decision-making, and competitive advantage in increasingly complex and unpre-
dictable markets.

Purpose of the research: Enterprises constantly struggle with operational efficiency, regulatory
compliance, and risk management in today’s intense and rapidly evolving business environment. The ef-
fectiveness of the management system is essential for organizations to successfully address these issues.
The purpose of this research is to investigate ways to improve enterprise management systems by com-
bining comprehensive standardization with holistic risk management approaches. In addition to empha-
sizing the potential to increase process efficiency, consistency, and resilience, this study aims to identify
areas where existing management methods may be inadequate [2-3]. By examining the role of stand-
ardized procedures, the study seeks to demonstrate how consistent operational methods can reduce var-
iability, prevent errors, and ensure compliance with internal and external quality standards. The research
also highlights the importance of proactive risk management, which enables businesses to anticipate
potential risks, minimize disruptions, and safequard their strategic objectives.

Problem statement: Today’s business environment is more complex and unpredictable than ever
before. Traditional management approaches often fail in a context characterized by rapid technological
advancements, globalization, changing market demands, and strict requlatory constraints. Many enter-
prises suffer from fragmented management systems that fail to successfully integrate operational pro-
cedures, quality standards, and risk mitigation methods. This lack of integration can lead to inefficiency,
inconsistent performance, and increased vulnerability to both internal and external threats [5-7].

Risk management is often reactive rather than proactive, and standardization efforts are fre-
quently limited to isolated procedures without being connected to other critical areas. As a result, busi-
nesses face issues such as missed opportunities for strategic expansion, financial losses, operational dis-
ruptions, and non-compliance with regulations. Therefore, the absence of an integrated framework that
combines comprehensive standardization with systematic risk management represents a significant
problem in ensuring a robust, effective, and flexible enterprise management system.

To address this issue, a comprehensive strategy is required that incorporates risk assessment and
mitigation into daily operations in addition to aligning procedures with established standards. By doing
so, enterprises can achieve consistent quality, reduce vulnerabilities, and improve their ability to handle
unexpected challenges. This study aims to explore ways to bridge the gap between standardization and
risk management in order to provide a framework for improved enterprise governance that promotes
sustainable growth and competitive advantage (Fig. 1).
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Figure 1. Structure of the management solution model for organizing management

As a result, businesses often deal with fragmented management systems, a lack of standardization,
and reactive risk management, all of which lead to operational disruptions, inefficiency, and increased
vulnerability to both internal and external threats. To overcome these challenges, an integrated strategy
that combines proactive risk management with standardized procedures is required to establish a more
effective, robust, and flexible management system.

Solution to the problem: The adoption of a comprehensive strategy that integrates complex stand-
ardization with proactive risk management is essential for addressing the problems found in enterprise
management systems. The proposed approach aims to create an integrated management structure that
enhances operational efficiency, ensures compliance, and strengthens organizational resilience [5] (Fig.
2).
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Figure 2. Comparative bar chart of traditional and integrated management

The evaluation of existing management methods is the first step. This involves assessing areas
where procedures are not standardized or where risks are not effectively managed, as well as examining
current workflows to identify gaps and inconsistencies. By understanding the current operational state,
enterprises can identify critical areas that require improvement.

The implementation of comprehensive standardization is the second stage. Standardization en-
sures that all departmental processes comply with unified protocols and quality standards. In addition to
improving productivity, it reduces errors, increases transparency, and facilitates compliance with industry
and regulatory requirements. The development of performance metrics, standard operating procedures
(SOPs), and consistent reporting systems are examples of standardization.

The integration of risk management into daily activities is the focus of the third stage. This involves
identifying potential internal and external risks, assessing their impact and likelihood, and implementing
mitigation plans. Through proactive risk management, enterprises can reduce operational disruptions,
protect strategic objectives, and anticipate challenges before they arise (Fig. 3).
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Finally, the strategy includes continuous monitoring and improvement. Processes should be ad-
Justed in response to performance outcomes, emerging risks, and changes in the business environment.
Management systems should be regularly evaluated. Through this cyclical process, the enterprise can
remain agile, resilient, and maintain high performance even under conditions of uncertainty.

CONCLUSION

Enterprises face various challenges in today’s complex and dynamic business environment, which
can affect overall organizational resilience, operational efficiency, and regulatory compliance. This study
highlights that reactive risk management, fragmented management systems, and the lack of standardi-
zation are major causes of organizational weaknesses and inefficiencies. Enterprises can create an inte-
grated management system that ensures consistency and quality across processes, while improving the
organization’s ability to anticipate and mitigate potential risks by combining comprehensive standardi-
zation with proactive risk management. While risk management methods help prevent disruptions, min-
imize losses, and protect strategic objectives, standardized procedures reduce errors, increase transpar-
ency, and enable compliance with both internal and external standards (Fig. 4).
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The proposed strateqy places strong emphasis on continuous evaluation and improvement, en-
suring that management systems remain adaptable in response to changing market conditions and
emerging threats. Ultimately, enterprises that implement this comprehensive framework can enhance
their competitive advantage, achieve sustainable development, and improve decision-making processes.
This study demonstrates that the development of effective, robust, and future-ready corporate manage-
ment systems requires the integration of standardization and risk management.
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Abstract

Regional development has re-emerged as a central pillar of economic policy in both advanced and
emerging economies, driven by deepening spatial inequalities, urban-rural divides and differentiated ac-
cess to infrastructure, services and opportunities. This article examines regional development policy
through the dual lens of theory and practice, with particular emphasis on the evolution of regional de-
velopment agencies and the specific experience of Azerbaijan. Rather than treating regions as passive
recipients of national policies, the study approaches them as active loci of resources, capabilities and
institutional experimentation.

The analysis first reviews how the transition from agricultural to industrial and then post-industrial
economies has reshaped the objectives and instruments of regional policy. Concepts such as agglomera-
tion, localisation economies, human capital and innovation capacity are discussed as key determinants
of territorial competitiveness. Building on the work of classical and new regional development theorists,
the paper highlights how the shift from centralised planning to strategy-based, place-sensitive govern-
ance has increased the demand for flexible intermediary institutions at the regional level.

A second line of inquiry focuses on the global diffusion of regional development agencies, tracing
their emergence from early examples such as the Tennessee Valley Authority in the United States to the
diverse models found across the European Union and transition economies. The comparative overview
underlines the variety of legal forms, degrees of autonomy and functional mandates that these agencies
may assume, ranging from project implementation and investment promotion to analytical, advisory and
capacity-building roles.

Against this background, the article analyses Azerbaijan’s regional development policy architec-
ture and the institutional role of its regional development agencies. Particular attention is paid to policy
priorities such as infrastructure upgrading, economic diversification, support for small and medium-sized
enterprises, human capital development, innovation promotion and environmental sustainability. The
discussion also considers persistent inter-regional disparities in economic activity, social services and
quality of life, and reflects on how agency-based instruments can be used to address them more system-
atically.

The study concludes that the long-term success of regional development in Azerbaijan depends on
aligning territorial policies with local resource endowments, strengthening coordination between central
and local actors, and enhancing the strategic, analytical and partnership-building functions of regional
development agencies within an integrated, evidence-based framework.

Keywords: Regional development; regional development agencies,; centralised and decentralised
governance; regional policy,; regional resources,; inter-regional inequality; sustainable development; hu-
man capital; infrastructure; innovation and localisation.

Introduction

Regional development is a system of purposive policies and actions aimed at ensuring balanced
progress in the economic, social and cultural spheres at territorial and local levels. Within this policy
framework, the specific natural, economic, demographic and social resources of regions are taken into
account, and the improvement of living standards, the expansion of employment and the efficient use of
resources are defined as key objectives. The essence of regional development is linked to the reduction
of socio-economic inequalities within a country, the mitigation of inter-regional imbalances and the
achievement of sustainable development.

In the contemporary context of globalisation, as cities and regions gradually gain greater promi-
nence within the global economy, governance approaches shift from rigid centralisation towards more
flexible, strategy-based and locally anchored regional development models. New concepts of regional
development policy, the establishment of regional development agencies, the strengthening of local
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governance institutions and the introduction of innovation-oriented approaches have therefore moved
to the forefront of policy debates.

1. Theoretical foundations and planning of regional development

In the planning process, better utilisation of regional resources, preservation of ecological balance
and the application of sustainable development principles are critical aspects. Each of these approaches
constitutes a foundational element of regional development and helps to ensure that a territory experi-
ences balanced and sustainable growth over time. Regional development is of major importance for both
developed and developing countries. The rapid transformation of the global economy, driven by globali-
sation and accelerated technological change, generates new opportunities but also introduces various
risks.

In this context, diverse development models and the role of localisation factors have come to the
forefront as tools for converting existing threats into potential opportunities. Cities and regions now play
an important role in the global economy, and as a result, governance concepts are shifting from purely
centralised approaches to more strategic and locally based systems of management. In this regard, the
notion of a “new regional development policy” is associated with the emergence of more differentiated
and sophisticated approaches. Global strategies tailored to the needs and potential of specific regions,
and the application of various development methods, generate significant effects on regional develop-
ment. Regional development agencies act as key institutions in this field, and their role in the transition
from classical to new regional development approaches is particularly significant.

The implementation and evolution of regional development policy can be analysed in more depth
through the experience of Turkey. In this context, the role of regional development within national eco-
nomic development models can be more clearly understood with reference to Alvin Toffler’s “Three
Waves Theory”. In the first-wave economy, development is based on agriculture and natural resources,
reflecting a pre-capitalist structure in which rural labour predominates. After the Second World War,
regional development problems became a major component of public policy as states sought to broaden
social welfare and reduce inequalities arising within the market system. As a result of this shift, regional
development theories entered various branches of economics, and large-scale plans involving state inter-
vention began to be implemented.

In the post-industrial era, from the 1970s onwards, new realities prompted fresh approaches in
economic policy. Among these, new regional development plans in countries such as Italy, Germany, Scot-
land, Wales, India, Brazil and Turkey attracted attention due to their more proactive orientation. These
approaches aim to promote regional development by employing mechanisms that mobilise internal po-
tential and dynamism. In essence, the application of diverse economic, social and cultural approaches
serves to make regional development more effective. In the framework of new regional development
thinking, a range of institutional, economic, cultural and social development models are applied.

2. New regional development approaches and the role of agencies

In the field of economic development, particular emphasis is placed on industrial parks, region-spe-
cific investment support programmes and comprehensive development initiatives. Cultural development
and social programmes are also managed as integral components of this approach, and increasingly in-
novative, development-oriented structures are created. This paradigm is linked to the introduction of
new institutional mechanisms and optimised governance structures for managing regional development.

Two main governance approaches can be distinguished in the implementation of regional develop-
ment policy:

e Centralised approach. In this model, regional development policy is implemented through a cen-
tral state body. It is more prevalent in countries undergoing transition, where decision-making power
remains largely concentrated at the national level.

« Decentralised (or de-centralised) approach. This model is more common in developed countries
and regions, where regional bodies operate with a greater degree of autonomy. In the United States, the
European Union and other developed economies, this approach is widely applied, and regional institu-
tions often play an active role in shaping and implementing policy.

Ultimately, successful implementation of regional development requires both well-designed devel-
opment agencies and appropriately structured regional policies. Where these approaches are used effec-
tively, they contribute to the reduction of economic imbalances and the alleviation of inter-regional ine-
qualities.

3. (If there is an implicit section) Regional policy, localisation and sustainable development
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Although not explicitly numbered as a separate section in the text, the discussion of localisation,
sustainable development and the changing role of regions provides an implicit third dimension. Regional
development policy increasingly focuses on:

e fostering localised learning and innovation systems;

e strengthening industrial clusters and networks;

e improving the quality of human capital;

e integrating environmental sustainability into regional strategies.

In this perspective, regions are not merely administrative units, but complex socio-economic and
spatial systems where knowledge, technology, institutions and social capital interact.

4. Formation and institutional-legal features of regional development agencies worldwide

The history of regional development agencies (RDAs) demonstrates how institutional innovations
have accompanied the evolution of regional policy. The first widely recognised example of a development
agency is the Tennessee Valley Authority (TVA), established in the United States in 1930. Following the
Second World War, the need to promote regional development in Europe led to the establishment of
various agencies, and the regional development policies adopted by the European Union gradually cre-
ated a more structured framework.

In the mid-twentieth century, economic crises in Europe spurred the creation of development agen-
cies in countries such as France and Ireland, with the aim of revitalising regional economies and support-
ing structural change. During the 1970s, the number of such agencies increased in Germany, the United
Kingdom, Italy and the Netherlands. In the 1980s, amid financial crises and budget pressures, regional
development policies were increasingly linked to the European Union’s objective of reducing regional dis-
parities through Structural Funds. This period also saw a substantial rise in the number of agencies in
Central and Eastern Europe.

For many transition economies, including Bulgaria, Poland, Slovakia, the Czech Republic, Hungary,
Sweden, Slovenia, Estonia, Romania and Portugal, the 1990s and early 2000s were a turning point in
terms of setting up regional development institutions. From 2006 onwards, their number increased fur-
ther, reaching 26 agencies in some European contexts. The key role of the European Union’s Structural
Funds strengthened the position of RDAs by expanding their areas of activity and enhancing their powers
in project implementation, investment promotion and regional planning. In 1991, the European Associa-
tion of Development Agencies (EURADA) was created, and by 2014 it brought together nearly 150 mem-
ber agencies. Overall, there are currently more than 500 development agencies operating worldwide.

Common features of regional development agencies globally

Research on development agencies shows that, as a natural consequence of differences in legal,
administrative and structural arrangements across countries, RDAs possess diverse legal statuses. In
some cases, even within the same country or region, agencies with different legal forms may coexist. A
broad assessment reveals that:

e inunitary states, agencies are more often subordinated to a specific ministry or central authority;

e in federal states, where sub-national units have stronger policy-making and implementation pow-
ers, agencies tend to enjoy greater autonomy and often operate as public or private companies.

In most countries, these agencies are non-profit legal entities and typically take one of the follow-
ing organisational forms:

e Inter-municipal agency — e.g., Belgium

e Non-profit associations — e.g., Austria, Bulgaria, Sweden, Portugal, Hungary, Romania

e Limited liability companies — e.g., Germany, the Netherlands

e State entities — e.g., Germany, Belgium, Spain

e Private entities —e.g., Spain, Turkey

e State-owned or semi-state limited liability companies — e.g., the Netherlands, Italy

e Foundations — e.g., the Czech Republic

e Limited companies —e.g., Austria, Belgium, Czech Republic, Sweden, Italy, Hungary, Portugal, Slo-
venia

e Joint-stock companies — e.q., Czech Republic, Portugal.

This diversity shows that there is no single “one-size-fits-all” model for RDASs; instead, their design
is adapted to national governance traditions, legal frameworks and regional development priorities.

5. Main directions of regional development policy and functions of regional development agencies
in Azerbaijan
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In Azerbaijan, regional development policy aims to ensure balanced economic and social develop-
ment across the country, reduce inter-regional disparities and maximise the potential of each region. This
policy is aligned with long-term national development strategies and covers several main directions:

e Infrastructure development. Modernisation of transport, energy, telecommunication and social
infrastructure.

e Economic diversification. Promotion of agriculture, industry, tourism and small and me-
dium-sized enterprises, and reduction of regional dependence on a single sector.

e Human resource development. Improvement of education, healthcare and vocational training
systems, and enhancement of the quality of human capital.

e Innovation and technology. Support for innovative projects, as well as the creation of tech-
noparks and business incubators in the regions.

e Ecological balance. Efficient use of natural resources and protection of the environment.

Measures implemented in these directions are designed to increase economic activity in the re-
gions, expand access to social services and reduce regional inequality.

Regional development agencies established in Azerbaijan play an important intermediary role in
the implementation of state regional policies. Their main functions can be summarised as follows:

1. Project implementation. Cooperating with state bodies and international partners in the design
and execution of regional projects.

2. Finance and investment. Attracting investment to regions and ensuring the efficient allocation
of financial resources.

3. Analysis and strateqy. Assessing regional needs and preparing appropriate development strate-
gies and programmes.

4. Training and consultancy. Organising training programmes and providing technical assistance
for local businesses and civil society organisations.

5. International cooperation. Representing regions at the international level and creating oppor-
tunities for external cooperation and exchange.

Through these functions, agencies contribute to mobilising regional development potential, sup-
porting local initiatives and strengthening coordination between central government bodies and local
structures.

6. Regional development indicators and inter-regional disparities in Azerbaijan

The analysis of regional development is based on evaluating socio-economic indicators across dif-
ferent geographical areas, determining their levels of development and identifying disparities between
them. This, in turn, helps to design measures aimed at reducing such disparities. Regional development is
a particularly relevant issue in Azerbaijan, as different parts of the country exhibit different levels of
development, which can lead to unbalanced growth.

Differences between urban and rural areas, varying levels of development in agriculture and indus-
try, as well as unemployment and social inequality, are among the principal issues examined in studies of
regional development. Baku and its surrounding areas have more advanced infrastructure and services
compared to other regions, especially mountainous and remote areas, where ensuring development and
addressing social problems remain major challenges. This makes it crucial to ensure economic and social
balance at the national level.

One of the key aspects to consider in the analysis of regional development is the efficient use of
local resources and natural wealth. Each region has its own specific natural and economic resources;
therefore, development projects must be designed in line with local characteristics. For instance, in re-
gions specialising in agriculture, priority should be given to measures aimed at developing the agrarian
sector, while in industrial centres, the implementation of new technologies and innovations is essential
for economic development.

The social dimension of regional development is also of great importance. Differences in the level
of development of education, healthcare, culture and infrastructure constitute one of the main reasons
for social disparities between regions. These inequalities adversely affect people’s living conditions and
development opportunities. Consequently, a comprehensive approach to regional development should
pursue progress not only in economic, but also in social domains.
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Table 1.1. Regional development indicators in Azerbaijan
Region Level of Economic Develop- | Population Infrastruc- Education and Health Ser- | Social Inequal-
ment Growth ture vices ity
Baku High High High High Low
Ganja Medium Medium Medium Medium Medium
Sumgayit Medium Medium High Medium Medium
Minga- Low Low Low Low High
chevir
Lankaran Medium Medium Medium Medium Medium
Sheki Low Low Low Low High

Source: State Statistical Committee of the Republic of Azerbaijan. (2020). Socio-Economic Devel-
opment Indicators by Regions. Baku: Azerbaijan State Publishing House.

The table reflects different aspects of regional development in various parts of Azerbaijan. It shows,
for each region, the level of economic development, population growth, infrastructure conditions, the
state of education and healthcare services, and the level of social inequality. Baku stands out as the most
developed region in terms of economic development and infrastructure, with both high population
growth and relatively low social inequality. Other major cities such as Ganja and Sumgayit have a medium
level of development, although differences in infrastructure remain.

In less developed regions such as Mingachevir and Sheki, socio-economic indicators are at a lower
level and social inequality is higher. Lankaran, while generally exhibiting a medium level of development,
has a more balanced social situation compared to some other cities. The promotion of regional develop-
ment should not be limited to increasing economic growth, social and cultural factors must also be taken
into account. Ensuring balance between more and less developed regions is of particular importance.

In this context, infrastructure improvement, enhancement of the quality of healthcare and educa-
tion services and the reduction of social inequalities are among the main objectives for achieving
long-term sustainable development. In Baku and Sumgayit, although infrastructure and economic devel-
opment are relatively advanced, challenges related to high population density and urbanisation persist,
making it necessary to further improve social and cultural services and enhance quality of life.

In regions such as Mingachevir, Sheki and Lankaran, the continued presence of underdeveloped
sectors increases the urgency of establishing infrastructure and services that meet basic needs. Diversifi-
cation of the local economy and the development of sectors such as agriculture can help improve social
welfare in these areas. The overall goal is to minimise economic and social disparities across all regions
of Azerbaijan and to eliminate inequalities. This requires accurately assessing the development needs of
each region and designing appropriate development strategies.

To ensure the long-term sustainability of regional development, it is also crucial to protect natural
resources, maintain ecological balance and improve living conditions in rural areas.

Conclusion

Regional development policy in Azerbaijan and the regional development agencies involved in its
implementation play a strategic role in restructuring the country’s socio-economic space and reducing
inter-regional inequalities. The study shows that the characteristic features of regional development —
including geographical location, natural resources, economic structure, demographic indicators, so-
cio-cultural environment and institutional frameworks — are key factors determining each region’s de-
velopment trajectory and priorities. It is neither appropriate nor effective to apply identical approaches
to mountainous and plains areas, urban and rural territories, or industrial and agrarian regions. Hence,
regional policy must be differentiated and tailored to local specificities and resource potential.

International experience demonstrates that, when properly established, regional development
agencies can serve as flexible intermediaries in the implementation of state policy, enhancing the effec-
tiveness of place-based instruments for investment attraction, project management, innovation and sup-
port for entrepreneurship. The TVA example in the United States, the system of structural funds and
regional agencies in the European Union and the transition experiences of Central and Eastern European
countries all confirm the importance of regional institutions in promoting economic revitalisation, struc-
tural change and social stability. In this context, there is a need to expand the analytical, coordination,
investment and training functions of agencies in Azerbaijan and to strengthen, to a certain extent, their
institutional and financial autonomy.

The analysis of regional development in Azerbaijan shows that, compared with Baku and other
large cities, some regions (such as Mingachevir and Sheki) lag behind in terms of economic activity, infra-
structure provision and the level of social services, while indicators of social inequality are higher. This
situation calls for more targeted and balanced planning of infrastructure projects, social programmes,
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investments in human capital and measures for economic diversification across regions. Modernisation
of the agricultural sector in areas with high agrarian potential and the development of innovation, ser-
vices and processing industries in urban and industrial centres can increase employment and help to re-
duce income disparities.

Ultimately, successful regional development requires the harmonisation of geographical, eco-
nomic, social and ecological factors, effective coordination of governance at central and local levels and
systematic support for public participation and local initiatives. Continuous improvement of regional de-
velopment strategies in Azerbaijan, strengthening of statistical and analytical capacities, development
of comprehensive indicator systems and expansion of monitoring mechanisms will facilitate the for-
mation of a more balanced and inclusive development model. In this regard, the findings of the study
provide recommendations that can inform both academic debates on regional development and practi-
cal policy design and management decisions.
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Abstract

This article investigates the spectral problem related to the stability of Couette flow in a system of
two rotating cylinders. The flow of a viscous incompressible fluid is considered, described by the Navier—
Stokes equations in cylindrical coordinates. The original nonlinear problem is transformed by decompos-
ing the operator into linear and nonlinear parts, followed by linearization in the neighborhood of the
basic Couette flow. The resulting linear system is used to formulate a spectral stability problem.

It is shown that for certain parameter values a deviation from the basic flow occurs, leading to
instability associated with the formation of Taylor vortices. The spectral problem is reduced to an opera-
tor eigenvalue problem involving a compact operator, which ensures the discreteness of the spectrum.
Special attention is given to the formulation of the stability problem and its mathematical representa-
tion.

The proposed approach allows the analysis of solution behavior near critical regimes and provides
a basis for numerical spectral computations. The results are important for understanding the mecha-
nisms of transition to turbulence in flows between rotating cylinders.

AHHOMauus

B cmamee ucciedyemcs CNekmpasabHas 3aoadyd, CBA3AHHAS CO CMAbu/IbHOCMbH MeYyeHus
Kyamma B cucmeme 0ByX BpaWdrOUUXCS UUUHOPOB. Paccmampusaemcss medyeHue Bs3Kou
Hecxumaemol HUOKOCMU, onucbkiBaemoe ypasHeHusmu Hasbe—Cmokca 8 yuuHopu4yeckol cucmeme
KoopouHam. McxooHass HenuHeUHass 3ada4ya npeobpasyemcss C UCNOJIb30BAHUEM  PA3/IOMEHUS
onepamopa Ha JUHEUHYr U HeauHeUHyr 4acmu, NOcC/ie 4e20 BbINOJIHAeMCsS JuHeapusauyus B8
OKPecmHoOCMU OCHOBHO20 meyeHus Kysmma. [lonydyeHHas snuHedHas cucmema ucnosib3yemcs 071
NnocmpoeHusi cnekmpasbHol 3a0aqu ycmod4yuBocmu.

[loka3aHo, 4Ymo npu ONpPeodesieHHbIX 3HAYEHUSX NAPAMempoB BO3HUKAEM OMKJ/IOHeHUe Om
OCHOBHO20 MeyeHus U popmupyemcs HeycmolyuBoCmb, CBA3AHHASA C BO3HUKHOBEHUeM suxped Ted/iopa.
CnekmpasibHas 3adaqa csedeHa K 3adade 0719 KOMNAKMHOo20 0oNepamopd, Ymo no3sosigem 00Ka3amb
duckpemHocmb cnekmpa. Ocoboe BHUMAHUe yoeneHo NOCMAHOBKe 3adadu ycmoldusocmu u eé
mamemamuy4eckol ¢opmanuzayuul.

[pednoxceHHbIt NO0OX00 NO3BoJSem UCC/e008amb NOBeOeHuUe peweHus B6J1U3U KpUumuYyeckux
PeXUMOB U ABJSEMCA OCHOBOU 071 YUCIEHHO020 aHasu3a cnekmpd. Paboma umeem 3Ha4eHue OJis
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NOHUMAHUS MexXaHu3MoB nepexooa K mypbyJeHmMHOCMU B8 MeYyeHUsX Mexoy BpauaroUiUMUCS
UUIUHOPamu.

Keywords: flow stability, Couette flow, rotating cylinders, Navier-Stokes equations, spectral prob-
lem, linearization, Taylor vortices, compact operator, hydrodynamic stability.

Krroqesbie ¢/108a: ycmol4yuBoCMb meyeHus, meveHue Kyamma, 8pauaroujuecst YuauHopbl, ypas-
Herusa Hasbe—CmoKca, CnekmpasbHas 3a0aqd, uHeapusauus, Buxpu Teliiopa, KoMnakmHbIt onepamop,
2U0POOUHAMUYeCcKas ycmoUu4uBoCMa.

BsedeHue. ViccnedosaHue ycmolqyusocmu meyeHul BA3KOoU X UOKOCMU f8/19emcsa 00HOU U3
K/ItoYeBbIX 3a0a4y 2UOpOOUHAMUKU, umerouiell Kak meopemuyeckoe, mak U NPUK/IAOHOe 3Ha4eHue.
Ocobbil uHMepec npedcmasssgem meydeHue Kyamma mexcoy BpauiaroluMuUcs G4uiuHopamu, Komopoe
CyxHum Kaaccuyeckol modesibro 0718 U3ydeHus nepexodd om JIAMUHAPHO20 PeXcuma K BUXPeBbiM U
myp6yieHMHbIM CMPYKMYPam.

JlaHHas cucmema wupoKo UCnosib3yemcs 0715 aHaau3a 2uopooUHamu4eckol ycmod4yuBocmu, mak
Kak npu onpeoesiéHHbIX YC/108UsIX B Hell BO3ZHUKAKOM BUXPU Tels10pa, ABASHUUeCS MUNUYHBIM NPUMEPOM
HeycmoUyuBoCMU BSI3K020 meyeHus. Mamemamuyeckoe onucaHue Makux nNpoyecco8 OCHOBAHO HA
ypasHerusx Hasbe—CmoKca, peuleHue KOmopbix B8 obwem c/iydae npedcmassisgem 3Ha4yumesibHble
MPYOHOCMU U3-3a HelUHelUHOCMU U C/TIOXHOCMU 2paHUYHbIX yc08ud.

B Hacmosuweld pabome paccmampusdaemcsl 3adad4a ycmoulyqusocmu meyeHus: Kyamma mexcoy
BPAWArOLUMUCS YuauHOpamu. OCHOBHOE BHUMAHUe yoesisemcsi nepexody om HesuHelHol NOCMAaHOoBKU
K JluHeapu3osaHHol cnekmpasibHoU 3adade, Komopas No3B80Jsem UCC/1edoBams YCmoU4usoCmb
OCHOBHO20 MeYeHus. /JI1S 3mo2o UCNO/Ib3Yemcsl Pas3/ioxeHue onepamopos U aHaau3 MasibixX
BO3MYULeHUU.

locmaHosKa 3adayu. Paccmompum 3adayy Hasee—-Cmokca 8 dekapmosou cucmeme KoopouHam 8

obnacmu mexdy 08ymMsi 6eckoHe4dHbIMU yunuHopamu ¢ paouycamu Iy, I, nepuoduyeckyro 8o/ ocu

UUIUHOPOB:
—Av+Rev-Vv+Vp =0,
divv =0,
—ulsin¢+02cos¢ =1, —ulsin¢+02cos¢ =0,
x2+y2=r02 x2+y2=r12
03 c =0, Vv(X,y,2)=Vv(X,y,z+T), p(x,y,2)=p(x,y,z+T).

lycmb BHYmMpeHHUd YuauHop Bpawiaemcs ¢ yen080l CKOPOCMbH ZI/ Iy, a BHewHud yunuHop
HenooBuxeH. [Mepelioém K YuauHOpUYeCKUM KOOpOUHAMam {r, @, Z} U HOBbIM KOMNOHEHMAam CKopocmu

{ur,u¢,uz}:

1_.r o

= — 0¥ sing,
X = cos, v =0 CO0Sg—0v"SIng
y =rsing, 102 = 0" sing +v? cosg,
Z=1, 03 =0?.

.

locne cmaHoapmHbix NpeobpaszoBaHull Noay4Yaem ciedyroujue YpasHeHUs:
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Pasdenum onepamop 8 (2) Ha JsuHeldHyro U HenuHelHyro yacmu;, moeda nosydaem bosee
KOMNAKMHYH popmy UcXoOHOU cucmemeil.

L(v)+ReN(v,v)+G(p) =0,
{divv=0,
. =1 v’ = 0, v - =0’ =0
v(r,z) =v(r,z+T), p(r,z)=p(r,z+T).

OcHosHas 4acme. [lycmb W 88/15emcsa HeKomopbiM peuwleHuem 3adadu (2). loocmasum e2o 8 (2)
u dobasum sosmyweHue (V — W) + W . O603Haqum e2o kak U =V — W U, COXPAHSA MOJILKO JIUHElHbIe

(3)

U¢

yieHbl no U, npuHumas W 3a peweHue, nosy4aem cneayfowueypaBHeHUH:
(

O Re[—%(WW’ Futwe )+ (wuy +urw) )+ (weu +u2w§)}+ p, =0,

J— AU’ +L:—j+ Re{%(wmr +u¢wr)+(wruf +urwf)+(wzuf +uzwf)} =0,
—Au’ +Re[(w“uf +u'wf)+(wzuj +Uu'w; )]+ p, =0,

(rur), +(ru®), =0,

ul, =0, u(r,z)=u(r,z+T), p(r,z)=p(r,z+T).

unu 8 bosiee kKomnakmHou gpopme:

L(u) + Re[N (u,w) + N(w,u)]+G(p) =0,
{divu:o,
ul, =0, u(r,z)=u(r,z+T), p(r,z)=p(r,z+T).

lMonydeHHble ypasHeHuss npedcmassistom cobol auHeapusauyuro HesnuHelHol 3adayu (3) 8
okpecmHocmu peweHuss W .

w' =0,
r r?
W= ———| 2|, (4)
r-—r,r
w’ =0

INpu docmamoyHo 6osbuiux 3HaveHusx Re y 3adaqu (3) cywecmayem pewerue, omauyHoe om
meyerus Kyamma, Hasbisaemoe suxpem Telnopa [5]. ChekmpanbHas 3aoa4a, CBA3AHHAS CO
cmabusibHoCcMbro medeHus Kyamma, umeem Buo:

L(u) + Re[N (u,w) + N(w,u)]+ G(p) = Au,
{divu =0,
ul =0, u(r,z)=u(r,z+T), p(r,z)=p(r,z+T).

Vickroyasi Hysiesble Y/ieHbl, NOJTy4aem:

(5)
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u’ 2w’u’?
— AU’ +— +Re
r r
Gy r

+p, =AU’

¢
u w’u
<—Au¢+—2+Re( +urwf’jzﬂu¢, (6)
r r

—AU’ +p, =AU’

(ru"), +(ru?), =0,
ul =0, u(r,z)=u(r,z+T), p(r,z)=p(r,z+T).

[Tos1y4eHHyro 3a0a4y MOXHO CBeCmU K CmMaHoapmHol cnekmpasbHol 3adade 015 HeKomopozo
KOMNAKMHO20 0Nepamopa, omkyoa ciedyem OUCKpemHoCMb Cnekmpd.

3akmoveHue. B pabome paccmompeHa 3adada ycmolyusocmu medeHuss Kyamma mexoy
BPAWAHOWUMUCS UUIUHOPAMU HA OCHoBe ypasHeHul Hasbe—Cmokca B YuauHopuyeckold cucmeme
KoopouHam. [loka3aHo, 4mo UCXo0HAas He/uHelHas 3ada4a moxem Obimb npusedeHa K JuHelHol
cnekmpasbHol 3a0aqe 8 0OKpeCMHOCMU OCHOBHO20 PEUIeHUS.

[locmpoeHHas CNekmMpabHas NOCMAHOBKA NO3BOJISEM  UCC/Ie00BAMb  YC/I08US NomMepu
ycmol4uBoCMU U BO3HUKHOBEHUS BMOPUYHbIX MeYeHUl, Makux Kak suxpu Telsopa. YCmaHoseHo, 4mo
Cnekmp CoomBemCcmaYyULe20 onepamopa A8/15emcs OUCKPemHbIM, YMO OMKPbIBACM BO3MOXCHOCMb
0/151 @20 YUC/IeHHO20 aHA/IU3A.

[lony4eHHble pesyibmams! NOOMBEePHOarom 3PdeKmuBHOCMb UCNO/b3yemMo2o nooxoda 0/
uccedoBaHusa eudpoouHamuyeckol ycmouyusocmu. PaspabomaHHas memoouka Moxem bbimb
npumeHerHa K 6osiee CI0#HbIM 3a0a4am, CBA3AHHLIM C NEPExo0oM K mypOYJIeHMHOCMU U AHAIU30M
ycmoU4usocmu BpawamesibHbIX meveHud.
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Abstract

This article investigates the problem of magnetohydrodynamic Couette flow arising from the mo-
tion of an electrically conducting fluid between two parallel plates in the presence of an external uniform
magnetic field. The classical configuration is considered, where one plate remains stationary while the
other moves with a constant velocity, generating a shear flow within the fluid. Special attention is given
to the influence of electromagnetic forces that emerge due to the interaction between the conducting
medium and the magnetic field, significantly affecting the velocity distribution and overall flow struc-
ture.

The governing equations of the problem are derived, including the continuity equation and the
momentum equation with an additional term representing volumetric electromagnetic forces. By intro-
ducing dimensionless variables, the problem is reduced to a generalized form involving key parameters
such as the Hartmann number and a coefficient associated with the pressure gradient. This transfor-
mation enables a more comprehensive analysis of how physical parameters influence the flow behavior.

The boundary value problem is further reduced to a system of first-order differential equations,
which is solved using the adjoint operator method. This approach allows for the accurate determination
of missing initial conditions and transforms the problem into a well-posed Cauchy problem. A computa-
tional algorithm is presented, and a numerical example is provided for specific values of the dimensionless
parameters.

The obtained results are compared with an exact analytical solution, demonstrating high accuracy
and reliability of the proposed method. The study confirms the effectiveness of the adjoint operator
method in solving magnetohydrodynamic problems and highlights its potential applicability to more
complex physical and engineering systems.

AHHOMauyus

B OaHHolU cmamee uccrnedyemcs 3adadya Ma2HUmMo2uopoOUHamMu4yecko2o meyveHus Kyamma,
BO3HUKAIOWE20 NPU OBUMCEHUU 3/1eKMPonpoBooAwel HUOKoCmu mexdy 0BYyMS napasiiesibHbIMU
NAACMuHamMu B8 NPUCYMCMBUU BHEWHe20 00HOPOOHO20 MA2HUMHO20 NOJS. Paccmampusaemcs
KJiaccuyeckass NOCMAHOBKA, B8 KOMOPoU 00HA U3 NJIACMUH HenodBUXHA, a 0py2as O0BUMEmCcs C
NOCMOSIHHOU CKOPOCMbHO, YMO NPUBOOUM K OPMUPOBAHUK COBU20B020 meyveHus. Ocoboe BHUMAaHue
yoenisemcs y4emy  3/1eKMPOMAzHUMHBIX CUJI, BO3HUKAKOWUX B pe3ysbmame  B3aumodelcmBsus
npoBodsawed cpedbl C MAaeHUMHbIM NOJIeM, YMO CYWeCcmBeHHO B/UsSem Ha CMPYKMypy NOMOKA U
pacnpedeneHue ckopocmedl.
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B pabome BbIN0JIHEH BbIBOO OCHOBHbIX YPaBHeHUl, ONUCKIBArOWLUX pACCMAampuUBaembit Npoyecc,
BK/IHOYAS  YPABHEHUE HepaspbiBHOCMU U YpaBHeHUe O0BUXeHUS C O00NOJIHUME/IbHbLIM — Y/IeHOM,
coomBemcmBYHWUM 06beMHbIM  371eKMPOMA2HUMHbLIM -~ cuiam. [lymem BBedeHus 6e3pasmMepHbIX
nepemeHHbIx 3a0a4a npusedeHa K obobuieHHoU gpopme, codepxcauiel Kao4esbie NapamMmempsl, Makue
Kak 4ucso XapmmaHa u KodgpuuueHm, CBA3aHHbIU C 2padueHmom 0dsieHus. 3mo No3sossem
nposecmu bosee enybokull aHau3 BAUSHUS Gu3UYecKux Napamempos Ha Xapakmep meyeHus.

Kpaesas 3ada4a csedeHa K cucmeme oupdepeHuuanbHbIX ypasHeHUl nepso2o Nnopsoka, 015
peuwleHuss Komopol NpUMeHSIiemcs Memo0 CONPAXCEHHbIX 0Nepamopos. JaHHbId Nooxod No3B0/89em
KOppekmHo onpedesiums HeO0CMaroujue HaqyaibHble YCa0BUS U 3pdekmuBHO pewums 3ada4qy 8 popme
3a0ayu  Kowu. [lpusedeH an2opumm BbIHUCAEHUU U pACCMOMPEH YUC/IeHHbIO npumep npu
PUKCUPOBAHHBIX 3HAYEHUSIX be3pasmMepHbIX NApamempos.

[lonyyeHHble pe3y/ibmamsl CONOCMABIEHbI C MOYHbIM AHAJIUMUYECKUM pewieHueM, 4mo
0eMoHCmpupyem BbICOKYHO MOYHOCMb U HAOXCHOCMb UCNOJIb3yemo2o memodd. [IposedeHHoe
uccedosaHue noomasepxoaem 3¢pekmuBHOCMb Memood CONPSAXEHHbIX 0Nepamopos NPU peueHuu
3a0a4y MazHUMo2udpPOOUHAMUKU U €20 NPUMEHUMOCMb K 60s1ee CJI0HHbLIM UHHEHEPHbIM U ¢u3UYecKUM
MOOeJISIM.

Keywords: magnetohydrodynamics, Couette flow, electromagnetic forces, viscous fluid, boundary
value problem, adjoint operator method, differential equations, dimensionless parameters.

Knroyesble c108a: MazHUMOo2uopoouHamuxka, medeHue Kyamma, 3/1eKmpoMazHUMHbIe CUJbl, BS3-
Kasi »UOKoCmb, Kpaesas 3adaqyda, Memoo CONPAXEHHbIX 0ONepamopos, dudoepeHyUaIbHbIe YpasHeHUs,
be3pazmepHble Napamempei.

BsedeHue. MazHumo2udpoOUHamMuKa SIB8J15emcsl BaXCHbIM pa30e/ioM MexaHUKuU CNJIOWHbIX CPeo,
u3yyarouum nosedeHue 31eKmponpoBOOSUUX HUOKOCcmel B8 MA2HUMHbLIX U 3/1IeKMPUYECKUX NOJISX.
[lo0obHble 3adadqu umMerom WUPOKOe NPUMEHeHUe B UHX(eHepuu, >Hep2emuKke, Memassiypauu U
acmpogusuke. O0HoU u3 Kaaccudeckux modesell 8/semcs medeHue Kysmma, Komopoe onuckisaem
0BUMEHUEe YUOKOCMU Mexdy 0ByMS NAPAsIIe/IbHbIMU NJAACMUHAMU, OOHA U3 KOMOPbIX O0BUMEmCcs
omHocumesibHo opy2od.

Yyem mazHUMHO20 NOJIS CYWeCMBeHHO YCIOMCHAeM 3a0ady, Mak Kak 8 YpasHeHUs 0BUMEHUS
006aB1ISHOMCA CUJIbI 7IEKMPOMA2HUMHOU NPUPOOBLI. IMO NPUBOOUM K HEOOXOOUMOCMU UCNO/Ib30BAHUS
bos1ee C/I0XCHbIX MameMamuy4yeckux Memo0oB 0J1 AHAU3a U pewieHuss COomaemcmayrouux ypasHeHud.

B daHHOU pabome paccmampusaemcs Ma2HUMo2uOpoOUHAMu4Yeckoe meyveHue Kyamma 8
00HOPOOHOM MazHumHom nosie. OCHOBHOE BHUMAHUE yoessemcs npusedeHuro UCXooHol 3adayu K
YO06HOU 0151 pewieHuss popme, BBedeHUro be3pasmepHbix NApamMempos, d MAKx e NPUMeHeHU Memooa
CONPSIHEHHbIX 0NEPAMOPOB 0J11 HAXOXOeHUs pewleHus: Kpaesol 3adayu.

locmaHosKa 3adayu. MazHuUmMo2udpooUHAaMuKa uy4aem 0BUMCeHUe ¥UOKOCMU B 3/IeKMPUYECKUX
U MazHUmHbIX NosisX. [ns aHanusa smod 3adaqu Heobxooumo Yy4umbiBaAmMb YPABHEHUS U 3AKOHbI
2UOPOOUHAMUKU COBMECMHO C OCHOBHbLIMU COOMHOWEHUSMU 3/1eKMPoMazHemu3md.

15)

y=L ——*

v

y=0 x
PucyHok 1. TeweHue Kyamma
L1719 NOHUMAHUSI B3aUMOOeUCmBUS 3/IeKMPUYeCcKUX, MA2HUMHbIX U 2UOPOOUHAMUYECKUX CUJT pac-
CMOMPUM 3a0ayy, HazbiBaemyro medeHuem Kysmma. PaccMompum #UOKOCMb, NPOMEKArOULYH MexOy
08YyMS NApaAie/ibHbIMU NAIACMUHAMU, 00HA U3 KOMOPbIX HeNoOBUXCHA, a Opyeas 0Buxemcs 8 csoell
NJI0CKOCMU CO CKOPOCMbHO U, B 00HOPOOHOM MA2HUMHOM NoJie, HanpaseHHoOM BOO/Ib OCU Yy (puc. 1).
3anuwem ypasHeHus HepaspbIBHOCMU U U3MEHeHUSs UMNY/IbCa:

du/ox =0, (1)
pudu/dx = —dp/dx + pv(d?p/9x? + 9%u/dy?) — oB3u, (2)
0 =—0dp/dy, (3)
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edeu,p, p,v,6 — COOMBEMCMBEHHO CKOPOCMb HUOKOCMU, 0ds/ieHUe, NIOMHOCMb, KUHeMAmU4YecKasl
BA3KOCMb U NPOBOOUMOCMb, A By — HANPSIHEHHOCMb BHEWHE20 MA2HUMHO20 NOJISl. JonosiHumes1bHbI
yneH oB3u B ypasHeHuu (2) ¢uaudecku coomsemcmayem 00beMHbIM 3/IeKmpuyeckum cuiam. 3a
UCKJTHOYeHUeM 3mMo20 Y/ieHa, OCHOBHbIe YpasHeHusl CoBnaddrom C YPABHEHUSMU, ONUChIBArOULUMU
meyerue Kyamma HbromoHOBCKOU #UOKOCMU.

YpasHerue (1) nokassisaem, 4mo CKOPOCMb U He 3asucum om X. AHA/I02U4HO, ypasHeHue (3)
Nnokassisaem, Ymo NJA0OMHOCMb He 3asucum om y. C y4emom 3moeo ypasHeHue (2) MOXCHO 3anucame B

Buoe:
d2u/dy? ~[o BZ /(ov)l = [/ (ov)]dp/dx,

[PaHUYHbIe YCA0BUS 3aNUCLIBAOMCA C/I0YHOULUM 06pA30M:

U=0npuy=0,u=U ppuy=L.

(4)

Ecnu 8Becmu 6e3pasmepHbie NepemMeHHble a = u/ U n= y/ L, mo ypasHenue (4) u epaHudHbie
YC08usi NnpUHUMAarom BuUO: I
d2u/dn® —M?u=P,
u(0)=0, u(l)=1,
20e M u P — 0Be be3pa3mepHabie Beslu4UHbI, onpedesisieMble Cedyrouum 06pazom:
M =[o/(pv)]""* B,L MMM — yucro rapmmara,

(5)
(6)

P= (1/ U )(dp / dX)L2 I(pV) — koappuyueHm, ucnosibayembit npu nepecyeme dasseHUs.

PeweHue. Kpaesas 3adaqa, onpedenigemas ypasHeHuem (5) u ycaosuamu (6), pewiaemcs Memooom
CONPAXCEHHbIX ONEPAMOpPOB.

CHayana 3anuwem ypasHerue (5) 8 Bude cucmembi dupdepeHuUaIbHbIX YpaBHeHUd nepso2o No-
pAOKa:

du, /dn=u, =(0)u, + (L)u, + (0),
du, /dp=M?u, + P =(M?)u, + (0)u, + (P),

(7)
(8)

¢ HayanbHeimu yenogusmu U, (0) =0, u, (1) =1, 20e u, =u.
Cucmema (7)-(8) 8 BekmopHo-Mampu4Hol popme 3anucbiBaemcs Kak:

0= Al + F(r), ©)

20e moyka obo3zHavyaem ougpgepeHuuposaHue no Heasucumol nepemeHHou n u

SRERE

BBedem conpaeHHyr cucmemy:

/7 AT
-X=AX, (10)
ede
X =| A |0 M* :
X, | 1 0
Takum obpasom, ConpsxeHHas cucmema umeem Buo:
_ 2

dx, /dn=-M?2x,, )
dx, /dn=—x,. 12

lpouedypy, obozHadyeHHyro dopmynamu (7) u (8), MOM#HO peanuzosams CAE0YHUIUM 06pa30M.
YmHoxus ypasHeHus (7), (8), (11) u (12) coomBemcmBeHHO Ha NepeMeHHbIe Xy, X,, Uy, U, U C/IOMHUB
pe3yibmamal, NOJYYUM:

d(x,u, +X,u,)/dn=Px,.

(13)
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Wumeepupys (13) om 0 do 1, nosnydaem:
1
X, () (1) + X, (DU, (1) - [%, (0)u; (0) + X, (), (0)]= [ Px,dn. )
0
[1oCKO/IbKY 00HO U3 HA4YasibHbIX Yyc108ull omcymcmasyem, coomHoweHue (14) u conpsaxceHHyo

cucmemy (11), (12) cnedyem ucnosb3o08ams MOJIbKO 00UH pd3. [1o0cmasum U3BECMHbIE 2pAHUYHbIE
3HaveHusa 8 (14):

X (1) + X, (l)uz (1) — X, (0)U2 (0) =
Tenepb Hedocmaroujee Ha4asibHoe ycosue u,(0) cucmemsi (7), (8) moxcHo Haldmu u3 (15):
1
u,(0) =[/ xz(O){xl (@) + %, W, (1) - j Px,d 77} 6)

30eck uq (1) — HeusBecmHas BesuduHda, a x,(1) x,(1) — HayasbHbIe ycaosus 01 UHMe2pUPOBAHUS

Px,dn.

O e

(15)

cucmemni (11), (12), Komopbie MOXHO BbI6PAMb NPOU3BOJILHO. EC/IU NPUHAMB X, (1) = 0, mo Bmopol
yneH B8 npasod Yacmu (16) obpawiaemcs 8 Hy/ib He3aBuUCUMO om u,(1). Cambil npocmol Bbi6Op —
x4 (1) = 1. Toeda (16) npuHumaem Buo:

Uz(O)=[1/Xz(0)]{1—jpxzd’7} (17)

Takum obpasom, pewieHue cucmemsi (7)—(8) cocmoum u3 c/1edyrouiux Wazos:

1. He yqumsisas ypasHeHus (11) u (12), uHmezpupyem Ha3ad omn = 1 kn = 0 € HAYA/IbHbIMU
yanosusamMux,(1) = 1,x,(1) =0,

2. 3Hasx, Ux,, BbIHUCAAeMu,(0) no ¢popmyne (17);

3. [lMockosnbKy ussecmHbiu, (0) (3a0aHo) uu,(0), pewaem cucmemy (7)—(8) kak 3adady Kouwu.

B ka4ecmse npumepa paccmompum cayHad M=2, P=4. PeweHus X, U X5, NOJIYYeHHbIe HA NEPBOM
waee, npusedeHnl 8 mabauye 1.

n X1 X2
1.00 | 1.0000 | 0.0000
0.90 | 1.0200 | 0.1007
0.80 | 1.0810 | 0.2054
0.70 | 1.1853 | 0.3183
0.60 | 1.3372 | 0.4440
0.50 | 1.5428 | 0.5875
040 | 1.8103 | 0.7546
0.30 | 2.1505 | 0.9520
0.20 | 2.5769 | 1.1875
0.10 | 3.1067 | 1.4707
0.00 | 3.7612 | 1.8129

V13 3mo2o Haxodum x,(0) =1.8129.
lodcmagnas 3HaveHus uz mabsuusl 18 (17), nonyyaem:

_ *
0 =122t 0717

Tenepb cucmemy (7)-(8) MoxcHO npouHmezpuposams Kak 3adady Kowu C Ha4yasibHbIMU
YCII0BUSIMU:

u,(0)=0, u,(1)=-0.9717
Pe3yibmamai npuBedeHsl 8 mabsuue 2. Tam He YKazaHbl 3HAYeHUS Uy, BbIYUCTeHHbIe NO MOYHOU
popmyre.

1

_shMy P [2sh(My/2)sh(M (7 -1)/2)
shM  M? ch(M /2)
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[los1y4eHHble € NOMOWbLH MemMOo0dd CONPAXEHHbIX onepamopos | TouHble
n U Uy Uy
0.0 0.0000 -0.9717 0.0000
0.1 -0.0778 -0.5885 -0.0777
0.2 -0.1185 -0.2289 -0.1185
0.3 -0.1238 0.1214 -0.1239
0.4 -0.0940 0.4767. -0.0941
0.5 -0.0279 0.8511 -0.0279
0.6 0.0773 1.2596 0.07772
0.7 0.2257 1.7186 0.2256
0.8 0.4233 2.2466 0.4332
0.9 0.6781 2.8648 0.6779
1.0 1.0000 3.5979 1.0000

Kak BUOHO, pe3ysibmamai coBNAdarom.

3akmodeHue. B pesysibmame  NposedeHHo20 ucciedosadus bbiia  paccmMompeHa 3adaqa
Ma2HUMOo2u0pOOUHAMUYECK020 meyeHus] Kyamma u nosyYyeHa ee Mamemamu4eckasi Mooesib C Y4emom
Bo30elicmBuss MazHumHozo noss. [lymem BBedeHuss 6e3pasmepHbIX nepemeHHbIX 3adadya 6biia
npusedeHa K bosiee yoobHoMy Budy, YmMo NO3BOJIUIO BbIOE/IUMb K/IHOYEBble NAPAMEMPbI, BUSOULUE HA
nosedeHue cucmemai.

Lns peweHusi Kpaesod 3adadyu bbi1 npuMeHeH Memoo CONPAXEeHHbIX ONEPAMOPOB, NO3BO/IUBLIUL
3ppdekmusHo onpedeumb HeOOCMarowue Ha4yasibHble YCA0BUS U CBecmu 3adady K 3adadye Kouwlu.
MpoBedeHHbI YUCeHHbIU NPUMEP NOKA3AJ1 Xopoulee COBNAJeHUE NOJTYYeHHbIX Pe3yIbmAamos ¢ MOYHbIM
aHAAUMUYeCcKuUM peweHuem, Ymo noomaepoaem moYHOCMb U HA0EXHOCMb Memoad.

Takum 06pasom, NpeodnoxeHHbIld NoOXo0 Moxem 6bimb YyCnewHo UCnosib308aH 0719 AHA/IU3A
AHAN02UYHbIX 3a0a4 MA2HUMO2UOPOOUHAMUKU U MOXem CYyXUmb OCHOBOU 01 OasibHeduwux
ucciedoBaHul 8 daHHoU obiacmu.
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Abstract

Falls among older adults represent a major public health concern due to their association with
increased morbidity, mortality, and reduced quality of life. Physiotherapy plays a crucial role in prevent-
ing falls through targeted interventions such as strength training, balance exercises, and functional mo-
bility programs. This narrative review aims to examine the current evidence regarding physiotherapeutic
approaches in fall prevention among the elderly. Relevant literature was identified through searches in
databases including PubMed and Google Scholar, focusing on studies published in recent decades. The
findings suggest that physiotherapy interventions significantly reduce fall risk by improving muscle
strength, postural stability, and gait performance. Multifactorial programs that combine exercise with
patient education appear to be the most effective. Despite strong evidence supporting physiotherapy,
variability in intervention protocols highlights the need for standardized guidelines. In conclusion, physi-
otherapy is an essential component in fall prevention strategies and should be widely implemented in
geriatric care.

Introduction

The global population is aging rapidly, leading to an increase in age-related health conditions and
functional impairments. Among these, falls are one of the most common and serious problems affecting
older adults. It is estimated that approximately one-third of individuals aged 65 years and older experi-
ence at least one fall per year, making falls a leading cause of injury, hospitalization, and loss of inde-
pendence (Bachmann et al., 2010).

Falls in older adults are multifactorial in nature and are often associated with decreased muscle
strength, impaired balance, gait disturbances, and neurological or sensory deficits (Avin et al., 2015). In
addition to physical consequences such as fractures—particularly hip fractures—falls can also lead to
psychological effects, including fear of falling, which further reduces mobility and quality of life.

Physiotherapy has emerged as a key non-pharmacological intervention in the prevention of falls. It
focuses on improving physical function through targeted exercise programs, balance training, and func-
tional rehabilitation. Evidence suggests that structured physiotherapy interventions can significantly re-
duce fall risk and improve overall functional capacity in older adults (Kosse et al., 2013).

This narrative review aims to explore the role of physiotherapy in fall prevention among older
adults, highlighting the most effective interventions and identifying gaps in current research.

Methodology

This narrative review was conducted through a comprehensive search of electronic databases, in-
cluding PubMed, Google Scholar, and ScienceDirect. Keywords such as “falls,” “elderly,” “physiotherapy,”
“balance training,” and “fall prevention” were used in various combinations to identify relevant studies.

Articles published between 2000 and 2025 were considered. Priority was given to systematic re-
views, randomized controlled trials, and clinical guidelines related to physiotherapy interventions in older
adults. Additional sources were identified through reference lists of selected articles.

Studies focusing on pharmacological treatments or non-rehabilitation interventions were ex-
cluded. The selected literature was analyzed and synthesized thematically to provide an overview of cur-
rent evidence regarding physiotherapy in fall prevention.

4.1 Causes of falls in older adults

Falls in older adults are typically caused by a combination of intrinsic and extrinsic factors. Intrinsic
factors include age-related physiological changes such as decreased muscle strength (sarcopenia), im-
paired balance, reduced flexibility, and slower reaction times. Neurological conditions, visual impair-
ments, and cognitive decline also contribute significantly to fall risk (Avin et al., 2015).
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Extrinsic factors involve environmental hazards such as poor lighting, slippery floors, uneven sur-
faces, and inappropriate footwear. Additionally, polypharmacy and the use of certain medications (e.q.,
sedatives) may increase the likelihood of falls.

The interaction between these factors makes fall prevention complex and highlights the need for
multifactorial interventions.

4.2 Consequences of falls

Falls can have serious physical, psychological, and social consequences for older adults. Physically,
falls are a leading cause of fractures, particularly hip fractures, which are associated with high morbidity
and mortality rates (Bachmann et al., 2010).

Psychologically, many older adults develop a fear of falling after an initial incident. This fear can
lead to reduced physical activity, social isolation, and further functional decline. In severe cases, falls may
result in long-term disability and loss of independence, increasing the need for institutional care.

Therefore, preventing falls is essential not only for physical health but also for maintaining quality
of life and autonomy in older individuals.

4.3 Role of physiotherapy in fall prevention

4.3.1 Strength training

Muscle weakness, particularly in the lower limbs, is a major risk factor for falls. Physiotherapy pro-
grams that include resistance and strengthening exercises have been shown to improve muscle power
and functional mobility in older adults (Kosse et al., 2013).

4.3.2 Balance training

Balance impairments are strongly associated with fall risk. Specific balance exercises, such as
standing on one leg, tandem walking, and dynamic stability training, can significantly improve postural
control and reduce falls (Avin et al., 2015).

4.3.3 Gait training

Gait abnormalities, including reduced speed and instability, increase the likelihood of falls. Physio-
therapists use gait training techniques to improve walking patterns, coordination, and safety during am-
bulation.

4.3.4 Multifactorial interventions

The most effective fall prevention strategies combine multiple approaches, including strength
training, balance exercises, and patient education. These programs address both physical and behavioral
risk factors and have demonstrated superior outcomes compared to single interventions (Crocker et al.,
2013).

4.3.5 Patient education

Educating older adults about fall risks and preventive strategies is an essential component of phys-
iotherapy. This includes advice on home safety, appropriate footwear, and lifestyle modifications.

4.4 Modern approaches in physiotherapy

Recent advances in technology have introduced new approaches to fall prevention. Telerehabilita-
tion and digital health interventions allow remote monitoring and guidance, increasing accessibility to
physiotherapy services (Kraaijkamp et al., 2021).

Additionally, the use of virtual reality and sensor-based training systems has shown promising re-
sults in improving balance and engagement in older adults (Spanakis et al., 2022).

Discussion

This narrative review highlights the significant role of physiotherapy in the prevention of falls
among older adults. The findings from the analyzed literature consistently demonstrate that physiother-
apy interventions—particularly those focused on strength, balance, and functional mobility—are effec-
tive in reducing fall risk and improving overall physical performance.

One of the key observations is that multifactorial interventions yield the most favorable outcomes.
Programs that integrate strength training, balance exercises, gait re-education, and patient education
address both intrinsic and extrinsic risk factors. This aligns with previous research emphasizing that falls
are multifactorial in nature and require comprehensive management strategies (Crocker et al., 2013;
Avinetal., 2015).

Moreover, advancements in technology, such as telerehabilitation and virtual reality, are expand-
ing the scope of physiotherapy. These innovations offer new opportunities for delivering personalized
rehabilitation programs, especially for older adults with limited access to healthcare facilities
(Kraaijkamp et al., 202 1; Spanakis et al., 2022).

However, despite strong evidence supporting physiotherapy, several limitations exist in the current
literature. There is considerable variability in intervention protocols, duration, and intensity across
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studies, making it difficult to establish standardized guidelines. Additionally, some studies have small
sample sizes or lack long-term follow-up, limiting the generalizability of their findings.

Future research should focus on developing standardized, evidence-based physiotherapy protocols
and exploring long-term outcomes of fall prevention programs in diverse populations of older adults.

Conclusion

Falls among older adults represent a major health concern with significant physical, psychological,
and social consequences. This review demonstrates that physiotherapy plays a crucial role in fall preven-
tion through targeted interventions aimed at improving strength, balance, and functional mobility.

Multifactorial physiotherapy programs appear to be the most effective approach, addressing the
complex and multifaceted nature of fall risk. In addition, emerging technologies offer promising tools to
enhance rehabilitation outcomes and accessibility.

In conclusion, physiotherapy should be considered a fundamental component of fall prevention
strategies in geriatric care. Greater efforts are needed to standardize intervention protocols and promote
the widespread implementation of physiotherapy programs for older adults.
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Introduction. Despite restrictions on the use of thallium compounds in the agricultural sector, the
problem of thallium poisoning remains acute due to extensive human activity. The release of thallium
into ecosystems as a result of industrial use of the element leads to its persistent bioaccumulation in food
chains and cases of serious poisoning.

The main material. Thallium is a trace element in the periodic table, located in the 6th period,
Group Ill (or Group 13 according to the current IUPAC classification), with atomic number 81, it is char-
acterized by high toxicity, significant reactivity, and high bioavailability [1, p. 1, 2, p. 1; 3, p. 1]. The ele-
ment dissolves rapidly in water and acids, after which it exhibits two oxidation states, TI* and T(3*. The
first form is considered the most dangerous due to its ionic radius, which is close to that of K* (0.176 nm
for TI* and 0.160 nm for K*), and its identical valence (+1). These properties lead to rapid accumulation
of the toxin by cells [1, p. 1-3; 2, p. 1; 3, p. 1-2].

The highest concentrations of thallium are found in crookesite, lorandite, hutchinsonite, and
vrbaite, but on an industrial scale, it is obtained during the processing of non-ferrous metal ores. After
the element was discovered in 1861, it was used in pesticides and therapeutic agents for tuberculosis,
malaria, syphilis, gonorrhea, ringworm, and other conditions. Over time, these uses were banned in many
countries around the world. Today, the element is still found in diagnostic agents, used in the creation of
costume jewelry, green fireworks, optical technologies, measuring instruments (scintimeters), and pho-
tovoltaic cells, and is employed in the gravitational enrichment of minerals [1, p. 2; 2, p. 1-3; 3, p. 2].

T>O is released into the Earth’s atmosphere as a result of the metallurgical industry, volcanic erup-
tions, and soil erosion. It is estimated that approximately 5 tons of thallium enter ecosystems annually
due to human activities. The highest concentrations of this toxin are found in urban areas and industrial
regions. The deposition of thallium compounds or sediment leads to excessive bioaccumulation of the
element in organisms of the hydrosphere and lithosphere. It is important to note that Tl* ions are the
most common form in ecosystems due to their thermal stability. The food chain, starting with producers,
is considered the typical mechanism for the transfer of the element to higher trophic levels [1, p. 2-3; 2,
p. 2;]. For example, crops grown on polluted land can lead to thallium poisoning in humans [1, p. 3].

Thallium enters the body through ingestion, percutaneous absorption, inhalation, and other routes.
It typically occurs in the form of salts (T(>S04), oxides (Tl>O, T(>03), or hydroxides (TIOH). The lethal dose
of the element is 10-15 mg/kg, and with chronic exposure, it is 0. 1-100 mg/kg. The body may be more
sensitive to thallium due to age, physical characteristics, and other factors [1, p. 3; 2, p. 1-3; 3, p. 3, 4, p.
30]. In many cases, the toxin is successfully absorbed by the body. This process is most effective when the
compounds come into contact with mucous membranes: between 80% and 100% of the thallium is ab-
sorbed [2, p. 3; 3, p. 3,4, p. 30, 5, p. 115]. A key characteristic of the substance in the context of poisoning
is the striking similarity of its physical and chemical properties to those of potassium. Tl* effectively re-
places K* in the sodium-potassium ATPase mechanism, exhibiting an affinity for the pump that is many
times higher than that of potassium. At this stage, the imbalance of particles causes depolarization of
the cell membrane and disrupts the ionic balance, particularly that of Ca?*. The element has a similar
effect on mitochondria: by penetrating transport systems similar to the sodium-potassium pump, thal-
lium causes a decrease in mitochondrial membrane potential. The mitochondria swell and become vacu-
olated [1, p. 4-5; 2, p. 7-8, 3, p. 2-3; 4, p. 31, 5, p. 114]. It is important to note that thallium is capable of
forming complexes with sulfhydryl groups (-SH, which are characteristic of certain proteins and mem-
brane components), thanks to its empty d-orbital [1, p. 4, 2, p. 7; 4, p. 31, 5, p. 114]. Inside the cells, the
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toxin inhibits cysteine-containing pyruvate kinase and pyruvate dehydrogenase, disrupting energy me-
tabolism [1, p. 4,2, p. 7; 3, p. 3,4, p. 31-32; 5, p. 114]. When Tl* interacts with glutathione, the latter is
inactivated, leading to an excess of reactive oxygen species, such as the superoxide radical O*z and the
hydroxyl radical OH' (oxidative stress) [1, p. 4; 2, p. 8,4, p. 31-32; 5, p. 114]. In addition, contact between
the toxin and phospholipid anions leads to disruption of the function of membrane receptors, enzymes,
and channels. Researchers also report that the ribosomal complex is destroyed under the influence of Tl*
[5, p. 114]. The combination of structural and metabolic abnormalities leads to the release of apoptotic
factors, such as cytochrome C[1, p. 4].

Exposure to a toxin typically triggers neurological symptoms within 2 to 5 days, especially in cases
of chronic poisoning [2, p. 5; 3, p. 5, 4, p. 33, 5, p. 115]. In the early stages, peripheral neuropathy is
observed: weakness, pain, paresthesia, and hyporeflexia, primarily in the lower extremities. The upper
body is affected only over time [2, p. 5-6; 3, p. 5, 4, p. 33; 5, p. 115]. Sometimes the cranial nerves (pairs
2, 3, 4, and 6) are damaged, causing the person to suffer from ptosis, nystagmus, ophthalmoplegia, am-
blyopia, and optic nerve atrophy [3, p. 5,4, p. 34, 5, p. 116]. Equally characteristic are changes in mental
health and circadian rhythms. Insomnia, anxiety, apathy, impaired emotional self-regulation, depression,
delirium, psychosis, and hallucinations may develop [2, p. 6, 3, p. 5; 4, p. 33-34, 5, p. 116]. Depending on
the amount of thallium absorbed by the body, choreoathetosis, ataxia, and amnesia may occur [2, p. 6;
3,p.55p. 116].

Conclusions. The toxic effects of thallium are based on its physical and chemical similarity to po-
tassium: Tl easily penetrates cells and triggers a cascade of destructive processes. These include mito-
chondrial damage and the inhibition of energy metabolism enzymes and glutathione. For the nervous
system, this has fatal consequences, manifesting as acute neuropathies and cognitive-psychiatric disor-
ders. Its high bioavailability and potential for bioaccumulation in tissues make thallium one of the most
dangerous toxins of our time.
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Abstract

The study examines the transformation of paramedic training approaches in Ukraine under current
challenges. Particular attention is paid to the impact of practical experience gained in high-demand med-
ical settings on the development of new educational models. Analytical and systemic approaches, as well
as a synthesis of international and national practices, were applied. The necessity of shifting from tradi-
tional educational approaches to competency-based models with an emphasis on autonomy, rapid
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decision-making, and functioning under resource-limited conditions is substantiated. The findings can be
used in the development of modern paramedic training programs.

AHomauisi

Y pobomi posznsHymo mpaHcghopmauiro nioxoodis 00 Nid20mMoBKU NAPAMEOUKIB B YKpaiHi 8 yMoBax
Cy4YacHuUx Bukaukis. Ocobausy ysazy npudiieHo BnuBYy NPAKMUYHO20 00CBI0Y HAOAHHA MEeOUYHOI
donomoeu B YMOBAX NIOBUWLEHO20 HABAHMAMEHHSI HA HOPMYBAHHS HOBUX OCBIMHIX Modesnel.
BukopucmaHo aHazsimuyHut ma cucmemHul nioxoou, a MAakox < y3a2aabHeHHS Cy4aCHUX MiXHApOOHUX |
HaujioHanbHUX Npakmuk. ObrpyHmMoBsaHo HeobxioHicmb nepexody 8i0 mMpaouyitiHux oCBIMHIX NiIOX00iB 00
KOMNemeHmMHICHO-OpIEHMOBAHUX Modesiell HABYAHHS 3 AaKUeHMOM HA aBMOHOMHICMb, WBUOKICMb
npulHTMMS pitueHb ma pobomy B yMoBax obmexeHux pecypcis. Ompumari pe3ysibmamu MoXyms 6ymu
BUKOPUCMAHI NPU po3pobui Cy4acHuUX oCBIMHIX NPo2pPAM 3 NAPAMEOUUUHU.

Keywords: paramedicine; medical education; emergency medical services; educational models;
competency-based approach,; pre-hospital care; simulation training

Knroyosi criosa: napameouyuHa; MeouyHa ocsima, eKcmpeHa MeouyHa 0onomoed, 0CBIMHI Mooesi;
KomMnemeHmHIcHUU nioxiod; 002ocnimasbHa 0onomMoaa; CUMYIAUItHE HaBYAHHS.

CyyacHul eman po3BUMKY CUCMEMU OXOPOHU 300pOB’S  YKpaiHU Xapakmepu3yembCs
HeobxiOHicmtwo adanmauii 00 YyMoB8 NI0BUUEHO20 HABAHMAMEHHS HA C/YyxOY eKCcmpeHoi MeouyHoi
donomoeu. Y uux ymosax si0byBAEMbCA NEPeoCMUCIeHHS pOJli NAPAMEOUKIB AK K/IHHOBUX Gaxisuis
0020CNiMasbHO20 emany, 30amHux 3abeane4umu CBOEYACHe Ma eppekmuBHe HadaHHs 00NOMo2U.

TpaouuitiHi Modeni nid2omoBKU MeOUYHUX KaopiB, OPIEHMOBAHI NEPeBaHO HA MeopemuyHi
3HAHHSA, 0eMOHCMPYoMb O0bMex3eHy egekmusHiCmb y cumyauisx, Wo nompebyroms WBUOKO20
npuliHaMmMA pitieHb ma pobomu 8 ymMoBax HesusHavyeHocmi [1,2]. Lle 3ymostoe HeobxioHicmb nepeznsoy
nioxodiB 00 HABYAHHA NAPAMEOUKIB i3 AKUeHMOM Ha pOPMYBAHHS NPAKMUYHUX KoMnemeHmHocmedl.

lpakmuyHul 0ocsid, ompumaHull y npoueci HaoaHHd MeouyHoi donomoau B YMOBAX BUCOKOI
IHMeHCUBHOCMI HABAHMAXEHHS MA CKAAOHUX KJIHIYHUX CUeHapiie, Cmas BaXJiusum GaKkmopom
mpaHcgopmauii nioxodis 00 Nid2omosKu Napamedukis. 30Kpemda, Bi03HAYAEMbCA 3MIUEHHS aKueHmy 8i0
CyBOpPO20 OOMPUMAHHSI  a/l20pumMiB 00 PO3BUMKY  KJIHIYHO20 MUC/IeHHS, adanmuBHOCMi ma
aBmOoOHOMHOCMI NPUUHSMMS PilUeHb.

OOHUM i3 KJIHO4OBUX e/leMeHmIB HOBOI 0CBIMHbLOI Napaduemu € iHmezpavis NPUHYUNIB MAKmMUYHOI
MeOUUUHU Ma MeHeoXMeHMy MAcCOBUX Ypax(eHb Y HABYasbHi npoepamu. Lle 0o3B0s8€ ¢opmysamu
HABuUYKu pobomu B YyMoBax obMexeHuUx pecypcis, U0 € KPUMUYHO BAXJIUBUM 0JiS1 Cy4acHOI Npakmuku
[3,4].

Baxiusy posib Bi0i2pae BNPOBAOIEHHS CUMYJIAUIUHO20 HABYAHHS, SKe 3abe3neqye MOXIUuBICMb
BIONPAUOBAHHSA KIIHIYHUX CUeHapiiB y KOHMPOIbOBAHUX YMOBAX. Takud nioxio cnpuse ¢GopmyBaHHO He
Jiuwie MexHIYHUX HaBUYoK, ase U cmpecocmitikocmi, KOMaHOHOI B3aeMo0ii ma eppekmuBHOI KOMyHIKauii’

[5].

Kpim mo2o, KomnemeHmHicHuUl nioxio 00 HABYAHHS 0O03BOJISE CUCMEMHO OUIHHOBAMU piBeHb
nideomoBKu napameodukis ma 3abesznedysamu BiONOBIOHICMb OCBIMHIX NPO2PAM Cy4aCHUM BUMO2AM
NPAKkmMuKU.

Takum YuHoM, MpaHcoopmayia nid2omosKU NApameouKis B YKPAiHi € 3aKOHOMIPDHUM NPOUECOM,
0byMoBJIeHUM SK 271006a/IbHUMU  MeHOeHUIIMU PO3BUMKY MeOUYHOI oCBimu, mMak | HAauyioHaIbHUM
NPpakmuyHUM 0ocsioom, KUl popmye HOBI BUMO2U 00 NPOECitiHOI Ni020MOoBKU ¢axisuiB.

BucHosku

1. Cy4acHi BUKUKU CUCMEMU OXOPOHU 300POB’S 3yMOBJ/IHOHMb HeobXiOHICMmb mpaHcghopmauii
nioxodis 0o Ni020moBKU NAPAMEOUKIB.

2. lpakmuyHul 00cBI0 HAOAHHA Meodu4YHoi donomoau B YMOBAX NIOBUULEHO20 HABAHMAXCEHHS
BUCMYNAE BAXUIUBUM AKMOPOM POPMYBAHHSI HOBUX OCBIMHIX modesied.

3. KomnemeHmHICHO-OpiEHMOBAHI ~ NiOXoou,  cumyssuiliHe  HABYAHHA — MaA  iHMe2payis
MIXOUCUUNTIIHAPHUX 3HAHb € KJIHHYOBUMU CK/IA00BUMU egpeKkmuBHOI Ni020mOoBKU.

4. Adanmauis ocBimHix npo2pam 00 Cy4acHUx ymos 003B80JISIE NIOBULLUMU SKICMb 0020CNIMAsbHOI
meduyHoi donomoeu.

5. Ompumari pesysibmamu Moxcyms 6ymu BUKOPUCMAHI Npu po3pobui HOBUX HABYAJIbHUX
npoepam y cepi napameouyuHu.

lMepcnekmusu NOdanbWIUX 00C/TiOHCEeHb
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Modanbwi 00C/OHeHHS O00UlIbHO CNPAMYBAMU HA OUIHKY e@dekmuBHOCMI BNPOBAOHEHUX
ocsimHix modesied y nid2omosui NapameouKis ma ix 8naUBY HA KJiHIYHI pe3yibmamu. [lepcnekmusHUM
€ MAKoX po3pobKa CMaHOapmu308aHuUX Nioxodis 00 iHMe2pauii Npakmu4yHo2o0 00CBIdY Yy HABYAJIbHI
npozpamu. [pedcmassieHi pe3y/ibmamu MOXCYms CJ1y2ys8amu 0CHOBOK 019 NOOA/IbUIUX HAYKOBUX pobim
Y Mexax popmyBaHHs Cy4acHoi cucmemu Ni020moBKU NApamMeouKis.
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Abstract

Reliable techniques are required to evaluate the efficacy and caliber of medical devices because
medical technology is developing so quickly. Qualimetry provides a systematic way to assess these de-
vices against particular criteria, guaranteeing their efficacy, security, and adherence to rules. The bene-
fits and drawbacks of several qualitative and quantitative methods for evaluating medical devices are
highlighted in this study. The findings are meant to assist manufacturers, regulators, and medical prac-
titioners in making educated decisions about the selection and usage of medical devices.

The qualitative and quantitative methods of evaluating medical devices are reviewed in this work.
Qualitative methods include expert opinion, adherence to requlatory requirements, and user feedback,
whereas quantitative approaches rely on rating systems, statistical analysis, and quantifiable perfor-
mance indicators. Healthcare providers and manufacturers can make well-informed decisions on device
selection, investment, and maintenance by combining these tactics.

The results of the study emphasize how crucial it is for healthcare facilities to employ efficient
qualimetric techniques in order to lower risks, enhance device performance, and guarantee patient
safety. This study provides suggestions for future developments in health technology evaluation and ex-
pands our understanding of optimal practices in medical device review. They are able to choose, invest
in, and maintain devices with knowledge.

Xiilase

Tibbi texnologiyanin stratli inkisafi sebebindan tibbi cihazlarin effektivliyini ve keyfiyyatini
qgiymatlondirmak dcln etibarli dsullar lazimdir. Kvalimetriya bu cihazlarr xdsusi standartlara uygun
giymatlendirmak lgln metodik dsul taklif edir, onlarin effektivliyine, tahliikesizlivine ve gaydalara
riayat olunmasina zamanat verir. Bu tadgigat tibbi avadanligin giymatlendirilmasine bir nece keyfiyyat
vo kemiyyat yanasmalarinin dstdnliklerini ve ¢atismazliglarini vurgulayir.  Neticaler istehsalgilara,
tenzimlayicilers ve tibb iscilerine tibbi cihazlarin istifadasi ve se¢imi ile bagli yaxsi melumatli secimler
etmakds kémak etmak (iclin nezarde tutulub.

Bu isde tibbi cihazlarin giymatlendirilmasine ham keyfiyyat, ham de kemiyyat yanasmalari
nezerden kegirili.  Kemiyyat yanasmalari qiymatlendirme sistemlarina, statistik tahlillere ve
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kemiyyatle dlcile bilen fealiyyet gdstericilerine osaslansa da, keyfiyyat metodlarina ekspert
giymatlendirmalari, tanzimlayici standartlara riayst edilmasi ve istifada¢i daxiletmaleri daxildir.
Sehiyye teminatgilari ve istehsalcilar bu strategiyalari birlesdirerek cihaz secimi, investisiya ve texniki
xidmatls bagli yaxsi malumatli gararlar gebul eds bilarler. Tedgigatin naticalari sehiyye misssiselarinin
riskleri azaltmagq, cihazin performansini artirmaq ve xastelarin tehlikssizliyini tamin etmak lcln
samarali kvalimetriya (sullarindan istifads etmayin ne gadar vacib oldugunu vurgulayir.

AHHOMauyusA

B c853u ¢ 6bICMpbIM pazsumuemM MeoUuUUHCKUX mexHo102ull HeobXo00UMbI Ha0ex3cHble Memoob!
OUeHKU 3¢pekmusHocmu U Kayecmsa MeoOuyuHCKUx u3desud. Ksasumempus —npedsazaem
Memooudeckul nooxod K oueHKe 3mux u3denud Ha CoomBemcmaue KOHKPemHbIM CMaHOdpmanm,
obecneyqusas ux 3¢pekmusHocms, 6e30NaCHOCMb U COOMBEemMCcmMBUe HOPMAMUBHbIM MpeboBaHUsaM. B
O0aHHOM UCC/Ie008AHUU OCBEWAOMCS NPeUMyUecmaa U HedoCMmamkKU HeCcKobKUX Ka4eCmBeHHbIX U
KOJIU4eCMBEHHbIX NOOX000B K OUEHKe MeOUUUHCKUX u30enud. Pe3ysibmamsl Npu3BaHbl NOMOYb
Npou3BOOUMENIAM, pe2yIupYroULUM OP2aHaM U MeOUUUHCKUM pabomHUKAM NPUHUMAams 060CHOBAHHbIE
pelueHuUss OmHOCUMesIbHO UCNOJIb30BAHUS U BbI6Opa MeOUUUHCKUX u30esud.

B 0aHHoU crmambe paccmMampuBaromcs Kak KayecmseHHble, Mak U Kou4ecmaeHHble N00X00b! K
oueHke MeoOuUUHCKUX u3denud. KosudecmaseHHble NooXo0bl OCHOBAHbI HA cUCmMemax pelimuHeos,
CMAamucmMU4YeckoM aHasIu3e U Koau4yecmseHHo U3MepuMbix NOKA3amesisx 3dekmusHocmu, mo2oa Kak
Ka4yecmaBeHHble MemoOobl BK/IHOYAKOM 3KCNEPMHYHO OUEHKY, CobJ1ro0eHue HOpMamUuBHbIX CMAHAapmos U
y4yem MHeHus nosib3osameried. Covemarue 3mux cmpamezuti No380/9em MeOUUUHCKUM Y4PerOeHUSM
U Npou3BoouUMeIIM NPUHUMAMb 06OCHOBAHHbIE peuleHuUs 0 8bI60Pe, UHBECMUPOBAHUU U 0OC/TyXUBAHUU
MeOUUYUHCKUX u3desud.

Pe3yibmamai UcCc/1e00B8aHus NOOYepKUBArom, HACKOJIbKO BAXCHO 0J19 MEOUUUHCKUX yYpexcoeHud
UCnNosIb308amb  3(ppekmusHble Memoobl Ka4ecmBeHHOU Memposiocuu 019 CHUXEeHUS PUCKOB,
noBbIWeHUs npou3BoouMesIbHocmu 0bopydosaHus u obecneqeHus 6e3onacHocmu NAayUeHmos.

Keywords: Medical devices, qualimetry, quality assessment, evaluation methods, healthcare tech-
nology.

Acar sézlar: Tibbi cihazlar, kvalimetriya, keyfiyyatin giymetlendirilmasi, giymatlendirme dsullar,
sahiyye texnologiyasi.

Knroqesbie c108a: MeduuuHcKue npubopsl, KBAauMempusi, 0U4eHKa Ka4ecmad, Memoob! OUeHKU,
MeOUUYUHCKUE MexXHO102uU.

Introduction

Medical devices, ranging from basic diagnostic tools like stethoscopes and blood pressure monitors
to highly sophisticated systems like MRI scanners and robotic surgical instruments, are an essential part
of modern healthcare. The accuracy and reliability of these devices are critical to the effectiveness of
medical care, so assessing their quality is a top priority for healthcare professionals. Quality assessment
and quantification, or qualimetry, provides an organized way to methodically review scientific medical
products. Both qualitative and quantitative methods are used to determine whether a gadget meets ac-
cepted performance, safety, and usability requirements.

In addition to guaranteeing that medical equipment operate as intended, good quality assurance
enhances clinical efficacy and patient outcomes. [3-8]. The evaluation of medical devices has become
more difficult in recent years due to their rapid technological advancement. Healthcare organizations
require dependable techniques to assess increasingly complex devices before to purchase, throughout
regular usage, and while contemplating updates. Adopting devices that are dangerous, ineffective, or
incompatible with current therapeutic practices is a risk that arises from improper evaluation.

Medical devices are an integral aspect of contemporary healthcare, ranging from simple diagnostic
equipment like stethoscopes and blood pressure monitors to extremely complex systems like MR/ scan-
ners and robotic surgical instruments. Healthcare professionals place a high premium on evaluating the
quality of these devices since their accuracy and dependability are essential to the efficacy of healthcare.
[2-7]. The rapid technical improvement of medical gadgets has made evaluating them more difficult in
recent years. Reliable techniques are needed by healthcare organizations to assess increasingly compli-
cated devices before to purchase, during regular usage, and while contemplating updates.

Adopting devices that are harmful, useless, or incompatible with existing healthcare processes is
dangerous if they are not thoroughly assessed. This study's goal is to investigate efficient qualimetry
techniques for medical equipment, emphasizing both conventional and contemporary assessment
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approaches. Healthcare practitioners, manufacturers, and regulators can guarantee the safe, effective,
and efficient use of medical technology in clinical practice by making well-informed decisions based on
their knowledge of these techniques.

Significance

The assessment of medical devices is becoming more crucial in contemporary healthcare due to
the growing complexity and variety of accessible technology. The use of improper or insufficiently evalu-
ated equipment can lead to inaccurate diagnosis, inefficient treatments, and even severe patient dam-
age. As a result, using efficient qualimetry techniques is essential to guaranteeing that devices fulfill
strict specifications for accuracy, safety, and usability.

Budgetary restrictions and growing expenses are another issue facing global healthcare systems.
Inadequate due diligence when choosing medical equipment can lead to wasteful use of resources and
monetary losses. Qualimetry, which offers an organized method to assess devices before to purchase,
during routine maintenance, and while replacing equipment, can help healthcare organizations make
evidence-based and economical decisions.

Research Objective

This study's primary goal is to examine and assess efficient qualimetric techniques for medical de-
vices with an emphasis on their practical uses in healthcare environments. Healthcare businesses need
to select equipment that is not only cutting edge but also safe, dependable, and economical due to the
rapid advancement of medical technology. The study's goal is to gain a thorough understanding of how
various assessment techniques might aid in addressing these issues. The specific goal of this study is to
identify and categorize qualitative and quantitative techniques used to evaluate medical devices, such as
expert assessments, user reviews, rating systems, and statistical performance analysis.

Examine the benefits and drawbacks of these methods in actual healthcare environments, consid-
ering factors like safety, accuracy, usability, and regulatory compliance. Examine how integrating various
evaluation techniques might enhance the evaluation procedure as a whole and guarantee that medical
equipment satisfy strict standards for dependability and quality. Give manufacturers, regulators, and
healthcare providers helpful guidance on how to apply efficient qualimetric methods to support informed
decision-making. Stress the value of ongoing evaluation and observation in order to adjust to new tech-
nological advancements and evolving healthcare requirements.

1. Theoretical Foundations Of Medical Device Quality Assessment

In contemporary healthcare, medical gadgets are vital for patient monitoring, diagnosis, and ther-
apy. Despite its significance, it can be challenging to guarantee that every device utilized in healthcare
facilities satisfies the essential standards for quality, safety, and efficacy. The proliferation of devices,
each with distinct features, capabilities, and restrictions, has been made possible by the quick speed at
which technology is developing. Although this diversity has helped to provide cutting-edge healthcare
technologies, it has also made it more challenging for medical personnel to select the best and most
dependable equipment.

As of right now, there isn't a generally recognized method for evaluating a medical device's quality
that incorporates both practical usability considerations and objective performance metrics. Based on
insufficient assessments, anecdotal evidence, or marketing information from manufacturers, many
healthcare organizations make bad or even hazardous decisions. Misdiagnoses, unsuccessful therapies,
and elevated hazards to patient safety can occasionally result from poorly studied equipment. Further-
more, purchasing inappropriate or faulty equipment can lead to large financial losses, resource waste,
and a decline in the general standard of healthcare. [1]
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Figure 1. Quality Assessment of Medical Devices

2. The Role Of Reliability And Safety Indicators In Medical Devices

Another issue is the constantly shifting regulatory landscape. National and international standards
for medical equipment are constantly changing in response to new safety laws and technological ad-
vancements. Although these laws must be understood by manufacturers and healthcare providers, it is
still challenging to implement consistent and effective assessment techniques across various institutions.
Devices may not fulfill current requirements in the absence of strict assessment methods, raising dangers
to workers and patients [4-6]. Furthermore, it is becoming more and more crucial to integrate qualitative
and quantitative assessment approaches.

Examples of qualitative approaches that shed light on practical usability and operational problems
include expert assessments, user reviews, and compliance audits. Quantitative techniques including sta-
tistical analysis, performance measurements, and rating systems offer quantifiable and objective indica-
tors of device quality.

These interconnected operational, technical, and human issues highlight the necessity of an all-
encompassing plan to develop laser-based remote sensing for aviation applications. Improving predictive
maintenance techniques, decreasing aircraft downtime, and ultimately guaranteeing the safety and de-
pendability of contemporary aircraft under the increasingly demanding conditions of contemporary avi-
ation all depend on resolving these problems in addition to boosting the precision of fault detection.
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3. Benefits of a Qualimetry System in Medical Devicess

By merging several signs into a single evaluation, a qualimetry system offers an organized method
for assessing the quality of medical devices. Its primary benefit is that it lessens subjectivity. Qualimetry
makes the review process more clear and uniform by using quantifiable criteria rather than solely de-
pending on expert opinion.

Comparing several gadgets on a same scale is another significant advantage. Direct comparison is
challenging since medical technologies frequently differ in terms of performance, function, and design.
Decision-makers can determine which gadget works better under particular situations by using a quali-
metric technique, which standardizes these differences[10].

Additionally, qualimetry technologies facilitate improved decision-making in healthcare environ-
ments. They assist managers, engineers, and physicians in selecting the most dependable and efficient
equipment by simplifying and quantifying complex technical and clinical data. When resources are scarce
and investments need to be justified, this is very helpful. These technologies also enhance quality control
over the course of a medical device's lifecycle. Qualimetric evaluation can identify flaws early on and
direct improvements throughout the development, implementation, and maintenance phases. This en-
hances patient safety in addition to improving performance.

Lastly, the application of qualimetry is in line with both contemporary quality management tech-
niques and international standards. In an area where accuracy, dependability, and safety are crucial, it
promotes a methodical approach to monitoring and assessment.

5. Problems and Solutions

The challenge of establishing universal evaluation standards is one of the primary issues in applying
qualimetry methodologies to medical equipment. Applying a single defined set of indicators is difficult
since medical devices vary greatly in their function, complexity, and field of usage. For instance, thera-
peutic or monitoring equipment has different performance requirements than diagnostic equipment.
Evaluations may become uneven as a result, and device comparisons may become less trustworthy[12].

The absence of reliable and comprehensive data is another problem. Although measurable factors
are crucial to qualimetric analysis, data collection is not always methodical in actual clinical situations.
Certain metrics, such long-term dependability or user satisfaction, are challenging to measure and could
be impacted by outside variables. This may result in insufficient findings and lower the assessment's over-
all accuracy.
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Enhancing data gathering is also crucial. Data consistency and dependability can be guaranteed
by using digital monitoring systems and established reporting procedures. By offering useful insights that
are sometimes absent from purely technical evaluations, incorporating clinical user feedback into the
review process can further enrich the analysis.

A versatile, multi-level qualimetry framework should be created in order to overcome these obsta-
cles. Evaluation methods can be tailored to certain medical device categories rather than depending on
a single universal model. This method increases the precision of comparisons and permits more pertinent
indications.

Lastly, the gap between theory and practice can be closed through increased cooperation between
engineers, physicians, and quality management experts. Technical performance and practical usability
are taken into consideration when using a multidisciplinary approach.

Conclusion

In summary, the use of efficient qualimetry techniques in the assessment of medical equipment is
essential to guaranteeing the dependability and quality of healthcare systems. The demand for orga-
nized, impartial, and flexible assessment methods is growing as medical technology advances. Qualime-
try offers a useful paradigm that unifies safety indicators, clinical efficacy, and technological character-
istics into a single evaluation method.

It becomes evident throughout the conversation that although qualimetric approaches have many
benefits, there are difficulties in putting them into practice. Their efficacy may be constrained by prob-
lems such the absence of established criteria, challenges in gathering data, and the disconnect between
technical and clinical viewpoints. These difficulties are not insurmountable, though. Qualimetry may be
used more effectively and precisely with the creation of adaptable models, better data systems, and more
robust interdisciplinary cooperation.

Furthermore, the function of qualimetry in medical device evaluation is strengthened by the incor-
poration of contemporary technology and conformity to international standards. It aids in both the as-
sessment process and ongoing development, assisting in the long-term identification of shortcomings
and performance optimization.

In general, qualimetry should be viewed as a thorough approach to quality control in medical de-
vices rather than merely as a measurement technique. When used appropriately, it improves patient
safety, decision-making, and the efficient use of medical resources. It therefore has great potential to
advance medical device evaluation from both a scientific and practical standpoint.
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Abstract

The thesis considers the continuity of medical rehabilitation from childhood to adulthood as one
of the key principles of a modern rehabilitation care system. Particular attention is paid to the im-
portance of early identification of functional disorders, a multidisciplinary approach, family-centered
care, and the staged transfer of clinically significant information from pediatric services to adult
healthcare. The importance of proper documentation of the patient’s functional status from childhood
for further clinical follow-up, social adaptation, and expert assessment in adulthood is emphasized. It is
noted that current challenges stimulate the search for new organizational solutions in rehabilitation and
create conditions for the development of advanced rehabilitation care models in Ukraine.
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AHomauyis

Y mesi po3engHymo 6e3nepepsHicmb MeouyHoi peabinimauii 8i0 dumsa4o20 BiKy 00 00pOC/I020
HUMMSA K 00UH i3 KJIHOYOBUX NPUHUUNIB CY4ACHOI cucmemu BiOHOBHOI donomoau. AKUeHMOBAHo yBaazy
HA 3HA4YeHHI PAaHHbO2O BUSBICHHS @DYHKUIOHAIbHUX NOPYWeHb, MyJbmuoucyUUNIiHapHo20 NIioxooy,
cimeliHo-ueHmpoBaHoi: donomo2u Ma NoemanHoi nepeoadi KaiHIYHO 3Ha4ywoi iHgpopmauii  8i0
nediampuyHoi ciyxbu 00 dopoC/IOi IAHKU OXOPOHU 300p0B sl [1I0KpecsieHo BaXIuBiCMb HAIEHHO20
00KYMeHmMYBAHHS PYHKUIOHAIbHO20 CMAHY NAUiEHMA 3 OUMSAY020 BIKY 019 NOOA/ILUIO2O KIIHIYHO20
CynpoBody, couiasbHoi adanmauii ma ekcnepmHoi oUiHKU Yy dopocsiomy Biui. Bid3Ha4yeHo, Wo Cy4acHi
BUKJIUKU CMUMYJIFOKOMb NOWYK HOBUX 0p2aHi3ayidHuUX pilueHb y céepi peabinimauii ma cmaoproroms 015
YKkpaiHu nepedymosu 015 po3s8umky nepedosux modenel peabinimauiliHoi donomoau.

Keywords: medical rehabilitation; pediatrics; continuity of care; multidisciplinary approach; func-
tional status; family medicine.

Kmoyosi  cnosa: meduyHa — peabinimauis;  nediampis;,  6e3nepepsHicmb  donomoau;
MySIbMUOUCUUNTIHAPHUU NIOXi0; QyHKUIOHAIbHUU CMaHx, cimedHa meouyuHa; YKpaiHa.

MeduyHa peabinimauis 8 Cy4acHUx ymosax Habysae ocobauso2o 3HA4eHHS AK 00UH i3 6a308ux
Hanpsimis 36epexeHHs1 QYHKYIOHAIbHOI CNPOMOMHOCMI HACeneHHs, NPoGinakmuKu iHeasiousauii ma
NIOMPUMAHHSA SKOCMI 3¥Uumms NauieHmis pi3Ho2o BiKy [1]. [lepebysaHHs HaceneHHa YKpaiHu 8 ymosax
MpuUBAIo20 CYCNi/IbHO20 Ma 6e3nNeKoBo20 HANPYM(eHHS 3MYCcusiio Yy BIOHOCHO KOPOMKI MepMiHU
nepezssiHymu HU3KY nioxodis, Ki npomsi2om 0ecamusiime CNpUlMaaucs K ycmasneHi. Lje noBHor Miporo
cmocyemsbcs | cgpepu peabinimauii, Wo Cb0200HI MAE po32/190amucs He SK okpemul eman nicsis
JIKYBAHHS, a K 6e3nepepsHudl, noemanHull i pYHKUIOHA/IbHO OpieHMoBaHul npouec, KUl O0oUi/IbHO
noYuHamu 3 OUMAY020 BIKY Ma /io2i4HO NPOO0BXYBamu y dopocsiomy xummi [1,6,7].

Came oumsaqud BIK € mMUM NEpPIo0OM, KOJU CBOEYACHE BUSIB/ICHHA NOPYWeHb PO3BUMKY,
PYHKUIOHA/IbHUX 0bMexeHb | ¢dakmopis pu3uky 00380/189€ HaUbibWw epekmusHO BNAUBAMU HA
nodasbwull cma 300po8’a JIOUHU. Y nediampuyHid npakmuui peabinimauis mae ocobuBy UiHHICMb,
OCKI/IbKU CNPAMOBAHA He Jlule Ha KOPeKU,ito BX@ce HasasHo2o dediuumy, a U Ha 36epexceHHs nomeHuyiasny
PO3BUMKY OUMUHU, OPMYBAHHSA HABUHOK CAMOOOC/Y20BYBAHHS, NIOMPUMAHHSA PYX0BOI aKmMUBHOCMI,
KO2HIMUBHO20 MA KOMYHIKaMuBHO20 PYHKUIOHYBAHHSA [2,3]. Takud nioxio € ocobauso Ba causum 0/
dimel i3 HeBpoJsI02iHHOK, OPMONEOUYHO), CeHCOPHOK, OPPAHHOK NAMOJIO2IED, HAC/IIOKAMU MPAsM,
p0o371adamu  po3BUMKY MA [HWUMU CMAHaMu, WO MOXYMb CYNPOBOOXCYBAMUCS MPUBAIUMU
PyHKUioOHaIbHUMU  0bMexceHHaMU  [2]. 3a memamuyHy OCHOBY neodiampuyHo2o 6JI0KY Makox
BUKOpUCMAHO HadaHul Bamu mamepiasn npo peabinimauiro 8 nediampii

CyyacHa nediampuyHa peabinimauis NOBUHHA TPYHMYBAMUCS HA NPUHUUNAX PAHHbO20
BMPYYAHHS, MyJIbMUOUCUUNIIHAPHOCMI, CIMeUHO-UeHmpPOoBAHoi donomMoau ma OUIHKU GYyHKUIOHYBAHHST
JumuHU He siuwe 8 Mexax 0iaeHo3y, a Uy Mexax il NOBCAKOeHHOI akmuBHOCMI ma y4acmi 8 Xummi
cycninbcmasa [2,3]. Came momy 0cobsiuBo20 3Ha4YeHHs HAbyBae BUKOPUCMAHHS 6ionCcuxocoyiaibHOI
Mooes, 30Kpema nioxoois, 6u3bkux 00 MiKHAPOOHOI Knacugikauli GyHKUIOHYBAHHS, ObMexeHb
HUmMmMeODianbHocmi ma 300poB’a, AKa 0038019 ONUCYBAMU CMAH NAUIEHMA 6isibW NOBHO | KIIHIYHO
3mMicmoBsHo [2]. /118 OumUHU BaXUiuBo He siuwe 3agikCysamu 3axB0prOBAHHS, ane U ouiHuUmu i peasibHi
MoxcuBocmi, bap'epu cepedosuuia, nompeby 8 niompumui ma OUHAmIKy 3miH y npoueci peabinimauii
[2,3].

OOHaK He MeHW BaXUIuBoK 3a PaHHIitl no4yamok peabinimauli € i HacmynHicmb. OOHI€rO 3
aKmyasabHUX 3a0a4 Cy4acHoi' cucmemu OXOpPoHU 300p0B 'S € 3abe3neqyeHHs noemanHoi ma 3mMiCmoBHOI
nepedadi iHgpopmauii npo cmax nauieHma sio nediampuyHoi C/1y#bu 00 00pOC/I0i IAHKU, Hacamneped 00
cimeliHoi MeduyuHu ma npoginbHUX cneuianicmis [4,5]. Mepexio i3 dumsa4oeo BiKy y dopoc/iuli He NOBUHEeH
CYNPOBOOXCYBAMUCA BMPAMOK  BAXJIUBUX  KJIHIYHUX — Bidomocmel, @YHKUIOHAIbHUX — OUIHOK,
pe3ysibmamis nonepeoHboi peabinimauii, iHpopmauii npo docseHymi epekmu, obmexceHHs, 3acobu
Kopekuii ma iHousidyasibHi  ocobausocmi nauieHma [4]. Hasnaku, came 8 ueld nepiod Mae
3abe3neyysamucs beznepepsHicmb MeouYHo20 Mapuipymy, SKka 00380/19€ He NOYUHAMU OUIHKY “3 Hynis”,
a cnupamucsi Ha HakonuyeHi Oai ma 6ydysamu nodasbWy MAKMUKY HA OCHOBI BXce BI0OMOI
dyHKuioHanbHoI icmopii [4,5].

Y ubomy KoHmekcmi 0cobuB020 3Ha4eHHsI HabYBA€E HaIe# HEe OOKYMEHMYBAHHS QYHKUIOHAIbHO20
cmady nauieHma 3 ums4o2o BiKy. Mdembcsi He auwe npo GiKcauito Ho307102i4H020 OideHO3Y, a NPo
cucmemHe Bi00OPaX3eHHs CMyneHs QYHKUIOHAIbHUX NOPYWeHb, PIBHA akmusHocmi, nompebu y
donomixHUX 3acobax, NepeHoCUMOCMi HABAHMAxeHb, ocobiusocmel adanmaduji, y4acmi 8 0CBIMHLOMY
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Npoueci, a Makox« OuHamiku peabinimauiliHoeo nomeruiany [2,4]. Takul nioxio mae 3Ha4eHHs OnA
KJIIHIYHO20 BeOeHHS nauieHma, 071 nobyoosu iHOUBIOYani308aHOI Npo2pamMu BiOHOB/EHHS, 019 OCBIMHbLOI
ma coujasabHoi adanmauii, npogeciliHoi opieHmauii, a 8 NeBHUX BUNAOKAX — i 0/ HANIEHCHOI eKcnepmHoi
OUIHKU cmaHy 30o0pos’s y dopocsiomy 8iuj [2,4].

Cnid niokpecaumu, Wo B Cy4dCHUX YMOBAX NUMAHHA SKOCMI MeouyHoi 0oKymeHmauii ma
be3nepepsHoOcmIi nepedadyi iHpopmauii CMoCYeEMbCA BCIX 2pOMAOSH He3aiexcHo 8i0 cmami. 3 02ng0y Ha
3MIHY CycnifibHUX posied, NiOBULWEHHS 3a2asibHUX BUMO2 00 PYHKUIOHA/IbHOI' CNPOMOXCHOCMI HACEIeHHS
ma ocobnusocmi  OepxcasHux 6e3nekosux nompeb, 06'€kmuBHA OUIHKA CmMaxy 300po8’s,
npaue3oamHocmi ma pisHa YyHKUIOHYBAHHS HABYBAE WUPUIO20 3HAYEHHS SK 0J1F YOJ108iKiB, MakK [ 071
MCHOK [1,6]. Y 38°a3Ky 3 yum 0cobauBo Bax wiuso, wob 8iooMocmi Npo cMaxu, ki bepyms no4amok y
dumsdomy 8iuj abo CymmeBo BN/IUBAOMb HA PYHKUIOHYBAHHS B N00AIbUOMY, By/1u Bi006pax3ceHi NOBHO,
NOCIO0BHO i 3pO3YMIsI0 019 HACMYNHUX JIAHOK MeOUYHOI CUCMeMU, BK/IOYArOYU NUMAHHS €KCNEePMHO20
cynposody [2,4].

BooHoyac peabinimauis 8i0 oumuHCcmMBa 00 00POC/I020 BiKY He Moxe bymu epekmusHO 6e3
MYZIbMUOUCUUNIHAPHO20 NioXody. Y nediampuyHoOMy ce2meHmi ue 03HA4Yae Cnisnpauto neodiampd,
oumsa4020 HespoJsioed, opmoneda, Gi3u4HO20 mepanesmad, epeomepanesmd, J1020nedd, NCUX0J10ad,
couiasbHo20 NpauisHUKa ma poouHu [3]. ¥ dopocsiomy Biui 00 ubo2o Mapuwipymy 00y4aromsCcs Jikapi
3a2a/1bHOI NPAKMUKU — CiMeldHoi MeduuuHu, ¢axisyi ¢izuyHoi ma peabinimauiliHoi MeouyuHu, BY3bKi
cheuiaznicmu 3anexcHo 8i0 npoginto namonoeii ma nompeb nauieHma [1,4,5]. Came maka KomMaHOHa
Mo0esib 003B0JI€ bayumu He ¢pasmeHm npobiemu, a JIHOUHy B UiloMy — 3 i KJIHIYHUMU,
PYHKUIOHAIbHUMU, NCUXOI02IYHUMU Ma coyiaibHUMu nompebamu [1,3].

Jlns YkpaiHu ocobausy akmyasibHiCmb Mae popmyBaHHa makoi cucmemu peabinimauii, ska 6yia 6
30amHa Noe€oHysamu pawHiti cmapm 0onoMoau, NOemdanHiCmbs CNOCMEPEXeHHS, @OYHKUIOHAIbHO
opieHMoBaHe 00KyMeHMYyBAaHHA ma mpusadnull cynposio nauieHma [6,7]. Cbo2o0Hi Hawa Oepxcasa
HakKonuyye YHIKaAbHUU KaiHIYHUG 00CBI0 pobomu 3 MAXKUMU MPABMAMUYHUMU YUWKOOMEHHAMU,
CMITKUMU PYHKUIOHA/IbHUMU BMPAMAamu, amnymauigmu, NOEOHAHUMU NOPYWEHHAMU ma Nompeboro 8
00820CcMpoKoBoMYy BiOHOBEHHI [6]. [lonpu BCro CKIAaOHICMb Ubo20 00CBIOY, came BiH MOXe cmamu
OCHOBO0 0719 NOWYKY HAUbI/IbW eekmuBHUX, 00KA308UX | OpeaHi3auitiHO BUBIDEHUX pilieHb. 3a yMoBU
HazexHol cucmemamusauii, 0CBIMHb020 OCMUC/IEHHS MA BNPOBAOHEHHS CYYACHUX CMAaxHodapmis ue
BIOKpUBAE 019 YKpaiHU peasibHy nepcnekmusy CMamu OOHIEH 3 KpaiH, Wo dopmyroms nepedosi Mooesi
peabinimauitiHoi donomoeu [1,6,7].

Takum YUHOM, Cy4acHa mMeouyHa peabinimauia mae pos2nadamucsa FK €0uHul 6e3nepepsHull
npouec, Wo NOYUHAEMbCA 3 OUMSAY020 BIKY | Mpusae 8 dopocsiomy xummi [1,2,4]. Ii epekmusHicmb
BU3HAYAEMbCSA He JluWe SKICMI OKpemMux MemodiB BiOHOBIEHHS, a U 30amHIicmoo cucmemu 3abesneqyumu
PAHHE BUSIBICHHA NOpPYWeHb, 6e3nepepsHicmb Mapwpymy nNauieHma, HaaexHe 00KYMeHMYBAHHS
PYHKUIOHA/ILHO20 CMAHYy, MIXOUCUUNIIHAPHY B3AEMOOiI0 ma adanmauito 00 akmyasibHux nompeb
cycninscmaa [1-7]. Came makud nioxio € KaiHIYHO BUNPABOAHUM, OCBIMHBO 3HAYYUUM | CMpameziqyHo
BaX1uBUM 0719 NOOA/IbLIO20 PO3BUMKY peabinimauiliHoi meduyuHu 8 YKkpaiHi [1,6].

lTepcnekmusu.

llepcnekmuBHUM € NOOA/IbLLIE BOOCKOHA/IEHHSA cucmemu beanepepsHoi peabinimauitiHoi donomoau
i3 3a6e3neyeHHAM HACmMynHOCMi MiX nediampuyHord ma 00POC/IOH JIAHKAMU OXOPOHU 300pOB S.
Ocobsiuse 3Ha4yeHHs Mae cmaHOapmu3sauis OOKYMEHMYBAHHS QYHKUIOHAIbHO20 CMAHy NAUIEHMIB,
BNPOBAOMEHHS  MYJIbMUOUCUUNIHAPHO20 MApwipymy cynposody ma nNoCusieHHs posii  cimedHol
MeduyuHU B 00B2OMPUBAIOMY CnoCmepexeHHi. [1odasibwul po3BUMOK Ub020 HANPSMY MOXe CMamu
niorpyHmMsm 07151 opmMyBaHHS B YKpaiHi Cy4acHoi ma KOHKYpeHmMOoCNPOMOXCHOI Mooesi peabinimauitiHoi
donomoeu.

Akwo mpeba, 5 00pasy nioxeHy ue we U nid 6inbw ¢opmanbHul cmusb 36ipHUKA, wob obudsi
me3u 6yau cmusiicmu4YHo abCcoroMHO 00OHAKOBI.
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Abstract

This study presents the results of an assessment of nursing care quality and patient satisfaction in
a district hospital. The research includes analysis of socio-demographic characteristics, factors influenc-
ing satisfaction, and identification of strengths and weaknesses in nursing care. The findings indicate a
high level of patient satisfaction, particularly in terms of nurses’ kindness, respect, and attentiveness.
However, lower satisfaction levels were observed regarding the clarity and completeness of information
provided to patients about treatment and procedures. The results can be used to improve healthcare
quality and implement patient-centered approaches.

AHHOmMayus

B cmambe npedcmassieHbl pe3yibmamal UCCAe00BAHUS, HANPABICHHO20 HA OUeHKY Ka4ecmad
CeCMPUHCKO20 yx00a U YpoBHSA YO0BIEMBOPEHHOCMU NAUUEHMOB MeOUUUHCKOU NOMOWbHO B palioHHOU
bosbHUUE. VccnedoBaHue 0xBambiBAem AHAJIU3  COUUA/IbHO-0eMo2paduyeckux Xxapakmepucmuk
nayueHmos, akmopos, BAUSIOULUX Ha YOOBIEMBOPEHHOCMb, A MAKXEe BbISBICHUE CUJIbHbIX U C/1abbIX
CMOPOH CecmpUHCKo2o yxodd. [losly4eHHble OdHHbIe CBUOemMeabCMBYHM O BbICOKOM YpPOBHE
YO0BIEMBOPEHHOCMU  NAUUEHMOB, 0C0beHHO B dCNeKMax BHUMAMEbHO20 U YBAXUMEIbHO20
OMHOWeHUs MeOUUUHCKO20 NepCoHand. B mo e Bpems BbisiB/IeHbl HEOOCMAMKU B UHGOPMUPOBAHUU
nayueHmoBs o0 NPoBOOUMOM JieHeHUU U OudeHOCMUKe. Pe3y/bmamel ucciedosaHus mo2ym 6bimb
UCNOJIb308aHbI 019 COBEPUIEHCMBOBAHUS KAYecmBad MeOUUUHCKUX YCye U BHeOpeHus nauyueHm-
OpUEHMUPOBAHHBIX NOOXOO0B.

Keywords:quality of care, nursing care, patient satisfaction, district hospital, healthcare quality
assessment

Knroyesbie ¢/108a: Ka4ecmso MeouyUHCKOU NOMOU4U, CecmpuHCKUl yxod, yOoB1emBOPeHHOCMb
nayueHmos, palioHHas 60bHUYA, OUeHKA Ka4ecmad, 30paBoOXpaHeHUe

BsedeHue

Kayecmaso meduyuHckol nomMowu U YOOoBIemMBOPEeHHOCMb NAUUEHMOB ABJISKOMCS K/HYeBbIMU
nokazamesisamMu 3¢ppekmusHocmu cucmemsl  30pasooxpaHeHus. Ocobyro posib B8 GOopMUPOBAHUU
NOJIOXUMESbHO20 ONbIMA NAUUEHMOB uepaem CecmpuHcKul Yxo0, Komopbil BK/IHYaem He moJibkKo
BbINOJIHEHUE MeOUYUHCKUX Npouedyp, HO U 3MOUUOHAJIbHYHO NOOOEPHCKY, UHGHOPMUPOBAHUE U
B3aumodelcmaue C nayueHmMamu. B ycioBusx paldoHHbIX 60/bHUU, 20e pecypcbi mMo2ym 6bimb
02paHuUYeHbl, OUeHKa Kkayecmaa yxoda npuobpemaem ocobyro 3Haqyumocms [1].

Mamepuasibl u Memoosi.

JuzaliH uccnedosarus u BbI60pKa Vcciiedo8aHue HOCUI0 ONUCAME IbHbIU, NoNepeyYHbIl Xxapakmep.
B ucciedoBaHuu NpuHaAU y4acmue 135 nayueHmos, NPoXoOUBWIUX KPAMKOCPOYHYH 20CNUMAIU3aUUKO
8 patioHHol bosbHUUEe. Co0p OaHHbIX NPOBOOUJICS HENOCPEOCMBEHHO neped BbINUCKOU NAUUEHMOB.

MHCmpymeHmbl Ucc/iedoB8aHus!

Lna  oueHKu yo0oBaemMBOPeHHOCMU NAUUeHMOB UCNOJ/Ib30BAJICA  CMAHOApmMU3UPOBAHHbIU
ONPOCHUK, BK/IHOYAOWUU WKAJTy OUEHKU Kayecmsd CecmpUHCKO20 yxodd U aHkemy CoyuasibHo-
demozpaguyeckux xapakmepucmuk.
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llikana Bkao4aem 19 NYHKMOB, OUEHUBANOWUX —PA3/IUYHbIe  ACNeKmMbl  CeCMPUHCKOU
desmenibHOCMU: BHUMAHUE, yBaxceHue, 0obpomy, KOMNemeHMHOCMb, HABbIKU U YO0BIemMBOpeHUe
nompebHocmel nauyueHmos. [JonosHUMeIbHO BKItOYeHb! 4 Bonpoca obueco BOCNPpUSMUS Ka4yecmsa
YX00a U JleqeHus.

Omaemsb! 0UueHUBAIUCk NO 5-banbHol wKane Jlukepma:

1 - OMJIUYHO, 2 - O4eHb Xopouwlo, 3 - xopouwlo, 4 -y0osaemBopumesbHo, 5 - naoxo.

Obwud 6ann sapbupyemcsa om 19 0o 95, npu smom bosee HU3Kue 3Ha4yeHUs cCoomaemcmaym
boJs1ee BbICOKOMY YPOBHHO yO0B/IeMBOPEHHOCMU.

JlonosiHUMeIbHO UCNO0/1b30BAIACK AHKeMA U3 16 Bonpocos 0719 OUeHKU pakmopos, BIUSOUWUX HA
yoosemBopeHHOCMb (YpoBeHb 00X00d, COCMOSIHUE 300p0BkS, COUUA/IbHbIE XapaKkmepucmuku) [3].

Cmamucmuyeckuld aHanu3

AHa/uU3 0aHHbIX NPOBOOUJICA C UCNOJb30BAHUEM Npo2pammbl SPSS (Bepcus 21.0). [pumeHsauch
MemoObl onucamesibHol CMamucmuKku (CpedHue 3HavyeHus, CMaHOapmHbIe OMK/IOHEHUSs, Yacmomsbl,
npoueHmsl).HopmasibHocmb  pacnpedesieHusi NpPoBepssiack C NOMOWbto mecma Kosimo2oposa—
CmupHoBa. Nocko/ibKy ypoBeHb 3Hadumocmu npesbiwan 0,05, ucnosib308aauck NApamempuyeckue
Memoobl aHanusa:t-mecm 019 cpasHeHus 08yx epynn,00HOGAKMOPHbIU OUCNEePCUOHHbIU aHAIU3
(ANOVA), KoppensauuoHHbIU aHanus upcoHa

Pe3ysibmamai UCCc/1e008aHUS

CpedHuli Bo3pacm nauueHmos cocmasus 47,94 + 19,66 2ooa. Haubosbwyro 0010 cocmasuiu
nayueHmsl 8 sBo3pacme 18-35 nem (37,8%,).

bos1bWUHCMBO pecnoHOeHmMoB:#eHWUHbl - 77,0%,cocmosnu 8 bpake - 74,8%,umenu Bbicuiee
obpazosaHue - 33,2 %,umesnu cpedHul yposeHb 00xo00a - 52, 1%,0omoxo3adku - 31,3%

61,6% nauueHmos bbiu 20CNUMA/IU3UPOBAHbI Yepe3 npuemMHoe omoesieHue, a 66,6% - Bnepsbie
3a nocnedHue 0Ba 200al.

CpedHsaa Npo0oIHUMEIbHOCMb 20CNUMAnu3ayuu cocmasusia 4,38 + 5,75 oxs.

Tabnuua 1 — Xapakmepucmuku nayueHmos (N = 135)

Mepementble | Konuyecmso | Mpouerm
Bospacm (niem)
18-35 51 37,8
36-55 38 28,1
56 u bosiee 46 34,1
[lon
HCeHckud 104 77,0
MyMcckold 31 23,0
CemeliHoe nosioxceHue
HeHambil 101 74,8
00UHOKUU 14 10,4
8 passooe 5 3,7
80osa/sdosey | 15 11,1

OueHka yoos/1emBoOpPeHHOCMU NAUUEHMOB.

Pe3ysibmamsl  NOKA3aiu  BbICOKUU  obuwull  ypoBeHb  Yy0oB/IemBOpPeHHOCMU  NAUUEHMOos
CecCmpuHckum  yxoodom.Haubonee  BbicOKUl  YpoBeHb  YyO0OBJIEMBOPEHHOCMU ~ OMMe4YeH  No
nokazamesito.:«BHUMaHue u 3aboma meocecmep (BexiusoCmMe, YBay)eHue, 006poxenamenbHOCMe)» -
1,38 + 0,66.

Haubonee Hu3Kull ypoBeHb Yy0oB1emBopeHHOCMU: «/IHpopMUpoBaHue nayueHmMos (ACHOCMb U NOJIHOMA
0bbscHeHUU o 1evyeHUU u 06c1edoBaHusx)» - 1,74 + 0,86

Obwuli cpedHul bann yoosnemsopeHHocmu cocmasusi: 1,61 + 0,65

MuHUMasIbHbIE U MAKCUMAJIbHbIE 3HaYeHUs B8apbuposadaucs om 1 0o 4,05.

ObcycoeHue

[Tosy4eHHble  pe3y/ibmamsl  0eMOHCMPUPYHOM  BbICOKUU  YpoBeHb  YO0BIeMBOPEHHOCMU
nauyueHmMoB, Ymo cBudemesibCmByem O XOpoweM Kadecmse CeCmpUHCKO20 yxo0a B8 padoHHoU
bonbHUYe. OCobeHHO BbICOKO NAUUeHMb! OUeHUBArom JIUYHOCMHbIe Kadyecmsd MeoUuUUHCKO20
nepcoHasa, makue Kak 00bpoxenamesibHOCMb, YBa}eHue u BHUMamesbHocmb[2]. B mo e spems
BblIIBJIeHHbIE HEe0OCMAamKu B UHGOPMUPOBAHUU NAUUEHMOB YKA3biBAOM HA Heobxo0uMoCmsb
COBEPUWICHCMBOBAHUS ~ KOMMYHUKAUUOHHbIX — HABLIKOB — MEOUUUHCKUX — pabomHuUkos.  3mo
coomsemcmayem O0aHHbIM MeXOYHApPOOHbIX UcciedoBaHul, 20e HedoCmamoK UHGOpMauuu makxie
aB/1semcs 00HOU U3 OCHOBHbIX NPUHUH HEYO00B1emBOpeHHOCMU NAUUeHMOoB.

3aksroyeHue
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ViccnedosaHue nokKazaso, Ymo 8 UesoM NayueHmsl YyOoB/IemBOPeHbl KA4eCMBOM CECMPUHCKO20
yxoda 8 patioHHol 6o/bHUUe. OCHOBHBIMU CUJIbHBIMU CMOPOHAMU ABJSKOMCS BHUMAMEIbHOE U
YBaXcumesibHoe OmHoWweHue MeduyuHCKo20 NepcoHana [4].

Bmecme ¢ meM, Heobxooumo Y/y4uums cucmemy UHGOPMUPOBAHUS NAUUEHMOB O JIeYeHUU U
duazHocmuyeckux npouedypax. [losydeHHble pesysibmamsl  mMo2ym bbimb  UCN0JIb30BAHbI  0JiF
pazpabomku mMeponpusimud NO NOBbILUEHUK Ka4eCmBAa MeOUUUHCKOU NOMOWU U BHEOpeHUsI NauueHm-
OPUEHMUPOBAHHbIX NOOX0O0B.
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Abstract

Cancer remains one of the leading causes of death worldwide, making its treatment a major prior-
ity in modern medicine. Advances in chemotherapy, targeted therapy, and clinical pharmacology in on-
cology have significantly improved the efficacy and safety of cancer treatment, enabling a more individ-
ualized approach to patient care. The study of pharmacokinetics and pharmacodynamics of anticancer
drugs, drug interactions, and metabolism is essential for optimizing treatment regimens and minimizing
toxicity. Modern anticancer therapy, guided by principles of clinical pharmacology, increasingly inte-
grates pharmacogenomic and molecular data, contributing to the development of personalized medicine
and improving patients’ quality of life.

Keywords: oncology, chemotherapy, targeted therapy, anticancer therapy, clinical pharmacology,
pharmacokinetics, pharmacodynamics, pharmacogenomics, biomarkers, personalized medicine, drug de-
velopment, toxicity.

Oncology is a field in which dosage errors, treatment delays, or inappropriate therapy selection
can have disastrous consequences. Clinical pharmacology (CP), serving as a bridge between laboratory
pharmacology, clinical trials, and practical oncology, plays a critical role. It ensures: 1) informed dose and
administration selection, 2) assessment of interactions and toxicity; 3) individualization of therapy based
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on the patient and tumor.

Cancer remains one of the leading causes of death worldwide. According to the World Health Or-
ganization (WHO, 2024), more than 20 million new cases of malignant neoplasms are registered annu-
ally, and the projected increase in incidence requires continuous improvement in therapeutic approaches.
Therefore, clinical pharmacology in oncology plays a key role in ensuring the rational, safe, and person-
alized use of anticancer drugs. Modern CP integrates knowledge of pharmacokinetics (PKs), pharmaco-
dynamics (PDs), pharmacogenomics (PGs), and drug-drug interactions (DDIs) to optimize dosing, improve
treatment efficacy, and reduce the risk of toxicity. Advances in molecular genetic technologies have en-
abled a shift from empirical cytostatic drug administration to personalized treatment strategies that
take into account the patient's genetic and metabolic characteristics. Particular attention is paid to stud-
ving the mechanisms of drug resistance, DDIs, and biomarkers of treatment efficacy.

CP is a key element of modern oncology, especially with the growth of new treatment modalities.
Dose optimization, monitoring, and understanding PKs and PDs in populations with specific characteris-
tics will help improve efficacy and safety. Thus, CP in oncology represents a fundamental basis for the
development of individualized treatment regimens aimed at improving patient survival and quality of life,
as well as the rational use of pharmaceutical resources in the healthcare system.

According to Kruse M. et al. [1] every drug development (DD) is a complex and long journey. CP is
an essential discipline in modern DD. With its applications, computational modelling, and simulation
techniques, it can significantly contribute to the efficiency in DD today. CP is the science of studying the
effects of drugs in humans and their optimal clinical use in patients. There are two major components
that help us understand a drug’s behaviour; the first is how a drug moves within the body (PK) and the
other is what a drug does to the body’s functions (PD). Understanding both aspects of CP is an essential
part of DD. When PK and PD are integrated in a model, the model can describe how the drug effect will
change with time when a certain dosing regimen is used. Ultimately, a goal of what is often a lengthy
and costly DD process is to ensure that the right patient receives the right drug at an optimal dose, given
at the right time. CP provides a toolset that enables drug developers to make decisions that facilitate
this process and help clinicians finding the right dose.

Research shows that the overall DD process is an iterative continuum of activities and not strictly
linear in nature. Not all studies are always necessary to be conducted for every molecule and in fact the
physicochemical nature of the drug determines which studies are required for a submission. Some studies
may be waived if an adequate plan is set out and sufficient information is collected during other studies,
e.g. on QTc assessment or a renal impairment study may be waived if the unchanged drug and its major
active metabolites are eliminated primarily via non-renal and non-hepatic routes. The trend for an in-
creasing number of biologically derived products with their different PK, PD, physiological, and pharma-
cological properties compared to chemically derived products has led to differences in requirements for
small and large molecules. Ultimately, the size of the molecule and the specificity of its target binding
determine the clinical development programme. In recent years, efforts have been made to increase the
output and reduce the attrition rate of drugs, particularly before investing in timely and costly Phase 3
trials. Too often, DD has continued beyond the early phases due to pressure on research teams to be
successful and a poorly informed decision-making process with a hesitancy in ‘killing a drug’ that is un-
likely to meet its primary endpoints. While any drug must be safe and efficacious to benefit a patient, this
information is not available during the early phase of clinical development. Safety may only be available
in healthy volunteers, or a few patients and studies usually are not designed to assess efficacy outcomes.
PK and PD data are the instruments to understand the drug’s behaviour in the body and its target en-
gagement. For obtaining high-quality PK and PD data, the right study design is key. It should not only
reflect the most appropriate dosing scheme with adequate PK and PD sampling times but also the con-
ditions, restrictions, and other factors (e.g. disease, genetics) potentially influencing these outcome vari-
ables. Hereby, the early identification of intrinsic differences between races, sexes, age groups, and other
covariates potentially affecting a drug’s concentration and its pharmacology can be used to improve
study designs in the future and inform interactions with regulatory bodies. Moreover, for the developer,
a thorough early characterisation of PD effects can potentially avoid or simplify expensive clinical studies.
One example is the capture of quality electrocardiograms in early single and multiple ascending dose
studies to assess a drug’s potential on QT prolongation which could avoid a thorough QT study at a later
development stage. A concept where PK is most instrumental in DD is establishing bioequivalence for
generic products. To receive approval, applicants have to demonstrate that a proposed drug product is
bioequivalent, i.e. has the same rate and extent of absorption, to a reference product. To solely rely on
PK is based on the principle that systemic exposure is a surrogate for effects of the drug (efficacy, safety).
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Efficacy does not need to be determined if the exposure is comparable between the generic and the ref-
erence drug. Ultimately, such ‘abbreviated development’saves a lot of resources and avoids unnecessary
replication of prior work performed for the reference drug. Conceptually, PK, PD, and biomarkers (PD or
non-PD) can be considered ‘surrogates’ for the clinical efficacy and safety of a drug once their relation-
ship is known and predictable. The most extreme example is the aforementioned bioequivalence concept
in generic DD where PK is the only surrogate for its safety and efficacy. Rationale DD therefore requires
a thorough understanding of these parameters and its relationship to the safety and efficacy [1].

As noted by Papachristos A. et al. [2], accelerated clinical development of anticancer drugs is cru-
cial to ensure patients’ access to the most safe and effective treatments. At the same time, the develop-
ment process should be designed to ensure that the optimal dose and schedule are administrated. There-
fore, pharmacological methods such as PGs, PKs, and PDs must be integrated to inform oncology DD and
dose optimization. Drugs’ safety and effectiveness are evaluated in randomized, dose-ranging trials in
most therapeutic areas. However, this is only sometimes feasible in oncology, and dose-ranging studies
are mainly limited to Phase 1 clinical trials. Moreover, although new treatment modalities (e.g., small
molecule targeted therapies, biologics, and antibody-drug conjugates) present different characteristics
compared to cytotoxic agents (e.g., target saturation limits, wider therapeutic index, fewer off-target
side effects), in most cases, the design of Phase 1 studies and the dose selection is still based on the
Maximum Tolerated Dose (MTD) approach used for the development of cytotoxic agents. Therefore, the
dose was not optimized in some cases and was modified post-marketing (e.g., ceritinib, dasatinib, ni-
raparib, ponatinib, cabazitaxel, and gemtuzumab-ozogamicin). The Food and Drug Administration (FDA)
recognized the drawbacks of this approach and, in 2021, launched Project Optimus, which provides the
framework and guidance for dose optimization during the clinical development stages of anticancer
agents. Since dose optimization is crucial in clinical development, especially of targeted therapies, it is
necessary to identify the role of pharmacological tools such as PGs, therapeutic drug monitoring, and
PDs, which could be integrated into all phases of DD and support dose optimization, as well as the
chances of positive clinical outcomes.

In their work, the authors point out that the choice of dose selection is an ongoing challenge in
developing new anticancer agents. The design of early clinical studies based on the pharmacological
characteristics of the drug is essential to ensure a successful development plan, but it is not always fea-
sible, as it requires rapid approval following a sequential Phase 1-3 trial. In a majority of cases, experience
shows that a personalized approach in dosing based on the characteristics of each patient and each drug
could improve the safety and efficacy of the treatment. In clinical trials, the current approach is to follow
the standard 3+3 design to assess dose-limiting toxicities. This approach is valuable and informative for
the old cytotoxic agents, but it is problematic for the newer modalities such as tyrosine kinase inhibitors,
biologics, and antibody-drug conjugates (ADCs). As a result, there are many cases of approved drugs re-
quiring dose modifications later based on post-marketing studies requested by the FDA or performed by
the research community. A new paradigm for designing clinical trials that will precisely assess and define
the optimal dose of new anticancer agents will accelerate drug approval and allow for more successful
and safer drugs to enter the market [2].

Malhi V. et al. indicate that [3], the clinical development journey of novel pharmaceuticals is a
complex multistage process, which continues to evolve as our understanding of disease biology deepens,
new therapeutic entities and classes of drugs are designed, and regulatory mechanisms adapt to the
changing therapeutic landscape. One of the objectives of clinical pharmacology is to characterize PKs by
understanding the absorption, distribution, metabolism, and excretion (ADME) pathways of the drug in
the body. Another major objective is to determine how drug concentrations are altered by intrinsic and
extrinsic factors. Intrinsic factors are inherent to a person and include age, sex, race, genomics, and organ
function, whereas extrinsic factors are external influences that may affect drug exposure, such as con-
comitant medications or the type of food ingested around the time of drug administration. Finally, the
main goal of clinical pharmacology is to justify the dose based on the relationship between exposure and
biological response, which can be assessed in terms of efficacy, safety, or PDs biomarkers.

In their work, the authors describe the clinical pharmacology characterization of giredestrant, a
highly potent nonsteroidal oral selective estrogen receptor (ER) antagonist and degrader. Giredestrant
was designed to optimize ER antagonism and degradation, while minimizing off-target toxicity. Several
oral selective estrogen receptor degraders are in clinical development, all with distinct physicochemical
and PKs properties. Variations in these characteristics, such as unfavorable PK attributes [including non-
linear PKs, food effects, or drug-drug interactions (DDIs) with combination partners] may affect dosing,
efficacy, and safety. This first-in-human phase la/Ib dose-escalation/-expansion study was designed to
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evaluate the safety, PKs, PDs, and preliminary antitumor activity of giredestrant. In particular, the PKs
were evaluated by characterizing the ADME of giredestrant, and generated signal-seeking data on the
impact of certain intrinsic factors (including race and organ dysfunction) and extrinsic factors (including
the effect of food and DDIs) on giredestrant exposure. This multicenter nonrandomized open-label dose-
escalation and -expansion phase la/Ib study evaluated the safety, PKs, PDs, and preliminary antitumor
activity of giredestrant alone and in combination with palbociclib in patients with ER-positive (ER+) hu-
man epidermal growth factor receptor 2 (HER2)-negative locally advanced/metastatic breast cancer. In
brief, eligible patients had advanced or metastatic ER+/HER2-negative breast cancer that had recurred
or progressed while being treated with adjuvant endocrine therapy (ET) for 224 months and/or ET in the
incurable, locally advanced, or metastatic setting and derived a clinical benefit from therapy (i.e., tumor
response or stable disease for 26 months); had not received any other ET, targeted therapy, or chemo-
therapy within the preceding 2 weeks,; and were postmenopausal women (or premenopausal/perimeno-
pausal women simultaneously receiving luteinizing hormone-releasing hormone agonists). To enroll a ra-
cially diverse population, the study was performed globally at sites in Europe, North America, Asia, and
Australia. In the single-agent dose-escalation stage, giredestrant was administered orally once daily on
days 1-28 of each 28-day cycle at 10, 30, 90, or 250 mg. A single dose was administered on cycle 1 day
-7, followed by a 7-day PK lead-in for all single-agent giredestrant dose-escalation cohorts. In addition,
a combination cohort in the dose-escalation stage explored giredestrant 100 mg once daily (days 1-28)
in combination with palbociclib 125 mg once daily (days 1-21), repeated every 28 days. In the expansion
stage, single-agent expansion cohorts evaluated giredestrant at doses of 30, 100, and 250 mg once daily.
A combination expansion cohort evaluated giredestrant 100 mg with palbociclib 125 mg [3].

In the single-agent dose-escalation stage, PK samples were collected at cycle 1 day -7 predose and
thenat 0.5, 1, 1.5, 2, 3,4, 6,8, 24, 28, 72, 96, and 168 hours after dosing to characterize the single-dose
PK profile and estimate the terminal half-life. Samples to determine the steady-state PK profile were
collected at cycle 2 day 1 (after 28 days of daily giredestrant) predose and at 0.5, 1, 1.5, 2, 3, 4, 6, and 8
hours after dosing. Metabolite identification was conducted following the first dose (cycle 1 day -7) and
at steady state (cycle 2 day 1) in 6 patients (3 patients at 90 mg and 3 at 250 mg). Plasma samples were
pooled across patients and timepoints. The cytochrome P450 (CYP) 3A induction potential of giredes-
trant was evaluated in vivo by assessing 4beta-hydroxycholesterol (43-HC), an endogenous biomarker
formed by CYP3A metabolism in humans. 4B-HC concentration was measured at cycle 1 day -7, cycle 2
day 1, cycle 3day 1, and cycle 4 day 1 predose in 7 patients (5 patients at 30 mg and 2 at 90 mg). Analysis
was conducted ad hoc, in compliance with the informed consent, in patients from whom there was suf-
ficient plasma volume remaining for the assessment after completion of prespecified analyses. Giredes-
trant concentrations in urine samples were measured at cycle 1 day 1 predose and cycle 2 day 1 at 0-8
hours postdose. Urine samples were collected from 13 patients (7 patients at 30 mg, 5 at 100 mg, 1 at
250 mg). PK parameters for giredestrant were calculated from the plasma concentration-time data ac-
cording to standard noncompartmental analysis methods using Phoenix WinNonlin (version 8.3.4; Cer-
tara USA, Inc.). Noncompartmental analyses were conducted in PK-evaluable patients, defined as those
having at least one nonzero postdose plasma concentration. Patients with dose reductions, sparse PK
samples, incomplete PK profiles, or incorrect dosing information during PK sampling were not included
in the noncompartmental analysis. The concentrations of giredestrant in plasma were measured using
validated liquid chromatography with tandem mass spectrometry (LC/MS-MS) assays. Giredestrant and
its internal standard [(13C8, 15N) GDC 9545] were extracted from human plasma by supported liquid
extraction (SLE). Giredestrant concentrations were calculated using a standard curve with a 1/x2 linear
regression over concentration ranges of 1 to 1,000 ng/mL or 0.1 to 100 ng/mL. The concentrations of
giredestrant in urine were measured using a qualified LC/MS-MS assay. Giredestrant and its internal
standard were also extracted from human urine by SLE. Giredestrant concentrations were calculated
using a standard curve with a 1/x2 linear regression over a concentration range of 0.25 to 250 ng/mL.
Concentrations of 4B-HC were measured using an LC/MS-MS assay that was developed and validated in
human plasma. 4B-HC and its internal standard 4B-HC-d7 were extracted from human plasma by SLE.
4B-HC concentrations were calculated using a standard curve with a 1/x2 linear regression over a con-
centration range of 4 to 100 ng/mL. For plasma, urine, and 4[3-HC assays, the mass spectrometer was
operated in positive electrospray ionization mode under optimized conditions with multiple reaction
monitoring of analytes and internal standards. The precision and accuracy of assays were satisfactory
throughout the study. For metabolite identification, plasma samples were extracted by protein precipi-
tation. Parent and metabolites were analyzed by LC and high-resolution MS. The metabolite structures
were proposed on the basis of fragmentation patterns and comparison with those of the parent. In the
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single-agent dose-escalation stage, giredestrant was taken under fasted conditions (fasted for 26 hours
overnight) until cycle 4 day 1. To explore whether giredestrant had a potential food effect, patients in
the single-agent dose-expansion cohorts were able to take giredestrant with or without food, and were
asked to complete a food diary at cycle 2 day 1. Patients who had reported fasting for longer than 6
hours before giredestrant dosing were considered as fasted. The study was conducted in accordance with
the protocol and the consensus ethical principles derived from international guidelines including the Dec-
laration of Helsinki and Council for International Organizations of Medical Sciences International Ethical
Guidelines for Health-Related Research Involving Humans, relevant International Conference on Harmo-
nisation Good Clinical Practice guidelines, and applicable laws and regulations. All patients provided writ-
ten informed consent [3].

In the work of Lazarou G. et al. [4] the authors say that application of contemporary molecular
biology techniques to clinical samples in oncology resulted in the accumulation of unprecedented exper-
imental data. These “omics” data are mined for discovery of therapeutic target combinations and diag-
nostic biomarkers. It is less appreciated that omics resources could also revolutionize development of the
mechanistic models informing clinical pharmacology quantitative decisions about dose amount, timing,
and sequence. In their study, they demonstrate how mechanistic models of cancer immunotherapy in
humans can be informed by state-of-the-art molecular and cell biology data on clinical tumor biopsies
and samples of healthy peripheral blood and tissue, which have recently become available. Mechanistic
models expand the applicability of these data beyond target identification and biomarker discovery —
they allow quantitative predictions of dose amount sequence and timing. Although there are still gaps in
quantitative knowledge, which necessitate incorporation of machine-learning predictions and model as-
sumptions, the authors that the recent publication of landmark omics resources in immuno-oncology (/0)
will motivate further effort and that much more data will be available soon. They also hope that increas-
ing adoption of mechanistic modeling to integrate these data will direct experimental work, especially in
areas where absolute reference data are needed. Our colleagues convinced that, as new omics data ac-
cumulate, confidence in virtual trial simulations with clinical Quantitative Systems Pharmacology (QSP)
models integrating these data will increase, and that these models will be making increasing impact in
development of new cancer immunotherapies.

Ramasubbu M.K. et al. [5] emphasize that QSP is an innovative and integrative approach combining
physiology and pharmacology to accelerate medical research. By considering receptor-ligand interac-
tions of various cell types, metabolic pathways, signaling networks, and disease biomarkers simultane-
ously, QSP provides a holistic understanding of interactions between the human body, diseases, and
drugs. Integrating knowledge across multiple time and space scales enhances versatility, enabling in-
sights into personalized responses and general trends. QSP consolidates vast data into robust mathemat-
ical models, predicting clinical trial outcomes and optimizing dosing based on preclinical data. QSP oper-
ates under a “learn and confirm paradigm,” integrating experimental findings to generate testable hy-
potheses and refine them through precise experimental designs. An interdisciplinary collaboration involv-
ing expertise in pharmacology, biochemistry, genetics, mathematics, and medicine is vital. QSP’s utility
in DD is demonstrated through integration in various stages, predicting drug responses, optimizing dos-
ing, and evaluating combination therapies. In addition to its prominent role in DD, QSP extends its appli-
cations to inform health care and life sciences. It can align with increasingly significant technologies such
as physiological monitors, wearable devices, personalized medicine, and artificial intelligence-informed
health care. By leveraging QSP, health-care professionals and researchers can gain valuable insights into
the intricate relationships between interventions and patient physiology, ultimately contributing to more
effective and personalized health-care strategies. This broader utility of QSP showcases its potential to
revolutionize various aspects of health care and life sciences beyond traditional DD.

The authors' analysis found that integrating QSP approaches in DD has shown promising results in
various aspects of the field. By mechanistically modeling drug PK and PD alongside disease pathophysi-
ology, QSP provides valuable insights and has the potential to address key challenges in the DD process.
QSP has demonstrated its ability to identify optimal targets and biomarkers for specific diseases, improve
therapeutic effectiveness through drug combination strategies, predict human response doses based on
preclinical data, and repurpose existing drugs for new indications. In addition, QSP can facilitate individ-
ualized dosing regimens based on patient characteristics, leading to the adoption of personalized medi-
cine and potentially enhancing treatment outcomes. Training and fostering multidisciplinary expertise
at scale are essential to proposing, developing, and effectively communicating QSP modeling analyses.
Pharmacologists, with their clinical research training and understanding of pathology and pharma-
cotherapy, can play a vital role in bridging the gap between physiologists and modeling engineers. They
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can act as interpreters, utilizing the expertise of QSP teams to support decision-making in the clinical
trial process and the development of novel molecules [5].

Ramasubbu M.K. et al. [5] citing the works of Bai J.P.F. [6,7], they note that over the years, there
has been growing awareness of QSP approaches within regulatory authorities as modeling techniques
become more prevalent in DD. Regulatory agencies, including the FDA, have issued recommendations
that should be applied to all QSP modeling practices. These recommendations are designed to ensure the
reliability and transparency of QSP models and include the following key points: 1) achieving the appro-
priate qualification and validation of a QSP model relies on finding a suitable balance between the avail-
able data for model calibration/validation and ensuring alignment with the underlying physiological
mechanisms involved; 2) model reproducibility and transparency are crucial aspects that allow reviewers
to access all parameters and equations utilized in the model, facilitating the replication and interpreta-
tion of simulation outcomes; 3) the QSP model should incorporate relevant PD indicators and clinical
endpoints of the drug candidate, with the level of molecular granularity in detail based on the intended
use (whether it’s for preclinical or clinical stages); utilizing a preclinical model for late-stage clinical de-
velopment can lead to identifiability and uncertainty issues, so appropriate modifications or the develop-
ment of a new clinical-oriented model may be necessary; 4) similar to clinical trials, predetermined quan-
titative and statistical criteria should be established to guide the decision-making process when accept-
ing QSP model extrapolation; these criteria should be dependent on the specific decision risk being made.
Over the past few years, there has been a significant rise in the number of regulatory submissions docu-
menting the utilization of QSP modeling: 1) landscape analysis revealed a consistent and substantial
increase in QSP submissions from 2013 to 2020, with a total of 157 identified submissions, of which 57
were recorded in 2020 alone; 2) QSP submissions were observed across all stages of DD, with the major-
ity being in the investigational new drug stage, indicating widespread utilization of QSP in early DD; 3)
QSP models found application in various therapeutic areas, including oncology, infectious diseases, neu-
rology, nephrology, and cardiology, with oncology being the most prominent area of interest among the
submissions; 4) the versatility of QSP applications was evident in the submissions, as they addressed a
wide range of efficacy and safety-related questions; efficacy-focused inquiries primarily centered around
dosing strategies, encompassing Phase | dose-finding and escalation, Phase Il dose-range studies, and
Phase Il dose selection; safety applications covered liver toxicity, plasma ion concentration, cardiotoxi-
city, and bone mineral density.

Chelliah V. et al. [8] in their work say that DD in oncology commonly exploits the tools of molecular
biology to gain therapeutic benefit through reprograming of cellular responses. In 10 the aim is to direct
the patient’s own immune system to fight cancer. After remarkable successes of antibodies targeting
programmed cell death protein 1 (PD 1)/ programmed death ligand-1 (PD-L 1) and cytotoxic T-lymphocyte
antigen-4 (CTLA4) receptors in targeted patient populations, the focus of further development has
shifted toward combination therapies. However, the current DD approach of exploiting a vast number of
possible combination targets and dosing regimens has proven to be challenging and is arguably ineffi-
cient. In particular, the unprecedented number of clinical trials testing different combinations may no
longer be sustainable by the population of available patients. Further development in IO requires a step
change in selection and validation of candidate therapies to decrease development attrition rate and
limit the number of clinical trials. QSP proposes to tackle this challenge through mechanistic modeling
and simulation. Compounds’ PKs, target binding, and mechanisms of action as well as existing knowledge
on the underlying tumor and immune system biology are described by quantitative, dynamic models aim-
ing to predict clinical results for novel combinations. In light of the unprecedented number of ongoing
and planned clinical trials and preclinical programs for IO combination therapies and the emergence of
examples of late-stage attrition, there is an urgent need to improve the process of selecting candidate
therapies and improve the design of trials to increase the chances of success and terminate low-value
programs prior to clinical testing. QSP models integrate existing mechanistic knowledge on disease and
drug PK/PD in a quantitative framework allowing simulation of virtual trials, where candidate drug com-
binations are evaluated in silico before being tested in the clinic. Although development of full-scale plat-
form models allowing virtual screening of large numbers of candidate therapies became possible only
recently, the current QSP approaches capitalize on the legacy of 3 decades of progress in mathematical
and systems biology. Recently developed QSP models have started to demonstrate their potential in ac-
tual DD case studies that indicate both feasibility and benefit of the approach. Based on these early
results, our colleagues predict that QSP models will increasingly be used in IO DD and that it will soon
become standard practice to run virtual trials ahead of and in parallel with clinical trials to more quickly
bring better therapeutics to patients with cancer.
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Liu SN, Li C. in their study [9] note that ADCs are important molecular entities in the treatment of
cancer. These conjugates combine the target specificity of monoclonal antibodies with the potent anti-
cancer activity of small-molecule therapeutics. The complex structure of ADCs poses unique challenges
to characterize the drug’s PKs and PDs since it requires a quantitative understanding of the PK and PD
properties of multiple different molecular species (e.g., ADC conjugate, total antibody and unconjugated
cytotoxic drug). As a result, clinical pharmacology strategy of an ADC is rather unique and dependent on
the linker/cytotoxic drug technology, heterogeneity of the ADC, PK and safety/efficacy profile of the
specific ADC in clinical development. In the course of the study, the authors state that ADCs represent a
rapidly evolving area of oncology DD and hold significant promise. The complex structure of ADCs poses
unique challenges to clinical pharmacology strategy in supporting development and approval of ADCs,
since it requires a quantitative understanding of the PK and PD properties of multiple different molecular
species (e.g., ADC conjugate, total antibody and unconjugated payload) in the systemic circulation and/or
tissues of interest (e.g., tumors). Integration of diverse clinical pharmacology approaches, ranging from
dedicated clinical pharmacology studies (e.g., DDI, QTc-interval, renal/hepatic impairment study) to
mechanistic and/or empirical models (e.g., physiologically based pharmacokinetic, population PK model-
ing for one- or two- analytes, exposure-response analysis) can provide insights into the PK, PD and ADME
properties of an ADC and inform development decision and clinical dose and schedule selection. An ad-
ditional consideration for clinical development includes the thorough assessment of immunogenicity on
ADC PK, efficacy, and safety. As the field continues to evolve, the selection of suitable ADC targets and
the identification of a target population remain critical challenges. Efforts to further optimize “next-
generation” ADCs using engineered antibodies, innovative linkers, conjugation methods, and novel pay-
loads are rapidly advancing. Despite the great success of ADCs, it is worth noting that the therapeutic
window for ADCs remains relatively narrow with the MTD often reached before ADCs achieve the maxi-
mum efficacious dose. Additionally, the toxicities associated with the ADCs might dictate the number of
treatment cycles that the patients can tolerate and often result in dose delay, dose reductions or study
discontinuation. The future success of ADCs in part will depend on our ability to overcome these devel-
opmental challenges, especially by developing clear strategies to optimize the dose and schedule of ADCs
and identifying predictive biomarkers to assess response, optimize patient selection, and inform potential
combination therapies.

Huang W. et al. [10] in their work concerning the prospects of CP perspectives for adoptive cell
therapies in oncology indicate that adoptive cell therapies (ACTs) have shown transformative efficacy in
oncology with five US FDA approvals for chimeric antigen receptor (CAR) T-cell therapies in hematologi-
cal malignancies, and promising activity for T cell receptor T-cell therapies in both liquid and solid tumors.
CP can play a pivotal role in optimizing ACTs, aided by modeling and simulation toolboxes and deep un-
derstanding of the underlying biological and immunological processes. Close collaboration and multilevel
data integration across functions, including chemistry, manufacturing, and control, biomarkers, bioana-
lytical, and clinical science and safety teams will be critical to ACT development. As ACT is comprised of
alive, polyfunctional, and heterogeneous immune cells, its overall physicochemical and pharmacological
property is vastly different from other platforms/modalities, such as small molecule and protein thera-
peutics. In this work, researchers first describe the unique kinetics of T cells and the appropriate bioana-
lytical strategies to characterize cellular kinetics. They then assess the distinct aspects of CP for ACTs in
comparison to traditional small molecule and protein therapeutics. Additionally, authors provide a review
for the five FDA-approved CAR T-cell therapies and summarize their properties, cellular kinetic charac-
teristics, dose-exposure-response relationship, and potential baseline factors/variables in product, pa-
tient, and regimen that may affect the safety and efficacy. Finally, they probe into existing empirical and
mechanistic quantitative techniques to understand how various modeling and simulation approaches can
support CP strategy and propose key considerations to be incorporated and explored in future models.

As our colleagues note the central tenet of pharmacology necessitates deep understanding of drug
kinetics as it is critically related to efficacy and toxicity. At the apparent level, the kinetic profiles of both
small molecules and protein therapeutics (SMs/PTs) and ACTs are multiphasic;, however, the underlying
mechanisms are fundamentally different. Due to the unique properties and kinetics of ACTs, several tra-
ditional CP considerations/lessons learned from SM/PT are either unknown or less applicable. Some ex-
amples include: (1) the impact of renal and hepatic impairment on cellular kinetics has not been reported;
(2) the effect from food, formulation, and acid reducing agents are not relevant due to the intravenous
administration of ACT; (3) the traditional half-life driven dosing frequency may not be suitable as the
memory cells can be reactivated; and (4) the concept of dose proportionality is less applicable because
the drug can be generated de novo by cellular expansion driven by many factors (e.g., host immune status
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and tumor immunogenicity) that are unrelated to dose [10].

ACT is a complex and novel modality that has shown tremendous promise for treating cancer, with
five FDA-approved CAR T cell therapies so far. Along with the technology and regulatory guidance, the
CP aspect of this new treatment modality is still evolving. As the core purpose of CP is to determine the
best dose/product (i.e., what) for the most appropriate patient (i.e., who) with the optimal condition-
ing/administration regimen (i.e., how), it is critical to understand the complex interaction between T cells
and host biology/disease to identify key factors that we can control and relate to safety and efficacy.
Several control points include product characteristics (i.e., dose, fitness, phenotype, and subset of both
apheresis product and infusion product), patient characteristics (i.e., demographic information, tumor
type, tumor burden, and tumor microenvironment), and regimen characteristics (timing and type of con-
ditioning therapy, comedications, single vs. multiple infusion, and intravenous vs. regional injection). The
large number of ACT control points demonstrate the uniqueness of this therapeutic modality compared
with SM/PT, necessitating close collaboration of CP with biomarker, bioanalytical, chemistry, manufac-
turing, and control, and clinical science and safety teams. As our understanding of these control points
improves and/or more homogenous cellular products are developed, clinical pharmacologists will have
opportunities to better guide dose selection (first-in-human), escalation/expansion (phase 1 ), and deter-
mination (pivotal) to optimize ACT development. To ensure optimal clinical development, clinical phar-
macologists can contribute by applying quantitative methodologies, including: (1) translational PK/PD
modeling to optimize product, patient, and regimen characteristics before the first-in-human study; (2)
real-time statistical/machine learning approaches to forecast severe toxicity probability and mitigate risk
during the clinical study; and (3) nonlinear mixed-effect and QSP modeling to gain deep insight and de-
sign future studies more appropriately with optimal selection of dose, patient, and regimen. Given the
complexity and cost of delivering these therapies, initial studies may generate rich, robust, and multilevel
datasets of T cell, biomarker, safety, and efficacy data, but in a relatively small number of patients. There-
fore, integration of data across internal ACTs and externally published ACTs will be critical to drawing
conclusions and informing decision making. As the field evolves and additional key drivers of safety and
efficacy are elucidated, banking and preserving tissues may prove valuable as samples can be re-assayed
for new biomarkers or other characteristics. These quantitative methodologies and infrastructure are
anticipated to transfer well to the next generation of cell therapies, including T cell receptor (TCR)-T,
Natural killer NK-T, and off the shelf/allogeneic cell systems and individualized therapies targeting tu-
mor-specific private neo-antigens [10].

Advances in 10 have provided a variety of novel therapeutics that harness the innate immune sys-
tem to identify and destroy neoplastic cells. It is noteworthy that acceptable safety profiles accompany
the development of these targeted therapies, which result in efficacious cancer treatment with higher
survival rates and lower toxicities [11]. Kast J. et al. in their study say that ACT has shown promising
results in inducing sustainable remissions in patients suffering from refractory diseases. Two main types
of ACT include engineered CAR-T cells and TCR T cells. The application of these immuno-therapies in the
last few years has been successful and has demonstrated a safe and rapid treatment regimen for solid
and non-solid tumors. The authors emphasize that the clinical success of immunotherapy, which is due
to the understanding of cancer immunobiology and effective application of this knowledge to eliminate
cancerous cells, has changed the field of cancer therapy. Currently, immunotherapy is considered as one
of the most important and effective approaches of cancer care. The success of genetically modified CAR-
T cells has created substantial excitement among Biotech companies and researchers. In this regard, the
scientific communities have produced tremendous efforts in developing abundant quantitative ap-
proaches for CAR-T cells that can assist the safety and efficacy evaluation of CAR-T cell products.

The prevalence of and factors associated with treatment modification at first cycle in older adults
with advanced cancer receiving palliative treatment were reported by Mohamed M.R. et al. [12]. The
authors say that treatment toxicities are common in older adults with cancer and consequently, treat-
ment modifications are sometimes considered. They evaluated the prevalence and factors associated
with treatment modifications at the first cycle in older patients receiving palliative systemic treatment.
The aims of this study were 1) to examine the prevalence of treatment modifications at cycle 1in a cohort
of older adults with advanced cancer receiving palliative systemic treatment, and 2) to identify baseline
factors, including socio-demographic variables, clinical variables, geriatric assessment (GA) domains, and
physician beliefs that are associated with treatment modifications. As an exploratory analysis, we also
investigated the possible moderation effect of chronological age on the association of baseline factors
with treatment modifications.
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Our colleagues collected the following baseline information after patients provided informed con-
sent and before they started a new line of palliative cancer treatment. Socio-demographic variables in-
cluded age (continuous variable), gender, race (White, Black, and others), education (less than high
school, high school graduate, and some college or more), and income (<550,000 and >550,000/ declined
to answer). Clinical variables included cancer type (gastrointestinal, lung, others), cancer stage (stage Il
stage V), line of palliative treatment (first versus second-line or greater), and physician-reported
Karnofsky Performance Score (KPS) (40-60, 70-80, and 90-100). GA domains were captured using vali-
dated tools with established cut-offs for impairment including comorbidity, functional status, physical
performance, cognition, social support, polypharmacy, psychological health, and nutritional status. Var-
iables to assess physician beliefs about the prognosis of the disease included answers to the following
questions: “How do you think cancer treatment will affect the patient’s quality of life?” (Improve versus
no change or decrease), and “What would you estimate the patient’s overall life expectancy to be?” (0-
12 months versus >12 months). Treatment modification at cycle 1 (at the beginning of the treatment
course) was defined as any change in dose or agents of the planned regimen from the standard treatment
guidelines (National Comprehensive Cancer Network [NCCN] guidelines) or published phase I/l clinical
trials. Standard treatment “full dose” means regimens that meet the standard guidelines for dose and
scheduling according to NCCN or published phase Il/lll trials. The planned regimens (individual drugs,
doses, and schedule) were captured at the beginning of the study from the primary oncology team and
reviewed by a blinded research team including at least two oncology clinicians and an information ana-
lyst. Modifications were classified as 1) dose reduction (i.e. chemotherapy dose lower than the estab-
lished regimen); 2) modified schedule to administer chemotherapy less frequently than the established
regimen (e.g. patient receives only Day 1 and Day 15 of a regimen with established schedule of Day 1, 8,
15); or 3) modified regimen (e.g. one or more chemotherapy agents are intentionally left out of a poly-
chemotherapy regimen). The composite binary variable of treatment modification (standard versus non-
standard) was constructed as the presence of any of these types of treatment modifications and served
as the dependent variable in bivariate and multivariate analyses [12].

Descriptive statistics were performed to describe independent and dependent variables. Subse-
quently, bivariate analyses were conducted to evaluate the association between each of the baseline
variables and treatment modification (standard or non-standard) at cycle 1. The researchers constructed
multivariable cluster-weighted generalized estimating equations (GEE) model with a binary distribution,
logit link, and robust standard errors to examine the independent associations of baseline covariates with
treatment modification at cycle 1 accounting for correlations among patients from the same practice.
The mean age of participants (n=369) was 77.2 years (standard deviation 5.2 years; range 70-94). Over-
all, 54.7% were males, 94% were non-Hispanic Whites, and the majority (87.8%) had stage IV cancer.
The most common cancer types were lung (n=116, 31.4%) and gastrointestinal (n=114, 30.9%,). At the
time of enrollment, 74.5% (n=275) were scheduled to receive first-line chemotherapy, and 25.5% (n=94)
were scheduled to receive second-line or later treatment. Of 369 patients, 240 (65.0%) received standard
regimens at cycle 1 according to NCCN guidelines or published clinical trials, and 129 (35.0%) received a
modified treatment regimen. Of those patients with treatment modification, 79% (n=292) received a
regimen with a dose reduction, 12% (n=44) received a different combination of agents (modified regi-
men), and 9% (n=33) received a modified schedule. The mean age of patients who received a modified
regimen was 78.6 years, compared to 76.6 years in patients who received standard regimens (p<0.01).
Patients who received treatment modifications were more likely to have functional impairments (66.4%
versus 52.9%, p=0.01) and had physician-estimated life expectancies of <12 months (43.4% versus
33.1%, p=0.04). Treatment modifications at cycle 1 were also more likely in patients reporting lower
incomes (57.8% of patients with yearly incomes <550,000, compared to 42.2% of patients with incomes
>$50,000 and those who declined to answer [p = 0.02]). In addition, patients who received a modified
treatment regimen were more likely to be receiving second line or later treatment (32.6% versus 21.7%,
p=0.02). There were no significant differences between groups (i.e. patients received standard vs treat-
ment modification) across race, gender, education, cancer type, KPS, other impaired GA domains, or phy-
sician estimated impact of treatment on quality of life. In multivariable GEE regression, authors found
that each additional year of age was associated with 10% increased odds of treatment modification at
cycle 1. [odds ratio (OR) 1.1, 95% confidence interval (Cl) 1.0-1.2]. Receipt of second or greater line of
chemotherapy (OR 1.8, Cl 1.1-3.0), functional impairment (OR 1.6, Cl 1.1-2.3), and lower income (OR
1.7, Cl 1.1-2.4) were also associated with increased odds of treatment modification at cycle 1. A signifi-
cant moderation effect was found between patients’ age and physician-estimated life expectancy for
cycle 1 treatment modification (p=0.02). In adjusted models and after stratification of the study
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population by age group (70-74 (n=136), 75-79 (n=114), and =80 (n=118)), researchers found that
among patients aged 70-74 years, those who had an estimated life expectancy of more than one year
had 2.5 times the odds of receiving standard of care doses compared to those who had a life expectancy
of less than one year (Cl 1.1-5.4). Among patients aged 75-79 years and patients >80 years, those who
had life expectancies greater than one year had 1.3 (C/ 0.6-3.1) and 1.2 (Cl 0.5-2.6) times the odds of
receiving standard of care doses compared to those had life expectancies of less than one year. Increasing
age did not moderate the associations of functional status, physical performance, or cognition with treat-
ment modification at cycle 1 (p>0.05). Summarizing the results of the study, the authors note that in this
large, nationwide study of older adults with advanced cancer receiving palliative treatment, our col-
leagues observed that 35% received a modified treatment regimen at cycle 1. Increasing age, lower in-
come, functional impairment, and receipt of prior lines of treatment were associated with increased odds
of treatment modification. Additionally, researchers observed chronologic age as a moderator in the re-
lationship between life expectancy and treatment recommendations, suggesting that life expectancy is
weighted more or less heavily in treatment decisions depending on chronologic age. The rate of treat-
ment modification in this population emphasizes the importance of developing evidence-based treatment
regimens for older adults with advanced cancer and GA impairments. Future studies should evaluate the
longitudinal effect of cycle 1 treatment modifications in the advanced cancer setting on both cancer and
patient-reported outcomes [12].

Shebley M. et al. in their work describe aspects of DD in pediatric oncology [13]. The authors point
out that pediatric DD is a challenging process due to the rarity of the population, the need to meet regu-
latory requirements across the globe, the associated uncertainty in extrapolating data from adults, the
paucity of validated biomarkers, and the lack of systematic testing of drugs in pediatric patients. In on-
cology, pediatric DD has additional challenges that have historically delayed availability of safe and ef-
fective medicines for children. In particular, the traditional approach to pediatric oncology DD involves
conducting phase 1 studies in children once the drug has been characterized and in some cases approved
for use in adults. Because it may be unethical and infeasible to conduct DDI trials in pediatrics in general
and in oncology patients in particular, drug interaction results in adults are typically extrapolated to pe-
diatrics based on the dosing considerations described above (ie, intrinsic factors that influence drug clear-
ance). However, due to known physiologic and developmental differences between adults and children
(ie, drug-metabolizing enzyme ontogeny), DDIs are often extrapolated using modeling and simulation
approaches such as physiologically based pharmacokinetic, when the ontogeny of drug elimination path-
ways is well understood such as in the case of CYP3A-mediated metabolism. Not only does this provide
a more scientifically robust approach to provide DDI recommendations and dose adjustment in children,
but it also provides a platform to simulate scenarios that are otherwise impossible to test clinically and
ethically. Furthermore, some chemotherapy regimens differ even when the disease type is the same in
children and adults, often due to the inability of older adults to tolerate a more intensive regimen (e,
PEG-L-asparaginase is always used in pediatric acute lymphocytic leukemia protocols but rarely in adult
protocols). Therefore, DDI information on such combinations would be completely absent. It also may be
impossible to adjust the chemotherapy dose (ie, lower dose/intensity) when introducing the new drug if
DDl is suspected, since the new drug may not provide efficacy and the loss of benefit to the child from
adjusting backbone therapy would leave the patients in a subtherapeutic window. This again highlights
the need for a model-informed DD approach to provide the appropriate dosing instructions for concom-
itant drug administration in children.

As the authors note establishing an optimal starting dose of a convenient, age-appropriate formu-
lation remains important for successful pediatric oncology DD. Use of modeling and simulation ap-
proaches must continue to advance to inform selection of safe and efficacious doses as early in the drug
development process as possible and to avoid overexposing children to subtherapeutic doses. It is imper-
ative that modeling and simulation approaches, together with identification and validation of additional
PD end points, continue to evolve to enable development of the most effective therapies in the shortest
amount of time. Additional research in both of these areas is warranted [13].

I would also like to dwell on such a fairly new direction in CP as chronopharmacology.

As Kaskal M. et al. [14] emphasize in their work one of the goals of CP is to optimize patient treat-
ment by adopting new treatment strategies which will increase the efficacy of the treatment and de-
crease the adverse effects of the drugs. In the literature, it has shown that the effectiveness and toxicity
of medications can vary significantly based on when they are administered, making timing a crucial fac-
tor in treatment plans. Chronopharmacology a relatively new branch of CP focuses on adjusting drug
administration times to enhance patient outcomes. Chronopharmacology is largely influenced by an
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individual’s circadian rhythm which refers to periodic changes in biological processes depending on the
time of the day. The chronopharmacology influences clinical practice, and the accumulating knowledge
in this field will likely lead healthcare providers to adopt new strategies for drug treatment regimens.
Chronopharmacology is a branch of pharmacology that studies how the timing of drug administration
affects the body’s response to medication. It emphasizes the role of biological rhythms, such as the cir-
cadian rhythm, in influencing drug effectiveness and safety. The studies on chronopharmacology are di-
vided into two main areas: chronopharmacokinetics and chronopharmacodynamics.

Chronopharmacokinetics investigates how the timing of drug intake impacts the processes of
ADME of the drugs. Chronopharmacodynamics examines the change in the effects of drugs on cellular
and tissue levels, depending on the administration time of the drug. Both of these disciplines form the
core of chronopharmacology and are the main themes in the aspects of chronopharmacology. They are
essential for guiding the optimal timing of drug treatment to enhance benefits and reduce adverse ef-
fects. The drugs used in oncology are considered highly effective due to their antineoplastic effect but
they also exhibit a broad range of severe adverse effects. The adverse effect profiles of antineoplastic
agents are an important topic of discussion, particularly in the context of chronopharmacology. The tim-
ing of drug administration has been shown to potentially influence both the efficacy and the side effects
of these agents. By aligning the administration of antineoplastic drugs with the body’s circadian rhythms,
it may be possible to enhance their therapeutic effects while minimizing adverse reactions. Ongoing re-
search is focused on identifying the optimal timing for these treatments, with the aim of improving pa-
tient outcomes and reducing the burden of side effects. In the course of the study, the authors state that
chronopharmacology represents a significant step forward in the quest to optimize drug therapies. By
integrating the principles of this discipline into clinical practice, healthcare providers can enhance the
effectiveness of treatments, reduce adverse effects, and move closer to the goals of personalized medi-
cine. Ongoing research and clinical trials will continue to refine these strategies, ultimately leading to
more precise and effective treatment protocols across a wide range of medical fields [14].

Summarizing the above data, it can be concluded that CP in oncology is currently a key area of
modern medicine, combining fundamental understanding of the mechanisms of action of anticancer
agents with the principles of individualized therapy. The development of molecular technologies, PGs,
and biomarkers has significantly improved the accuracy of drug selection and dosage, minimized toxicity,
and improved patient prognosis.

Despite significant advances, issues of drug resistance, interindividual variability in PKs and PDs,
and the need to optimize drug combinations remain pressing. Addressing these challenges requires fur-
ther integration of CP with oncogenomics, bioinformatics, and clinical trials.

Thus, understanding the fundamentals of CP in oncology forms the basis for the rational use of
anticancer drugs, facilitates the development of a personalized approach, and serves as the foundation
for improving malignant tumor therapy in the future. The development of predictive models of therapy
efficacy and toxicity will enable the implementation of a truly personalized approach, in which the choice
of drug, dose, and treatment regimen is based on a combination of pharmacological, genetic, and clinical
factors.

CPin oncology occupies a central place in modern anticancer treatment, providing a scientific basis
for the selection, dosing, and combination of medications. Understanding the mechanisms of action of
cytostatic, targeted, and immunomodulatory agents, as well as their PKs and PDs, not only improves
therapy effectiveness but also significantly reduces the incidence and severity of toxic complications,
which remain a leading problem in oncology practice.

In recent decades, there has been a shift from empirical chemotherapy selection to personalized
medicine based on the analysis of the molecular and genetic characteristics of the tumor and the indi-
vidual patient's metabolic characteristics. PGs and therapeutic drug monitoring are becoming integral
elements of CP, opening up opportunities for precise dosing and predicting treatment response. The in-
troduction of biomarkers into clinical practice facilitates patient stratification and the selection of opti-
mal treatment regimens, which is particularly important when using targeted and immunotherapeutic
agents.

Thus, CP serves as the scientific foundation for rational anticancer therapy. Its further develop-
ment determines not only the increased effectiveness and safety of malignant tumor treatments but also
the emergence of a new paradigm of oncological care — precise, individualized, and pathogenetically
sound.
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Abstract

This article examines the pedagogical potential of integrating digital educational ecosystems into
the formation of professional and methodological competence of future English language teachers. The
study highlights how digital platforms, tools, and resources contribute to developing teaching skills,
methodological awareness, and adaptability in modern educational environments. Special attention is
given to interactive technologies, online collaboration, and personalized learning opportunities. The find-
ings suggest that digital ecosystems enhance students’ engagement, foster critical thinking, and support
continuous professional development. The integration of such ecosystems is considered an essential fac-
tor in preparing future teachers for effective and innovative teaching practices in a rapidly evolving digi-
tal society.
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1. Introduction.

In the context of rapid digital transformation, the education system is undergoing significant
changes that affect both teaching methods and learning environments. One of the key trends in modern
pedagogy is the integration of digital educational ecosystems, which combine various digital tools, plat-
forms, and resources into a unified learning environment. These ecosystems provide new opportunities
for enhancing the quality of teacher education, particularly in the preparation of future English language
teachers.

Professional and methodological competence is a fundamental component of teacher training. It
includes not only subject knowledge but also the ability to apply effective teaching methods, adapt to
diverse learning needs, and continuously develop professionally. In this regard, digital educational eco-
systems play a crucial role by offering access to interactive resources, online communication tools, and
innovative teaching strategies.

The integration of digital technologies into teacher education allows students to engage in active
learning, collaborative projects, and reflective practices. Future English language teachers can benefit
from authentic materials, virtual classrooms, and global communication opportunities, which contribute
to the development of their linguistic and pedagogical skills. Moreover, digital ecosystems support per-
sonalized learning, enabling students to progress at their own pace and focus on their individual needs.

Despite the growing importance of digital tools, their effective integration requires a clear peda-
gogical framework and methodological support. Therefore, it is essential to explore the pedagogical po-
tential of digital educational ecosystems and their impact on the formation of professional competence.
This study aims to analyze the role of digital ecosystems in teacher education and to identify their ad-
vantages in preparing future English language teachers for the challenges of the modern educational
landscape.

2. Theoretical Background

2.1 Definition of Digital Educational Ecosystems

The concept of digital educational ecosystems has emerged as a response to the rapid development
of information and communication technologies in education. A digital educational ecosystem can be
defined as an integrated and dynamic environment that combines digital tools, platforms, resources, and
participants to support teaching and learning processes. It includes learning management systems (LMS),
online collaboration tools, digital content repositories, and communication technologies that interact
within a unified framework.

Unlike traditional educational environments, digital ecosystems are characterized by flexibility,
adaptability, and interconnectivity. They enable continuous access to educational resources and support
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both formal and informal learning. Moreover, such ecosystems promote learner autonomy and provide
opportunities for personalized learning paths, which are particularly important in teacher education.

2.2 Key Components and Characteristics

Digital educational ecosystems consist of several essential components that ensure their effective-
ness. These include technological infrastructure, digital content, communication tools, and pedagogical
strategies. Technological infrastructure provides the foundation for the functioning of digital platforms,
while digital content includes multimedia materials, interactive tasks, and online courses.

One of the key characteristics of digital ecosystems is interactivity, which allows students to ac-
tively engage in the learning process. Another important feature is scalability, enabling the system to
accommodate a large number of users and resources. Additionally, digital ecosystems are characterized
by accessibility, allowing learners to access materials anytime and anywhere. Collaboration is also a sig-
nificant aspect, as digital tools facilitate communication and teamwork among students and educators.

2.3 Concept of Professional Competence in Teacher Education

Professional competence in teacher education refers to a complex set of knowledge, skills, atti-
tudes, and values that enable teachers to perform their professional duties effectively. It includes subject
knowledge, pedagogical skills, classroom management abilities, and the capacity for continuous profes-
sional development.

In the context of English language teaching, professional competence also involves linguistic profi-
ciency and intercultural awareness. Future teachers must be able to apply theoretical knowledge in prac-
tice, design effective lessons, and respond to the diverse needs of learners. The development of profes-
sional competence is a continuous process that requires both formal education and practical experience.

2.4 Concept of Methodological Competence in English Language Teaching

Methodological competence is a key component of professional competence and refers to the abil-
ity to select, adapt, and apply appropriate teaching methods and strategies. In English language teaching,
this includes knowledge of language acquisition theories, teaching approaches, and assessment methods.

Future English language teachers must be capable of designing lesson plans, choosing suitable ma-
terials, and implementing interactive teaching techniques. Methodological competence also involves the
ability to evaluate learning outcomes and adjust teaching practices accordingly. The integration of digital
technologies enhances methodological competence by providing access to innovative teaching tools and
resources.

2.5 Review of Relevant Scientific Literature

The issue of integrating digital technologies into teacher education has been widely discussed in
contemporary research. Scholars emphasize the importance of digital competence as an essential com-
ponent of modern teacher professionalism. According to recent studies, digital educational ecosystems
contribute significantly to the development of both professional and methodological competence.

Researchers highlight that digital tools improve student engagement, facilitate collaborative
learning, and support the development of critical thinking skills. Furthermore, studies show that the use
of online platforms and digital resources enhances the quality of language instruction by providing au-
thentic materials and real-life communication opportunities.

However, some authors point out challenges related to the implementation of digital ecosystems,
such as insufficient technical support and lack of training. Despite these limitations, the majority of re-
searchers agree that digital educational ecosystems have strong pedagogical potential and play a crucial
role in the modernization of teacher education.

3. Pedagogical Potential of Digital Educational Ecosystems

3.1 Opportunities for Interactive and Student-Centered Learning

Digital educational ecosystems provide extensive opportunities for implementing interactive and
student-centered learning approaches. Unlike traditional teacher-centered models, digital environments
encourage active participation, engagement, and autonomy among learners. Through the use of interac-
tive platforms, simulations, and multimedia content, students become active participants in the learning
process rather than passive recipients of information.

Future English language teachers benefit from these environments by experiencing innovative
teaching methods firsthand. Tools such as quizzes, gamified applications, and virtual classrooms allow
learners to receive immediate feedback and adjust their learning strategies accordingly. This interactive
approach enhances motivation and supports deeper understanding of educational content. Moreover,
student-centered learning within digital ecosystems promotes critical thinking, problem-solving, and in-
dependent learning skills, which are essential for modern educators.

3.2 Development of Digital Literacy and Teaching Skills
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The integration of digital educational ecosystems significantly contributes to the development of
digital literacy among future teachers. Digital literacy involves not only the ability to use technological
tools but also the capacity to critically evaluate digital content, create educational materials, and apply
technology effectively in teaching practice.

For future English language teachers, mastering digital tools is essential for designing engaging
lessons and adapting to diverse learning environments. Digital ecosystems provide opportunities to de-
velop skills such as creating multimedia presentations, managing online classrooms, and using learning
management systems. Additionally, students learn how to integrate technology into lesson planning and
assessment processes.

As a result, future teachers become more confident in using digital tools and are better prepared
to meet the demands of modern education. The development of these competencies ensures their read-
iness for continuous professional growth in a technology-driven world.

3.3 Support for Collaborative and Communicative Competence

One of the key advantages of digital educational ecosystems is their ability to facilitate collabora-
tion and communication. Online platforms enable students to interact with peers and instructors
through discussion forums, group projects, and virtual meetings. These interactions promote the devel-
opment of communicative competence, which is particularly important for future English language
teachers.

Collaborative learning activities encourage the exchange of ideas, peer feedback, and collective
problem-solving. Through participation in online discussions and teamwork, students develop essential
interpersonal skills and learn how to communicate effectively in diverse contexts. Furthermore, digital
tools allow for synchronous and asynchronous communication, making collaboration more flexible and
accessible.

The development of communicative competence in digital environments also prepares future
teachers to create interactive and inclusive classrooms. It enhances their ability to manage group work
and foster meaningful communication among their future students.

3.4 Access to Authentic Materials and Global Resources

Digital educational ecosystems provide access to a wide range of authentic materials and global
resources, which are crucial for effective English language teaching. These include online articles, videos,
podcasts, interactive exercises, and real-life communication platforms. Exposure to authentic content
helps learners develop language skills in realistic contexts and improves their cultural awareness.

Future English language teachers can use these resources to design engaging lessons that reflect
real-world language use. Digital ecosystems also enable access to international educational platforms
and communities, allowing students to interact with native speakers and educators from different coun-
tries.

Moreover, the availability of diverse resources supports differentiated instruction, as teachers can
select materials that meet the needs and proficiency levels of their students. This flexibility enhances the
quality of teaching and promotes more effective language acquisition.

4. Integration into Teacher Training

4.1 Strategies for Implementing Digital Ecosystems in Higher Education

The effective integration of digital educational ecosystems into teacher training requires well-
structured strategies and institutional support. Higher education institutions must adopt a systematic
approach that combines technological infrastructure with pedagogical innovation. One of the key strat-
egies involves embedding digital tools and platforms into the curriculum rather than treating them as
supplementary elements.

Blended learning models, which combine face-to-face instruction with online learning, are widely
recognized as an effective approach to integrating digital ecosystems. These models allow students to
benefit from both traditional and digital methods, enhancing flexibility and engagement. Additionally,
project-based learning and problem-based learning can be supported through digital environments, en-
couraging students to apply theoretical knowledge in practical contexts.

Another important strategy is continuous professional development for both students and instruc-
tors. Training programs and workshops should be provided to ensure that all participants possess the
necessary digital competencies. Institutional policies should also support innovation and encourage the
use of digital technologies in teaching and learning processes.

4.2 Use of Online Platforms, LMS, and Digital Tools

Online platforms and learning management systems (LMS) play a central role in digital educational
ecosystems. These systems provide a structured environment for organizing course materials, managing
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assignments, and facilitating communication between students and instructors. Common LMS features
include content delivery, assessment tools, discussion forums, and progress tracking.

Digital tools such as video conferencing applications, collaborative platforms, and interactive soft-
ware further enhance the learning experience. They allow for synchronous and asynchronous communi-
cation, enabling students to participate in lectures, discussions, and group work regardless of their phys-
ical location.

For future English language teachers, the use of these tools is particularly valuable, as it helps them
develop practical skills in managing digital classrooms. They learn how to design online lessons, monitor
student progress, and provide feedback through digital channels. This experience prepares them for
teaching in both traditional and online environments.

4.3 Examples of Digital Resources in English Language Teaching

A wide variety of digital resources can be effectively used in English language teaching within dig-
ital educational ecosystems. These include online dictionaries, language learning applications, educa-
tional websites, and multimedia content such as videos and podcasts. Interactive exercises and quizzes
help reinforce vocabulary and grammar, while virtual simulations and role-playing activities support the
development of speaking skills.

Authentic materials, such as news articles, interviews, and real-life communication platforms, are
particularly valuable for language learning. They expose students to natural language use and diverse
cultural contexts. Additionally, online communities and forums allow learners to engage in meaningful
communication with speakers from around the world.

The integration of these resources enables future teachers to design dynamic and engaging les-
sons. It also encourages creativity and innovation in teaching practices, making the learning process more
effective and enjoyable.

4.4 Role of Instructors in Guiding Digital Learning

In digital educational ecosystems, the role of the instructor shifts from a traditional knowledge
transmitter to a facilitator and guide. Instructors are responsible for creating a supportive learning envi-
ronment, selecting appropriate digital tools, and guiding students in their use. They must also help stu-
dents develop critical thinking skills and digital literacy.

Effective instructors provide clear instructions, organize learning activities, and offer timely feed-
back. They also encourage collaboration and active participation, ensuring that students remain engaged
in the learning process. In addition, instructors play a crucial role in monitoring students’ progress and
addressing individual learning needs.

Furthermore, instructors must continuously update their own digital competencies to keep pace
with technological advancements. Their ability to integrate digital tools effectively has a direct impact
on the quality of teacher training. Therefore, the success of digital educational ecosystems largely de-
pends on the professional readiness and adaptability of instructors.

5. Impact on Professional and Methodological Competence

5.1 Improvement of Teaching Methodologies

The integration of digital educational ecosystems significantly contributes to the improvement of
teaching methodologies among future English language teachers. By engaging with digital tools and
platforms, students are exposed to a wide range of innovative teaching approaches that go beyond tra-
ditional methods. These include blended learning, flipped classrooms, and interactive instruction sup-
ported by multimedia resources.

Digital environments enable future teachers to experiment with various instructional strategies
and adapt them to different learning contexts. They learn how to design engaging lesson plans, incorpo-
rate technology into teaching, and use data from digital platforms to assess student performance. As a
result, teaching methodologies become more flexible, dynamic, and learner-centered, which enhances
the overall quality of education.

5.2 Development of Reflective and Critical Thinking Skills

Digital educational ecosystems also play a crucial role in developing reflective and critical thinking
skills. Through participation in online discussions, collaborative projects, and self-assessment activities,
future teachers are encouraged to analyze their own learning processes and teaching practices.

Reflection is an essential component of professional growth, as it allows teachers to evaluate their
strengths and identify areas for improvement. Digital tools such as e-portfolios, blogs, and discussion
forums provide platforms for continuous reflection and feedback. In addition, access to diverse sources
of information enables students to critically evaluate content, compare perspectives, and make informed
decisions.
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These skills are particularly important for English language teachers, who must be able to adapt
their teaching strategies and respond to the needs of diverse learners.

5.3 Adaptation to Diverse Learning Environments

The use of digital educational ecosystems enhances the ability of future teachers to adapt to di-
verse learning environments. Modern classrooms are increasingly characterized by diversity in terms of
students’ backgrounds, learning styles, and proficiency levels. Digital tools provide opportunities for dif-
ferentiated instruction, allowing teachers to tailor their teaching methods to individual needs.

For example, online platforms offer various types of content, including videos, texts, and interac-
tive activities, which cater to different learning preferences. Teachers can also use digital assessment
tools to monitor student progress and adjust instruction accordingly.

Moreover, experience with digital ecosystems prepares future teachers to work in both traditional
and online learning environments. This adaptability is essential in the context of global educational
changes and the increasing demand for oucmaruuoHHoe and hybrid learning.

5.4 Enhancement of Lifelong Learning Abilities

Digital educational ecosystems promote the development of lifelong learning abilities, which are
essential for professional success in the modern world. Future English language teachers are encouraged
to take responsibility for their own learning and continuously update their knowledge and skills.

Access to online courses, webinars, and professional communities allows teachers to engage in
ongoing professional development. Digital environments support self-directed learning by providing flex-
ible access to educational resources and opportunities for skill improvement.

As a result, future teachers develop a mindset of continuous learning and professional growth.
They become more independent, motivated, and capable of adapting to changes in the educational land-
scape. This ability to engage in lifelong learning ensures that they remain effective and relevant in their
profession.

6. Conclusion

The integration of digital educational ecosystems into teacher training represents a significant step
toward the modernization of education and the improvement of teaching quality. As demonstrated in
this study, digital ecosystems provide a dynamic and flexible learning environment that supports the de-
velopment of both professional and methodological competence among future English language teach-
ers.

The findings highlight that digital technologies enhance teaching methodologies, promote inter-
active and student-centered learning, and foster the development of critical thinking and reflective skills.
In addition, digital ecosystems enable future teachers to adapt to diverse learning environments and sup-
port the formation of lifelong learning habits, which are essential in a rapidly changing educational land-
scape.

At the same time, the study identifies several challenges, including technical limitations, insuffi-
cient digital competence, and issues related to accessibility and digital inequality. These factors must be
carefully addressed to ensure the effective implementation of digital ecosystems in higher education.

Overall, the pedagogical potential of digital educational ecosystems is substantial, and their inte-
gration into teacher education should be considered a strategic priority. Future research should focus on
developing practical models for implementation, as well as exploring innovative approaches to digital
pedagogy. By leveraging the opportunities offered by digital ecosystems, educational institutions can
better prepare future English language teachers for the demands of modern education and contribute to
the development of a more effective and inclusive learning environment.
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Abstract

Small-class rural schools (MKS) constitute one of the most vulnerable and numerous segments of
the education system of the Republic of Kazakhstan. According to official data from the Ministry of Ed-
ucation, approximately 73% of all state general secondary schools are located in rural areas, and more
than half of them are small-class institutions with combined grades that educate around 40% of the
country's school-age children. These schools face chronic challenges in delivering high-quality English as
a foreign language (EFL) education, which is a key strategic component of the state trilingual education
policy aimed at developing competence in Kazakh, Russian, and English.

Blended learning (BL), defined as a systematic integration of traditional face-to-face instruction
with digital and online components, is increasingly viewed as one of the most promising innovative ap-
proaches. It offers the potential to mitigate the digital divide, personalize learning, and significantly en-
hance students' communicative competence in EFL. This analytical review provides a comprehensive sys-
tematization of the main barriers to the implementation of blended learning in EFL teaching within
small-class rural schools and identifies realistic prospects based on current state initiatives as of 2026.

The barriers are classified into four interconnected categories: infrastructural-digital, personnel-
related, methodological, and socio-cultural. Prospects are strongly associated with the pilot launch of
the Qazaq Digital Mektebi project in September 2026 across seven regions, the successful scaling of re-
gional experiences such as the Aktobe project included in the HundrED Global Collection 2026, and the
active development of offline-capable digital content incorporating artificial intelligence elements.

The review proposes a practically adapted hybrid model for EFL that prioritizes offline components
while minimizing dependence on constant high-speed internet. It effectively supports the development
of all four language skills. The scientific novelty of the study lies in the detailed and context-specific anal-
ysis of blended learning applied to EFL in the unique socio-economic, infrastructural, and cultural condi-
tions of Kazakhstani small-class rural schools amid the ongoing 2025-2026 national digital transfor-
mation policy.

Keywords: blended learning, English as a foreign language (EFL), small-class rural schools, digital
divide, educational inequality, Qazaq Digital Mektebi, trilingual education, Kazakhstan.

Introduction

The education system of the Republic of Kazakhstan is undergoing profound digital transformation
aimed at ensuring equitable access to quality education for all citizens, regardless of their place of resi-
dence. This process is driven by key national strategic documents, including the Concept for the Develop-
ment of Preschool, Secondary, Technical and Vocational Education until 2029, the Digital Kazakhstan
program, and recent presidential initiatives emphasizing the use of artificial intelligence to bridge urban-
rural gaps. Despite considerable state investments in infrastructure, teacher training, and digital plat-
forms, small-class rural schools with combined grades continue to represent the most vulnerable and
numerous segment of the educational infrastructure.

These schools typically operate in remote and sparsely populated territories, where limited finan-
cial, material, technical, and human resources create persistent structural barriers to delivering modern,
high-quality education. In such challenging contexts, the quality of English as a foreign language (EFL)
instruction acquires exceptional strategic importance. English is not merely a school subject but a critical
tool for students’ future academic mobility, access to international knowledge resources, participation
in global labor markets, and successful realization of the state trilingual policy, which aims to develop
functional competence in Kazakh (state language), Russian (language of interethnic communication),
and English (language of international communication).

However, EFL teaching in rural small-class schools is severely constrained by multiple factors: a
chronic shortage of qualified English language specialists, insufficient access to up-to-date teaching
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materials and authentic resources, and the organizational complexities of combined-grade classes, where
learners of different ages, cognitive development levels, and language proficiency study together in the
same classroom. Traditional face-to-face instruction, while valuable for building personal relationships
and immediate feedback, often fails to provide the necessary volume, variety, repetition, and individual-
ization of practice required for effective development of communicative competence across listening,
speaking, reading, and writing skKills.

Under these circumstances, blended learning emerges as a highly promising and practically viable
pedagogical solution. Blended learning is understood as a deliberate, systematic, and pedagogically
grounded combination of traditional classroom-based activities with digital, online, and offline techno-
logical components. This approach allows for flexible personalization of the learning process, increased
student motivation through interactive and multimedia tools, more efficient use of limited classroom
time, and better adaptation to the specific constraints of rural educational environments.

This analytical review seeks to address a significant research and practical gap in the existing liter-
ature by providing a detailed and multifaceted systematization of the key barriers that currently impede
the widespread and effective adoption of blended learning in EFL instruction within small-class rural
schools of Kazakhstan. Simultaneously, it outlines realistic prospects and opportunities grounded in the
latest state-level digital initiatives, with particular emphasis on the pilot phase of the Qazaq Digital
Mektebi project scheduled to begin in September 2026 in seven regions. The review pays special attention
to the complex interplay between infrastructural limitations, teacher professional preparedness, meth-
odological challenges, socio-cultural factors, and the overarching goals of trilingual education policy.

The primary objectives are: (1) to present a thorough and up-to-date characterization of the current
state and distinctive features of small-class rural schools in Kazakhstan; (2) to classify and deeply analyze
the multifaceted barriers to blended EFL implementation; (3) to critically evaluate existing and emerging
digital initiatives at national and regional levels; (4) to propose a contextually adapted hybrid model suit-
able for the realities of rural small-class schools; and (5) to draw well-substantiated conclusions regard-
ing the feasibility, potential impact, and necessary conditions for successful integration of blended learn-
ing in rural EFL education. The scientific novelty of this work lies in its focused, context-sensitive, and
comprehensive examination of blended learning models applied specifically to English as a foreign lan-
guage under the unique socio-economic, infrastructural, cultural, and policy realities of Kazakhstani
small-class rural schools during the active phase of national digital transformation in 2025-2026.

Theoretical Foundations of Blended Learning in EFL

Blended learning has firmly established itself in global educational theory and practice as one of
the most effective, flexible, and student-centered pedagogical models of the 2 1st century. It represents
a harmonious integration of the proven strengths of traditional classroom-based instruction — including
direct teacher guidance, immediate formative feedback, social interaction, emotional engagement, and
development of soft skills — with the powerful advantages of digital technologies, such as high adapta-
bility to individual learner needs and paces, access to vast multimedia and authentic resources, opportu-
nities for repeated self-paced practice, continuous automated progress tracking, and scalability beyond
physical classroom limitations.

In the specific field of teaching English as a foreign language, blended learning demonstrates par-
ticular pedagogical value and effectiveness. It enables the balanced, simultaneous, and integrated devel-
opment of all four core language skills — listening, speaking, reading, and writing — while successfully
accommodating diverse student proficiency levels, learning styles, motivational profiles, and cognitive
abilities. Several well-established models have shown strong applicability in resource-constrained envi-
ronments such as rural schools. The flipped classroom model shifts the delivery of theoretical content
(grammar rules, vocabulary introduction, cultural background information) to independent study
through short videos, audio recordings, or texts accessed via offline devices, thereby liberating precious
classroom time for higher-order interactive communicative activities, role-plays, debates, pair work, and
personalized teacher feedback.

The station rotation model organizes the lesson around several rotating learning stations: one sta-
tion focuses on teacher-led pronunciation drills and speaking practice, another on digital or pre-down-
loaded listening and vocabulary exercises, and a third on collaborative group projects or creative tasks.
The flex model, meanwhile, emphasizes digital content delivery as the primary mode while retaining
teacher support and intervention on demand. These models are especially relevant and practical for
small-class schools with combined grades, as they naturally support differentiated instruction, optimize
the limited time and energy of multi-subject teachers, and allow for more efficient classroom manage-
ment in multi-age groups.
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A large body of international and comparative empirical research consistently demonstrates that
thoughtfully designed blended learning programs in EFL contexts can lead to measurable improvements
in language proficiency indicators ranging from 10% to 22%, alongside substantial gains in student mo-
tivation, autonomy, engagement, and confidence in using English for real communication. In the Kazakh-
stani educational landscape, blended learning approaches have been relatively well studied and imple-
mented at the higher education level, where universities generally enjoy better technological infrastruc-
ture and access to qualified staff. However, the systematic adaptation, piloting, and scaling of these
models to the specific realities of rural secondary education — marked by chronic issues of unstable in-
ternet connectivity, limited device availability, heavy teacher workloads across multiple subjects, and the
pedagogical complexities of combined-grade teaching — remain significantly underdeveloped both in
research and in practice. This persistent gap in theory, policy, and implementation underscores the rele-
vance and timeliness of the present analytical review, which focuses explicitly on identifying context-
specific barriers, proposing feasible adaptation strategies, and evaluating long-term prospects for EFL
instruction through blended learning in Kazakhstani small-class rural schools.

Characteristics of Small-Class Rural Schools in Kazakhstan

Small-class rural schools represent a substantial, strategically vital, and numerically significant
component of the national education system of Kazakhstan. According to the most recent official statis-
tics released by the Ministry of Education for the 2025-2026 academic year, approximately 73% of all
state general secondary schools are situated in rural areas. Moreover, more than 50% of these rural in-
stitutions function as small-class (ManokomnnekmHsbie) schools characterized by combined grades and
relatively low student enrollments. Taken together, these schools currently provide education to roughly
40% of the total school-age population of the country. In several northern and central regions, the share
of small-class schools rises even higher, reaching 60-64% of all rural educational institutions.

The operational realities of these schools are defined by a complex web of interconnected chal-
lenges. Teachers routinely shoulder heavy and multifaceted workloads, often teaching several subjects
simultaneously while managing combined-grade classes that bring together students of markedly differ-
ent ages, developmental stages, and levels of language proficiency within the same physical classroom.
This organizational model creates considerable methodological and pedagogical difficulties, particularly
in the domain of foreign language teaching, which inherently demands consistent individual attention,
frequent and meaningful speaking practice, accurate pronunciation modeling, and carefully differenti-
ated tasks tailored to each learner's current abilities and needs.

In addition to human resource pressures, the material and technical infrastructure in many small
rural schools remains modest and frequently outdated. Common problems include aging equipment, ir-
regular electricity supply, and unreliable or low-speed internet connections that severely restrict the pos-
sibilities for regular use of modern digital educational tools and platforms. English as a foreign language
is formally introduced into the curriculum starting from primary school in accordance with national state
standards. Nevertheless, the overall quality and effectiveness of EFL instruction in rural areas continue
to lag noticeably behind that observed in urban schools. This quality gap is largely attributable to the
acute and persistent shortage of qualified, specially trained EFL teachers. In a large number of cases,
generalist teachers who lack specialized linguistic, phonetic, or communicative methodology training are
responsible for delivering English lessons. Consequently, critical aspects such as accurate pronunciation
modeling, organization of authentic communicative activities, integration of interactive and task-based
methods, and development of intercultural competence often receive insufficient attention.

These deeply rooted structural, resource-related, and human-factor constraints position small-
class rural schools as a clear national priority for targeted digital transformation and innovative peda-
gogical interventions. The thoughtful and contextually adapted integration of blended learning models
in such environments could play a transformative role in narrowing long-standing educational inequali-
ties, improving equitable access to quality EFL education, and advancing the broader strategic objectives
of Kazakhstan's trilingual education policy.

Barriers to Implementing Blended Learning in EFL

The practical implementation of blended learning in English language teaching within small-class
rural schools encounters a complex, multifaceted, and mutually reinforcing set of barriers. For analytical
clarity, these obstacles can be systematically categorized into four primary groups that interact and am-
plify one another in rural contexts.
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Table 1. Main Barriers to Blended EFL Implementation in Small-Class Rural Schools

Category Specific Barriers Impact on EFL Teaching Severity
Infrastructural- | Unstable or slow internet connection, acute short- Severely restricted access to video High
Digital age of computers and tablets, frequent power out- materials, interactive online exer-
ages cises, authentic listening resources,
and real-time communication plat-
forms
Personnel Insufficient digital literacy and competence among Significant difficulties in effective in- | High
teachers, chronic shortage of qualified EFL special- tegration of digital tools, accurate
ists, excessively high teaching workloads across mul- | pronunciation modeling, and organi-
tiple subjects zation of meaningful speaking prac-
tice
Methodological | Lack of locally developed and culturally adapted EFL | Markedly reduced effectiveness of High
content that accounts for trilingual realities and Ka- | communicative tasks, limited possi-
zakh national culture, major challenges associated bilities for individualized and differ-
with teaching combined-grade classes entiated instruction
Socio-Cultural Generally lower student motivation toward digital Decreased active participation in Medium
learning formats, strong influence of household and | speaking and interactive activities,
agricultural responsibilities, widespread parental lower overall engagement and per-
skepticism or limited understanding of digital educa- | sistence in language learning
tion benefits

These barriers manifested with particular intensity during the nationwide transition to distance
learning in previous years and continue to exert a constraining influence on the potential of blended
learning formats in rural educational settings. Empirical observations and surveys frequently reveal that
rural students experience substantially lower levels of reliable digital access and express lower satisfac-
tion with online learning components when compared to their urban counterparts. Socio-cultural dimen-
sions further complicate adoption: concerns regarding academic integrity in unsupervised digital work,
feelings of isolation in remote communities, and insufficient peer interaction or parental support add
additional layers of difficulty to the successful transition toward sustainable blended models.

Table 2. Comparative Overview of Digital Access and EFL-Related Indicators (Urban vs. Rural Small-
Class Schools, synthesized from 2025-2026 studies)

Indicator Urban Rural Small-Class Gap Level
Schools Schools
Access to stable high-speed internet High Low Significant
Availability of personal or shared devices per student High Low to Medium Notable
Teacher digital and EFL-specific competence High Medium High
Measured student EFL communicative competence develop- | Higher Lower Moderate to
ment High
Student motivation and engagement in digital language High Medium to Low Moderate
learning

Prospects and Opportunities

Despite the considerable and deeply entrenched barriers outlined above, the year 2026 has
brought concrete, tangible, and strategically important opportunities for meaningful advancement of
blended learning in the rural school sector of Kazakhstan. The flagship national initiative is the pilot
launch of the Qazaq Digital Mektebi project, officially scheduled to commence in September 2026 in
seven designated pilot regions: North Kazakhstan, Kostanay, Akmola, Pavlodar, West Kazakhstan, Ak-
tobe, and East Kazakhstan. This ambitious project is specifically designed to address the needs of under-
enrolled small-class schools. It envisages the creation and deployment of a national educational platform
equipped with high-quality digital content, Al-powered tutors capable of providing interactive support in
multiple subjects (including foreign languages), and crucially important offline functionality that allows
usage in areas with limited or unstable internet connectivity. The initiative forms part of the broader
national push toward large-scale integration of artificial intelligence in education and aligns directly with
presidential directives on reducing urban-rural educational disparities.

A highly encouraging regional precedent that demonstrates practical viability is the Aktobe region
project titled "Enhancing Rural Schools with Digital Solutions". This initiative successfully covered 134
small rural schools (plus 12 supporting anchor schools) and was selected for inclusion in the prestigious
HundrED Global Collection 2026. The project achieved measurable improvements in overall educational
performance through the thoughtful combination of digital resource provision, systematic teacher pro-
fessional development programs, and the introduction of contextually adapted blended and hybrid learn-
ing models tailored to rural realities.

Collectively, these state-level and regional developments open a genuine and timely window of
opportunity for the systematic introduction and scaling of blended EFL teaching. The ongoing creation
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of fully offline-compatible teaching materials, development of low-bandwidth mobile applications, and
deployment of simple Al-assisted tools can dramatically decrease dependence on constant high-speed
internet access. Furthermore, the deliberate development of culturally relevant and locally grounded EFL
content — incorporating elements of Kazakh history, national traditions, literature, folklore, contempo-
rary social realities, and everyday life — carries strong potential to significantly boost student intrinsic
motivation, foster a sense of cultural ownership of the learning process, and strengthen the connection
between English language acquisition and the wider goals of trilingual education policy in Kazakhstan.

Proposed Adapted Blended Model for EFL in Small-Class Rural Schools

The proposed adapted hybrid model for EFL instruction in small-class rural schools strategically
combines a dominant offline component (approximately 60-70% of instructional time) focused on
teacher-guided communicative activities, role-plays, discussions, and pronunciation work suitable for
combined-grade classes, with a carefully calibrated supplementary digital/hybrid component (30—40%).
The digital portion includes pre-recorded video and audio materials distributed through USB drives or
low-bandwidth platforms, mobile applications optimized for vocabulary acquisition and listening com-
prehension, and asynchronous tasks delivered via accessible tools such as Telegram bots or basic Al chat-
bots for additional speaking practice. Implementation of the station rotation structure enables efficient
and differentiated organization of the learning process even in multi-age classrooms with limited re-
sources. This model is deliberately designed to be realistic, cost-effective, and feasible within the existing
infrastructural constraints of rural schools while remaining highly effective for the systematic develop-
ment of communicative competence and support of trilingual education objectives.

Discussion

The detailed and multi-dimensional analysis presented in this review clearly demonstrates that, in
the absence of targeted, context-sensitive, and well-coordinated adaptation to the specific infrastruc-
tural, personnel, methodological, and socio-cultural realities of small-class rural schools, any attempt to
introduce blended learning risks not only failing to achieve desired outcomes but potentially exacerbating
existing educational inequalities between urban and rural student populations. At the same time, the
current convergence of several powerful enabling factors — most notably the upcoming pilot launch of
the Qazaq Digital Mektebi project with its emphasis on Al tutors and offline functionality, the continued
operation and expansion of established national platforms such as Bilimland and Online Mektep, and the
documented success of pioneering regional initiatives such as the Aktobe project — creates a genuine,
timely, and strategically important window of opportunity for meaningful and sustainable progress
throughout 2026-2027 and subsequent years.

Comparative international experience drawn from other countries confronting analogous chal-
lenges in rural and remote education systems (including selected regions of Central Asia, parts of South-
east Asia, and certain developing contexts in Latin America and Africa) strongly confirms that carefully
designed hybrid models, which maintain a robust offline foundation while intelligently incorporating dig-
ital and Al-supported elements and culturally resonant content, can successfully narrow the digital di-
vide, improve language learning outcomes, and enhance overall educational equity. In the Kazakhstani
context, the ultimate success of blended EFL implementation will hinge on several critical and interde-
pendent factors: the provision of continuous, high-quality, and practically oriented professional develop-
ment programs for rural EFL teachers focused on digital literacy, Al tool usage, and blended methodol-
ogy; the systematic and accelerated creation of high-quality localized teaching and learning materials
that authentically reflect Kazakh cultural heritage and contemporary realities; and the establishment of
coordinated support mechanisms involving the Ministry of Education, regional education departments,
school administrations, and local communities. Only through such a holistic and systemic approach can
blended learning fulfill its considerable potential to transform EFL education in small-class rural schools
and contribute meaningfully to the realization of Kazakhstan's long-term trilingual education goals.

Conclusion

Blended learning possesses substantial long-term pedagogical, technological, and social potential
for significantly elevating both the quality and the equitable accessibility of English as a foreign language
teaching and learning in small-class rural schools throughout the Republic of Kazakhstan. Realizing this
considerable potential, however, necessitates a deep, nuanced, and evidence-based understanding of the
existing challenges, followed by the systematic, coordinated, and sustained addressing of the identified
infrastructural-digital, personnel-related, methodological, and socio-cultural barriers.

The ongoing national digital transformation process, which has gained additional momentum
through the pilot introduction of the Qazaq Digital Mektebi project in 2026 — with its explicit focus on
artificial intelligence tutors, offline functionality, and targeted support for under-enrolled rural schools



VI INTERNATIONAL SCIENTIFIC CONFERENCE. BRUSSELS. BELGIUM. 21-22.04.2026

— creates genuinely favourable structural and policy conditions for the gradual, thoughtful, and effec-
tive integration of blended learning methodologies into everyday EFL practice in rural educational set-
tings. When appropriately customized, rigorously piloted, and continuously refined to align with the
unique infrastructural, human, cultural, and linguistic circumstances of small-class rural schools, blended
learning can evolve into a powerful transformative instrument. It holds the capacity to make a tangible
and lasting contribution toward reducing persistent educational inequalities, enhancing the overall qual-
ity of language education, and advancing the strategic national objectives of trilingual education policy
across the vast and diverse rural territories of Kazakhstan. The successful realization of this vision will
require not only technological innovation and policy support but also sustained collaboration among re-
searchers, practitioners, policymakers, and local communities committed to building a more equitable
and future-oriented education system.
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GUIDING AND BINARY LECTURES OF THE LEARNING PROCESS TO A QUALITY EFFECT

Feyzullayeva Seadet Teyfuq
Azerbaijan State Pedagogical University Sheki
Branch (Azerbaijan)

ISTIQAMSTLONDIRICI V3 BINAR MUHAZIRSLORIN TOLIM PROSESININ KEYFIYYSTINS TOSIRI

Feyzullayeva Seadat Teyfuq
Azarbaycan Dévlat Pedaqoji Universitetinin Seki
filiali, (Azerbaycan)

As much as possible, children should not be taught, but they should be taught to think more.
Outstanding German teacher A. Disterveq

Abstract

Lectures continue to maintain their position as the primary organizational form of instruction and
a leading teaching method in higher education institutions. In the modern era, where artificial intelli-
gence is rapidly integrating into education, lectures do not lose their relevance; however, they face the
necessity of renewal. In this regard, there is an increasing need to use diverse and innovative types of
lectures in teaching various subjects and topics.

In this article, the author analyzes the objectives and functions of lectures, as well as the main
criteria applied to them. In particular, the content and organizational principles of guiding and binary
lectures are examined. Along with analyzing the advantages of these lecture types, the requirements for
their organization are explained and illustrated with specific examples.

Xiilasa.

Mihazirelar ali mektablerds telimin baslica teskili formasi ve esas talim metodu kimi 6z
movqeyini saxlamaqgdadir. Stni intellektin talime siiretle indeqrasiya etdiyi bir dovrde ali mekteblerde
muhaziraler 6zehamiyyatini saxlayir, lakin yenilenma zeruratiile garsilasir. Bels ki, mixtalif fenlarin ve
movzularin tadrisinds fergli ve innovativ mihazire névlerndan istifade ehtiyaci yaranir. Misllif bu
magqaleds mihazirelorin magsad, vezife ve kriteriyalarini tahlil edir. Istigamatandirici ve ikili (binary or
dual)mihazirelarin mezmunu ve teskili gaydalarina toxunur. Bu mihazire néviarinin dstinliklerini
tahlil etmskls beraber, taskiline verilon talebleri acir, nimunslerle onlari serh edir. Misllif
mdihazireleri mensayine, tasir istigamatine, kegirilme xdsusiyyatine, taskilati xdsusiyyetlorine,
formasina, magsadine, ndévlerine, tedqiqatin aparilmasi yollarina ve s. alamatlerine gére tasnif
etmisdir.

Keywords: lecture, e-learning, goals, task, criterion, guiding lecture, dual(binary) lecture, develop-
mental training

Acar sozlar: mihazire, elektron tehsil, magsed, vezifs, kreteriyalar, istigamatlandirici mihazirs,
ikili(dual ve ya binar) mihazirs, inkisafetdirici talim

Bacardiqca usaqlara az éyretmali, anma daha ¢ox disiinmayi dyretmali.
Boytiik alman pedaqoqu A.Disterveq

Midihazirslerin ali mekteblerin “qaynar qazani” adladirilmasi he¢ do tesadlifi deyil. Mihazireler
tcdn boéyik hacimli materialin olmasi, fundamentalilig, mentigi alagalerin mirekkabliyi, isbat ve
Umumilesme, asaslandirilmis (ftiqi ve saquli inteqrasiya,veziyyatin elmi tahlili naezeri ve praktikliyin
inkisafi, dyrenilen fennin telebalerin galecek pesasinds asaslandirilmis rolunun yer almasi saciyyevidir.
Mlizakirslerin aparildigi mihazirelerds haqigatler tapilir, yaranan yeni suallar telebaleri davamli olarag
axtarislara sévq edir. Hallini gézlayen problemlar iss mihazirelerin magsedlerini misyyan etmis olur:

» Fundamental ve tedbigi bilikler analiz edilerek tahlillerle birlikde telebelore dtdrdildr,
istigamatlendirilir;

> Sexsiyyatin hartersfli ve davamli inkisafi hayata kecirilir, yeni miinasibatler, baxislar yardilir;

> Sexsiyyatin tarbiyasi davamli olaraq hayat kecirilir;
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Mihazirelarin [7.s.147] (¢ asas funksiyasi var: éyradici, inkisafetdirici, tarbiysetdirici Telim
prosesinds gézlenilen naticalerin yikssk saviyyade qazanilmasi (clin l¢ magsadin kompleks halinda
hayata kecirilmasi vacibdir. Ele ona gére meqgsad ve vezife vehdst teskil edir. Vozifelor megsede
catmag lcgln gorilecak isterin comidir.

Viazifelar magsadin meazmununu, mahiyyatini deqiq tesevwvir etmaye imkan verir. Mihazire
(F.N.ibrahimov) asadidaki vezifalari dasiyir:

e Informasiyaliliq(derslikde ki materialin, yeni informasiyalarin, elmi biliklerin 6tirilmasi) ;

e Oreantasiyaedici( elme ve galacek pesaye daxil olma(giris) derslikle tanislig,davamli
islanilenmasi garek olan nazari ve tedbiqi problemlarin qoyulusu);

e Metodaloji( elmin metodalogiyasi, tedqiqat metodlari );

e Maraqoyatma - stimulyasiyaedici( fennin mdstaqil 6yranilmasine,elmi —tadgigat islarine
,6zlnltahsile, pesakar yéne sézq etms;

e Tarbiysedici(lektorla (nsiyyat, diskussiya, qulag asmaq madaniyyati, mixtalif deyerlerin derk
edilmasi va gabul edilmasi, diinyagériisindin formalasdirilmasi;

e inkisafetdirici (tofekkiir, diggat, nitq, galecek pess ilo badli bacariglarin, analizsintez vo
s.qabiliyystlerin inkisaf etdirilmasi;

e Hayatla alagaleondirme

Gérkemli psixolog L.S.Viqotski yazirdi: “Telimls inkisafin qarsiligi miirekkeb alagade olmasina
baxmayaraq talim inkisafdan swval baslayir, darketme elmi anlayisin qarsisindan kecir, anlayislar derk
edildikca sexsiyyat inkisaf edir ve terbiyalanir”.

Mdhazirenin strukruru -giris(problemin qoyulusu),esas hisse(problemin,sualin ag¢ilisi), yekun (
naticenin alinmasi)marhalalaerini 6ziindes birlasdirir.

Sxem 1.

[ Giris J 9sas hissa [ Yekun 1

Sxem 1. Mdhaziranin strukturu.

Mihazirelarin névleri mixtalifdir ve onlar mihazirenin meagsedi, mdévzunun mazmunu,
auditoriyanin psixoloji mihiti, dyrencilerin sayi, miasir dévriin aktual cadirislari, texnologiyalarla tachiz
olunma imkanlari, auditoriyanin maraqglarina ve s. gére secile bilar.Miihazireleri miixtelif meyarlara géra
tasnif eds bilarik.

Umumi magqsadlerina géra: dyradici, terbiyeedici, tasfigat, teblidat, inkisafetdirici[Saripov F.V,
Danilov A.I, Artemova S.F., F.Riistemov, F.N.ibrahimov];

Didaktik vezifelarine gbra: giris, yeni bilik veran, tekrar, yekun-imumilesdirici sarh —mihazire,
tovsiyye -mihazire, mihazire-vizuallasdirma .

Tarbiye prosesine tasir istigamatine gbra: siiura tesir edan, davranisa tasir eden ve davranis
stimuls edan;,

Kecirilma xtsusiyyatine gdra: malum ardicil marhslaleri ve spontan ardicilliqli;

Toskilati xtsusiyyatlarine gdra: lektor, dyrencilarle birlikde (pedagoq ve telebalar);

Formasina géra: kicik ve boyik gruplar, kollektiv;

Mazmununa gére: nezari bilik veren, bacariq ve vardisler formalasdiran;

Tasirine géra: emosional, derketms, aqides yaratma,

Praktika ile alagasine gdra: nezari, praktik ve nazari-praktik;

Talim prosesindki formasina gére: enanavi(klassik),feal, interaktiv;

Formasina gére: ikili(binar ve ya dualitik ve ya mihazire-disskusiya), mini, matbuat-mdihazirs, giris
mdhazire, sarh mihazire,istigametlendirici, mihazire-konfrans;

Tadgigatin aparilmasi yollarina géra: induktiv, deduktiv,kombinsolunmus

Aparilma formasina gére: canli, onlayn ve hibrid

Istigamatlenmis ve ikili mihazireler daha cox dioloji xaraakter dasiyan ve dioloji imkanlari ile
secilen mihazire formalaridir.
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Istigamatlonmis mdihaziraler. Darsin awelinde misllim mdévzunu elan edir. Mesalon, mévzu
“Otraf muhit ve saglamliq” adlanir. Sonra misllim telebalari qruplara ayirir ve onlara taklif edir ki,
movzu dzre bildiklarini yada salsinlar ve siyahi hazirlasinlar. Bunun lclin ag vereqde cadval ¢akilir,
varaqin bir terafinde “Otraf mdhit insan saglamlidina nece tesir edir?”, o biri terefinde “Insan otraf
mduhite nece tasir edir?” suallarini yazmaq lazimdir. Suallari bele de yazmagq olar: 1.Tebist insana na
verir? Vo Insan tabiate ne verir? Verilon vaxt arzinds qruplar bu suallarla alagadar fikir miibadilesi edir

ve 6z veraqlerinds qeydiyyat aparirlar.
Straf muhit atraf muhite nece tasir edir?
insan saglamligina neca tesir eda bilir, hansi yeni bilikler alde edilocok?
1. 1.
2 2

Qruplarda is bitdikden sonra mdellim bdtdn sinifle mdzakire aparir, sagirdlerin fikirlerini
uamumilesdirir ve [évhadaki cedvelde qeyd edir. Telobalare bildirir ki, mihazirenin mazmunu ile siyahini
mizakire edacaklar, diggatli olsunlar.

Mdsllim matnin | hissasini 15-20 dagige arzinde mihazire edir. Yadda saxlamaq lazimdir ki,
xususils ixtiyari diggatin vaxti teqgriban 15 deq. dir. Matnin cox olmasi diggatin yayinmasina sebab olur.
Mdhazirenin | hissasi bitdikden sonra misllim telebalarden xahis edir ki, movzu hagda 6z fikirlerini
indice mihazireds esitdikleri informasiya ile miqayise edib geydlarinds diizalis etsinler vo (6vhadaki
cadvalde qruplar geyd etdikden sonra fikirlerini soylesinlar. Yazdiglarindan hansi diz ¢ixdi, hansi
sahvdir. Misllim telebalere catdirmalidir ki, mihazirenin Il hissesinde onlari maraglandiran, lakin |
hissads cavab tapmadiqlari suallara rast galecekler.

Mdsllim mdihazirenin Il hissesini oxuyur. Mihazire bitdikden sonra o telebalere mdracist edir ki,
veni éyrendiklerinizi cadvelds qeyd edin[3, s.629].

Darsin sonunda telebalar 10-15 dagigalik esse (serbast yazi) yazmag tapsirilir. Yani talebalar yeni
oyrendikleri haqqinda oz fikirlarini gisa seakilde verege qeyd edirlar. dgar vaxt varsa, auditoriayada
vazirlar, vaxt yoxdursa, evds yazib gatirirler, mdallim yazilari yigir ve onlarla tanis olur. Miisllim miitleq
bu esselar haqqinda éz fikrini bildirmalidir.

ikili miihaziralarin asas xtsusiyyatleri :

« [kili miihazirelarde éyrenma materiali iki lektor tarafindan catdirilir;

» Miixtalif baxislar 6ziinds birlesdiren mévzular lclin alverislidir;

 Har lektor mazaleni bir aspektdan izah edir, bi mévqeyi asaslandirir;

e Lektorlar dialoji madeniyyat nimayis etdirmali ve sonda problemin ortag hallini
gostarmallidirler;

* Telebani diskussiya gane etmass, anlasilmazliglar olsa sual vermaye imkan yardilir ki,bu da onun
sualin cavabindaki sexsi mévqgeyini tapmaga kémek edir;

Ikili miihazirelare binar ve ya leksiya-diskussiyalar da deyilir. S.F.Artemova, L.A. Korolyovaya gére
binar mdhazirelor miixtelif mévgelori miidafie edan iki pedagoqun  dialoqudur[1, s.5]. Ikili
mdihazirelerds Ustin tereflarden biri do talim prosesinin diolog formasinda qurulmasidir. Bu ise feal
talimin asas xdsusiyyatlarindan biridir.

1980- ci illarde Azerbaycan tehsilinds bir yenilenma prosesi bas verdi. Bels ki, talim proseinde
dialoglara genis yer verilmasi, sual-cavab metodundan genis istifads edilmasi, hamginin talim prosesinde
“Problem situasiya”larin yaradilmasi masalaleri meydana ¢ixdi. Buna “Feal talim” metodu deys bilsrik.
2000-ci ilin swellerinden iss tahsilimize interaktiv telim metodu, interaktiv talim formasi daxil
olmusdur[4. S.247]. Professor F.N.lbrahimova gére problemli situasiyalarin yaradilmasi miihazirelerin
ilkin sartlerindan biridir vo mdsllim sualverme texnikalarindan semearali istifade edarek tefekkdir
prosesini baslada, yénlendire bilir. Melum oldugu kimi feal telim tefekkir prosesini stimullasdirir,
tafekkdirtin feallasmasi iss sual verma ile baslayir [3.c.612].

Professor F.Ristamov binar mihaziralerin imkanlarini yiksek giymatlendirir. Mde llif geyd edir ki,
bele mihazirsler iki musllim ve telebe auditoruyas: ile birlikde emekdasliq seraitinds aparilir.
Mihazirenin mezmunu dialoji {nsiyyat prosesinds problem sakilinde serh olunur [6.5.221]. Biitin
texnoloji proses kimi ikili mihazirsler de lic marhalaedan ibaretdir: texnologiya hazirlig, fealiyyat prosesi
ve onun tahlili [6.c. 15].

Ikili miihazirelars verilon taloblar asadidakilardir:
v’ Mixtalif baxislari éziinde birlesdiren mdvzularin olmasi;
v' Modvzunun aktual ve qoyulan problemin isbat olunmasi,
v Mévzunun goyulusunun problem saciyyali olmasi;
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v' Miixtalif manbe ve mévqelarin olmasi(yanasma, tahlilmiidafis etmave s. imkaninin olmasi);

v' Dialoji madaniyyat ve problemi ortaqg hall etmak qabiliyyati;

v’ Lektorlarin cald reaksiya verme ve impravize etme bacarigina malik olmalari;

v’ Lektorlarin kommunikasiya bacariglarinin olmasi,

v’ Ekspert rolunda ¢ixis etme bacarigi.

Mihazirenin digsr talim formalarindan dstdnliyd:

» béylk heacmli materialin genis auditoriyaya ¢atdirilmasi,

* vaxta ganast;

» bidcays ganast;

« glcli tasir etmea -(lektorun canli dnsiyyatin bitin Ustinliklerinden an ssmerali formada
istifade emak imkani);

» talebanin fikirinin lektorun (daha dogrusu, dyrenilecek materialin asas fikiri) fikiri arxasinca
apara bilmasi imkani;

« lektorun sexsiyyatinin ve pesekarliginin (ze cixmasi,

» dialoji, dinlema ve madaniyyati miqayiss etms ve 06z fikirini miayyan etma bacariginin
formalasmasi;

» mlhazire tefekkdriin bdtin formalarinin - matiqi, tengidi ve yaradici inkisafi t¢dn alverislidir.

Ikili v istigametlendirici mihazireler eyni zamanda onlayn formatda teskil olunma lgiin do
alverislidir.

Miihazirenin balke de an ¢atin tersfi ondadir ki, ders vaxti auditoriyanin lektorun sexsiyyatini
tanima imkani diger telim metodlarindan coxdur. Oz tecriibomdan deys bilerom ki, mihazire glizgli
kimidir, misllim 6ziint orada ¢cox aydin gére bilir. Har bir sahaedes biliyin az olmasi, derin ve ya genis
olmamasi, vizualligin az olmasi, diggatin dlizgin paylanmamasi, nitgindski nogsan ve ya motivasiyanin
2oifliyi tez 6zinl gosterir. Buraya fiziki hazirligi da slave etsek yerine dliser. Ona gére lektor 6ziinii
davamli tarbiye ve inkisaf etdirmak macburiyyatinda qalir.

Mdhairanin miixtalif novilsrinin hayata kecirilmasi zamani onlar lgclin saciyyavi olan catismazliglari
pedaqoqlar aradan gdtirmaye calismalidirlar. Lektor 6z fikirini monoloji nitq formasinda talebalarin
passiv gabul etmasina imkan vermemalidir, nitqi emosional, aydin olmali, tadqgiat¢liga heveslendirme
diggat markszinde saxlanilmalidir. Lektorun nitqi uzun monolog formasinda olmamali va hamcinin
diskussiyalara aciq saraitin yaradilmasr imkani diggat markazinde saxlanilmalidir. Mihazirelarin gedisi
zamani geydler aparmagq olar([5,s. 156.] Hazirda audio ve video materiallardan, miixtslif platformalardan
istifade ile daha ssmarali mihazireler qurmaq imkanlari genistenib.

Bir maraqli maqam ondan ibastdir ki, sas faktlarin hadisalerla verilmasi vacib meqamlari yadda
qalan edir. Lektor mixtalif menbalerdan danislicaq hadiselari gdtiire biler: elmi nasrlerdsn, tarixden,
saxsi tacriibemizdan, migeddss kitablardan, fantaziyamiza esasan.

Dini kitablarda verilecek asas fikirin ruhaniler, migaddes sayilan insanlar tersfinden hekaye
sakilinds insanlara ¢atdirilmasi tesaddfi deyil. Biitin dini kitablarda kamilliyin sertlerinde 3 amil var:
elm, allaha inam, agil(Sbu Turxan). Bunlar da insanlarin fiziki, qli ve ruhi saglamligina imkan verir, onu
daima tekminlesdirir. Mihazirelarde de lektor bilik vermak, saxsiyyat formalasdirmaq ve tarbiye etmak
magqsadleri dasiyir.

Bazi muslliflarin aksine olarag F.N.lbrahimov hesab edir ki, mdiihazirenin mihim yerlorinin
talebalarin gqeyds almasi onlari diggatli olmaga alisdirir. Mihazirede mantiqi yadda saxlama tarzlari,
isbatlar, faktlarin qruplasdirilmasi, sisteme salinmasi, dmumilesdirilmasi, miqayiseler Ustiinlik taskil
edir. Buna gore de mihazire zamani talebalarin anlama darecasini yoxlamaq magsadi ile suallarla on-
lara muraciet edilmesine ssmarali tsul kimi baxmag lazimdir.

Malum oldugu kimi biliyin asasli manimsanilmeasine ve mdéhkem yadda galmasina komek edan
metodlardan biri do tekrardir. icra etdiyi konkret didaktik vezifeye gére tekrari (ic @sas néve ayirmagq olar:
yeni mévzunun manimsanilmasine xidmat edan tekrar, unutmanin qarsisini alan takrar, dmumilesdirici vo
sistemlasdirici takrar.

Miihazire aparan pedaqoq:

- Fakt ve hadisslar arasindaki mantiqialagaleri misyyen etmali;

- Nezariyyalari, forziyyalerin, mihakimalerin kmayi ile faktlari sistemlasdirmali;

- Tedgiqatin naticalerini mizakireye vermalidir.

Mihazire aparan pedaqoqlara verilen telebler mixtalif misllifler terefinden qeyd olunub ve
aksariyyati st-tista dlistir. Mesalan: fakt ve hadiselerin mantigi ardicillidi talebi Danilov A.I. terefinden
bels ifade olunmusdur: material struktura malik olmali, mantigialagaye asaslanmali ve auditoriya lgclin
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anlasilan olmalidir[2, 23].

Istigamatlondirici, ikili ve diger név mihazirelerin asadidaks hallarda teskili tévsiyye olunur:

B Yeni telim programinda verilen telim materiali darslikds olmadigda;

W Dearslikds dyrenilmaesi ¢atinlik téreden mdvzularin tedrisinds,

B Kursunasas problemlariatrafinda ziddiyystli konsepsiyalar oldugda;

m Oyrenmeye motivasiyanin artirilmasi, pesekar tefekkir, dinyagérisi formalasdirmaq lazim
galdikds, lektorun sexsi emosionalligr ve canli serhi lazim galdikds;

B Mdasir texnologiyalarla mihazirenin vereq ve ya elektron formasini alde etmek asandir. Bels
oldugda miihazire passiv formadan ¢ixir va feal formaya kecarak problemli — tadqiqgat xarakteri dasmaga
baslayir. Svwvalcaden telabalare elektron ve ya vereq formasi ¢atdirilir,onunla tanis olmagq tapsirilir ve
talim prosesinda problemlar hall olunur.

m Telabalerive isini cox sevan halda miihazire taskil etmak olar. Bu incasanat kimidir. Sevmasan
ve qgabiliyyatler olmasa har iki taref liclin uzun ve (ziicl prosess cevrilocak.

Sonuncu fikirin Ustlinde qisaca dayanmaq istaeyirem. Her sey paylasanda azalir, takce bilik ve
sevgidan basqa. Bilik ve sesvgi paylasdiqca coxalirlar. Bu baximdan mdhazire ideal formadir. Verdiyin
sevgi na vaxsa mlitlaq oziine qayidir. Lektorun har seyi olub, liziinds tabbesimii ve harekatlarinds
samimiyyati yoxdursa, demak onun he¢ nayi yoxdur. Bu telebslorin motivasiyasi (¢lin vacibdir. Ancag
unutmayin ki, gorintd xarici amil olsa da kéki daxildedir. Bilik, madeniyyat, ssmimiyyat, niyyat Kimi
keyfiyyatlar olmasa miisbat tesir bagislamaniz mimkinstzdir. Qisa middet teassiirat muisbat ola bilsr.
Neca deyarler, su durulanda dibi aydin gériinir. dmin olun ki, “suyun durulmas!” ¢dn auditoriyanin
kifayst gadar vaxti var. Bu meqamda felssfeds cavab axtarilan cox mashur bir suali xatirladim: séz
awal yaranib, yoxsa materiya? Daha ¢ox tedqiqat¢i séz evval yaranmasi fikirini destaklayir. Ancag men
els distintirem ki, sevgiawal yaranib ve bu sevgi séziin yaranmasina zamin yaradib. Demali, lektor yaxsi
alim, musllim yox, hem da sexsiyyat olmalidir. Qisa desek, muhazire pesekarlarin isidir. Fikirimi
M.C.Ruminin sozleri ile aydinliq gatirmek istayirem: “Ne olursansa ol, gdriindiiyin gadarsan. Nece
gérindrsan gorin, garsindaki sani gorddyin gadersen”.

Meshur Roma alimi M.F.Kvintilian 6z pedaqoji tacriibasini va misllimin terbiye isinds yerini nezari
cohatdan imumilesdirmaye calismisdir. O «natiqin tarbiyesi haqqinda» esarinds yazmisdir ki, misllim
valniz yikssk tahsilli, bilikli olmaqla barabar, usaqlari seven ve onlari basa diisen bir adam olmalidir.

Mdihazirenin keyfiyyatinin giymatlendirilmasi standartlari mixtslifdir. Mihazirenin keyfiyyatinin
tahlili giymatlendirmaye imkan yaradir. Buraya mihazirenin mazmununu, oxu metodikasi, mihazirenin
taskili, mihazire zamani telebslerle isin nezaretde saxlanilmasi, telim posesinin idare olunmasi,
mdallimin natiqlik gabiliyysti, miazirenin ne deracade naticaliliyinin olmasi kimi vacib amillerin analizi
aiddir. Bu standartlar binar mihazireler (glin de asas gotirdlir. dlave olaraq dioloji madaniyyat,
diskussiya qgabiliyysti, biliklari integrasiya edsrek natice ¢ixartmaq bacarigr bu mihazire formasi dgin
daha da vacibdir(cadval 1).

Codval 1

Binar mihazirslarin standartlar

-

Mihazirenin oxu standarti

Mihazire mazmunununun standarti
Teskilatsilig standarti

Telobalarls ise rehbarlik standarti
Natiqlik standarti
Naticalilik standarti
Yiiksak dioloji talim standarti
Biliklari inteqrasiya ederek dmumilasme etma(vahid tablo, trans integrasiya) standarti
Coadvel 1. Binar mihazire standartlari

Son iller elektron tehsil sahesinds yaranan catismazliglari da ferqli daha miitesekkil
yanasmalarla aradan gétirmak mimkindr. Heg¢ kima sirr deyil ki, zumer naslinin nimayandalaeri daha
cox elektron vasitalerdan istifade edir. Bu yaxsidir. Ancaq elektron tehsilde internet resurslarindan
nezaratsiz istifade zamani bazi arzuolunmaz hallarla rastlasiriq. inrenetdan qisa malumatlarin tez v
asanliglaslde olunmasi elmle fundamental masgul olan beyin sahalarinin lengimasina, imumilesmaye
cavab veran sahalariin ise inkisafina sebab olur. Bu uzun middset davam etdikds beyinin bu sahalarinin
tanballesmasi bas verir. Neyrobiolog Cared Xorvat[9] 6z tedqiqatlari naticesinds bele ganasts galib ki,
zumer naslinin daha cox internet resurslarindan, elektron matnlerdan istifadasi, @sas hissalerin al ile
yazilmamasi biliyin uzunmdiddstli yadasa ke¢masini tormozlandirir. Bu fikir birmenali garsilanmasa da
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genis aks sada dogurdu.Eyni zamanda parlaq effektli teqdimatlar asan ve qisa mdiddatli dopomin
istehsalini aktivlesdirir. Demali, mihazirenin mdieyyen hisselerinin yazilmasi beyinda yeni neyron
alagealari yaradir ki, bu da biliyin uzunmdiddatli yaddasa étiirilmesini temi edir. Oxuyub, anlamag, ol ile
yazmagq, taqdimat, naticalerin ¢ixarilmasi ile aparilan dyrenme prosesinds bilik kefiyyatli ve uzun émdrli
olur. Digar tersfden dopomin yeni 6yrenmaye sovq edir.

Demali, elektron tehsil prosesinde de inkisafetirici talim prinsiplerine amal edarak teskil olunmus
mdhazirelerin yeri béylkddr. Har isi internetle gérmak insanin tefekkir prosesinin inkisafina mane olur.
Lazim galdikde mihazirelarde yazi ile geyd alma, matler tizarinds is kimi metodlardan da istifade etmek
laimdir. Istigamatlenmis mihazire, ikili mihazire ve s. kimi muihazire névilerinds yuxarida deyilenler
lctin dahaa genis imkanlar var. Natice olarag onu deys bilerik ki, 1-elektron tehsilds(o ciimledan feal
mihazirelards) kitab ve dsfterdan tam imtina yeni neyron algalerinin yaranmasini lengidir, tafekkiiriin
inkisafina mane olur, b — uzunmdiddatli yaddas atrafiya olur, ¢ctinki beyinin hazir melumat alma imkani
olur, 3- darin bilik yaradan matinlare diggatin toplanmasi ¢atinlasir. Demali, elektron resurlarin insani
inkisaf etdirmasine sarait yaratmagq lazimdir, onu sadslesdirerek inkisafdan qalmasina deyil. Mihazire
tctin informasiyanin axtarilmasi,alcatanligi, mobilliyi (¢iin elektron resurslarin genis imkanlarindan
lektor ssmarali istifads edarak talim prosesinin keyfiyyatini yiiksslde bilor.

Natica. Natice olarag onu deys blerik ki, istigamatlenmis ve ikili mihazireler talimin keyfiyyatinin
yiksaldilmesi baximindan genis imkanlara nalikdir. Pedaqoqlar tersfinden mihazirelers verilon
standartlara ve inkisafetdirici talimin prinsiplerine asaslanaraq qurulan mdihazirelar talim prosesinin
naticasinin ylksalmasina sabab olur. Bele mihazirelerds elektron resurslardan semarali istifads
edilmasi talimin keyfiyyatine misbat tasir edir.

Mdasir mihazirelaerin taskilinds feal talimin prinsipleri, o climledan inkisafetdirici prinsip @sas
gétdrdlmslidir. Eyni zamanda feal talima calb olunan talebalar dyrandiklarini 6z magsadlarine catmag
cln istifade ede bilaceklar[Z.Veysova, 2009,s.6]. Mdasir mihaziraler interaktiv olmali ve C.Dyu,
L.C.Vigotski,  Z\Veysova,  F.N.lbrahimov, ~M.M.Mehdizadenin(1982), H.0hmadov, Y.Kerimov,
F.RUstemovun dediyi kimi 6z ardinca inkisafi aparmalidir.
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Abstract

Artificial intelligence (Al) offers new possibilities for enhancing English language learning, particu-
larly in writing. However, there is still imited understanding of how K—12 students use Al writing tools
and how they perceive their effectiveness. This study addresses that gap by employing a mixed-methods
design: 69 students completed a questionnaire, and 35 of them took part in semi-structured interviews.
The results show that students are generally familiar with widely used tools such as Grammarly,
ChatGPT, and Google Translate, while their awareness of other Al writing tools remains limited. From a
sociocultural standpoint, these tools play a mediating role throughout different stages of the writing
process, offering support that helps students generate ideas, expand their vocabulary, and improve tex-
tual accuracy. At the same time, although students recognize the advantages of Al writing tools, they
express concerns about how relying on them might affect the development of their independent writing
abilities in the long term. Based on these findings, the study suggests practical ways for secondary school
teachers to effectively incorporate Al writing tools into traditional writing instruction.

Keywords: Artificial intelligence (Al), K12 education, English as a Foreign Language (EFL), writing
skills, Sociocultural theory (SCT)

Introduction

The release and launch of different types of Al apps such as GPT has forced teachers and students
around the globe to deal with the consequences of artificial intelegence for education. Al writing tools
such as GPT pose distinct challenges for second language teachers. To respond to this, a five-part peda-
gogical framework is suggested: understand, access, prompt, corroborate, and incorporate. This frame-
work aims to help learners use Al effectively while equipping them for the evolving technological envi-
ronment beyond the classroom.

The emergence and rapid spread of GPT have compelled both teachers and researchers to confront
the impact of artificial intelligence on education. Responses have varied widely, from enthusiasm about
its potential to concern about its implications, particularly for writing instruction. For second language
educators Al writing tools present specific challenges, as their ability to facilitate communication across
languages regardless of a users proficiency may limit learners chances to develop essential language
skills. (Greene, 2022; Roose, 2023) (Herman, 2022; Weissman, 2023)

These fears are reasonable and unavoidable; as with any technological innovation, there are nu-
merous important factors involved in implementing new technologies that must be considered to best
support student learning. From a teaching standpoint, Al generated writing can seem like an easy
shortcut, allowing learners to produce native-like texts on any topic without having the necessary
knowledge or language skills. From an ethical perspective, such tools can further obscure the boundary
between acceptable use of learning support and academic dishonesty is problem that is already challeng-
ing for many second language learners. Given these concerns, it is not surprising that educators may feel
a struggling to introduce Al-based tools in their classrooms.Although banning GPT and the same Al tools
from education might seem like a simple solution, it is ultimately unrealistic. These technologies are al-
ready widespread and will remain present both inside and outside the classroom for the expected future.
Their integration into platforms like Microsofts Bing, the release of advanced models such as GPT-4, and
the development of comparable tools by companies like Apple and Google all indicate that Al-generated
writing is not temporary but will continue to be widely available.

Literature review

In recent years, the rise of Al-powered writing tools—such as automated feedback systems, corpus-
based resources, machine translation, and chatbots—nhas significantly reshaped the teaching of writing,
shifting it from traditional practices toward more modern, technology- integrated approaches (Godwin-
Jones, 2022). These tools function as mediators in the learning process by providing scaffolding through



https://www.degruyterbrill.com/document/doi/10.1515/jccall-2023-0008/html#j_jccall-2023-0008_ref_001
https://www.degruyterbrill.com/document/doi/10.1515/jccall-2023-0008/html#j_jccall-2023-0008_ref_005
https://www.degruyterbrill.com/document/doi/10.1515/jccall-2023-0008/html#j_jccall-2023-0008_ref_002
https://www.degruyterbrill.com/document/doi/10.1515/jccall-2023-0008/html#j_jccall-2023-0008_ref_007

VI INTERNATIONAL SCIENTIFIC CONFERENCE. BRUSSELS. BELGIUM. 21-22.04.2026

contextual feedback, explanations, and error correction. Moreover, Al supports learners in operating
within their Zone of Proximal Development (ZPD) by offering assistance that slightly exceeds their cur-
rent abilities without overwhelming them. While \lygotsky (1978) emphasized the importance of social
interaction with teachers and peers, Al tools extend this concept by enabling a form of “individualized
interaction,” where learners can practice and receive immediate feedback independently (Song & Song,
2023). This type of Al-mediated support also encourages the development of critical thinking and auton-
omous reasoning skills, which are essential for effective and independent writing (Darwin et al., 2024).
Challenges and ethical concerns with Al writing tools

As Al writing tools become increasingly embedded in language learning environments, they also
raise a number of challenges and ethical concerns that require careful attention (Crompton et al., 2024).
One major issue is the risk of technical inaccuracies, as Al systems may generate incorrect or misleading
information. Another limitation lies in their reliance on statistical language models, which can restrict
their ability to fully grasp pragmatic and contextual aspects of language use (Godwin-Jones, 2024). As a
result, Al may function as a culturally and linguistically limited partner, potentially leading to miscom-
munication or misunderstanding.

In addition, concerns about privacy persist, as both educators and students may be hesitant to
share personal data with Al systems, while others worry that interaction with Al could reduce exposure
to authentic emotional communication (Crompton et al., 2024). Finally, there is the risk that excessive
dependence on Al tools may weaken students’ capacity for critical thinking and creative expression, par-
ticularly if they rely on these technologies without active engagement in the learning process. Additional
ethical issues relate to authorship, academic integrity, and plagiarism (Aljabret al,, 2024; Al-Zhrani,
2024; Creely, 2024). The use of Al tools complicates the notion of authentic authorship, as it becomes
increasingly difficult to determine whether a text is produced by a human or generated by Al. This ambi-
guity raises concerns about proper attribution and ownership of written work. Furthermore, excessive
reliance on Al in academic contexts may undermine academic integrity, as students might submit Al-
generated content that does not accurately reflect their own abilities. There is also the risk of “artificial
plagiarism,” where learners use Al-generated ideas or text without appropriate acknowledgment. The
preceding discussion reviewed existing empirical studies on the effectiveness of Al writing tools in en-
hancing learners’ writing skills. On the one hand, these tools offer clear advantages, such as providing
immediate feedback, improving writing fluency, and assisting with grammar and spelling. On the other
hand, several limitations have been identified, including the potential for overdependence, inaccuracies
in Al-generated suggestions, and possible declines in critical thinking and creativity. Despite these con-
cerns, the benefits of Al tools in second language writing may outweigh the drawbacks, particularly when
they are used responsibly and in a balanced manner.

Methodology

This study was carried out in South Kazakhstan Pedagogical University during the second semester
of 2025-2026 academic year. A total of 24 students aged between 18-19 all native Kazakh speakers
participated in the research. These participants were selected using convenience sampling, as they were
readily accessible and willing to take part. This approach was chosen because it is cost-effective and
allows for quick data collection, which was important given the time limitations of the study (Creswell,
2009). Nonetheless, convenience sampling has notable drawbacks. Since participants are not randomly
selected, the findings cannot be easily generalized to a wider population, which affects the external va-
lidity of the study. Additionally, this method may result in a sample that lacks sufficient diversity in terms
of demographic factors such as age, gender, socioeconomic background, ethnicity, or geographic loca-
tion.

The participants in this study were all female with zero males.(N=24). Most of the study samples
were aware of Al-writing tools and their usage in academic writing (90%)(N=22).
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Procedure, instruments, and analysis

Prior to the start of the study, participants were provided with a clear explanation of the research
objectives, procedures, and any potential risks and benefits associated with their involvement. They were
given a written informed consent form to complete and were informed that they could withdraw from
the study at any point without any consequences. Participation was entirely voluntary, and all students
submitted their written consent before the study began.

Data were collected through an online questionnaire distributed via Google Forms, with each stu-
dent allowed to submit only one response. The students were asked to read these transcripts carefully,
and to edit or remove text from their interview transcript, as appropriate. The majority of participants
(N =20) responded, reviewed, and confirmed the transcripts, in order to guarantee their trustworthiness.

A descriptive quantitative approach was used to analyze the survey data, while thematic analysis
was applied to the open-ended survey responses and semi-structured interview data (Braun & Clarke,
2006). The analysis followed an inductive, data-driven process. Initially, the researcher became familiar
with the data through careful reading and repeated review to understand the overall content. All inter-
view transcripts were examined multiple times to gain a comprehensive view of students’ perceptions.
Next, initial open codes were generated inductively, such as revising vocabulary, identifying synonyms,
and paraphrasing. This stage involved labeling meaningful segments of the data with codes that cap-
tured their core ideas.

These codes were then refined and organized into broader themes through constant comparison,
combining related codes into overarching categories like “vocabulary enrichment” and “content genera-
tion.” NVivo 12 software was used to support and systematize the coding process.

Findings

The quantitative data collected from 24 students were analyzed using descriptive statistics, includ-
ing mean scores and standard deviations. The results provide insights into students’ perceptions of using
Al tools (e.g., ChatGPT) to improve their English writing skills.Overall, the findings indicate that students
had a positive attitude toward the use of Al in writing. Most participants agreed that Al tools helped
them enhance their vocabulary, improve sentence structure, and generate ideas for writing tasks. The
relatively moderate standard deviation values suggest that students’ responses were fairly consistent,
with no extreme variation. The highest mean score was observed for the statement related to vocabulary
improvement, indicating that students found Al particularly useful for learning new words and expres-
sions. Similarly, content generation and paraphrasing were also rated highly. In contrast, slightly lower
mean scores were recorded for statements related to over-reliance on Al, suggesting some awareness
among students about potential drawbacks.

NO | Statement Mean | Std.deviation
1 Al tools help me to improve my vocabulary 4.45 | 0.58
2 Al helps me generate ideas for writing 4.30 | 0.62
3 Al improves my grammar and sentence structure | 4.25 | 0.65
4 Al helps me in paraphrasing 4.40 | 0.60
5 Using Al makes writing easfer 4.35 | 0.59
6 | feel more confident in writing when using Al 4.10 | 0.70
7 Al saves time during writing tasks 3.20 | 0.80
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Similarly, participant S15 reported using ChatGPT during the pre-writing stage to generate ideas,
stating that she consulted it for topic-related information before outlining and organizing her essay (Ta-
ble 1). Other students highlighted their use of Google Translate to improve lexical choices during the
writing process. For example, S8 explained that she previously struggled to find synonyms for frequently
repeated words, but Google Translate helped her identify alternative vocabulary, thereby enhancing the
quality of her writing. Likewise, S18 noted that she relied on Google Translate to check word meanings
and ensure clarity, mentioning that she used it both to understand unfamiliar vocabulary and to verify
whether her sentences made sense. Additionally, students valued the interactive and responsive features
of tools such as ChatGPT and Grammarly, describing them as a form of continuous virtual support. As
S22 expressed, engaging with these tools during writing tasks felt like having a personal tutor, helping
her identify grammatical errors and offering improved vocabulary suggestions.

At the post-writing stage, most students reported using Grammarly to review and correct their
grammatical errors. As S12 noted, she relied on Grammarly to check her final draft, emphasizing that it
helped make her writing more polished and professional. Similarly, S9 described using Grammarly as a
final step to refine the text and identify any remaining mistakes.

Overall, these responses indicate that students actively incorporated Al writing tools across differ-
ent stages of the writing process to enhance content development and produce more accurate, error-
free texts.

The impact of Al tool usage on students’ academic writing skills

This section presents the findings on participants’ perceptions of the impact of Al writing tools on
their writing development, with particular attention to text accuracy, self-editing skills, academic integ-
rity, content organization, and vocabulary repertoire. The analysis of the questionnaire provided im-
portant insights into students’ views on how Al-powered tools contribute to their academic writing
skills. The students’ responses to items 4, 5, and 6 revealed more negative or cautious perceptions, high-
lighting the complex and multifaceted nature of their attitudes toward Al use. Overall, the findings indi-
cate both areas of agreement and variation in opinion, suggesting that students hold nuanced views
regarding the role of Al writing tools in supporting and shaping their writing development.

NO | statement mean | Std.deviation
1 Al tools improved my overall writing ability 4.42 | 0.58
2 Al helped me generate better ideas for writing tasks 4.38 | 0.60
3 Al improved my vocabulary use 4.50 | 0.55
4 Al helped me reduce grammatical errors in my writing 4.45 | 0.57
5 Al improved the structure and organization of my essays | 4.30 | 0.63
6 Al helped me write faster and more efficiently 4.40 | 0.59
7 Al increased my confidence in writing 4.25 | 0.56

The results show that students generally perceived Al writing tools as highly beneficial for improv-
ing their writing abilities (Table 2). The highest mean score was recorded for vocabulary development,
indicating that Al tools were particularly effective in enhancing lexical

use. Students also reported improvements in grammar, idea generation, and writing efficiency.
However, the relatively lower mean for over-reliance suggests that while students recognize the benefits
of Al, some awareness of dependency issues also exists.

Discussion

The results of this study support recent research showing that Al writing tools are changing the
way students approach and complete writing tasks (Warschauer & Xu, 2024). The study found that par-
ticipants were mainly familiar with only a few tools, such as Google Translate, Grammarly, and ChatGPT.
Their limited awareness of other Al tools may be explained by factors like usefulness, accessibility, and
ease of use, as well as the fact that different tools are designed for specific writing purposes. Students
likely prefer tools like ChatGPT, Google Translate, and Grammarly because they are simple to use, easy
to access, and meet their current writing needs. Another reason for their limited familiarity with other
tools could be concerns about using Al in academic work. Issues such as plagiarism, cheating, and misuse
of Al tools may make students less willing to explore new platforms (Fryer et al., 2020).

The results of this study partly challenged Sociocultural Theory (SCT), which suggests that learning
first happens through social interaction and then becomes internalized by the individual. In this case, the
findings showed that too much reliance on Al tools might weaken students’ self-requlation and reduce
deep thinking. Many participants were unsure about how Al would affect their writing skills in the long
term and were worried about issues like academic integrity. Similar concerns have been reported in other
studies (Chen et al., 2020; Darwin et al., 2024; Fredholm, 2019; Lee et al,, 2023). Students especially
questioned whether Al tools really help them develop independent writing skills. While they recognized
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the short-term benefits, such as improving their writing quickly, they were not confident about the long-
term effects.

This supports Fredholm’s (2019) findings. They also understood that Al tools should only be used
as support, not as a replacement. Overusing them, they believed, could reduce their critical thinking and
writing abilities. This idea is connected to “cognitive offloading” (Darwin et al., 2024), which means rely-
ing too much on technology can weaken thinking skills.

From a sociocultural perspective, the study showed that Al tools play a supportive role in the writ-
ing process by helping students work within their Zone of Proximal Development (Vlygotsky, 1978). The
participants were familiar with tools such as ChatGPT, Google Translate, and Grammarly, and used them
at different stages of writing—for example, to generate ideas, check accuracy, expand vocabulary, and
receive guidance. However, students mainly viewed these tools as useful for short-term improvements
rather than for developing long-term writing skills. At the same time, they expressed concerns about
overreliance on Al and related ethical issues. This suggests the importance of maintaining a balanced
approach, where Al tools are used alongside traditional writing practices rather than replacing them.

Conclusion

While the findings of this study are valuable, several limitations should be noted. First, the small
sample size (N = 24) limits how widely the results can be applied. A larger group of participants would
provide more reliable results and improve the generalizability of the findings.

Second, the study relied on questionnaire data, which means the responses were self-reported. As
a result, some participants may have answered in ways they thought were expected rather than reflect-
ing their true opinions. Future research should combine questionnaires with semi- structured interviews
and classroom observations to better understand how students actually use Al tools in writing. Third, the
study did not include pre- and post-tests, so it could not measure the long-term effects of Al tools on
writing skills. Future studies should use longitudinal designs with pre- and post-testing to explore these
long-term impacts.Despite these limitations, the study highlights the important role of Al writing tools
in supporting secondary school students’ writing. The findings suggest that integrating Al tools into edu-
cation is not only useful but increasingly necessary. For teachers and policymakers, this means providing
proper training on how to use these tools effectively in the classroom. For example, teachers can combine
traditional feedback with tools like Grammarly to give more detailed and timely responses to students’
writing. Al tools can also support vocabulary development and help teachers identify common errors,
making instruction more targeted and efficient.

The study also showed that students are familiar with only a limited number of Al tools. This indi-
cates a need for training sessions that introduce a wider range of tools designed for different aspects of
writing. During such training, teachers should also discuss ethical use and academic integrity. At the
same time, it is important to avoid overreliance on Al, as this may reduce students’ independence and
motivation. A balanced approach is essential, where Al is used strategically alongside traditional writing
practices. For instance, students can use Al tools at specific stages of writing, such as brainstorming or
editing. Teachers can also encourage critical thinking by asking students to evaluate Al-generated texts,
identify errors, and reflect on content quality. Additionally, Al can be used to support peer review and
self-editing, promoting a more student-centered learning process.

Overall, although Al tools are effective in helping students identify and correct errors, they cannot
replace the role of teachers. Human guidance remains essential for developing strong writing and critical
thinking skills. Therefore, the most effective approach is one that combines the strengths of both Al tools
and traditional teaching methods.
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Abstract

The article examines the didactic potential of text-based activity strategies in the context of
developing students’ reading literacy. It substantiates the importance of the textual stage as a key phase
of meaningful reading, ensuring the transition from the reproductive perception of information to its
interpretation and critical comprehension. The paper presents a systematization of strategies for
working with texts aimed at developing analytical, reflective, and communicative skills. It concludes that
their integration into educational practice is essential for improving the quality of learning.

AHHOMauyus

B cmamsbe paccmampusaemcsl duoakmuyeckutl NomeHuuas cmpameauti mekcmosoul dessmesibHo-
Cmu B8 KOHMeKcme hopmMupoBaHuUs Yumamesbckol epamomHocmu obyyaroujuxcs. ObocHoBbIBaemcs
3HAYUMOCMBb MEeKCMOoBOoU CMAduu KAk Ka4yeso20 3Mmand CMbIC/I0B020 YMeHUs], 0becnequsarouie2o ne-
pexod om penpoodyKmMuUBHO20 BOCNPUAMUS UHGOPMAauuUU K ee uHmepnpemayuu U Kpumuy4yeckomy OCMbIC-
JleHuro. [lpedcmasneHa cucmemamusayusi cmpameaut pabomsi ¢ MeKCMOoM, HaNPasJIeHHbIX Ha pa3Bu-
mue aHaaUuMUuU4YecKux, peiekCuBHbIX U KOMMYHUKAMUBHbIX YyMeHud. Jlenaemcs 861800 0 He0bX00umo-
CMU UX UHMezpayuu 8 06pazoBamesibHyr NPaKmMuUKy Kak YCa08USl NOBLILWEHUS Ka4ecmBa 0byYeHus.

Keywords: reading literacy, critical thinking, analytical thinking, text-based activity, meaningful
reading, pedagogical strategies.

Knroyesbie c108a: YumamesibCKas 2pAMOMHOCMb, KPUMUYECKoe Mbiui/ieHue, aHaaumuyeckoe
MblLLIeHUE, MeKCmoBas 0esimesibHOCMb, CMbIC/I0BOE YmeHue, nedazo2udeckue cmpameaudll.

CoBpemetiHble 0bpazosamesibHble CMaHOdpMbl OPUEHMUPYOM Nedazo2udeckyro NPAaKmMuKy Ha
popmupoBaHue y o6yHarouUXca He MosibKo NPeOMemMHbIX 3HAHUU, HO U YHUBEPCA/IbHbIX KO2ZHUMUBHbIX
YyMeHud, cpedu Komopbix 0c0boe Mecmo 3aHUMaem cnocobHOCMb K OCMbICIEHHOMY YMEeHUro U UHmep-
npemauuu uHgopmayuu. B ycaosusx 8o3pacmarouje2o 06bema mekCmoBbix 0aHHbIX yMeHue pabomama
€ mekcmom cmaHosumcs 6azosol Komnemeruued, onpedengrowell ycnewHocms 0byYeHus u coyuass-
Hod adanmauyuu siudHocmu [1].

Yumamesibckas 2pamMomHoOCMb B 0AHHOM KOHMeKCme paccmMampusaemcs Kak UHme2pamusHoe
Ka4ecmBo, BKIOYAKULee HaBbIKU NOHUMAHUS, AHA/1u3d, UHMepnpemayuu U oueHKU mekcmosodl uHgop-
mayuu. CyuecmsBeHHyr poJib B ee popMUPOBAHUU U2pdem meKCcmosads cmaous pabomsl ¢ Mamepuad-
JIOM, 8 PAMKAX KOMopol Npoucxooum yesybieHHoe 0CMbICeHUE CO0epxaHus [2].

L{es1b HACMOAWE20 UCCIe00BAHUSA 3AKIHOYACMCA B BbISBICHUU U HAYYHOM 060CHOBAHUU 3pdek-
musHocmu cmpamezuli mekcmosol 0esmesibHOCMU Kak cpedcmaa passumus KpUmuYecko2o U aHasu-
MUYECKO20 MbILL/TEHUS 0OYHarOULUXCA.

Tekcmoaas desmesibHoCMb Npedcmassisem coboll C0XHbIU KO2HUMUBHBIU NPOUECC, BKIKOYAKD-
wuti 0ekooupoBaHuUe UHGOpMayuU, ee uHmepnpemayuro U COOMHeCeHUe C JIUYHbIM ONbIMOM YUMAameris.
B omsu4ue om NOBEpXHOCMHO20 YMeHUs, HanpasieHHo20 HaA u3sjeqeHue ¢akmos, 0aHHbIl Bud 0es-
meJIbHOCMU Npednosiazaem akmuBHoOe BK/IHOHYeHUE 0by4aroL,e20cs 8 NPOUECC CMbIC/IONOPOXOeHUs [3].

Ha 3mom 3mane ocobyto 3Ha4umocme NpUObpemarom ciedyroujue acnekmel:

e BbiFB/IeHUE ABMOPCKOU NO3ULUU;

e onpedesierHue CMbICI080U CMPYKMYPbI MeKcmda;
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e opmupoBaHue UYHOCMHO20 OMHOWEHUS K NPOYUMAHHOMY;

o pegiekcus cobCmBeHHbIX MbICUMEbHbIX 0edcmBaud.

Takum 0bpazom, mekcmosasi CMaousi BbICMynaem Kak NPoCMPAHCMBO B3aumMooelicmauss mekK-
cma u yumamerisi, 8 KOMOPOM OCYUeCMB/IIemcsl nepexod om BOCNPUSMUS K NOHUMAHUK U UHMepnpe-
mauyuu.

AHanu3 nedazoeudeckol NPAaKMUKU NO3B0JISieM BbIOeUMb HECKOJIbKO 2pynn cmpameaud, Kaxoas
U3 KOMOPbIX HANPAB/IGHA HA PA3BUMUEe oNpedesieHHbIX ACNeKMOoB YumamesibCckol 0esimesibHOCMU.

1. Cmpameauu duasocu4ecko2o 83aumMooedcmaus..

K 0aHHoU 2pynne omHocssmcs Memoobl, npeonosiazarousue covemarue uHousudyaibHol U cos-
MecmHoU dessmesibHOCMU 00y4Yarowuxcs. MIx Kiro4desasi 0CObeHHOCMb 3aK/IKHYaemcsl 8 0p2aHU3auuU
Yy4ebHo20 duasioza, 8 Xo0e Komopo2o NPoUCXo0um Conocmas/ieHue pasaudyHbIX UHmepnpemauud mek-
cma.

Kak npasuso, BHedpeHue nodobHbIx cmpameaull npednosiazaem 0BYXCmMyneHYamsil Npoyecc:
CHA4Yana NPoUCXooum CaMoCmOosmesibHOe OCMbIC/IeHUe NPeOCMAas/ieHHo20 Mamepuand, a 3amem cie-
dyemn KoJsi/lekmuBHoe obcyxdeHue 8 Napax uau Masabix epynnax. Takol nociedoBamesibHbili NoOXod K
opeaHusauuu y4ebHol dessmesibHOCMU 0aem BO3MOMCHOCMb Kadomy obyyarouemycss Bbipabomams
CBOHO MOYKY 3PEHUS, NOCJIE Ye20 OH MOXem CPABHUMb ee C NO3UUUSMU Opyeux y4acmHUKOB.

S¢ppekmusHocmb N0O0OHbLIX cmpame2udi 06yc108:1eHa mem, 4mo obydarouulics cHa4yana popmu-
pyem cobcmaeHHoe NOHUMAaHUe MmeKcma, d 3amem nodsepaaem e20 Kpumu4eckol oyeHke B8 npoyecce
0bcyxdeHuUA. Imo cnocobcmByem passBumuro ap2ymMeHmMauUuoHHbIX YyMeHUU U HaBbIKoB pegekcuu [4].

2. Cmpamezuu cMbIC/I0B020 BblO@ICHUSI.

LlaHHbIe MemoOblI HaNPABJ/IeHb! HA BbISIBICHUE KITHOYEBbIX 3/1eMeHMOB MeKCMA, pOPMUPYHOULUX 20
CMbICI080€ 0p0. K HUM OMHOCAIMCH:

e onpedesieHue KitoYesbIX C/108;

e Bbli0esieHue onopHbIX NPedsioxeHul;

o bopMysIuUpOBAHUE CMbIC/I0BbIX OOMUHAHM.

Peasuzayusa 0aHHoU cmpameauu npednosiazaem noc/1ed08amesibHbIU NPOUECE, Ha4YUHArOULUUCS C
03HAKOMUME/IbHO20 aHAIU3a MeKCma u UdeHmMuUKayuu Kiro4eBbix 31emeHmos. Janee credyem sman
cucmemamusauuu u 06obuwieHuUs BbiasIeHHbIX eduHuY. Ocobbil akueHm oenaemcs Ha aHaau3e 1ekcuye-
CKUX NOBMOPOB U CMbIC/IOBbLIX MAPKEPOB, C/IYHAULUX OJIF YCMAHOBIEHUS KOMNO3UUUOHHOU CMPYKMYypb!
npou3BeoeHUs.

Ocobyro 3Ha4umMocme npuobpemaem cnocobHOCMb 06YHaroUe20Cs OCYULeCMBJIIMb CMbIC/I0B0€
cHamue uH@opMayuu, Ymo NO3B0JISem He MOJIbKO JIyHUe NOHIMb MeKCm, HO U BOCNPOU3BECMU €20
codepxcaHue 8 obobuieHHom sude [5].

3. Cmpameauu KoHyenmyaausayuu.

KoHuenmyasnuzayus npednoaazaem npeobpazosaHue mekcmosol uHgopmMayuu 8 CmpyKkmypupo-
BAHHYH Mooesib. OOHUM U3 Haubosiee 3¢peKkmuBHbIX UHCMPYMEHMOoB 8 0aHHOM C/1y4ae ABJISHOMCS KOH-
uenmyasbHble Kapmal, NO3BOSAOULUE BU3YAIU3UPOBAMb B3AUMOCBA3U MEXOY 3/1eMeHmMAamu CO0epia-
Hus [6].

lpumeHeHue NnodobHbIX Memodos cnocobcmayem:

e cucmemMamu3auuu 3HaHud;

e BbIFBJICHUK JI02UHECKUX cBS3€el;

e pA3BUMUKO ABCMPAKMHO20 MbIULTICHUS.

4. Cmpamezuu apeymeHmayuu u 00KasamesibCmaa.

Bax3cHbIM KOMNOHEHMOM pabomasi ¢ MeKCMOoM SB/ISemMCcs YMeHUe Bbi0esIiMb OCHOBHYH MbIC/b U
0bocHOBbIBaMb €e ¢ onopoll Ha mekcm. [J15 3mo2o UCNoJb3yHmMca Memoobl, NPeonosa2arouiue:

e bopmyuposaHue mesucd;

e Nodbop apaymeHmos;

e UX JI02U4eCKYH CMPYKMYPU3AUUHD.

JlaHHble cmpameauu passuBarOm HABbIKU AHAIUMUYECKO20 MbIUIEHUS U dOPMUPYHOM CNOCO6-
HOCMb K NOCMPOEHUKD CBSI3HO20 PACCYIOEHUS.

5. Cmpameeauu paHxcuposaHusi uHgpopmayuu.

OmoesibHoe Mecmo 3aHUMAarom mMemoobl, OPUEHMUPOBAHHbIE HA OUEHKY 3HaA4YUMOCMU UHGOPpMa-
yuu. Obyyarouuecss He moJsibKo BbIOE/IFHM GAaKkmabl, HO U ONPeoesIStom CMeneHb UX BAXCHOCMU, BbICMPA-
UBAs UePapXUo CMbIC/IOBbIX 31eMeHMOB.
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OcywecmsieHue 0aHHol cmpameauu BKrYaem 8 cebs u0eHmMuUpUKAUUro K/1o4eBbIX CMbIC/I0BbIX
6710k08 (uded, ap2ymeHmMoB) U Ux NOCIE0YHOULYHO PAHMCUPOBAHUE B COOMBEMCMBUU C YPOBHEM UX 3HAYU-
mocmu. Takod memod cnocobcmayem ¢opMUpPOBaHUIO Y 06Y4arOULUXCS HaBBIKOB KPUMUYECKOU OUeHKU
UHgoOpMauuu, conocmassieHus pakmos u 060CHOBAHUS NPUHAMbIX peuteHUU.

lodobHas 0esmesibHOCMb cNOCobCmMBYem pa3suMuUKO KpUMUYECK020 MbIUIeHUS, MAK Kak mpe-
byem 0Co3HaHHo20 BbI6OPA U 06OCHOBAHUS COBCMBEHHOU NO3UYUU.

6. Cmpameauu NOCMAHOBKU BONPOCOB.

®dopmuposarue ymeHus 3a0asams BoNPOCk! pACCMAMPUBACMCS KAK NOKA3amesib 2/1y6UHbl NOHU-
MaHusi mekcma. B npouecce pabomsi 0by4arousuecsi nepexoosim om NPoCmMaiX penpodyKmuBHbIX BONPO-
CoB K b60s1ee C/IOXHbIM — UHMEPNPemMayUOHHbIM U OUEHOYHbIM. MO NO3B0/IAEM:

e BbIABISIMb CKPbIMbIe CMbIC/Ibl;

®  YMOYHAMb COOEPIAHUE,

e (popMUpPOBAMB UCCE00BAMENLCKYHO NO3UYUD [2].

Peasuzayus daHHol cmpameauu npednosiazaem No3manHoe popmMupoBaxue BoNPOCO8, OPUEHMU-
POBAHHbIX HA PA3/IUYHbIE Ce2MeHMbI meKcma. [Tociedyrousas Bepugukayus copmyIupoBaHHbIX BONPO-
COB OCYUecma/iIsemcs B pamkax NapHoU usiu 2pynnosol dessimesibHOCMU. [1pu 3Mom K/o4esoe 3Ha4eHue
npudaemcs adekBamHoOCMU BONPOCOB COOBPHAHUID UCXOOHO20 Mamepuasd u YemKocmu ux ¢opmysiu-
POBOK.

7. Cmpameauu KoOupoBaHus UHGopmayuu.

KooduposaHue npedcmassisem coboll npouyecc npeobpazosaHus mekcmosoul uHgopmayuu 8 bosee
KOMNAKmMHYyr U CMPYyKmMypupoBarHyro ¢opmy. OH BKIro4aem:

e Bbli0esieHue MUKpOmem;

e UX 06beOUHeHUe B CMbIC/I0BbIe Kame2opuu,

e popmynuposarue obuield membI mekcmd.

Paboma opaaHu3yemcs N03mManHo. Ha Ha4asbHoOM 3mane 0by4Yarousuecss aHaau3upyrom cooepica-
Hue Kaxc0o2o ab3aya, Nocsie 4e2o oCywecmB/sSemcs Ux 2pynnupoBKa B 6osiee KpynHbie CMbIC/I0Bble cee-
MeHMbI C NOC/IeOYHOWUM BbiSIBJIeHUEM B3aumocsssel. Mimo2om 0aHHO20 NPOUECca aBasemcs popmMupo-
BaHUe KOMNJIeKCHO20 NOHUMAHUS Mamepuasa u e2o io2udeckol CmpyKkmypbl, a MAak#e cosepuieHcmso-
BaHue komnemeHuul 8 06/1acMu CMbIC/I08020 0606WeHUS U CMPYKMYPUPOBAHUS UHGHOPMAyUU.

8. IHmezpamusHbkle cmpameaud.

K 0aHHoU epynne omHOCSMcs Memoohbl, CoYemaroujue passiuyHblie popmbi 0esmesrbHOCMU: UHOU-
BUOYA/IbHYHO, NAPHYIO U 2pYNNOBYID. VX NpuMeHeHue obecnequsaem nocmeneHHoe yesybieHue NoHUMAa-
HUS meKcma 3a c4em nepexoodd om JIUYHOU UHMepnpemauuu K KoaieKkmusHOMY 06CY#O0eHU!o.

OpeaHuszauusi paboms! BbICMPAUBAEMCS NO3MANHO, OM UHOUBUOYAIbHO20 NO2PYIEHUS B MaMe-
puasl K CoBMecmHoMy NOUCKY peweHul u ¢popmuposaHuro obuwe2o NoHUMaHus. Takol nooxod eapaHmu-
pyem BHUMAHUE K Kaxoomy oby4arouiemycs U cnocobcmayem passumuro e2o N03HABAMeIbHOU aKkmus-
Hocmu.

Takue cmpamezuu cnocobcmayrom passumMuU KOMMYHUKAMUBHbIX HABbLIKOB U ¢opMUPOBAHUIO
CNOCOBHOCMU K KOJIIEKMUBHOMY CMbIC/TIONOPOXCOCHUIO.

AHanu3 npedcmassieHHbIx cmpameaull N038015em ymBepx0ams, Ymo UX CUCMeEMHOe UCNOJIb30-
BaHUe 0KaA3biBaem KoMnJieKcHoe so3delicmaue Ha passumue no3HasamesibHol desmesibHOCmuU oby4a-
rowjuxcs. OHU obecnequsarom nepexod om NACCUBHO20 BOCNPUSIMUS MeKCMa K akmusHoU uHmepnpe-
mayuu u Kpumuyeckod oyeHke [1].

Ocoboe 3Ha4eHuUe umeem BapuamuBHOCMb NPUMEHeHUsI 0aHHbIX cmpameaud, NO3BO/ISHWAS YYU-
MbIBAMb UHOUBUOYAJIbHbIE 0COHEHHOCMU 06YYArOU4UXCS U YpOBEHb UX NO020MOBKU. Kpome mo2o, cove-
maue paziuyHbIXx Memooos obecneyusaem bosee 2/1yb0Koe ycBoeHuUe mamepudasid.

Takum obpazom, cmpamezuu pabomsl ¢ MeKCMOM BbICMYNArOM 3PGEKMUBHbIM UHCMPYMEHMOM
dopmupoBaHusi yumamesbCKol 2pamMOMHOCMU, 0becneyusas passumue Kpumu4yeckoz2o U aHasaumuye-
CK020 MbIlIeHUS] 06Y4arOUJUXCS. VIX UCNO/Ib30BAHUE NO3BOJISEM NOBLICUMb YPOBEHL NOHUMAHUS MeK-
cmoBol UHGOPMAyUU, CHOPMUPOBAMb HABLIKU €€ CMPYKMYPUPOBAHUS U UHMepNpemayuu.

lepcnekmuBsbi 0asbHeUWUX UCC1e008aHul CBA3AHbI C pa3pabomkol Memoouk UHmMezpauuu 0ax-
HbIX cmpameeaull 8 Yugposyro 06pazosamesibHyrto cpedy, a Makx3ce ¢ Usy4eHuem ux BAUSHUS Ha pe3y/ib-
mamai 06Yy4eHUs B paz/iudHbIX NPeOMemHbIX 061aCmSX.
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Abstract

The purpose of this study is to explore ways how to develop English as a foreign language learners’
communicative competence through the use of multimedia-assisted language instruction. This paper
tries to explore the impact of using authentic multimedia and effective instructional strategies in order
to motivate university students’ English language learning. This study also tried to find out students’ per-
ception and attitudes toward engaging in multimedia-assisted language learning materials and class-
room activities for their English study. This paper investigates how the utilization of multimedia and tech-
nology-enhanced instructional strategies can foster learner motivation and autonomy in their EFL learn-
ing. This study first explains the notion of communicative competence which has been derived from the
paradigm of communicative language teaching and then portrays how the integration of multimedia-
enhanced language learning resources and instructional strategies can support university students to
develop their communicative competence and integrated four English skills, especially presentation skills.
In this study, EFL university students responded that they could develop their English communicative
competence while they were engaging in the multimedia-assisted language learning. Participants of this
study expressed that language learning materials using multimedia were very entertaining and informa-
tive for their English study. They evaluated their English learning experience through the use of multime-
dia as effective and motivating. The result of this study revealed that authentic multimodal English lan-
guage learning materials and classroom activities using multimedia could be served as motivating factors
to improve English as a foreign language learners’ communicative competence as well as to boost their
English language learning motivation and autonomous learning experience.

Keywords: Multimedia-assisted language learning, Communicative competence, Learner motiva-
tion, EFL

Introduction

Over the past several decades, developing English as a foreign language (EFL) learners’ communi-
cative competence has gained much attention among researchers and educators around the globe as the
paradigm of English education has shifted from form-focused theoretical orientation into the direction
of meaning-focused pedagogy. This change has been the result of constructivist movement which em-
phasizes the importance of social interaction in language learning and the value of meaningful context
and cooperative learning community [1]. In the constructivist perspectives, the conventional pedagogical
emphasis has moved away from the focus on teaching to the focus on learning; from teacher-directed to
learner-initiated. For constructivists, the goal of education is to help learners transform and grow as
proactive agents of their own learning process. This standpoint makes it possible for the learners to be
transformed as the major agents in their learning. Accordingly, in the field of English as a foreign and
second language education, the goals of classroom English language education based on constructivism
are not just indoctrinating simple linguistic skills and English language pattern drills or emphasizing rote
memorization. Instead, educators have tried to develop EFL learners’ communicative competence, help-
ing them understand the importance of meaningful social interaction, active communication, discovery
of meaning, shared learning communities, and collaboration with peer during their English language
learning process [2]. Recently, due to the development of innovative technology and the effort to seek
out effective instructional techniques and strategies, multimedia assisted language learning (MALL) has
been increasingly integrated in the field of English education [3]. MALL can be generally defined as any
instructional practice that encourages English language learners to use authentic multimedia in order to
enrich their English language learning experience. The accessibility and availability of well-resourced mul-
timedia equipment and various multimodal English language learning and teaching materials in language
classrooms have played a crucial role in developing the new trend for English as a foreign language learn-
ing and teaching [4]. The prevalent development of multimedia and new technology has made it possible
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that English language educators and curriculum developers should rethink the use of the traditional Eng-
lish language teaching resources and instructional techniques, which has become somewhat old fash-
ioned in the era of new digital technologies. The progresses in diverse educational technology have also
led to a relentless search for more effective and reliable teaching methods and instructional strategies
in the English language classrooms. By integrating new technology into English language classrooms, the
pedagogical practices in which knowledge is transmitted have been dramatically transformed and en-
hanced. Because English language learners’ perspectives and learning experiences have been greatly en-
riched by implementing authentic multimodal language learning resources and innovative technologies,
it has been possible for English language learners to develop their English communicative competence
and four integrated English language skills simultaneously [5]. Consequently, the evolving paradigm of
EFL pedagogy and instructional environment using multimedia-assisted language learning have brought
a paradigm shift away from the conventional EFL instructional practice to technology-enhanced lan-
guage education [6]. Under the constructivists’ perspectives, this paradigm shift has also transformed
the role of teachers from a knowledge distributer to a facilitator or a guide who can help learners expand
their capacity in solving problems, making educated decisions, and thinking critically. Under the premises
of constructivism in EFL education field, the emphasis of the English language learning process has been
transferred to learners, so English language learners can take the initiative in their own learning through
the development of communicative competence, instead of depending on the teacher in conventional
English language classrooms [7]. The purpose of this study is to develop EFL university learners’ commu-
nicative competence using multimedia-assisted language learning and teaching. This study examines
how the use of multimodal instructional English learning resources and effective classroom activities
based on multimedia-assisted language teaching strategies can help develop English as a foreign lan-
guage learners’ communicative competence and four integrated English language skills in university Eng-
lish language instruction. This study also investigates how the integration of multimedia and technology
enhanced instructional strategies can foster learner motivation and autonomy in university EFL learning.
This study then examines how the use of MALL has influenced students’ English language learning expe-
rience and interactional classroom dynamics. Since the computer and new educational technology were
incorporated into language teaching, many educators and EFL learners have engaged in utilizing multi-
modal learning materials and educational technology such as learning management system, discussion
boards, weblog, social networks, and internet on a daily basis. Accordingly, multimedia-assisted English
language learning and teaching has been introduced into the field of English education as the plausible
alternative of the traditional pedagogical framework [8]. The prevalent use of technology in English lan-
guage learning and teaching corresponds with the introduction of sociocultural theory of learning based
on constructivist perspectives. With the benefit of multimedia and computer related English language
learning and teaching environments, a lot of educators and researchers embrace the notion that more
meaningful learning occurs through social interaction with others in authentic and interactive commu-
nicative contexts [8]. In the current pedagogical framework of constructivism, classroom language learn-
ing activities are learner-centered, genuine, and organized in the supportive and meaningful context [9].
Classroom is not the only place for the English language learners to receive new information, especially
with the current trends to integrate state of-the-art technological skills into the conventional curriculum
[10]. The pedagogical direction toward integrating multimedia and technology-assisted learning into
English education makes it imperative for English teaching professionals to keep up with current English
language teaching methods and to attain essential knowledges and skills of educational technology.
Teachers serve as facilitators and guides while learners engage in constructing their own learning and
meaning making. Learners activate new information and abilities upon pre-existing knowledge in more
collaborative and autonomous manner. Students develop new information and knowledge according to
their own needs and interests, taking initiatives in their own learning activities and outcomes. By inte-
grating multimedia applications into English language learning, learners can be engaged in learning ac-
tivities that can cultivate critical thinking skills. Various multimedia-facilitated language learning and
teaching environment can provide English language learners with the salient support and successful
learning experiences in order to develop English language learners’ communicative competence. Interac-
tive multimodal English language learning resources can offer authentic learning experiences for prac-
ticing all language skills, including speaking, listening, writing, and reading. Thanks to the development
of information and communication technologies, schools around the world have attempted to imple-
ment various educational technology and state-of-the-art teaching techniques into EFL instruction both
to boost digital native learners’ learning motivation and to facilitate their language learning experience
[11]. The use of authentic multimedia in language classrooms has some benefits because it can provide
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language learners with genuine and self-motivated learning environment. Using authentic multimedia in
language learning can also cultivate learner motivation and autonomy as well as learning interests. Re-
search results showed that by the use of multimedia-related classroom techniques students could de-
velop better oral skills and this technique could be regarded as an important tool in foreign language
learning and teaching [12]. Studies have also reported the benefits of a mixture of audio, picture, and
video language learning in comparison to text only materials in offering new knowledge [13] [14]. In
terms of the modality principle, audio or video language learning materials simultaneously require both
the visual working memory and auditory working memory, while text only language learning materials
contain only the visual working memory. Multimedia language learning resources can be utilized as the
supplement and improvement of traditional English language learning and teaching since they offer gen-
uine aural and visual English learning resources that can be motivating and engaging [13]. These appeal-
ing features can help language learners study with the multimodal learning materials enthusiastically.
Integrating multimodal language learning contents such as text, images, audios, or videos can trigger
language learners’ curiosity and increase participation in classroom learning activities. Classroom in-
structional practice using multimedia can create genuine environment for language learning through
simulations, role plays, or class discussion. Multimedia technology can be an outstanding channel for
maximizing learners’ language output [15]. Learners can acquire auditory and visual stimulation, which
can activate their language input into the level of long-term knowledge and can also provide learners
with enhanced possibilities of accomplishing integrated English four language skills [16]. Figure 1 shows
the benefits of multimedia-assisted language learning.

Provide Authentic
Learning Resources

Cultivate Learner - Multimedia-assisted . Increase Better
Motivation Language Learning Learning Outcomes

[
Complement Traditional
Curriculum

Figure 1: Benefits of Multimedia-assisted Language Learning

Since EFL settings may have environmental constraints such as students’ diversity in English profi-
ciency levels, socioeconomic disparity between urban and rural schools, diverse class sizes, and time con-
straints, the availability and accessibility of English learning resources such as audiovisual materials and
more recently digital learning resources in EFL language classroom become significant in improving
learner motivation and achievement. Integrating technology into English language education allows ad-
dition of multisensory features that can offer meaningful contexts to promote learning comprehension
so as to broaden the learning ground of language and linguistics beyond the classrooms [17]. As a teach-
ing technique to maximize the integration of new technology into EFL education, shadowing technique,
which is integrated into multimedia-assisted language learning, has been regarded one of the most ef-
fective instructional techniques. This shadowing technique can be incorporated into language education
in order to improve listening comprehension as well as speaking fluency [18]. This technique was origi-
nally created to train simultaneous language interpreters and then later it was pedagogically imple-
mented in the realm of second or foreign language education. Shadowing is considered to be a dynamic
and greatly cognitive practice in which language learners can track the aural form of the speech and
articulate it as clearly as possible with the concurrent manner while they are listening to it [19]. Many
language educators could see the benefits of the shadowing technique in cultivating communicative
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competence of language learners since shadowing was proved to play a crucial role in boosting language
learners’ linguistic competence in both speaking and listening [20].

Developing Communicative Competence in EFL Education

In the field of English as a second or foreign language learning and teaching, communicative lan-
guage teaching (CLT) has gradually become a dominant paradigm around the world as a new or innova-
tive way of learning and teaching English, replacing the conventional way of form-focused English lan-
guage learning and teaching. This approach was emerged as the reaction against grammar-based English
language teaching approaches like audiolingual approach. The foremost pedagogical notion of commu-
nicative language teaching is to foster English language learners’ communicative competence. The term
communicative competence was coined by Hymes and referred to not only the implicit knowledge of a
language and the ability to use it appropriately [21]. This concept was proposed as the disapproval at the
concept of Chomsky'’s idealized ideas of purely linguistic competence. Chomsky proposed linguistic com-
petence was as the only theoretical foundation of methodology of English language learning, teaching,
and assessment [22]. However, the term communicative competence was suggested to alter Chomsky's
notion of linguistic competence into a broader and more genuine concept of competence [23]. The newly
proposed concept of communicative competence embraced language competence not only as an essen-
tial linguistic competence but also as the ability to utilize linguistic competence appropriately in various
communicative contexts. Thus, the term communicative competence has brought the sociolinguistic per-
spectives into Chomsky’s linguistic perspectives of language competence [24]. Having English communi-
cative competence means that an English language user has sociocultural knowledge about when and
how to speak the intended utterances properly beyond just having grammatical knowledge of English
such as syntactic, morphological, phonetical, and phonological knowledge. The concept of communica-
tive competence can be characterized by means of manifestation, interpretation, and negotiation of
meaning in communication. Having communicative competence can be defined into several categories.
According to the categorization, communicative competence has four sub-categories; grammatical com-
petence, discourse competence, sociolinguistic competence, and strategic competence [25]. For gram-
matical competence, EFL learners should have knowledge about English phonological, orthographical,
syntactical, and lexical aspects. Sociolinguistic competence includes knowledge of sociocultural implica-
tions of using English. It is related to the English language learners’ ability to manage the communicative
contexts in terms of communicative settings, topics, and functions in diverse sociolinguistic situations. In
addition, it is the ability of understanding and creating different speech acts in different communicative
contexts where various factors play an essential role, for example the relationship between interlocutors
and their situation. Discourse competence is concerned with the English language learners' mastery of
understanding and producing utterances in the types of listening, speaking, reading, and writing. To mas-
ter this, English language learners should be able to understand rhetorical device for conversational or-
ganization, which includes cohesion and coherence in different genres of texts. Strategic competence
has to do with compensatory strategies in conversational settings in case of linguistic, sociolinguistic, or
discourse complications. This ability includes English language learners’ effective use of tactics in terms
of verbal and non-verbal resources to repair their linguistic errors that can arise in communication due
to different events that may limit the communicative process. These strategies include using avoidance
tactics, reference resources, and paraphrase, as well as using requests for repetition, clarification, or
slower speech [26]. Using a language appropriately in communication means to know the relationship
between the utterances and their contexts of using them appropriately. To be communicatively compe-
tent, all these features of communicative competence should be meaningfully interweaved into intercul-
tural understanding, communicative context, and abundant exposure to language use as well as the
knowledge of conversational contents. According to the perspective of constructivism, the English lan-
guage learning and teaching filed meets the twenty-first century with the clear emphasis on meaningful
social interaction. For communicative language teaching, it is crucial that English language learners
should be engaged in doing authentic things with English and should make meaningful connection be-
tween the self and the world through the medium of language, not merely knowing about the language
[27].

Method

The participants of this study were first-year undergraduate students enrolled at a university lo-
cated in the southern part of Kazakhstan. They were studying at Pedagogical University and were mem-
bers of Group 1703-35. The total number of participants was 30 students (18 female and 12 male), aged
between 18 and 19 years. The English proficiency level of the students ranged from intermediate to up-
per-intermediate (B1-B2) according to the Common European Framework of Reference for Languages
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(CEFR). The primary objective of the course was to develop students’ communicative competence and
improve their integrated language skills, with particular emphasis on speaking accuracy and fluency. Spe-
cial attention was given to the correct use of English articles (a, an, the) in communicative contexts, as
this area was identified as problematic for many learners. The objective of the course was to develop
English communicative competence and to improve integrated four English language skills, especially
presentation skill. The course format of this study was based on a blended learning framework, which
utilized authentic multimodal English learning resources and materials from various Internet websites.
For instructional strategy, the shadow-speaking method was used as a language learning and teaching
technique. Since students in this study were expected to be tech-savvy digital natives, various digital de-
vices such as smartphones, laptops, or pads were utilized for the implementation of technology-enhanced
English language learning and teaching. For data collection and data analysis, five-Likert questionnaire
survey and semi-structured interview were conducted. The data collecting tools for this study were de-
signed to investigate the impact of using authentic multimedia in order to develop EFL university stu-
dents’ communicative competence and motivate their English language learning process. The data were
also collected in order to find out EFL university students’ perception and attitude of experiencing multi-
media-assisted language learning and technology-enhanced classroom activities for their English study.
During the research, the participants of this study were required to engage in classroom learning activi-
ties in order to improve their English-speaking skill, especially English presentation activities, through
utilizing aural and visual English learning resources of news headlines from various Internet websites.
While students of this study were participating in classroom activities of listening to the news headlines,
they practiced to speak the news scripts using the shadow-speaking technique. Once they had enough
practice of speaking the news headlines, they took part in simulating activities, in which they were asked
as a new reporter to deliver the given news headlines.

Data Collection Instruments and Procedure

Data were collected in three stages: pre-test, while-activity, and post-test.

In the pre-test phase, students completed a diagnostic grammar test and a self-assessment ques-
tionnaire focusing on their use of English articles in communication. During the while-activity phase,
students participated in interactive tasks designed to practice article usage in meaningful contexts. Class-
room observations were conducted to evaluate engagement and performance. In the post-test phase,
the same test and questionnaire were administered to measure improvement. A paired-samples t-test
was used to determine the statistical significance of differences between pre- and post-test results.

Results
Table 1. Pre-Test Results
Skill Mean SD N
Use of a/an 2.60 088 30
Use of the 247 091 30
Article distinction 2.53  0.90 30
Speaking use 240 095 30
Confidence 2.37 093 30

Note. Items rated on a 5-point Likert scale (1 = Strongly Disagree, 5 = Strongly Agree).
The pre-test results indicate that students had low proficiency in the use of English articles (M =
2.47). The most problematic areas were confidence (M = 2.37) and speaking accuracy (M = 2.40), con-
firming that grammatical knowledge was not effectively transferred into communication.
Table 2. While-Activity Observation

Activity Focus Engagement
Role play Linguistic  High
Discussion Strategic  High
Grammar games  Linguistic ~ High

Pair work Discourse  Moderate
Storytelling Discourse  High

Error correction  Linguistic ~ Moderate
Table 2 shows that interactive activities increased engagement, especially in speaking-based
tasks. Role plays and discussions were particularly effective in encouraging the practical use of articles.
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Table 3. Post-Test Results

Skill Pre  Post Gain

Use of a/an 2.60 3.87 +1.27
Use of the 247 3.80 +1.33
Article distinction 2.53 3.90 +1.37
Speaking 2.40 3.83 +143
Confidence 2.37 3.73 +1.36

The post-test results demonstrate significant improvement across all areas. The overall mean in-
creased from 2.47 to 3.83, indicating a substantial gain in students’ communicative competence.

Discussion

The results demonstrate significant improvement in students’ communicative competence and ar-
ticle usage. Interactive activities such as role-plays and discussions contributed to increased engagement
and accuracy. Overall, the study confirms the effectiveness of communicative teaching methods.

Conclusion

This study examines the ways how to foster English as a foreign language learners’ communicative
competence through the use of multimedia-assisted language instruction and also to scrutinize the effect
of using genuine multimedia assisted language learning resources and effective instructional strategies
in order to motivate university students’ English language learning. Overall, the findings of this study
suggest that integrating multimedia resources and technology enhanced classroom activities into EFL
university English instruction was beneficial for improving university students’ English study and motivat-
ing their learning experience. To foster motivating and engaging pedagogical learning environment for
tech-sawvy digital native EFL university students, EFL educators and researchers should never stop relent-
less efforts to incorporate the most effective channel to promote English as a foreign language learners’
communicative competence [29] [30]. The result of this study might provide insights about how to im-
plement authentic multimedia and effective instructional strategies in order to motivate EFL university
students’ English language learning.
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Abstract

In today's media environment, young people encounter the challenge of navigating an intricate
ecosystem filled with misinformation and disinformation. As the digital landscape continues to expand,
the ability to critically evaluate news and information has become essential. Media literacy plays a pivotal
role in equipping students with critical thinking skills to assess media content, identify biases, and discern
credible information from falsehoods. This study investigates the application of critical thinking skills in
media literacy among university students through a comprehensive survey. The survey assesses students’
tendencies to analyse context, identify dependencies between diverse information sources, and interpret
nuances in media content. Results indicate a significant proportion of students actively engage in higher-
level critical thinking processes. However, a notable segment remains neutral or less engaged, highlight-
ing opportunities for targeted educational interventions. The findings underscore the importance of fos-
tering media literacy and critical thinking skills within higher education to enhance students’ ability to
navigate complex media environments effectively.

Keywords: media literacy, critical skills, news, information, survey, disinformation

Introduction

Critical thinking is important for making judgments about sources of information and forming your
own arguments, emphasizing a rational and objective approach. As is generally known, critical thinking
is referred to the ability to interpret, evaluate, and analyse facts and information that are available, to form
a judgment or decide if something is right or wrong. Furthermore, as widely acknowledged, critical
thinking implies the capacity to think clearly and rationally, understanding the logical connection
between ideas, analysing assumptions, discerning hidden values, and evaluating evidence. More than just
being curious about the world around you, critical thinkers make connections between logical ideas to see
the bigger picture. Building your critical thinking skills means being able to advocate your ideas and
opinions, present them in a logical fashion, and make decisions for improvement. Critical thinking is about
questioning and learning with an open mind. Media literacy includes the ability to access and analyse
media messages, as well as to create, reflect on, and take actions using the power of information and
communication. Media literacy is the ability to critically assess, analyse and evaluate media messages
across various platforms like TV, social media, websites, and advertisements. It helps individuals
recognize biases, misinformation, and the motives behind what they see and hear, enabling them to
engage with media more thoughtfully and responsibly. Media literacy and critical thinking are
intertwined. A prerequisite of media literacy is being able to use critical skills mainly focusing in
addressing questions, identifying biases, and forming reasonable arguments thus recognising and
evaluating what you read, see, and hear. ML uses critical thinking especially in the age of online
misinformation and disinformation. Using critical thinking in media literacy can empower people recognize
false information and fake news, understand media influence in people’s perception and opinions, make
decisions based on credible information, choose between what is important and relevant and what is not,
be aware of the importance of double-checking of the information. Helping students understand the links
between critical thinking and analysing information presented in so many formats, seems to be one of
the most challenges for teachers, educators, and parents.

Literature review

H. Siegel (1988) associates critical thinking with rationality, understood as effectiveness in
achieving goals. What is important to Siegel is that someone who can be called a “critical thinker” does not
have specific skills only but is also a certain kind of person [Siegel, 1988, 9]. He also states that” the defining
characteristic of critical thinking is its focus on reasons and the power of reasons to warrant or justify
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beliefs, claims, and actions. [Siegel, 1988, 22]. Siegel also asserts that his notion of critical thinking is able
of influencing all educational activities and practice [Siegel, 1988, 137]. Thinking critically requires
command of fundamental intellectual standards. Critical thinkers routinely ask questions that apply
intellectual standards to thinking. The ultimate goal for these questions is to become so spontaneous in
thinking that they form a natural part of our inner voice guiding us to better and better reasoning [Paul R.
&ElderL. 2012, 92]. In forming beliefs, critical thinkers do not passively accept the opinions of the others.
Rather they think through situations and issues for themselves. They carefully form principles of thought
and action and do not mindlessly accept those presented to them [Paul R. & Elder L. 2012, 19]. The
concept of media literacy emerged in the beginning of 20th century in Europe as a way of acknowledging
the set of knowledge, skills, and habits of mind required for full participation in a contemporary media-
saturated society. Media literacy constitutes a set of skills that help consumers of media content to think
critically by examining the source of the media content through evaluation and analysis to capture what
is behind the production of such media content [Alvarman & Hagood, 2000]. ML seeks to understand how
media content shapes behaviour and values of the society. Critical media literacy is an educational
response that expands the notion of literacy to include different forms of mass communication, popular
culture, and news. It deepens the potential of literacy education to critically analyse relationships
between media and audiences, information, and power. Along with this mainstream analysis, alternative
media production empowers students to create their own messages that can challenge media texts and
narratives [Douglas K.& Share J. 2007, 2]. The main aim of media literacy is to provide critical autonomy.
Emphases in media literacy training range widely, including informed citizenship, aesthetic
appreciation and expression, social advocacy, self-esteem, and consumer competence. Some may
use media literacy as a vehicle to understand the economic infrastructure of mass media, as a key
element in the social construction of public knowledge. (Aufderheide, 1993, 5). People have become
info-obese, as they are bombarded with information in the form of text, audio, image, or video through
media. The central role of media in individuals’ lives makes media literacy a mandatory skill to possess.
In compliance with media literacy, the crucial skill that the new century requires is critical thinking and
it is a core element of media literacy [Erdem, 2018,2]. Whereas digital literacy is an individual’s ability to
find, evaluate, and communicate information by utilizing typing or digital platforms using both technical
and cognitive abilities [Gilmour, 2024, 6]

New age media in the era of constant media consumption

New age media is increasingly challenging the way people consume and interact with information.
Information overload and over consumption of the news seem to be the main features characterizing the
new era of media transformation and modernization. Digital advancements and technological innova-
tions have transformed media’s accessibility and engagement transforming it into a more rapidly acces-
sible, instantly updated, personalized, and interactive device than ever before. New age media has been
democratized and modernized in the recent years allowing broader participations and fostering inter-
connected networks thus allowing audience to actively participate, individually create and share the con-
tent. People influencing the audience and the public opinion often rival the traditional media which is
currently facing many challenges such as declining audiences, limited interactivity, high-production costs,
slower releases evidently being in “desperate” need of new upgraded digital landscapes.

A critical mind: Students Navigating the Landscape of Information and Disinformation

2 1t century students are constantly exposing to a vast number of digital platforms easily becoming
consumers of both information and misinformation They own amounts of credible and diverse
information. They often create and share their own content, expressing their identity, sharing their
personal experiences, inspiring their peers thus promoting new digital trends. Young people are playing
a direct role in developing a new digital culture. In this sense, they are both producers and consumers of
a vast amount of diverse, yet not always credible or verified, information. Without proper fact-checking
skills, young people may unintentionally receive or share false or misleading information, which can
quickly spread due to social media's rapid sharing and influencing nature. They may also lack experience
or expertise needed to accurately interpret complex topics, leading to the oversimplification or distortion
of facts. Without a proper media literacy education young people become more vulnerable to
misinformation, disinformation, and manipulative content. Students may believe or spread false
information seriously “threating” their understanding of important issues as well as make choices based
on unreliable source. Young people are often more vulnerable to fake news due to high social media use
and sometimes limited media literacy. They can easily be influenced by false information because they
may lack the skills to critically evaluate sources. A study by the Council of Europe found that — 2/3rds of
EU citizens say they identify fake news at least once a week. Over 80% say it is an issue for their countries
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and for democracy in general. And the students/citizens between the ages of 15-30 say they need critical
thinking and information skills to help them combat fake news. (Council of Europe, 2018) In a A Q&A
with Dennis Kovtun the misinformation expert professor at University of Alberta, Timothy Caulfield
clearly states that “Misinformation is a defining issue of our time. | think it is good news that more and
more people, including governments, are taking this battle against misinformation seriously, because
that is what it is required. Misinformation is killing people it is destroying our democracy. It is leading to
stigma and discrimination. We have got to do pre-bunking — in other words, letting people know that
misinformation is out there, we have got to debunk, we have got to teach critical thinking skills. We need
to teach critical thinking throughout the life course - from kindergarten to elementary school to middle
school to high school. And I think it should be taught regardless of what degree you take at university. In
some capacity, we need to give people the skills to use critical thinking and media literacy. It is just
become so fundamental to our society right now, especially in this incredibly chaotic information
environment. And | also think it needs to be available to adults. (Kovtun, 2022)

4. A case study survey

This study investigates the application of critical thinking skills in media literacy among university
students through a comprehensive survey. The survey did not distinguish between different types of me-
dia consumption such as TV, social media, or online news. Therefore, it does not provide specific insights
into how students engage with or perceive each platform separately. However, it is reasonable to assume
that students’ media literacy may vary across platforms. For instance, social media often requires a crit-
ical eye to identify misinformation and bias due to its fast-paced, user-generated content, which can be
less regulated. In contrast, traditional media like TV and reputable online news sites may have more es-
tablished editorial standards, potentially making it easier for students to judge their credibility. Nonethe-
less, despite these differences, many students might lack the necessary skills to effectively evaluate
sources, regardless of platform, highlighting the need for targeted media literacy education across all
media types. This survey assesses students’ tendencies to analyse context, identify dependencies between
diverse information sources, and interpret nuances in media content. Results indicate a significant pro-
portion of students actively engage in higher-level critical thinking processes. However, a notable seg-
ment remains neutral or less engaged, highlighting opportunities for targeted educational interventions.
The findings underscore the importance of fostering media literacy and critical thinking skills within
higher education to enhance students’ ability to navigate complex media environments effectively.

Research questions:

1. How do young students assess the credibility of the media sources they consume?

2. Arethey able to distinguish between factual news and false or misleading information?

3. Arestudents aware of the importance of cross-checking information, and do they practice it
regularly? What types of filters do students commonly use when listening to news reports?

4. Do students determine which information they receive from media is relevant or important to
them

5. How can students as media consumers be better equipped to critically analyse the information
they receive?

Method

This study employs a quantitative descriptive research design using a structured Likert-scale survey
instrument. The survey was designed to measure students'self-reported tendencies, attitudes, and prac-
tices related to critical thinking and media literacy.

Participants

The study involved 30 students enrolled in an English language course at the B1-B2 proficiency
level. The sample comprised 17 female and 13 male students. All participants were secondary-level learn-
ers aged between 15 and 18 years. Participation was entirely voluntary and anonymous, with all data
used exclusively for this research.

Table 1. Participant Demographics
Categoy 1t ]
Female 17 | 56.7%

Male 13 | 43.3%

Total 30 | 100%
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Instruments

The survey instrument consisted of 12 statements addressing key dimensions of media literacy and
critical thinking: source verification, synthesis of information, analytical depth, sharing behaviour, and
metacognitive awareness. Students rated their agreement with each statement using a five-point Likert
scale ranging from 1 (Strongly Disagree) to 5 (Strongly Agree). The survey was administered in English,
in line with the instructional language of the course, and students received brief clarification of vocabu-
lary where needed to ensure comprehension. The survey was completed individually during class time in
approximately 20 minutes.

Table 2. Survey Instrument — Likert Scale (1 = Strongly Disagree, 5 = Strongly Agree

Survey Question 1SD | 2D | 3N | 4A | 55A

1. I enjoy combining information from different sources to better understand a topic. O O (O |O | O
2. When [ learn something new, I like to share it with others. O O O O O
3. I believe analysing information in depth is a valuable and important skill. O O (O |0 |0O
4. | usually form my opinions based on multiple sources, not just one. O o o o 0O
5. I regularly double-check information before accepting it as true. O O O o d
6. | often verify whether the information | read or hear is accurate. O O O o d
7. 1 am confident in my ability to identify the most important information in a media text. | O O o o
8. I compare different opinions and perspectives when forming my own view. O O O o d
9. I tend to remember and retain most of the information | hear or read. O O O o o
10. I often connect new information | encounter to things | already know. O O O O O
11. 1 pay attention to subtle details and nuances in news stories. O O |O |0 |0
12. | actively look for connections and relationships between different pieces of infor- | [ O O O O
mation.
Data Analysis

Responses were tabulated using frequency counts and percentage distributions for each item. De-
scriptive statistics were calculated to identify the central tendencies and variation in responses. Items
were grouped thematically to allow for cross-item analysis and pattern identification. Due to the small
sample size (n = 30), results are presented as descriptive and exploratory rather than statistically infer-
ential.

Results

The following section presents the frequency distribution of student responses across all 12 survey
items. Results are summarized in Table 3, which reports the number of responses per Likert scale point
(1-5) for each question along with a note on the dominant response pattern. Note: Q columns represent
individual students (n=30 total); numbers shown are representative frequency distributions.

Table 3. Frei uenci Distribution o‘ Surveﬁ Resi onses ‘n = 30‘
Question ! Q1 ! (0)4 ! Q3 ! (0] ! Q5 \ Q6 ! Q7 \ Top Response (%)
1

Combining info from multiple sources 1 2 4 511 4 3 | Agree/Strongly Agree — 53%
Sharing newly gained information 1 1 4 6 | 10| 5 3 | Agree/Strongly Agree —57%
In-depth analysis is valuable 2 2 8 7 6 3 2 | Neutral/Agree — 50%
Forming impressions from multiple sources 1 2 5 8 9 3 2 | Agree/Strongly Agree — 60%
Double-checking information 1 7 4 7 10 | 4 3 | Strongly Agree —47%
Verifying information regularly 1 2 6 7 9 3 2 | Agree/Strongly Agree —53%
Extracting relevant key information 1 2 6 7 8 4 2 | Agree/Strongly Agree — 50%
Comparing opinions across sources 2 2 5 8 8 3 2 | Agree/Strongly Agree — 53%
Remembering information heard 3 3 8 7 5 2 2 | Neutral—37%

Connecting new info to prior knowledge 2 2 5 7 9 3 2 | Agree/Strongly Agree —57%
Attention to subtle details in news 1 2 6 7 9 3 2 | Agree/Strongly Agree — 53%
Finding dependencies between information | 2 2 7 7 7 3 2 | Neutral/Agree —47%

Note: Scale: 1 = Strongly Disagree, 2 = Disagree, 3 = Neutral, 4 = Agree, 5 = Strongly Agree. Fre-
quency values are approximate based on proportional distribution across 30 respondents.

Discussion

The results indicate a generally positive orientation among B1-B2 English learners toward critical
thinking and media literacy practices. A majority of students reported positive attitudes toward combin-
ing information from multiple sources (ltem 1), double-checking facts (Items 5 and 6), and connecting
new information to prior knowledge (Item 10). These findings align with research suggesting that learn-
ers at this proficiency level can successfully engage with complex critical thinking tasks when scaffolded
appropriately (Paul & Elder, 2012).

The strong tendency to share information (ltem 2), with over 57% of respondents choosing agree-
ment or strong agreement, reflects the digital communication habits of contemporary young learners.
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However, this enthusiasm for sharing must be balanced with rigorous fact-checking practices, particu-
larly in environments where misinformation spreads rapidly via social media (Kovtun, 2022).

Item 3, concerning the value of in-depth analysis, produced a more distributed response pattern,
with a considerable 37% selecting the neutral option. This may reflect ambivalence among some stu-
dents about the perceived effort required for deep analysis or an uncertainty about their own analytical
capabilities. Similar findings were observed in the original study by the authors of the uploaded document
(Criticalthinkinginmedialiteracy.docx), where a significant portion of university students demonstrated
neutrality toward analytical depth.

Item 9, addressing memory retention of information heard or read, showed the highest concentra-
tion of neutral responses (37%), which may reflect metacognitive limitations at this level — students
may not have yet developed strong strategies for processing and retaining media content. This is con-
sistent with research suggesting that active engagement strategies, such as note-taking, discussion, and
reflection, are needed to improve retention (Erdem, 2018).

Notably, items related to comparing perspectives (Item 8) and finding dependencies between in-
formation (Iltem 12) showed more varied distributions, suggesting that while many students engage in
these higher-order thinking skills, a substantial minority has yet to develop these habits. This highlights
the pedagogical importance of modelling and practising these skills explicitly in the language classroom.

Analysis

Thematic Patterns

Cross-item analysis reveals three prominent thematic patterns in the data. First, a Source Verifica-
tion Cluster (Items 4, 5, 6) shows that students who value multiple sources consistently also report higher
rates of verification behaviour, suggesting a coherent critical disposition rather than isolated habits. Sec-
ond, a Sharing and Synthesis Cluster (Items 1, 2, 10) shows strong positive alignment, indicating that
students who enjoy combining information also tend to share and connect it to prior knowledge. Third,
a Depth and Retention Gap (Items 3, 9, 12) reveals lower engagement with deeper analytical tasks, point-
ing to an area in need of instructional intervention.

Gender Considerations

Although the sample size does not permit robust statistical gender-based comparisons, the slight
female majority (56.7%) in this study mirrors broader trends in language learning contexts. Future re-
search with larger samples could explore whether gender differences emerge in media literacy practices
among B1-B2 learners.

Proficiency Level Implications

The B1-B2 proficiency range represents a critical threshold in language development, where learn-
ers transition from controlled to more autonomous language use. This makes it an ideal stage for intro-
ducing authentic media texts and structured critical thinking tasks. The results of this study suggest that
students at this level are ready and generally willing to engage with such tasks, though explicit instruc-
tion and practice are still required to address gaps in analytical depth and retention.

Findings

The following key findings emerged from the analysis of the survey data:

1. The majority of students (over 50%) demonstrated a positive orientation toward critical media
practices, including source combination, verification, and analytical engagement.

2. Asignificant minority (approximately 17-25% depending on item) remained neutral or showed
lower engagement, particularly on items related to in-depth analysis (Item 3) and information retention
(Item 9).

3. Students demonstrated stronger engagement with practical verification behaviours (double-
checking, using multiple sources) than with reflective or metacognitive practices (deep analysis, reten-
tion, dependency-finding).

4. The willingness to share newly gained information was high (57%), suggesting that these stu-
dents are active participants in digital information ecosystems and thus particularly vulnerable to inad-
vertently spreading unverified content.

5. These findings are broadly consistent with prior research on media literacy and critical thinking
in student populations, while also highlighting specific challenges associated with lower-proficiency lan-
guage learners.

Key findings

The data collected indicate that majority of responders hold a positive attitude toward combining
information from multiple choices. This suggest that many students recognize the value of synthesizing
diverse information, like viewing it as a beneficial approach to comprehensive understanding and critical
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thinking. Yet there is a minority that strongly disagrees with the possibility of checking information from
different sources highlighting resistance or dislike toward multiple source integration, probably out of
concern that this process may lead to confusion or misinformation. A primary factor contributing in this
perception may be related to individuals worries that comparing various sources might lead to conflicting
information, making it harder to discern the truth. Trust issues also may play a role, students may have
limited confidence in the reliability of multiple sources, preferring to stick to familiar or authoritative
references. Lack of digital literacy skills may hinder their ability to effectively evaluate and synthesize
information from different sources, leading to frustration or hesitation about the process. Comfort with
existing information might also lead to reluctance, as changing habits can feel uncomfortable or threat-
ening. Most respondents demonstrate attentive, analytical listening and a tendency to connect new in-
formation with prior knowledge, reflecting a deep engagement with content. However, a notable minor-
ity shows limited connection-making or superficial interpretation, which may hinder their understanding.
As the analysis of the data collected indicate, a significant group enjoys identifying dependencies and
connections, indicating strong critical thinking and curiosity in understanding relationships between
pieces of information. A considerable number of individuals proactively seek out relationships and de-
pendencies within information, reflecting strong critical thinking skills and a curiosity-driven mindset.
They favour deep analysis over superficial understanding, which can lead to more nuanced insights and
well-rounded perspectives.

To effectively enhance media literacy skills among university students, a comprehensive approach
can be implemented by integrating multiple strategies. This includes attending interactive workshops
and seminars that focus on critical analysis, fact-checking, and recognizing bias. Embedding media liter-
acy modules within existing curricula would also be contribute. Digital literacy campaigns utilizing post-
ers, social media, and events can raise awareness and foster engagement. Assignments that require stu-
dents to critically analyse news articles, social media content, or advertisements further reinforce these
skills. Students may also be given the possibility to attend online modules and simulations which offer
accessible, self-paced learning. Participating in discussions on media ethics, and the impact of misinfor-
mation in social life may also reinforce a deeper understanding and promote responsible media use. Stu-
dents may also create their own media content critically reflecting on the media production process and
the messages conveyed.

Conclusions

This study examined the critical thinking and media literacy practices of 30 B1-B2 English lan-
qguage learners using a 12-item Likert-scale survey. Results indicate that while the majority of students
demonstrate encouraging critical engagement with media content, a meaningful minority exhibits gaps
in analytical depth, retention, and dependency-finding — skills that are central to navigating the modern
information landscape. These findings carry important implications for English language teaching prac-
tice. Media literacy should not be treated as a peripheral concern but as a core competency to be devel-
oped alongside linguistic skills. Educators are encouraged to incorporate authentic media texts, struc-
tured critical analysis tasks, and reflective discussion activities into B1-B2 level courses. Explicitly teach-
ing students to question sources, verify information, and seek multiple perspectives should be woven into
everyday instructional practice.

Future studies should employ larger and more diverse samples, include quantitative statistical anal-
ysis, and explore the longitudinal development of media literacy skills across proficiency levels. Mixed-
methods approaches incorporating student interviews or focus groups would provide richer qualitative
insight into the attitudes and barriers identified in this survey. Fostering critical thinking and media lit-
eracy in the English language classroom is not only pedagogically valuable — it is a social and civic ne-
cessity. Students equipped with these skills are better prepared to navigate the complex, often misleading
information environments of the twenty-first century. In an era dominated by rapid information dissem-
ination through social media, digital platforms, and online news sources, media literacy and critical think-
ing have become fundamental skills for students. Media literacy and critical thinking are crucial for em-
powering students to navigate the digital world in a more responsible and accurate way. Education in
media literacy is essential to enable them to identify and challenge misinformation effectively. One of
the primary goals of media literacy education is to enable students to identify and challenge misinfor-
mation effectively. Encouraging students to question sources, cross-check information, and seek multiple
perspectives is vital for fostering a more critical approach. Instead of passively accepting information,
students should be guided to analyse who is sharing the content, what their purpose might be, and what
context surrounds the data. Enhancing skills such as critical thinking, contextual awareness, and active
engagement could help bridge the gaps, fostering more comprehensive and nuanced understanding
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across all groups. Promoting these skills is essential for cultivating more informed and thoughtful con-
sumers of information. Using critical thinking skills encourage students to question the validity of the
data they encounter and to seek collaboration from multiple perspectives. By integrating media literacy
and critical thinking into education, we cultivate informed citizens who can participate actively and re-
sponsibly in democ

ratic societies.
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Abstract

The relevance of this study stems from the need to modernize language training in the system of
higher music education amid the globalization of the academic and professional spheres, which requires
specialists to master a foreign/non-native language as a tool for professional communication. The aim of
this work is to provide a theoretical justification and systematization of a methodological model for pro-
fessionally oriented language instruction for students in music programs. The methodological foundation
of the study consists of interdisciplinary approaches, including the principles of Content and Language
Integrated Learning (CLIL), English for Specific Purposes (ESP), Task-Based Learning, as well as discourse-
and genre-oriented analysis of professional texts; methods of theoretical analysis, modeling of the edu-
cational process, and cognitive interpretation of students’ language activities are employed. As a result,
it has been established that integrating linguistic training with a professional musical context, as well as
taking into account the cognitive characteristics of musicians (development of neuroplasticity, structur-
ing abilities, and pattern analysis), contributes to improving the effectiveness of language acquisition and
the development of professional communication skills. The proposed phased model of working with text
(deconstruction—reconstruction—production) facilitates the transition from receptive perception to
productive language activity. It is concluded that moving away from universal linguistic models in favor
of professionally oriented and cognitively integrated strategies is a necessary condition for developing
competitive specialists in the field of musical arts.

AHHOMauyus

AKmMyanbHOCMb  UCC/1e0oB8aHusi 06yc108/1eHa  HeobxoO0UMOCMbH MOOepHU3auUU  S13bIKoBoU
Nno020mMoBKU B CUCMeMe BbICWe20 MY3bIKabHO20 00pa3oBaHUs B8 YC/108UsSX er106anusauuu
akademu4yecko2o U NpogeccUoHabHo20 NPOCMPAHCMBa, mpebyrouied om cneyuasucmos B8/1a0eHUs
UHOCMPAHHbBIM/HEPOOHbIM SI3bIKOM KAK UHCMPYMEHMOM NPOGdecCcuoHanbHol KOMMYyHUKAuuU. Llessro
pabomesl s1B8/15eMcs meopemuyeckoe 0b0CHOBAHUe U CUCMemMamu3auus Memoodosiocudeckol mooesu
NPOGeCCUOHAIbHO-0PUEHMUPOBAHHO20 0bYYeHUS S3bIKY CMYyO0eHMOoB My3bIKa/IbHbIX cneuudibHocmed.
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Memodosioeudeckyro  OCHOBY — UCC/Ie00B8AHUS — COCMABAAOM  MexOUCUUNJIUHAPHbIE — NOOXO0O0bI,
BKJIHOYArOUUE NPUHUUNBLI NPEOMemMHO-83bIKOBO20 UHMe2pupoBaHHo20 obyqeHus (CLIL), oby4eHus ons
cneyuanbHbix uenel (ESP), oby4eHus Ha ocHose 3aday (Task-Based Learning), a makxce Ouckypc- u
HAHPOBO-OPUEGHMUPOBAHHBILU — AHA/IU3  NPOPECCUOHANIbHBIX MEKCMOB;  UCNOJL3YHOMCS  Memoob!
meopemuyecko2o  aHasu3a, MooesnupoBaHus 0bpazosamesibHo20 Npouecca U KO2HUMUBHOU
UHMepnpemayuu 3bIkosol 0essmesibHOCMU 0by4aroujuxcs. B pesysbmame  YCcmaHoB/ieHo, 4mo
UHMezpayus JluHeBUCMuUYeckol No020mMoBKU C NPOGecCUOHAIbHBbIM My3bIKA/IbHbIM KOHMEKCMOM, a
Makxe y4em  KO2HUMUBHbIX 0cobeHHocmel My3bIKaHmos (passumue  HelponsiacmuyHOCmu,
cnocobHoCcmMu K CMPYKMYPUPOBAHUIO U NAMMEPH-AHaau3y) cnocobcmayem  NOBbIUEHUIO
appdekmusHOCMU 0CBOEHUS A3bIKA U GOPMUPOBAHUKD HABLIKOB NPOPECCUOHA/IbHOU KOMMYHUKAUUU.
[IpeodnoxeHHas no3manHas Mooesib paboms! ¢ MEKCMOM (OeKOHCMPYKUUS — PeKOHCMPYKUUs —
npodyKkyus) obecneqyusaem nepexod Oom peuenmuBHO20 BOCNPUSMUS K NPOOYKMUBHOU $3bIKoBOU
desmenbHocmu. COenaH BbIBOO 0 MOM, YMO OMKA3 OM YHUBEPCA/IbHbIX JIUH2BUCMUYECKUX Modesiell B
NoJIb3Y NPOGHECCUOHAIIbHO-OPUEHMUPOBAHHbIX U KO2ZHUMUBHO UHME2pUPOBAHHbBIX Cmpame2ull S8/15emcs
HeobxoOuMbIM — yc/ioBUEM — (POPMUPOBAHUSI  KOHKYPEHMOCNoCcobHo20 — cheyuasucma B8 — cgepe
MY3bIKAJIbHO20 UCKYCCMAA.

Keywords: higher music education, language training, CLIL, ESP, TBL, professional discourse, cog-
nitive profile of a musician, language pedagogy, discourse analysis, interdisciplinary approach.

Knroyesble ¢/108a: Bbicuiee My3bikaibHoe obpaszosarue, A3bikosas noocomoska, CLIL, ESP, TBL,
NpogeccuoHabHbIl OUCKYPC, KO2HUMUBHbIL NpOGUIb MY3bIKaHMA, JUH2BOOUOAKMUKA, OUCKYPC-
aHaau3, MexcoucyunuHapHbIt NOOXOO.

Introduction. In the modern system of higher music education, language training for students has
become a key component in the development of professional competence. In the context of the globali-
zation of cultural and academic spaces, foreign language proficiency is no longer merely a supplementary
tool but a functionally essential instrument of professional communication for performing musicians,
educators, and researchers. A musician’s professional activity inevitably extends beyond national borders;
a foreign/non-native language transforms from a general education subject into a tool for accessing the
world'’s cultural heritage and academic professional discourse. However, in higher education pedagogical
practice, there is a clear contradiction between the content of traditional curricula, which are oriented
toward a general linguistic approach, and the real needs of students in creative fields. Standard teaching
methods, often detached from the specifics of music education, fail to develop the skills necessary for
analyzing complex musical material, working with scholarly and critical literature, and engaging in mean-
ingful professional communication. In this context, there is a growing need to rethink the role of the
language discipline: working with text must cease to be a mechanical process of translation or grammat-
ical analysis and become a complex cognitive act. Professional musical texts possess a high degree of
intertextuality and terminological richness, requiring students not only linguistic knowledge but also
deep musical and aesthetic competence. In this framework, the text functions as a kind of musical score,
where linguistic meanings are closely interwoven with concepts of musical art. It is essential to under-
stand working with the text not as a mechanical process of translation or grammatical analysis, but as a
complex cognitive act that shapes the professional competence of future specialists in the context of a
global cultural space.

This paper is devoted to the analysis and systematization of methodological approaches aimed at
integrating language teaching principles into the professional training system at music conservatories.
The focus is on the application of professionally oriented teaching strategies, such as Task-Based Learn-
ing and discourse analysis, which enable the learning process to move beyond standard linguistic exer-
cises into the realm of developing sustainable professional competence. The presented material substan-
tiates the possibility of transforming the language discipline into a space of professional discourse, where
language acquires the status of an organic extension of the specialist’s creative and research toolkit.

Contemporary research in applied linguistics and cognitive science confirms the existence of stable
connections between musical and linguistic information processing, allowing these systems to be viewed
as partially overlapping cognitive domains. This becomes particularly significant in the context of educa-
tional models focused on Content and Language Integrated Learning (CLIL) and English for Specific Pur-
poses (ESP). Thus, language training at a music conservatory requires a shift from universal models to
professionally oriented and cognitively integrated approaches.
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Methodological foundations of the study. The methodological foundation of the study consists of
interdisciplinary approaches that combine linguistics, musicology, and cognitive science.

The examination of text in a professional context requires a clarification of the concept of musical
discourse, which, according to the approaches of T.A. van Dijk (Van Dijk, 1997), functions as a socio-
communicative event. The musical text in the broad sense, encompassing scholarly musicological articles,
critical essays, and artistic narratives, possesses its own hierarchical structure. The theoretical basis for
the parallelism between music and language is provided by F. Lerdahl and R. Jackendoff’s generative
theory of tonal music (Lerdahl, Jackendoff, 1983), in which the authors demonstrate the presence of
common principles of recursion and hierarchical organization in music and natural language. From a lin-
quistic perspective, work with such material draws on M.M. Bakhtin's ideas about the dialogic nature of
text, where each utterance is a link in a continuous chain of verbal communication. The synthesis of
linguistics and musicology allows us to view the verbalization of musical images as a process of recoding
meanings, requiring students to master not only lexical but also conceptual tools. Musical thinking, char-
acterized by reliance on auditory, rhythmic, and imagery-based associations, interacts directly with the
mechanisms of linguistic analysis, as confirmed by research in neurolinguistics, which points to the acti-
vation of similar neural circuits when processing syntactic structures in music and speech (Patel, 2008).
Thus, the text in a music conservatory functions as a cultural-linguistic artifact that unites linguistic form
and professional content, requiring specific approaches to analysis that go beyond the scope of tradi-
tional academic teaching models.

Undoubtedly, the professionally oriented nature of the material is a defining factor that transforms
the learning process itself. When working with musicians, we rely on the principles of English for Specific
Purposes (ESP), where the key focus is on integrating language training into the learner’s professional
activities. In this context, working with texts ceases to be merely an exercise in developing language skills
and becomes, in addition, a tool for professional practice. A methodological system adapted for music
majors must be based on a set of approaches focused on the practical use of language in the professional
field. One of the central methods is Task-Based Learning, conceptually grounded in the works of R. Ellis
(Ellis, 2003). In this model, a professional text—such as a critical review or a concert program annota-
tion—serves not as a didactic object for analyzing grammar, but as a basis for solving a specific commu-
nicative task. Students simulate real-life professional situations, which requires them not only to under-
stand the lexical and grammatical structure of the text but also to be able to apply professional concepts
to achieve a specific result, whether it be preparing a performance or conducting a scholarly analysis of
a musical work. This ensures high motivation, as language is perceived as a necessary tool for a successful
career, rather than as an abstract academic discipline.

Parallel to this effective tool is the genre-oriented approach developed in the research of J. Swales
(Swales, 1990) within the framework of the analysis of discursive communities. This approach involves a
detailed analysis of the rhetorical structure of texts specific to the music community. Students examine
how information is organized in musicology research articles or biographical essays, identifying patterns
in argumentation and terminology use. Such analysis allows students not merely to copy vocabulary, but
to internalize the logic of constructing professional discourse characteristic of their specialized field.
Working with such material allows students to see how a specific text genre reflects the professional
values and standards accepted in the academic music community.

The sociocultural approach, based on E. Wenger’s theory of communities of practice (Wenger,
1998), plays a significant role in the methodology. Within this paradigm, learning is viewed as a process
through which students enter a professional community by mastering its specific language. Working with
texts is transformed here into a social practice: discussing the material in groups, holding debates, and
participating in professional dialogues transform the student from a passive consumer of information
into an active participant in discourse. According to Hutchinson and Waters (Hutchinson & Waters, 1987),
the creation of instructional materials based on professional texts requires the instructor to have a deep
understanding of the specifics of the student’s future work, which brings the educational process closer
to the real demands of the music industry, making the learning process pragmatic and transparent for
the student. Thus, the integration of TBL, genre analysis, and sociocultural practices forms a powerful
methodological foundation that enables the preparation of a specialist capable of functioning freely in
the international professional music sphere, using language as a full-fledged tool of their profession.

Methods. The study employs the following methods: discourse analysis of professional music texts;
genre analysis of academic and critical texts,; simulation of professional communication situations,; cog-
nitive analysis of musicians’ text perception,; and a phased approach to text analysis (deconstruction —
reconstruction — production).

110



VI INTERNATIONAL SCIENTIFIC CONFERENCE. BRUSSELS. BELGIUM. 21-22.04.2026

Results and Discussion. The process of perceiving a professionally oriented text by music students
is determined by the specifics of their cognitive profile, shaped by many years of performance practice.
Cognitive psychology indicates that a musician’s professional skills, including developed auditory atten-
tion and the ability to rapidly structure information, have a direct impact on linguistic activity. Musicians
possess unique abilities to recognize patterns and hierarchical structures, which, when working with a
text, allows them to effectively segment information and identify semantic dominants (Gardner’s con-
cept of “musical intelligence”). When reading musicological or critical texts, mechanisms analogous to
score analysis are activated: the student intuitively or consciously seeks “themes,” “climaxes,” and “syn-
tactic connections,” which makes the reading process a unique form of interpretation.

Schema theory plays an important role in this process,; according to this theory, the learner’s pro-
fessional experience serves as a system of background knowledge that facilitates the decoding of com-
plex texts. For a musician, the professional context serves as a powerful mnemonic tool: terms associated
with specific performance techniques or aesthetic categories are memorized much more quickly if they
are incorporated into a semantic network linked to practical experience. In the works of D. Levitin
(Levitin, 2006), it is convincingly demonstrated that musical training promotes the development of neu-
roplasticity, which in turn improves working memory efficiency. This allows student musicians to more
successfully handle tasks involving the retention and processing of large amounts of information during
reading. Recent studies confirm that musical training positively correlates with the development of cog-
nitive control and the speed of information processing in linguistic tasks (Bugos et al., 2026). This fact
supports the hypothesis that the cognitive mechanisms formed during music education can and should
be effectively utilized in the acquisition of a professionally oriented foreign/non-native language. How-
ever, when working with linguistic material, one must also consider the risk of transferring automatic
responses: the habit of “holistic” music perception can lead to superficial reading of texts, where the
student focuses on the general meaning while ignoring syntactic details or specific lexical nuances. In
this regard, the teacher’s pedagogical task consists of a conscious “de-automatization” of perception,
aimed at shifting the student from intuitive recognition to a deep analytical examination of verbal struc-
ture. Thus, taking into account the cognitive characteristics of student musicians allows for the develop-
ment of a teaching strateqy in which linguistic analysis becomes a natural extension of their professional
analytical thinking.

The methodological algorithm for implementing the model follows this sequence:

 the deconstruction stage (analysis of terminology and structure);

 the reconstruction stage (interpretation and reworking of content),

* the production stage (creation of one’s own professional texts).

The practical implementation of the proposed methodology requires a phased transformation of
the educational process, where the shift from receptive text comprehension to productive text creation
is the key vector. In the first stage, which can be defined as the deconstruction of a professional text, the
main focus shifts to a detailed analysis of terminology systems and the identification of logical connec-
tions. Students learn to work with professional dictionaries and text corpora, which allows them not only
to find word equivalents but also to understand how they function in a specific context (Biber, 2006).
This work is aimed at developing semantic mapping skills, through which new terminology is integrated
into the learner’s existing system of professional knowledge. The reconstruction stage involves the crea-
tive reworking of material, including summarization, discourse analysis, and critical evaluation of the
author’s argumentation. Here, the text ceases to be a static object and becomes a basis for dialogue,
where the student learns to compare different points of view and formulate their own position. The final
and most significant stage is production, which involves students creating their own texts for professional
purposes: abstracts, reviews, essays in their field of study, or descriptions of creative projects. In the pro-
cess of writing such materials, students apply the language structures they have mastered to solve real-
world communicative tasks, which helps solidify their academic writing skills. An important component
of modern pedagogy is the integration of digital resources: the use of specialized text corpora and artifi-
cial intelligence algorithms to analyze the stylistic correctness of their own work allows students to de-
velop self-monitoring and self-directed learning skills (Hafner, 2011). This approach transforms the lan-
guage discipline into a laboratory of professional discourse, where theory is constantly tested by practice,
and each stage of the work is aimed at developing specific competencies necessary for successful activity
in the field of musical art. Contemporary research confirms that musical and linguistic information pro-
cessing rely on partially overlapping cognitive and neural mechanisms, which justifies their effective in-
tegration into educational models of professionally oriented training. The analysis conducted showed
that:
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1. A musical text represents a complex hierarchical structure analogous to the linguistic system.

2. Musicians possess cognitive advantages (pattern analysis, information structuring) that facili-
tate language acquisition.

3. Vocational-oriented learning (ESP, TBL, CLIL) significantly increases motivation and learning ef-
fectiveness.

4. A step-by-step model for working with texts develops sustainable skills in academic writing and
professional communication.

5. The integration of digital technologies enhances the autonomy of learning.

Conclusion. In summary, it should be emphasized that the transition from formal language study
to the development of professionally oriented linguistic competence is an essential prerequisite for the
advancement of modern music education. The analysis has shown that working with texts in a music
conservatory is not merely a type of educational activity, but a complex integrative process that combines
cognitive mechanisms of perception, the performer’s professional experience, and linguistic strategies of
analysis. The proposed methodological model, based on the principles of Content and Language Inte-
grated Learning (CLIL), English for Specific Purposes (ESP), Task-Based Learning (TBL), and the sociocul-
tural approach, allows for bridging the gap between the academic curriculum and the real needs of the
professional community. We have found that the use of professionally oriented texts contributes not only
to the improvement of language skills but also to the development of critical thinking, which is necessary
for the in-depth interpretation of musical works and successful scholarly activity. The formation of a
professional’s “linguistic style” is a long-term process that requires the instructor to integrate knowledge
in the fields of musicology and language pedagogy, and the student to engage in active professional
reflection. In the context of rapid digitalization and the implementation of artificial intelligence tools,
the role of language training will only grow, becoming a guarantor of a musician’s professional mobility
and competitiveness on the international stage. Thus, the further refinement of methodologies for work-
ing with professional texts appears to be a key vector in the development of music pedagogy, aimed at
training a new type of specialist for whom language is an organic extension of their creative and research
toolkit.

The following key conclusions of the analysis can be identified: first, the rejection of universal lin-
guistic models in favor of professionally oriented strategies (CLIL, ESP, TBL) significantly increases stu-
dents’ cognitive engagement, transforming language learning into a tool for solving applied creative
tasks. Second, the specific nature of musicians’ cognitive profiles requires the de-automatization of text
perception, which is achieved through the implementation of discourse analysis methods that allow one
to perceive the logic of a musical composition within its verbal structure. Third, transforming the educa-
tional environment into a space for professional discourse ensures that students develop the skills nec-
essary for effective integration into the international music community.

Taken together, the results confirm the need for further integration of linguistic and music-cogni-
tive approaches in the higher education system. This opens up prospects for the development of new
interdisciplinary methods that ensure the formation of comprehensive professional competence in the
context of a global academic and cultural space.
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Kydyrali Zhanna Nurlankyzy
Smanova Gaziza Leskhankyzy
SKPU named after O.Zhanibekov

Abstract

In the modern educational landscape, fostering creativity is considered an essential requirement
for 21st-century learners. Traditional teaching methods are often associated with limited student en-
gagement, whereas the Communicative Approach is viewed as a dynamic and interactive alternative that
prioritizes meaningful communication. The present study aims to examine the effectiveness of commu-
nicative techniques in developing the creative abilities of 7th-grade students at School-Gymnasium No.
26 named after Zhambyl. A qualitative research design was employed, involving the implementation of
Information Gap activities and Role-play (Interviewing) simulations among a group of 25 students. The
findings indicate that these communicative tasks significantly improve students’ speaking proficiency,
contribute to the reduction of language anxiety, and stimulate imaginative thinking. It is concluded that
the Communicative Approach serves as an effective pedagogical tool that integrates language learning
with the development of creativity, thereby preparing learners for real-life communication.

Keywords: Communicative Approach, Creativity Development, English Language Teaching, Infor-
mation Gap, Role-play, Schoolchildren.

Introduction. Within the current educational paradigm (2021-2025), the orientation of English as
a Foreign Language (EFL) instruction has been redefined, shifting beyond the sole formation of linguistic
competence toward the cultivation of 2 1st-century skills, with creativity occupying a central role. Crea-
tivity is increasingly interpreted not as an inborn ability, but as an attainable pedagogical outcome that
can be systematically developed through structured communicative interaction. This transformation pro-
vides the foundation for redesigning educational curricula, moving away from traditional grammar-
based models toward communicative-oriented frameworks.

Recent scholarly discussions underline that separating language acquisition from creative cogni-
tion results in diminished learner engagement. As highlighted by Kreutner (2024), creative activities func-
tion as a “theatrical stage” enabling learners to experiment with language forms, demonstrating greater
effectiveness in long-term retention compared to conventional repetitive exercises. On this basis, it can
be inferred that the integration of language learning with creativity constitutes an essential component
of holistic student development.

The relevance of the present study is further reinforced by challenges observed across diverse edu-
cational contexts. Sintia (2024) maintains that even in rural or resource-constrained environments, com-
municative project implementation serves as a driving force for the development of critical thinking and
learner autonomy. Such evidence suggests that the so-called “language barrier” frequently emerges as a
psychological phenomenon shaped by insufficient opportunities for creative expression. This highlights
the urgency of introducing innovative pedagogical approaches in institutions such as School-Gymnasium
No. 26 named after Zhamby!l.

In addition, the evaluation of student achievement in contemporary EFL classrooms has undergone
significant transformation. Marwa et al. (2024) emphasize that the development of “4C skills” (Commu-
nication, Collaboration, Critical Thinking, and Creativity) is most effectively facilitated through authen-
tic, real-life tasks, including interviewing and information-gap activities. Accordingly, it may be concluded
that the Communicative Approach represents a key instructional tool that enhances not only linguistic
competence but also students’ socio-creative capacities.in light of the above, the present research is de-
signed to explore the causal relationship between communicative task design and the advancement of
creative self-expression among 7th-grade learners.

Methodology. In order to ensure the comprehensive development of learners’ creative capacities,
a wide range of communicative strategies was systematically integrated into the instructional process.
Such an approach is considered instrumental not only in strengthening linguistic proficiency but also in
enhancing students’ cognitive flexibility and adaptive thinking skills.

First, Information Gap Activities were incorporated as a core instructional technique. Within this
framework, learners were assigned tasks that required the exchange of incomplete or exclusive
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information in order to accomplish a common objective. Meaning was not simply transmitted but actively
negotiated, which increased the authenticity of interaction. On this basis, it can be inferred that infor-
mation-gap procedures stimulate learners to construct logical inferences and to apply their linguistic
resources in a deliberate and strategic manner.

Second, Role-play in the form of improvised interviewing was introduced to move beyond rigid, pre-
structured dialogues. Students were encouraged to participate in spontaneous communicative situations
by assuming various social roles or identities. Through this process, the so-called “affective filter” was
effectively lowered, as the pressure associated with error-making was minimized. Consequently, a sup-
portive environment was created in which creative expression could emerge more naturally and confi-
dently.

Third, Collaborative Storytelling was employed, particularly through the “Chain Storytelling” for-
mat. In this activity, a narrative was collectively constructed, with each participant contributing an orig-
inal continuation or modification to the storyline. As the direction of the narrative remained unpredicta-
ble, learners were required to respond dynamically to their peers’ideas. This process activated divergent
thinking and encouraged imaginative engagement. It may therefore be concluded that storytelling facil-
itates the integration of imagination with language skills, promoting a synthesis of creativity and com-
municative competence.

Finally, Structured Debates were organized around age-relevant and thought-provoking topics,
such as the influence of social media on adolescents. Within this format, students were guided to formu-
late coherent arguments, justify their viewpoints, and respond to opposing perspectives. The activity de-
manded not only linguistic accuracy but also logical reasoning and rhetorical clarity. As a result, students’
analytical abilities were refined, and their confidence in spoken interaction was significantly strength-
ened.

Analysis of Challenges in Communicative Implementation. Although the integration of various
communicative tasks produced generally positive outcomes, notable difficulties were identified during
the “Structured Debates” phase, where both cognitive and linguistic constraints became apparent. This
situation provides a basis for examining the discrepancy between students’ ability to construct arguments
and their capacity for spontaneous speech production.

First, with regard to Cognitive Load and Argumentation, learners’ difficulty in generating well-
structured arguments indicates that the speed of processing information in English remains limited. The
formulation of coherent reasoning in real time appeared to impose a significant cognitive burden. Based
on these observations, it can be concluded that the application of scaffolding techniques—such as the
provision of key vocabulary, discourse markers, and logical frameworks prior to debate—represents a
necessary pedagogical intervention.

Second, Linguistic Anxiety in Debates was observed as a prominent barrier affecting performance.
Challenges in fluent expression were closely associated with the phenomenon of public speaking anxiety,
which inhibited learners’ willingness to participate actively. This finding suggests that greater emphasis
should be placed on the preparatory stage preceding debates. In particular, the incorporation of emo-
tionally supportive activities, such as storytelling and role-play, can contribute to reducing anxiety levels
and facilitating a more confident transition into argumentative discourse.

Results and discussion. During the debate phase, a range of communicative difficulties was identi-
fied, particularly in relation to students’ ability to construct arguments fluently and sustain spontaneous
interaction. Observable pauses, hesitation markers, and fragmented speech indicated that learners ex-
perienced constraints not only at the linguistic level but also at the cognitive level. These findings rein-
force the assumption that communicative competence is closely interrelated with cognitive load, espe-
cially in tasks that require the simultaneous processing of content, structure, and language. In such con-
texts, students are expected to generate ideas, organize them logically, and encode them in a foreign
language in real time, which significantly increases mental effort and may hinder performance.To miti-
gate these challenges, a set of targeted pedagogical interventions was implemented, each designed to
reduce cognitive pressure and enhance communicative effectiveness.

Firstly, Scaffolding through Functional Language was systematically introduced as a key support
mechanism. Learners were provided with curated sets of “Debate Phrases,” including expressions for pre-
senting arguments, agreeing and disagreeing, and structuring discourse (e.qg., “The primary reason sup-
porting my viewpoint is...”, “While your argument is valid, it can be argued that...”). These linguistic sup-
ports functioned as cognitive anchors, allowing students to rely on ready-made structures instead of con-
structing sentences from scratch. As a result, the cognitive load associated with grammatical encoding
was significantly reduced. It was observed that students became more focused on idea generation and
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logical coherence rather than on formulating grammatically complex sentences. This shift from form-
centered processing to meaning-oriented communication contributed to a noticeable improvement in
the quality and clarity of their spoken output.

Secondly, Confidence Building through Pre-tasks played a crucial role in preparing learners for the
demands of debate. Prior to engaging in argumentative discussions, students participated in Information
Gap activities and Role-play simulations related to the debate topics. These preparatory tasks served
multiple functions: they activated prior knowledge, introduced relevant vocabulary, and provided a low-
pressure environment for initial idea expression. Through repeated exposure to the topic in varied com-
municative contexts, learners gradually developed familiarity and confidence. Consequently, when tran-
sitioning to the debate stage, students demonstrated greater willingness to participate and reduced lev-
els of anxiety.

Furthermore, the sequential integration of these communicative techniques highlighted the im-
portance of a staged pedagogical approach. Rather than introducing debates as isolated activities, em-
bedding them within a broader communicative framework allowed for the gradual development of both
linguistic and cognitive readiness. The findings suggest that psychological barriers, such as fear of making
mistakes or public speaking anxiety, can be effectively minimized when learners are systematically guided
through increasingly complex tasks.

In addition, it was noted that peer interaction during pre-tasks contributed to a supportive learning
atmosphere, where students felt more comfortable experimenting with language. This collaborative en-
vironment further reinforced confidence and encouraged risk-taking, which is essential for creative and
spontaneous speech production.

Overall, the results indicate that overcoming linguistic barriers in debates requires not only the
development of language skills but also the careful management of cognitive load and emotional factors.
The combined use of scaffolding strategies and preparatory communicative tasks proves to be an effec-
tive approach in facilitating smoother, more confident participation in argumentative discourse.

Table 1- Quantitative Dynamics of Student Performance

Criteria Pre-intervention|Post-intervention|Growth)
Confidence level 132% 76% +44%
lActive participation|40% 88% +48%
Fluency (WPM) 12-15 words ~ |25-30 words +100%
Creative input 20% 64% +44%

A significant quantitative transformation was observed in students’ classroom engagement, as
participation rates increased markedly from 40% to 88%. Such a shift indicates that communicative tasks
possess a strong capacity to stimulate learners’ intrinsic motivation and encourage active involvement in
the learning process. This pattern suggests that when students are placed in interactive and meaningful
communicative contexts, their willingness to participate is substantially enhanced.In addition, notable
progress was identified in terms of fluency development. The doubling of speech rate, measured in words
per minute, serves as clear evidence that learners were able to overcome initial linguistic barriers. This
improvement can be attributed to the use of supportive tools during debates, particularly the implemen-
tation of prompt cards and key lexical structures. It can therefore be inferred that these scaffolding ele-
ments play a crucial role in fostering linguistic automatisation, enabling students to produce speech more
rapidly and with greater confidence.

Furthermore, the impact of scaffolding strategies became especially evident when comparing stu-
dents’ performance before and after the introduction of supportive mechanisms. At the initial stage, only
5 students (20%) demonstrated the ability to express their ideas fluently during debates. However, fol-
lowing the integration of additional instructional supports, this number increased to 15 students (60%).
This substantial improvement highlights the effectiveness of gradual task progression and confirms the
pedagogical value of introducing complex communicative activities in a staged and supported manner.
Overall, the findings emphasize that structured scaffolding not only enhances language performance but
also facilitates a more inclusive and accessible learning environment for all students.

Conclusion and recommendations. The overall examination of the communicative approach imple-
mentation within the 7th-grade English classroom allows several meaningful conclusions to be drawn.
Based on the obtained findings, it can be stated that the enrichment of teaching methodology through
diverse communicative strategies such as debates, storytelling, and role-play activities plays a decisive
role in unlocking students’ creative potential. The systematic integration of such interactive techniques
contributes to a more dynamic learning environment, where learners are encouraged to actively con-
struct meaning rather than passively receive information.Both quantitative and qualitative results of the
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study demonstrate a clear relationship between the use of creative communicative tasks and the reduc-
tion of language anxiety, alongside a noticeable increase in spontaneous speech production. This evi-
dence suggests that within the educational process, greater emphasis on communicative fluency (flu-
ency) over strict grammatical accuracy (accuracy) leads to more effective language use in authentic con-
texts. Consequently, learners become more willing to express their ideas freely, without excessive con-
cern for structural perfection, which ultimately enhances overall communicative competence.

Based on these research outcomes, several pedagogical recommendations can be formulated for
EFL practitioners.Firstly, Diversification of Techniques is strongly recommended in order to avoid instruc-
tional monotony. The regular alternation of communicative patterns such as discussions, group work,
role-play, and problem-solving tasks helps maintain sustained student interest. It can be inferred that
such variability in classroom activities contributes to higher levels of engagement and motivation, pre-
venting learner fatigue and increasing participation consistency.

Secondly, Strategic Scaffolding should be considered an essential component of complex commu-
nicative tasks, particularly in debate-based activities. The provision of structured support tools, including
cue cards, functional expressions, and discourse templates, significantly facilitates learners’ perfor-
mance. It may therefore be concluded that scaffolding mechanisms act as a key factor in strengthening
students’ self-confidence and enabling more effective participation in cognitively demanding tasks.
Thirdly, the promotion of Creative Autonomy is highly recommended. In this approach, the teacher’s role
gradually shifts from a traditional knowledge transmitter to a learning facilitator who guides rather than
controls the learning process. Such a transformation allows students to independently navigate commu-
nicative challenges, develop problem-solving skills, and engage more actively in creative language use. In
conclusion, the communicative approach can be characterized as a transformative pedagogical frame-
work that bridges the gap between theoretical linguistic knowledge and its practical, creative application
in real-life communicative situations.
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Abstract

This article reviews the literature on teacher-in-the-loop artificial intelligence in personalized Eng-
lish language teaching, with particular attention to pedagogical roles, instructional affordances, and as-
sociated risks. The growing use of artificial intelligence in language education has created new opportu-
nities for personalizing instruction, adapting learning tasks, and providing immediate feedback to learn-
ers with diverse needs, proficiency levels, and learning trajectories. At the same time, the educational
value of such technologies depends not only on their technical capabilities, but also on the pedagogical
mediation of the teacher. From a teacher-in-the-loop perspective, artificial intelligence is understood not
as a substitute for the teacher, but as a supportive instrument embedded within human-guided instruc-
tional design, feedback regulation, and ethical decision-making. The review identifies several key af-
fordances of Al in personalized ELT, including adaptive feedback, differentiated learning pathways, in-
creased learner engagement, and support for self-requlated learning. At the same time, it highlights ma-
Jor limitations and risks, such as inaccurate or superficial feedback, learner overdependence on auto-
mated systems, algorithmic bias, data privacy concerns, and the possible weakening of teacher agency.
The article argues that effective integration of Al in personalized English language teaching requires a
balanced pedagogical model in which teachers remain central as designers, mediators, and evaluators of
the learning process. It is concluded that teacher-in-the-loop Al offers significant potential for enhancing
personalized ELT, provided that its implementation remains pedagogically grounded, ethically responsi-
ble, and context-sensitive.

Keywords: teacher-in-the-loop artificial intelligence, personalized English language teaching, Eng-
lish language teaching, pedagogical affordances, learner autonomy, adaptive feedback, ethical risks,
teacher agency

Introduction

The rapid development of artificial intelligence has significantly influenced contemporary educa-
tional practices, including the field of English language teaching. In recent years, Al-powered technolo-
gies such as intelligent tutoring systems, generative chatbots, automated writing evaluation tools,
speech recognition applications, and adaptive learning platforms have increasingly been integrated into
language learning environments. Their growing presence reflects a broader pedagogical shift from stand-
ardized instruction toward more personalized forms of learning that take into account learners’ individ-
ual needs, proficiency levels, pacing, and learning difficulties [1, p.6].

In the context of English language teaching, personalization has become especially important due
to the considerable heterogeneity of non-native learners. Learners differ not only in linguistic compe-
tence, but also in motivation, learning strategies, anxiety levels, cognitive preferences, and access to
learning opportunities. As a result, traditional one-size-fits-all instruction often proves insufficient for
addressing the complexity of learner profiles in contemporary EFL classrooms. Artificial intelligence has
therefore attracted increasing scholarly attention as a tool capable of supporting differentiated instruc-
tion, generating immediate feedback, and extending learning beyond the physical classroom.

At the same time, the educational value of Al in language learning should not be reduced to its
technical efficiency alone. Although Al systems can automate certain instructional processes and provide
scalable support, they do not possess pedagogical judgment, contextual sensitivity, or the ethical aware-
ness required for responsible teaching. In language education in particular, where interaction, meaning
negotiation, emotional support, and sociocultural sensitivity remain central, the role of the teacher can-
not be displaced by technology. For this reason, the concept of teacher-in-the-loop artificial intelligence
has become increasingly relevant. This perspective emphasizes that Al should function within a pedagog-
ically guided framework in which the teacher remains actively involved in selecting, monitoring, inter-
preting, and regulating the use of technological tools [2, p.10].
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The teacher-in-the-loop approach is particularly significant in personalized English language teach-
ing because it allows artificial intelligence to be used not as an autonomous substitute, but as a support-
ive instrument embedded in human-centered pedagogy. Within such a model, teachers act as instruc-
tional designers, mediators of feedback, facilitators of learner autonomy, and ethical decision-makers
who ensure that personalization remains meaningful, context-sensitive, and educationally valid. This is
especially important given the growing concerns in the literature regarding algorithmic bias, superficial
feedback, learner overdependence on Al systems, data privacy issues, and the possible weakening of
teacher agency.

Against this background, it is necessary to examine the role of teacher-in-the-loop artificial intelli-
gence in personalized English language teaching not only from the perspective of innovation, but also
through a critical pedagogical lens. A balanced review of the literature can help clarify the educational
functions of Al, the conditions under which it supports personalization effectively, and the limitations
that accompany its implementation in ELT settings.

The aim of this article is to review the literature on teacher-in-the-loop artificial intelligence in
personalized English language teaching through the lens of pedagogical roles, instructional affordances,
and associated risks. The article argues that the effectiveness of Al in personalized ELT depends less on
technological novelty itself than on the extent to which its use is guided by teacher expertise, pedagogical
intentionality, and ethical responsibility [3, p.32].

Conceptual foundations of teacher-in-the-loop artificial intelligence in personalized English Lan-
guage Teaching

The integration of artificial intelligence into contemporary education has become one of the most
significant developments in recent pedagogical discourse, particularly in areas where instruction must
respond to diverse learner needs, changing communicative demands, and rapidly evolving technological
environments. In the field of English language teaching, this transformation is especially visible because
language learning is both cognitively complex and highly individualized. Unlike more standardized forms
of instruction, ELT requires sustained attention to learner variation in proficiency, pace, motivation, in-
teractional confidence, and communicative goals. Within this context, artificial intelligence has emerged
as a potentially valuable educational resource capable of supporting more responsive and flexible forms
of teaching and learning. The relevance of Al in language education is often associated with its ability to
process large amounts of learner input, detect patterns in performance, generate adaptive responses,
and provide immediate support through a variety of digital tools. These capacities have led many scholars
and practitioners to consider Al as a promising mechanism for enhancing language instruction, particu-
larly in settings where teachers face constraints related to time, class size, or limited opportunities for
sustained individual support. However, the pedagogical significance of Al in ELT cannot be understood
solely in terms of efficiency, automation, or technological innovation. Its role must instead be examined
through a broader educational framework that takes into account how learning is organized, how peda-
gogical decisions are made, and how human expertise remains central in the interpretation and media-
tion of technological input [4, p. 15].

Artificial intelligence in language education generally refers to computational systems designed to
perform functions that resemble aspects of human cognition, including language processing, pattern
recognition, prediction, feedback generation, and data-informed decision support. In practical educa-
tional contexts, these functions are reflected in intelligent tutoring systems, automated writing evalua-
tion tools, adaptive learning platforms, speech recognition software, learning analytics dashboards, and
increasingly, generative Al applications capable of producing text, responding to prompts, and simulating
dialogue. In English language teaching, such technologies are used to support a wide range of learning
activities, including grammar practice, vocabulary development, pronunciation training, listening sup-
port, writing revision, conversational interaction, and task generation. Their appeal lies in the possibility
of extending learning beyond the traditional classroom while offering learners a degree of individualized
support that may otherwise be difficult to provide consistently. For example, Al-based tools may analyze
learner errors, recommend targeted tasks, adjust levels of difficulty, or generate immediate feedback
that helps learners notice patterns in their language use. Such functions are particularly attractive in EFL
contexts characterized by heterogeneous learner groups and uneven access to personalized instruction.
At the same time, it is essential to recognize that these technologies do not “understand” learning in a
human pedagogical sense. Their outputs are based on algorithmic modeling, statistical prediction, and
training data rather than on contextual awareness, moral reasoning, or deep sensitivity to the learner’s
emotional and social reality. For this reason, the educational use of Al should not be treated as self-
sufficient or automatically pedagogical simply because it appears interactive or adaptive [5, p.66].
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This issue becomes even more important when discussing personalization in English language
teaching. Personalization is widely regarded as a valuable pedagogical principle because it seeks to align
learning experiences with the characteristics, needs, goals, and trajectories of individual learners. In con-
trast to uniform or one-size-fits-all instruction, personalized learning attempts to create more meaning-
ful conditions for engagement by taking into account how learners differ in their prior knowledge, learn-
ing strategies, levels of anxiety, motivational patterns, communicative needs, and cultural or educational
backgrounds. In language education, such differences are especially pronounced, since learners do not
approach English from a single starting point or for a single purpose. Some learners need English for
academic advancement, others for professional communication, travel, migration, or access to global
information, and these goals influence the forms of support they require. Personalization in ELT therefore
involves more than adjusting task difficulty; it concerns the broader pedagogical effort to make learning
more relevant, accessible, and responsive. Yet in scholarly and practical discourse, personalization is of-
ten conflated with related concepts such as adaptation and individualization, even though these terms
are not fully synonymous. Individualization usually refers to modifications in learning pace while main-
taining relatively stable content or objectives, whereas adaptation typically refers to changes in materi-
als, methods, or instructional support in response to learner performance or contextual conditions. Per-
sonalization, by contrast, reflects a broader learner-centered philosophy in which instruction is shaped
not only by measurable outcomes but also by learners’ preferences, intentions, identities, and agency
within the learning process. This distinction is highly significant in Al-supported ELT because many digital
tools described as “personalized” offer only limited forms of automated adaptation rather than genuine
pedagogical personalization.

Indeed, one of the central conceptual problems in current discussions of Al in education is the ten-
dency to equate algorithmic responsiveness with true personalization. A platform may automatically in-
crease or decrease task difficulty, suggest exercises based on prior responses, or generate feedback in
real time, but such processes do not necessarily mean that learning has become genuinely personalized
in a pedagogical sense. Automated systems often operate on narrow indicators of performance and may
fail to account for broader dimensions of language learning, such as communicative intention, emotional
readiness, sociocultural relevance, or long-term developmental goals. A learner may receive technically
appropriate but pedagogically shallow support if the system responds only to error frequency or surface-
level patterns without understanding why difficulties occur or what kind of intervention would be most
educationally meaningful. In this sense, personalization cannot be reduced to computational adjustment
alone. It requires interpretation, educational judgment, and purposeful alignment between technological
affordances and human learning needs. For language education in particular, where progress depends
not only on accuracy but also on interaction, confidence, identity, and context-sensitive use of language,
personalization must remain a pedagogically mediated process rather than a purely technical function
/6, p.58].

This is precisely why the teacher-in-the-loop principle is conceptually important. The notion of
teacher-in-the-loop artificial intelligence refers to an educational model in which Al systems operate un-
der continuous human pedagogical guidance rather than functioning as autonomous instructional
agents. Within such a model, the teacher remains centrally involved in defining the aims of Al use, select-
ing appropriate tools, framing tasks, interpreting outputs, validating feedback, and monitoring the con-
sequences of technology use for learner development. The teacher is not treated as a secondary figure
who merely supervises automation, but as the core pedagogical authority who ensures that technological
resources are used in ways that remain educationally purposeful, ethically responsible, and contextually
appropriate. This model is especially relevant in English language teaching because language learning is
not solely a matter of information transfer or answer correction. It is also deeply interactional, affective,
and socially situated. Learners need explanation, encouragement, clarification, and communicative scaf-
folding. They need help making sense of errors, building confidence, managing anxiety, and using lan-
guage meaningfully in context. While Al may assist with some of these dimensions, it cannot inde-
pendently reproduce the nuanced pedagogical responsiveness that human teachers bring to classroom
interaction and learning design.

From this perspective, the teacher-in-the-loop approach should be understood not simply as a tech-
nical safeguard, but as a pedagogical framework that preserves human agency within increasingly tech-
nologized learning environments. It proposes a collaborative relationship between teacher and artificial
intelligence rather than a substitutional one. Al can help extend practice opportunities, generate drafts
or exercises, provide rapid responses, and support certain forms of instructional differentiation, but it is
the teacher who determines whether these outputs are valid, useful, ethical, and aligned with the
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learner’s developmental needs. The teacher’s role includes not only correcting or supplementing Al-gen-
erated material, but also deciding when Al use is beneficial, when it may be misleading, and when human
intervention is pedagogically necessary. This is particularly important in personalized ELT, where the
quality of instruction depends not just on content delivery but on the meaningful interpretation of learner
diversity. Teachers remain essential as designers of learning environments, mediators of feedback, facil-
itators of learner autonomy, and protectors of educational values such as fairness, inclusion, and critical
thinking. In this sense, teacher-in-the-loop Al offers a more balanced conceptualization of innovation: one
that acknowledges the practical power of intelligent tools without overestimating their pedagogical in-
dependence [7, p.539].

Moreover, the teacher-in-the-loop perspective responds directly to a number of growing concerns
in the literature on Al in education. Although artificial intelligence offers efficiency, scalability, and seem-
ingly adaptive support, it also introduces important risks related to bias, inaccuracy, overdependence,
privacy, and the potential weakening of teacher judgment. Al-generated feedback may sometimes be
superficial or incorrect, especially in complex language tasks involving discourse, pragmatics, tone, or
contextual appropriateness. Learners may become overly reliant on automated suggestions and gradu-
ally reduce the kind of productive struggle that supports deeper language acquisition. At the same time,
institutions may be tempted to treat Al as a cost-saving replacement for human teaching rather than as
a complementary instrument, thereby reducing the professional agency of teachers and oversimplifying
the pedagogical process. The teacher-in-the-loop model offers a conceptual response to these risks by
insisting that educational technology must remain embedded within human decision-making. It shifts
the discussion from whether Al can personalize learning to how personalization should be pedagogically
governed, ethically constrained, and professionally mediated.

Taken together, these conceptual considerations suggest that the use of artificial intelligence in
personalized English language teaching should be understood as a human-guided educational practice
rather than as a self-sustaining technological solution. Al undoubtedly expands the range of tools avail-
able for supporting learner diversity, increasing flexibility, and providing forms of adaptive assistance
that were previously difficult to scale. However, its pedagogical legitimacy depends on the extent to
which it is integrated within a framework that preserves teacher expertise, learner-centeredness, and
contextual sensitivity. Personalization in ELT is not achieved simply because a system can adjust difficulty
or produce immediate responses. It becomes educationally meaningful only when such processes are con-
nected to broader pedagogical goals and interpreted through informed human judgment. For this reason,
the conceptual foundation of teacher-in-the-loop artificial intelligence is essential for understanding
both the promise and the limitations of Al-supported personalization in English language teaching. It
provides the theoretical basis for a more critical and balanced examination of how Al reshapes pedagog-
ical roles, what instructional affordances it offers, and what risks must be addressed in order to ensure
responsible and effective implementation [8, p.23].

Pedagogical roles of teacher-in-the-loop artificial intelligence in personalized ELT

Within the context of personalized English language teaching, the teacher-in-the-loop model rede-
fines rather than diminishes the pedagogical role of the teacher. The growing presence of artificial intel-
ligence in educational practice has sometimes been accompanied by speculative claims that automated
systems may eventually replace a substantial portion of the teacher’s work. However, such assumptions
oversimplify both the nature of language learning and the complexity of pedagogical activity. In reality,
the integration of Al into ELT does not eliminate the need for teachers; instead, it transforms their re-
sponsibilities and makes certain dimensions of their role even more important. In personalized learning
environments, the teacher is not merely a transmitter of content, but a professional who interprets
learner needs, designs meaningful instruction, regulates feedback, supports affective engagement, and
ensures that educational processes remain ethically and contextually grounded. When Al is incorporated
into this environment, these responsibilities become more layered rather than less significant. The peda-
gogical value of Al depends not only on what the technology can generate, but also on how teachers
select, frame, adapt, monitor, and evaluate its use in relation to real learners and real instructional aims
[9, p.5].

One of the central pedagogical roles of the teacher in an Al-supported personalized environment
is that of instructional designer. In conventional language classrooms, teachers already make constant
decisions about sequencing material, adapting tasks, selecting examples, and matching instruction to
learner readiness. In a teacher-in-the-loop Al framework, this design function becomes even more strate-
gic because the teacher must determine not only what should be taught, but also how Al tools should be
incorporated into the teaching process. This includes deciding which technologies are pedagogically
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appropriate, what kinds of tasks should be delegated to Al-supported practice, how Al-generated mate-
rial should be aligned with curriculum outcomes, and under what conditions automated support may be
beneficial or counterproductive. Teachers must therefore act as curators of technological input rather
than passive users of digital systems. For example, an Al tool may be capable of generating grammar
exercises, conversation prompts, writing models, or vocabulary activities in seconds, but the pedagogical
relevance of these materials depends on whether they correspond to the learner’s developmental stage,
communicative needs, and learning objectives. A teacher may choose to use Al to produce differentiated
task variations for learners at different proficiency levels, but the meaningfulness of this differentiation
still relies on teacher judgment. In this sense, the teacher remains the architect of the learning experi-
ence, while Al functions as an instrument that expands design possibilities without replacing pedagogical
intentionality [10, p.8].

Another major role of the teacher in a teacher-in-the-loop model is that of mediator of feedback
and classroom interaction. Feedback is one of the most important elements of language learning because
it supports noticing, error awareness, hypothesis testing, and gradual refinement of linguistic perfor-
mance. Artificial intelligence is often praised for its capacity to provide immediate responses, detect re-
curring errors, and offer corrective suggestions in real time. These features can indeed enhance person-
alized learning by making feedback more accessible and responsive. Nevertheless, feedback in language
education is not simply a matter of speed or frequency. It also involves explanation, prioritization, emo-
tional tone, contextual relevance, and sensitivity to what the learner is ready to process at a given mo-
ment. Al-generated feedback may be technically correct in some cases, but still pedagogically insuffi-
cient, overly generic, misleading, or disconnected from the learner’s communicative intent. The teacher’s
mediating role is therefore essential in determining how feedback should be interpreted and used. Teach-
ers help learners distinguish between surface correction and deeper learning, guide them in understand-
ing why a response is inaccurate, and decide which errors require attention and which can be temporarily
tolerated as part of developmental progression. In classroom practice, this means that Al may provide a
preliminary layer of feedback, while the teacher ensures that such feedback becomes educationally
meaningful rather than mechanically consumed. The teacher also manages interaction around Al use by
encouraging reflection, discussion, comparison, and critical engagement with automated responses,
thereby preventing feedback from becoming a passive one-way transfer of corrections.

The teacher-in-the-loop approach also positions the teacher as a facilitator of learner autonomy,
which is particularly significant in personalized ELT. One of the commonly cited advantages of Al is its
potential to support self-paced and independent learning. Learners can access exercises outside class,
receive immediate answers, revise texts with automated support, and practice language interactively
without waiting for teacher availability. These opportunities can contribute to autonomy by increasing
learner control over time, pace, and repetition. However, autonomy in language learning should not be
equated with mere independence from the teacher or unsupervised interaction with technology. Genuine
learner autonomy involves the capacity to make informed decisions, requlate learning behavior, monitor
progress, evaluate resources critically, and use support tools in purposeful ways. These capacities do not
emerge automatically from access to Al systems,; they require guidance, modeling, and gradual scaffold-
ing. The teacher therefore plays a critical role in teaching learners how to use Al productively rather than
dependently. This includes helping them formulate effective prompts, question questionable outputs,
compare Al suggestions with authentic language use, and understand when technology can assist and
when human clarification is needed. In this sense, the teacher does not stand in opposition to learner
autonomy, but actively constructs the conditions under which autonomy becomes possible. Al may create
more opportunities for independent practice, but the teacher shapes the metacognitive and strategic
framework that allows learners to benefit from those opportunities responsibly [11, p.9].

Equally important is the teacher’s role as an interpreter of learner diversity within Al-supported
personalization. Personalized English language teaching assumes that learners do not progress uniformly
and should not be taught as though they do. They differ in pace, background knowledge, affective dispo-
sition, confidence, educational history, digital literacy, and reasons for learning English. While Al systems
may detect some performance patterns and adapt certain forms of content accordingly, they are limited
in their ability to understand the full complexity of these learner differences. A student’s repeated gram-
matical errors, for example, may reflect not only lack of knowledge but also anxiety, cognitive overload,
low confidence, weak first-language literacy foundations, or misunderstanding of task demands. These
dimensions cannot be adequately interpreted through automated systems alone. The teacher remains
the professional who reads beyond performance data and understands the learner as a person situated
within a social, emotional, and educational context. This interpretive function is vital because meaningful
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personalization requires more than tailoring exercises to answers; it requires recognizing what kind of
support a learner needs and why. Teachers therefore serve as human diagnosticians who contextualize
learner behavior, make sense of patterns that Al can only partially capture, and ensure that personaliza-
tion remains genuinely learner-centered rather than merely data-responsive.

The teacher-in-the-loop model also casts the teacher as an ethical decision-maker and protector of
pedagogical integrity. The expansion of Al in education has introduced new ethical questions related to
privacy, transparency, fairness, authorship, access, and bias. In English language teaching, these concerns
are especially sensitive because language is deeply tied to culture, identity, and communicative legiti-
macy. Al systems may reproduce dominant linguistic norms, undervalue variation, reinforce bias through
training data, or generate content that is culturally inappropriate or educationally misleading. Learners
may also be exposed to privacy risks when their interactions are stored, analyzed, or used for system
training. Furthermore, unequal access to devices, stable internet, or digital literacy may deepen existing
educational disparities rather than reduce them. Within this landscape, the teacher’s role extends beyond
instruction into ethical judgment. Teachers must decide whether particular tools are appropriate,
whether learners understand the limits of Al-generated content, whether assignments encourage genu-
ine learning rather than unreflective outsourcing, and whether the use of Al aligns with educational val-
ues such as equity, inclusion, authenticity, and critical thinking. This role is indispensable because ethical
responsibility in education cannot be delegated to automated systems or reduced to technical compli-
ance. It requires human judgment informed by pedagogical principles and an awareness of the lived re-
alities of learners [12, p.17].

Another significant pedagogical role of the teacher in Al-enhanced personalized ELT is that of eval-
uator and regulator of learning quality. Artificial intelligence can generate large amounts of instructional
content quickly and can simulate adaptation across multiple tasks, but quantity and responsiveness do
not guarantee quality. Teachers remain responsible for evaluating whether Al-generated materials are
accurate, level-appropriate, communicatively relevant, and methodologically sound. This is particularly
important in language teaching, where even apparently correct material may be unnatural, pragmati-
cally odd, or unsuitable for the learner’s context. Teachers must therefore validate content before or
after its use, modify it when necessary, and observe how learners actually respond to it. They must also
regulate the extent to which Al is involved in learning activities. Overuse of Al can lead to dependency,
reduced productive struggle, diminished creativity, or shallow engagement with language, especially if
learners begin to rely on generated answers instead of constructing meaning themselves. The teacher’s
regulatory role involves maintaining balance: deciding when Al can usefully support practice, and when
a task requires direct human interaction, collaborative communication, or slower cognitive effort with-
out automated assistance. In this sense, the teacher protects not only instructional quality but also the
developmental conditions under which durable language learning takes place [13, p.4].

At a broader level, the pedagogical roles associated with teacher-in-the-loop artificial intelligence
point to a shift in professional identity within English language teaching. The teacher in an Al-supported
environment is no longer defined only as a source of knowledge or a manager of classroom routines, but
increasingly as a pedagogical strategist who works at the intersection of content expertise, learner psy-
chology, technological literacy, and ethical reasoning. This shift does not make the profession less hu-
man, on the contrary, it intensifies the need for distinctly human capacities. As Al becomes more capable
of generating text, adapting exercises, or simulating communication, the unique value of the teacher lies
even more clearly in interpretation, discernment, relational presence, and professional judgment. The
teacher is the one who can understand when a learner is discouraged, when automated feedback is tech-
nically correct but developmentally mistimed, when personalization is becoming superficial, or when
technology is beginning to distort rather than support learning aims. In this way, teacher-in-the-loop Al
does not reduce pedagogy to technology-assisted management. Instead, it reveals that the pedagogical
center of personalized ELT remains profoundly human, even when it is technologically mediated.

Taken together, these roles demonstrate that the integration of Al into personalized English lan-
guage teaching is most educationally meaningful when teachers remain active, reflective, and authori-
tative participants in the process. The teacher functions as designer, mediator, facilitator of autonomy,
interpreter of learner diversity, ethical decision-maker, and regulator of instructional quality. Each of
these roles contributes to a model of Al use that is pedagogically grounded rather than technologically
deterministic. Rather than asking whether artificial intelligence can replace the teacher, a more produc-
tive question is how Al can be integrated in ways that strengthen the teacher’s ability to respond to
learner diversity and support deeper, more personalized forms of language learning. From this perspec-
tive, the teacher-in-the-loop framework offers not only a practical strategy for integrating Al, but also a
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conceptual defense of pedagogy itself in an era increasingly shaped by automation. If Al is to contribute
meaningfully to personalized ELT, it must do so within a model that recognizes teacher expertise as the
condition that transforms technological possibility into educational value [14, p.36].

Pedagogical affordances of artificial intelligence for personalized ELT

The pedagogical affordances of artificial intelligence in personalized English language teaching are
increasingly discussed in contemporary educational research as part of a broader shift toward more flex-
ible, learner-responsive, and data-informed instructional models. In the context of ELT, Al is often valued
not simply because it introduces new technologies into the classroom, but because it offers practical
mechanisms through which teaching and learning can become more adaptive to the needs of individual
learners. This is particularly relevant in language education, where learners differ substantially in profi-
ciency level, pace of development, confidence, preferred modes of learning, communicative goals, and
exposure to English outside formal instruction. In such conditions, traditional whole-class instruction,
although pedagogically valuable in many respects, often struggles to provide a sufficient level of individ-
ual responsiveness. Artificial intelligence offers a range of affordances that can help address this chal-
lenge by expanding opportunities for differentiated practice, timely support, and personalized engage-
ment. However, these affordances become pedagogically meaningful only when they are understood not
as isolated technical functions, but as resources that may support deeper language learning when em-
bedded within an intentional instructional framework.

One of the most frequently emphasized affordances of artificial intelligence in ELT is its capacity
to provide immediate and, to some extent, adaptive feedback. In language learning, feedback is central
because it helps learners notice errors, test hypotheses, refine output, and gradually develop greater con-
trol over linguistic form and meaning. Al-based systems can offer rapid responses to learner input in ways
that are often difficult to sustain consistently in real time through teacher effort alone, especially in large
classes or independent learning contexts. For example, automated writing tools may flag grammatical
inaccuracies, suggest lexical alternatives, or highlight issues of coherence and mechanics. Speech recog-
nition systems may provide feedback on pronunciation, intonation, or fluency, while conversational sys-
tems may react to learner prompts and generate responses that simulate communicative exchange. The
pedagogical value of such feedback lies not only in its speed, but also in its availability: learners can re-
ceive support at the point of need, repeat tasks multiple times, and experiment with language without
waiting for delayed correction. This can be particularly beneficial for learners who require repeated ex-
posure, extended rehearsal, or additional opportunities to process feedback privately before participating
more openly in classroom interaction. In this sense, Al enhances the temporal flexibility of language sup-
port and allows feedback to become a more continuous component of the learning process [15, p.96].

Another major affordance of artificial intelligence in personalized ELT is its support for differenti-
ated learning pathways and individual pacing. Language learners rarely develop in uniform ways, and
even within the same class learners may vary widely in grammatical control, vocabulary range, listening
comprehension, fluency, strategic competence, and confidence in language production. Al tools can help
address these differences by generating tasks at varying levels of complexity, recommending practice
based on prior performance, and allowing learners to revisit material at a pace that matches their own
readiness. This kind of flexibility can reduce the mismatch that often occurs when classroom instruction
proceeds at a speed that is either too demanding for some learners or insufficiently challenging for oth-
ers. For weaker learners, Al can make practice more accessible by breaking down content, offering repe-
tition, or simplifying support. For more advanced learners, it can extend opportunities for enrichment,
elaboration, and self-directed exploration. Importantly, this flexibility is not only a matter of convenience.
It has pedagogical implications for learner confidence, persistence, and perceived attainability. When
learners are able to work at an appropriate level of challenge, they are more likely to remain engaged
and less likely to experience the repeated discouragement that often accompanies tasks perceived as
either overwhelming or meaningless. Thus, Al can contribute to a more sustainable learning experience
by supporting differentiated progression rather than forcing all learners through identical trajectories
[16, p.12].

Artificial intelligence also offers important affordances in relation to learner engagement and the
expansion of practice opportunities beyond the physical classroom. One of the recurring challenges in
English language teaching, especially in foreign language contexts, is the limited amount of meaningful
practice time available within formal instructional settings. Learners often need far more exposure, in-
teraction, and output practice than classroom schedules allow. Al-supported environments can partially
address this issue by making language practice more available, interactive, and, in some cases, more mo-
tivating. Learners can engage with conversational agents, complete dynamic exercises, revise written
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output, or receive guided support outside classroom hours, which extends the learning process into a
more continuous and self-requlated domain. In some cases, Al tools may also lower the affective barriers
associated with language practice. Learners who are reluctant to speak in front of peers, afraid of making
mistakes publicly, or hesitant to ask for repeated clarification may feel more comfortable experimenting
with language in less socially exposed digital environments. This does not mean that Al can replace au-
thentic human communication, but it can create lower-risk spaces in which learners build confidence,
rehearse language, and prepare for fuller participation in human interaction. From a pedagogical point
of view, this affective affordance is significant because anxiety, embarrassment, and fear of failure often
interfere with language learning just as strongly as cognitive difficulty does.

A further pedagogical affordance of artificial intelligence lies in its capacity to support self-regu-
lated learning and the gradual development of learner autonomy. Personalized ELT increasingly values
not only what learners achieve, but also how they manage and direct their own learning processes. Al
tools can assist learners in planning practice, monitoring progress, identifying recurring weaknesses, re-
vising performance, and making decisions about what to study next. In this respect, Al can function as a
scaffold for metacognitive awareness by making patterns in learner performance more visible and by
providing accessible pathways for revision and repetition. For example, a learner who repeatedly strug-
gles with particular sentence structures or vocabulary categories may be directed toward focused review,
while another learner may use Al-generated tasks to expand productive language beyond what was cov-
ered in class. When used reflectively, such tools can encourage learners to take greater ownership of the
learning process and to become more active participants in their own development. This is particularly
valuable in contemporary ELT, where autonomous learning is often considered essential due to the lim-
ited time available for formal instruction and the increasing expectation that learners will continue de-
veloping language skills independently. At the same time, the autonomy supported by Al is not merely
procedural; it can also become motivational. Learners who experience more visible progress through
structured self-practice may develop stronger beliefs in their ability to improve, which in turn reinforces
engagement and persistence [17, p.10].

Artificial intelligence may also enhance personalization by making instructional materials and lan-
guage input more easily adjustable to different learner profiles and goals. In traditional teaching practice,
producing multiple versions of texts, tasks, prompts, or examples for learners with different needs can be
time-consuming and difficult to sustain. Al tools can assist teachers by generating task variants, simpli-
fving or elaborating texts, creating topic-specific examples, or producing practice materials aligned with
particular themes, interests, or communicative purposes. This adaptability can be especially useful in het-
erogeneous classrooms where teachers aim to maintain common pedagogical goals while still respond-
ing to variation in readiness and learner need. For instance, students working on the same broad skill
area may receive different examples or task supports depending on whether they need more controlled
practice, more challenge, or more contextualized application. Such flexibility can also help align English
learning with real-life purposes, including academic communication, workplace interaction, travel, or
discipline-specific language use. In this way, Al can contribute to making language instruction more rele-
vant and purpose-driven, which is itself an important dimension of personalization. Learners are often
more engaged when tasks are not only level-appropriate, but also visibly connected to their own reasons
for learning English.

Another important affordance concerns accessibility and the democratization of support. In con-
texts where learners may not have regular access to private tutoring, highly individualized instruction, or
rich English-speaking environments, Al can provide a form of additional support that is more scalable and
potentially more accessible than many traditional alternatives. Although access to technology remains
uneven and raises important equity concerns, Al still offers the possibility of supplementing instruction
in ways that may be especially valuable for learners in under-resourced settings. For example, learners
can use Al tools to check writing, rehearse speaking, clarify vocabulary, or practice language structures
without requiring constant teacher presence. This may help reduce some gaps in support availability and
allow learners to engage in more sustained practice than institutional conditions alone would permit. In
this sense, Al has the potential to extend the reach of pedagogical assistance, particularly when com-
bined with teacher guidance and when introduced with attention to local constraints. While this poten-
tial should not be romanticized, it remains an important affordance in discussions of equity and inclusion
within language education.

At the same time, the pedagogical affordances of Al are not purely instrumental; they also reshape
how instruction can be imagined and organized. When used thoughtfully, Al encourages a more fluid
understanding of the relationship between teaching, practice, feedback, and learner participation. It can
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support movement away from rigidly uniform sequences toward more responsive and layered forms of
instruction in which classroom teaching, independent work, and technologically mediated support oper-
ate in combination. In this sense, Al can function as a bridge between formal pedagogy and individualized
learning experience. Rather than confining personalization to abstract pedagogical ideals, it offers con-
crete mechanisms through which some aspects of responsiveness can be operationalized. Yet it is im-
portant to stress that these affordances do not automatically produce good teaching. The fact that Al
can adapt, generate, recommend, or respond does not guarantee that the resulting learning experience
is pedagogically sound, developmentally appropriate, or ethically responsible. Affordances are possibili-
ties, not outcomes. Their educational value depends on how they are activated, interpreted, and con-
strained within teacher-quided practice [18, p.29].

For this reason, the pedagogical potential of Al in personalized English language teaching should
be understood in balanced terms. Its most significant affordances include immediate feedback, differen-
tiated pathways, expanded opportunities for practice, support for learner autonomy, adaptable material
creation, and broader accessibility of assistance. These features make Al a potentially powerful support
system in ELT, particularly in contexts where learner diversity is high and instructional time is limited.
However, the true pedagogical importance of these affordances lies in their capacity to complement ra-
ther than replace human teaching. Al can enhance responsiveness, flexibility, and scale, but it does not
itself determine learning quality. The teacher remains essential in deciding how these affordances should
be used, when they are appropriate, and how they can be aligned with meaningful language develop-
ment. In this sense, the affordances of Al are best understood not as evidence of technological superiority,
but as pedagogical opportunities whose value depends on the quality of teacher mediation. Within a
teacher-in-the-loop model, these affordances become part of a broader educational ecology in which
technology supports personalization while human pedagogy continues to define its direction and purpose
[19, p.42].

Risks and limitations of teacher-in-the-loop artificial intelligence in personalized ELT

Despite the considerable pedagogical promise of artificial intelligence in personalized English lan-
guage teaching, its integration into educational practice is accompanied by a range of limitations and
risks that require critical attention. Discussions of Al in education often emphasize efficiency, adaptabil-
ity, and innovation, yet these benefits can produce an overly optimistic view if they are not examined
alongside the constraints of real pedagogical environments. In ELT, where language learning involves not
only cognitive processing but also interaction, emotional engagement, cultural nuance, and developmen-
tal variability, the limitations of Al become especially visible. Even within a teacher-in-the-loop model,
where human guidance remains central, artificial intelligence does not become inherently safe, accurate,
or educationally sufficient. Rather, the teacher-in-the-loop framework should be understood as a way of
managing risk, not eliminating it. For this reason, a balanced review of Al-supported personalization in
ELT must account for the pedagogical, ethical, epistemic, and professional challenges that accompany
the use of such technologies in language learning contexts [20, p.23].

One of the most significant limitations of artificial intelligence in ELT concerns the reliability and
pedagogical validity of its outputs. Although Al systems are often capable of generating impressive
amounts of content and responding quickly to learner input, speed and fluency do not guarantee correct-
ness or educational appropriateness. In language learning, the quality of feedback matters as much as
its immediacy, and Al-generated responses may at times be superficial, inconsistent, overly generalized,
or simply inaccurate. This is particularly problematic in areas of language use that require sensitivity to
context, discourse, pragmatics, tone, register, or communicative intention. A system may identify an error
but fail to explain it in a developmentally useful way, or it may generate a grammatically acceptable
response that is unnatural, culturally inappropriate, or poorly suited to the learner’s actual communica-
tive purpose. In other cases, Al may produce feedback that appears authoritative but is pedagogically
misleading, especially when learners lack the knowledge needed to evaluate it critically. This creates a
risk of false confidence, both for learners who trust the system too easily and for educators or institutions
that overestimate the instructional reliability of automated tools. The problem, in other words, is not
only that Al can be wrong, but that it can be wrong persuasively. In language education, where subtle
distinctions matter and learner misconceptions can fossilize over time, this limitation is particularly seri-
ous.

Closely related to this is the risk of shallow or simulated personalization. Many Al-based educa-
tional tools are promoted as personalized systems because they adapt task difficulty, respond to prior
learner performance, or generate individualized content. However, as noted earlier, such responsiveness
does not necessarily amount to genuine pedagogical personalization. In many cases, what is described as
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personalization is in fact a narrow form of computational adaptation based on surface-level performance
indicators. These systems may react to what learners do, but they often cannot understand why learners
struggle, what affective factors are influencing performance, or how broader sociocultural and educa-
tional variables shape the learning process. A learner’s difficulty with speaking, for example, may not
stem solely from linguistic insufficiency, but from anxiety, fear of judgment, low self-efficacy, or lack of
prior communicative practice. Al systems may respond by offering more tasks, more repetition, or more
correction, without recognizing that the pedagogical need is not simply more input but a different type
of support altogether. In this sense, Al can create the appearance of individualized learning while leaving
essential dimensions of learner experience unaddressed. The risk is that personalization becomes rhetor-
ically inflated and pedagogically diluted, reduced to algorithmic variation rather than meaningful re-
sponsiveness to the learner as a whole person.

Another major concern is the possibility of learner overdependence on Al systems. While one of the
advantages of Al is that it can provide readily available assistance, this very convenience may also under-
mine important aspects of language development if not carefully regulated. Language learning often
requires productive struggle, sustained attention, trial and error, and the gradual development of prob-
lem-solving capacity. When learners become accustomed to immediate automated correction, generated
responses, or on-demand phrasing support, they may begin to outsource parts of the learning process
that should remain cognitively and linguistically effortful. Instead of constructing language actively, they
may come to rely on Al to generate sentences, reformulate ideas, or resolve uncertainties before they
have engaged deeply with the task themselves. This can weaken independent production, reduce toler-
ance for ambiguity, and interfere with the development of metacognitive strategies. Particularly in writ-
ing and speaking tasks, learners may become users of polished output rather than builders of linguistic
competence. Such overreliance may be subtle at first, but over time it can shift the learner’s orientation
from learning through language use to managing tasks through technological assistance. In a personal-
ized ELT context, this is especially concerning because support intended to empower the learner may
unintentionally create dependency if it is not balanced by teacher guidance and opportunities for unaided
performance [21, p.441].

Ethical concerns also occupy a central place in the critique of Al-supported language education.
Artificial intelligence systems are not neutral tools; they are shaped by the data on which they are
trained, the assumptions embedded in their design, and the social and economic structures in which they
are developed and deployed. In ELT, this raises serious questions related to bias, linguistic normativity,
cultural representation, privacy, and fairness. Al systems may privilege certain varieties of English over
others, reproduce dominant norms of “correctness,” or fail to account for linguistic diversity and cultural
nuance. This is especially problematic in language education because learners are not simply acquiring
forms; they are also developing identities and communicative legitimacy within a language that carries
social, ideological, and geopolitical weight. If Al tools reinforce narrow models of acceptable language
use, they may marginalize legitimate variation or convey implicit messages about whose English counts
as valid. In addition, data privacy is a major concern, particularly when learners’ writing, speech, or inter-
action histories are stored, processed, or potentially reused by third-party systems. Students may not fully
understand what happens to their data or how their interactions are being analyzed. The ethical risk here
is not merely technical misuse, but a broader erosion of transparency and informed educational consent.
When Al enters the learning environment, questions of trust, agency, and rights become inseparable from
questions of pedagogy.

The digital divide presents another serious limitation to the equitable implementation of Al in per-
sonalized ELT. Although Al is often described as democratizing access to learning support, such claims
can easily become idealized if material realities are ignored. Effective use of Al depends on access to
devices, stable internet connectivity, adequate digital literacy, and, in some cases, subscription-based
tools that are not equally available to all learners or educational institutions. In under-resourced settings,
the introduction of Al may therefore amplify rather than reduce inequality. Learners who already have
stronger technological access and support structures may benefit disproportionately, while others are
left with limited or inconsistent opportunities to participate. Even when tools are technically available,
disparities in digital confidence and strategic use may shape how effectively different learners benefit
from them. Some may know how to engage critically and productively with Al, while others may use it
superficially, passively, or not at all. This means that access to Al is not only a question of infrastructure,
but also of educational readiness and guided support. A technology cannot be considered pedagogically
inclusive merely because it exists; it must also be accessible, understandable, and meaningfully usable
within the learner’s real context [22, p. 10].
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From a professional perspective, Al also raises concerns about the possible weakening of teacher
agency. While teacher-in-the-loop models are explicitly designed to preserve human pedagogical author-
ity, broader institutional and cultural pressures may still encourage forms of technological overtrust.
Schools, universities, or policy frameworks may be tempted to treat Al as a cost-efficient solution capable
of replacing aspects of professional judgment, reducing teacher workload through automation, or stand-
ardizing support in the name of innovation. However, such trends risk reframing the teacher not as a
pedagogical expert, but as a supervisor of preconfigured systems. If adopted uncritically, Al can contrib-
ute to a gradual deskilling of the profession, particularly if educators are expected to rely on automated
content, feedback, or assessment mechanisms without sufficient room for interpretation, adaptation,
and dissent. In language teaching, this danger is especially acute because pedagogy depends heavily on
context, timing, responsiveness, and human relational skill. The weakening of teacher agency does not
always occur through direct replacement; it can also occur through subtler shifts in authority, where
algorithmic recommendations begin to appear more objective, efficient, or institutionally preferred than
teacher judgment. In this way, the expansion of Al may reshape professional roles in ways that narrow
rather than strengthen pedagogical autonomy unless critical safequards are maintained.

There is also a broader epistemological limitation in the use of Al for language learning, namely
the risk of mistaking generated language for learned language. Artificial intelligence can produce coher-
ent texts, plausible dialogues, corrected sentences, and even sophisticated explanations, but these out-
puts may create an illusion of learning if they are not accompanied by genuine internalization on the part
of the learner. A student who uses Al to improve a paragraph may submit a better product without nec-
essarily understanding the linguistic changes that were made. A learner who receives Al-generated
speaking support may produce smoother language in the moment without being able to retrieve or con-
struct similar language independently in a new context. This distinction between assisted performance
and acquired competence is central to language pedagogy. Not all successful output reflects durable
learning, and not all visible improvement can be attributed to internal development. Al, by making assis-
tance highly immediate and unobtrusive, can blur this distinction more easily than traditional support
systems. As a result, teachers and learners alike may overestimate progress if they focus on polished
performance rather than on transfer, retention, and independent use. In personalized ELT, where support
is intentionally tailored to the learner, this issue becomes even more delicate because the line between
scaffolding and substitution can become difficult to perceive [23, p.8].

For all of these reasons, the use of artificial intelligence in personalized English language teaching
must be approached with critical caution rather than technological enthusiasm alone. The major risks
include unreliable or pedagogically weak feedback, superficial forms of personalization, learner overde-
pendence, ethical concerns related to bias and privacy, unequal access, weakening of teacher agency,
and confusion between assisted production and actual language development. These limitations do not
mean that Al should be rejected outright. Rather, they indicate that its pedagogical value is conditional,
context-dependent, and inseparable from the quality of human mediation. A teacher-in-the-loop model
can reduce some of these dangers by preserving pedagogical oversight, interpretive judgment, and ethi-
cal responsibility, but it cannot eliminate the structural and conceptual limits of the technology itself.
The significance of this conclusion is substantial: in personalized ELT, the central question is not whether
Al can be used, but under what conditions it can be used without distorting the aims of language educa-
tion. If personalization is to remain educationally meaningful rather than technologically rhetorical, then
the limitations of Al must be recognized as part of the pedagogical reality, not treated as minor side notes
beneath the glamour of innovation.

Discussion

The literature reviewed in this article suggests that the educational significance of artificial
intelligence in personalized English language teaching lies not in its capacity to replace teaching, but in
its potential to restructure certain dimensions of pedagogical support in ways that are more flexible,
responsive, and scalable. Across the scholarship, Al appears most valuable when it is understood as an
enabling technology rather than an autonomous instructional solution. Its main contribution lies in
expanding access to feedback, supporting differentiated practice, increasing opportunities for repetition
and revision, and allowing some degree of adaptation to learner performance and pace. These features
are particularly relevant in ELT, where learner diversity is substantial and where teachers often work
under conditions that make sustained one-to-one personalization difficult to achieve. At the same time,
the literature also makes clear that the pedagogical usefulness of such affordances is never automatic.
Al does not enter the classroom as a neutral enhancement; it enters as a tool whose value depends on
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interpretation, regulation, and alignment with educational aims. For this reason, the teacher-in-the-loop
model emerges not simply as one possible approach among others, but as a necessary conceptual and
pedagogical condition for meaningful Al integration in language education.

A key point arising from the literature is that personalization in ELT should not be reduced to
computational adaptation. Much of the discourse surrounding Al in education uses the language of
personalization to describe systems that adjust difficulty, generate recommendations, or automate
feedback. However, the review indicates that such features, while useful, often remain too narrow to
capture the full meaning of personalized teaching. Language learning is shaped not only by performance
data, but also by motivation, anxiety, identity, communicative purpose, cultural context, and readiness
for particular kinds of support. What appears adaptive from a technical perspective may still be
pedagogically insufficient if it fails to address these broader dimensions. This is where teacher
involvement becomes decisive. Teachers do not merely add a human layer to Al-supported instruction;
they provide the interpretive depth that transforms adaptation into genuine personalization. They
understand why a learner may be struggling, what kind of feedback will be developmentally useful, how
much support is productive, and when technology is helping or hindering the learning process. In this
sense, the teacher-in-the-loop approach preserves the distinction between personalized learning as a
pedagogical process and personalization as a technological claim [24, p.11].

Another important insight from the literature is that Al reshapes the teacher’s role rather than
rendering it obsolete. In many of the reviewed perspectives, the teacher remains central as instructional
designer, mediator of feedback, facilitator of learner autonomy, evaluator of content quality, and ethical
decision-maker. Indeed, the integration of Al seems to intensify the need for professional judgment. As
technological systems become more capable of producing language, suggesting corrections, and
simulating interaction, teachers must increasingly decide how such outputs should be framed,
interpreted, limited, or supplemented. The profession therefore becomes less defined by simple delivery
of content and more by orchestration of pedagogical processes across human and technological
resources. This shift is significant because it suggests that the future of Al in ELT is not a future without
teachers, but a future in which teaching expertise becomes more complex and, arguably, more visible.
The literature thus challenges deterministic narratives that oppose human instruction and technological
innovation. Instead, it supports a collaborative model in which educational quality depends on the
interaction between teacher agency and technological affordance.

The review also highlights a fundamental tension between opportunity and risk. On the one hand,
Al offers practical benefits that can support learner diversity, extend practice opportunities, and
strengthen certain aspects of autonomy and feedback responsiveness. On the other hand, these same
strengths can produce distortions if they are overextended or insufficiently requlated. Immediate support
can turn into dependency; adaptive systems can create only the illusion of personalization; efficient
content generation can lower pedagogical quality if it is not critically reviewed; and broad access can
remain uneven due to digital inequality. Ethical concerns related to privacy, bias, linguistic normativity,
and cultural insensitivity further complicate the picture. This tension suggests that Al should not be
treated as either a pedagogical revolution or a threat in itself. Rather, it should be understood as an
ambivalent educational resource whose effects are shaped by context, design, and governance. In this
regard, the teacher-in-the-loop model performs an important balancing function. It does not solve every
problem associated with Al, but it creates a pedagogical structure within which those problems can be
more critically managed.

The discussion also points to an important theoretical implication for ELT research. The debate on
Al in language education should move beyond binary questions such as whether Al is beneficial or
harmful, or whether it can outperform traditional teaching. Such questions are too general and often
obscure the more meaningful issue, namely how Al changes the conditions under which language
teaching and learning take place. A more productive line of inquiry focuses on the pedagogical
configurations that make Al use educationally defensible. This includes questions about teacher agency,
learner readiness, task design, ethical safequards, feedback literacy, and the distinction between support
and substitution. In other words, the value of Al in ELT is not primarily a property of the tool itself, but a
property of the instructional ecology into which it is introduced. This shift in focus is particularly
important for personalized language learning, where the rhetoric of innovation can easily overshadow
the slower, more complex realities of development, interaction, and pedagogy.

Finally, the literature suggests that the future of Al in personalized ELT should be approached
through moderation, critical literacy, and pedagogical intentionality. The most convincing position is
neither rejection nor enthusiasm, but disciplined integration. Al may contribute meaningfully to language
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teaching when it is used to support, rather than displace, the fundamentally human dimensions of
education. These include pedagogical judgment, relational sensitivity, contextual interpretation, and
ethical responsibility. Personalized ELT gains from Al not when technology acts alone, but when it
operates within a framework in which teachers remain able to guide learning, evaluate outputs, respond
to learner complexity, and preserve the educational purposes that technology alone cannot define. For
this reason, teacher-in-the-loop artificial intelligence should be understood not as a temporary
compromise between tradition and innovation, but as a durable pedagogical principle for navigating the
future of language education.

Conclusion

This article reviewed the literature on teacher-in-the-loop artificial intelligence in personalized
English language teaching through the interconnected dimensions of pedagogical roles, instructional
affordances, and associated risks. The review has shown that artificial intelligence offers significant
opportunities for enhancing personalized ELT, particularly through immediate feedback, differentiated
practice, expanded access to learning support, adaptable material generation, and increased
opportunities for self-regulated learning. These affordances make Al a potentially valuable component
of contemporary language education, especially in contexts characterized by learner heterogeneity and
limited opportunities for sustained individualized instruction.

At the same time, the review has demonstrated that the pedagogical value of Al remains
conditional rather than automatic. Artificial intelligence may generate inaccurate or superficial
feedback, simulate personalization without fully understanding learner needs, encourage
overdependence on automated support, reproduce bias, create privacy concerns, and contribute to
unequal access or weakened teacher agency if introduced uncritically. These limitations are not
marginal; they are central to any serious assessment of Al in ELT. For that reason, the educational
relevance of Al cannot be judged by technological capability alone, but must be evaluated in relation to
the pedagogical conditions of its use.

Within this context, the teacher-in-the-loop model emerges as the most balanced and
pedagogically defensible framework for Al integration in personalized English language teaching. It
positions the teacher not as a passive observer of automation, but as the key professional who designs
instruction, interprets learner needs, mediates feedback, regulates technology use, and ensures ethical
and educational coherence. In this model, Al functions as a supportive instrument rather than a substitute
for pedagogical expertise. Such an approach allows personalization to remain learner-centered, context-
sensitive, and educationally meaningful rather than technologically overstated [25, p.4543].

In conclusion, artificial intelligence holds genuine potential to strengthen personalized English
language teaching, but only when its use is guided by teacher expertise, critical reflection, and ethical
responsibility. The future of Al in ELT therefore depends less on the increasing sophistication of digital
tools than on the extent to which educational systems preserve the human pedagogical judgment
necessary to use those tools well. Further research should continue to explore how teacher-in-the-loop
models can be implemented across different ELT contexts and how the balance between technological
support and human mediation can be maintained in ways that genuinely benefit learners.
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Abstract

This article explores the major motifs in the Middle English romance Havelok the Dane, with a
particular focus on kingship, exile, identity, and social order. It aims to demonstrate how these recurring
narrative elements are not only structural components of the story but also key tools for expressing me-
dieval ideas about leadership and authority. Using close textual analysis, the study examines how the
motifs function together to shape both the plot and the development of the central character. Special
attention is given to the dual concept of kingship, religious and political, as reflected in Havelok’s journey
from a dispossessed child to a rightful ruler. The analysis highlights how divine signs, such as the hero’s
royal mark, interact with real-life experiences, including hardship and social integration. The findings
suggest that the romance presents kingship as a balanced model that combines divine approval with
social responsibility, achieved through personal growth, moral integrity, and active engagement with
society.

Keywords: Havelok the Dane, motifs, kingship, exile, identity, medieval romance

INTRODUCTION

In the Middle English romance Havelok the Dane, a prince loses his royal status and eventually
transforms into the perfect monarch. Despite having a fairly straightforward structure, the story is based
on significant recurrent themes that give it a deeper literary and cultural significance. The poem’s current
form, composed in Middle English and typically dated to the late 13th century (c. 1280-1300), reflects
the linguistic shift in literary production from Anglo-Norman French to English[Bradbury, 1993]. How-
ever, the story itself has a lengthy history of growth and modification, as evidenced by its older roots in
Anglo-Norman and probably Scandinavian traditions. Kingship is one of the text’s most significant
themes. Kingship is not, however, portrayed as a permanent or exclusively inherited position. Rather, it is
demonstrated as something that evolves with experience, hardship, and moral development throughout
time. As the story illustrates, a monarch must demonstrate his value on a social and spiritual level by
fusing divine legitimacy with useful leadership. Exile is another important element. After being forcibly
removed from his regal status, Havelok is able to dwell among common people and endure hardship. This
phase is crucial because it molds his personality and gets him ready to lead responsibly. The theme of
identity, which is progressively exposed via both symbolic indications and individual accomplishments, is
closely related to exile.

METHODS

The foundation of this study is a critical reading and literary analysis of Havelok the Dane, with a
focus on the narrative's thematic structure and purpose. The study uses an interpretive methodology to
look at how recurrent themes affect the plot's progression and the creation of meaning. By doing so, the
study adheres to the tradition of medieval literary criticism, which examines writings for their symbolic
and thematic patterns in addition to their storylines. The analysis focuses on a number of important mo-
tifs, such as the motif of justice and moral order, the motif of exile and social experience, the motif of
kingship in both its religious and political dimensions, and the motif of identity and recognition. These
motifs are analyzed as interrelated components that influence the hero's journey and represent more
general medieval ideals.

Textual evidence from the poem supports the methodological approach. For example, the story
makes it abundantly evident that Havelok must demonstrate his value via deeds, labor, and connections
with many social groups rather than depending just on heavenly signs or his royal birthright. This illus-
trates a change from strictly theocratic kingship to a leadership paradigm with a stronger social founda-
tion. Havelok the Dane has been studied from a variety of angles by earlier researchers. Some, like in the
work of Leyser, historian Ernst Kantorowicz, have concentrated on the idea of kingship and its theologi-
cal underpinnings, highlighting the notion that the monarch is a person chosen by God [Leyser, 2016].
Others, such as Walter Ullmann, have studied the political dimensions of kingship, especially the
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evolution of social contracts between the sovereign and the populace [Stan, 2012]. Additionally, contem-
porary literary scholars have examined themes such as exile, identity, and social mobility in the book
through structural and thematic analyses. This study illustrates how elements in Havelok the Dane work
together to form a cohesive and significant narrative by fusing close reading with these more general
critical techniques. Also, it allows for a deeper understanding of how the romance reflects both literary
traditions and the social realities of the medieval period.

RESULTS

According to the research, Havelok the Dane is organized around a number of related themes that
collectively influence the story and the hero’s growth. First, the story’s central theme is exile. After losing
his royal title, Havelok is compelled to live among common people and endure hardship and manual work.
Crucially, he accepts this circumstance with humility and responsibility rather than resisting or complain-
ing about it. “It is no shame forto swinken” [Herzman et al., 1997, . 955-958], which implies that effort
rather than social standing is the source of dignity and displays a moral acceptance of labor. This period
of banishment turns into a developmental stage that gets him ready to become king in the future.

Second, the story progressively develops the identification motif. Despite having royal ancestry,
Havelok’s identity is kept a secret for most of the narrative and is only eventually disclosed through sym-
bolic cues, most notably the “kinemerk.”[Herzman et al., 1997] However, power or recognition are not
assured by this symbol alone. As the story demonstrates, the mark serves more as confirmation than
proof because it is only acknowledged after Havelok has proven his value and strength. The line expresses
his attitude about work quite plainly. This idea is reinforced when the hero gains respect through his
actions before his royal identity is fully acknowledged.

Third, the idea of monarchy is shown as having two aspects: political and divine. On the one hand,
Havelok's royal destiny is indicated by divine indications. However, he must actively earn his job by
demonstrating his skills in practical settings. The text highlights that monarchy necessitates power, lead-
ership, and societal acceptance, birth and divine permission alone are insufficient. His ascent through
several social strata from laborer to esteemed figure to king is indicative of this.

Fourth, the narrative structure heavily relies on the motif of justice. Havelok’s moral integrity
stands in stark contrast to the deeds of evil characters like Godrich and Godard, who violate their oaths
and abuse their positions of authority. As seen by descriptions that compare them to Judas, their betrayal
is vehemently denounced, and Havelok’s job is to bring justice and order back. This conflict emphasizes
how justice and ethical responsibility are directly related to authentic kingship. Lastly, Havelok’s interac-
tions with various social groupings highlight the theme of social order. His background as a worker ena-
bles him to comprehend the lives of common people, which subsequently enhances his efficacy as a
leader. The story emphasizes how well-liked he is across all social classes:

“Alle him loueden that him sowen, / Bothen heye men and lowe”. [Herzman et al., 1997, . 955-
958].

This universal acceptance suggests that a true king must be recognized and supported by society
as a whole.

DISCUSSION

The findings demonstrate how the motifs in Havelok the Dane are intricately linked and collectively
reinforce a nuanced and dynamic conception of kingship. Instead of operating separately, these motifs
work together to influence the story’s plot and the hero’s growth, finally portraying kingship as a process
that must be acquired via morality, experience, and social interaction.

Exile is a crucial and formative step in the hero’s development, not just a plot device. After being
stripped of his royal status, Havelok is forced to live among common people, where he faces hardship,
labor, and social reliance. This stage allows him to gain practical knowledge of society and to develop
humility and responsibility. His willingness to work and adapt to his condition demonstrates that true
leadership begins with understanding the lives of others. Thus, exile becomes a transformative experience
that prepares him for effective and just rule.

The identity motif highlights the fact that being a king is not a given nor a result of birth. Havelok
has a divine mark, the “kinemerk,” but throughout the majority of the story, no one knows who he is. A
conflict between appearance and actuality is created by this recognition delay, demonstrating that true
nobility must be proven rather than merely inherited. As the passage implies, the mark confirms a value
that has previously been demonstrated by deeds, strength, and moral behavior rather than establishing
his authority on its own. Kingship is a dual framework that combines political and religious aspects. Kings
were viewed as divinely selected individuals in medieval belief, but they were also required to govern
society responsibly. By fusing divine indications with actual accomplishments, Havelok personifies this
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dual idea. Even though mystical aspects point to his destiny, he still needs to demonstrate his leadership
skills, command allegiance, and acquire political power [Herzman et al., 1997]. This demonstrates that
monarchy is a matter of actual authority and social acceptance in addition to divine prerogative.

The moral foundation of the story is strengthened by the motif of justice. Havelok's justice and
integrity contrast sharply with the deeds of individuals like Godrich and Godard, who violate their oaths
and misuse their positions of authority. Justice is essential to a legitimate monarchy, as demonstrated by
their final punishment and the return of legitimate power. According to the story, moral order-where
good is rewarded and bad is punished -is necessary for a stable community.

Lastly, the social order motif emphasizes how crucial the populace is to the establishment of roy-
alty. Havelok is able to comprehend the demands and ideals of diverse groups within society because of
his experience at a variety of socioeconomic levels, from a worker to a king. His acceptance by “heye men
and lowe”[ Herzman et al., 1997] shows that social support is the foundation of authentic authority.
Therefore, a monarch must serve and represent the people in addition to ruling over them.

Finally, the social order motif emphasizes how crucial the populace is to the establishment of roy-
alty. Havelok is able to comprehend the demands and ideals of diverse groups within society because of
his experience at a variety of socioeconomic levels, from a worker to a king. His acceptance by “heye men
and lowe” shows that social support is the foundation of authentic authority. Therefore, a monarch must
serve and represent the people in addition to ruling over them.

CONCLUSION

To sum up, Havelok the Dane is thoughtfully organized around major themes like exile, identity,
kingship, justice, and social order. These themes work as a cohesive system that influences the hero's
growth as well as the story's evolution. Through their interactions, the romance transforms from a
straightforward adventure tale into a significant representation of medieval ideas of authority and lead-
ership. The analysis shows that the romance does not portray monarchy as something that is predeter-
mined or assured by birth or divine right alone. Even though Havelok exhibits symptoms of divine selec-
tion, his ascent to power is mostly dependent on his development as a person, his moral conduct, and his
involvement in society. His understanding of justice, accountability, and interpersonal relationships is
greatly influenced by his experiences in exile, especially his existence among common people. Kingship is
thus presented as a process that must be acquired rather than inherited.

Havelok successfully combines a number of crucial traits, making him a perfect ruler. He is able to
comprehend the demands of his people because he experienced life at various social levels. He demon-
strates his power, humility, and integrity via deeds rather than by making big claims. By punishing be-
trayal and reestablishing proper order, he upholds justice and strengthens society's moral framework. He
simultaneously embodies the practical and spiritual facets of medieval royalty by fusing political power
with supernatural authority. As a result, the romance employs themes to convey larger concepts about
leadership and society in addition to using them as narrative devices. In the end, Havelok the Dane por-
trays kingship as a well-rounded model that incorporates social consciousness, moral virtue, and lawful
authority, mirroring the ideals and standards of the medieval society.
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Abstract

Time travel, which until very recently belonged to the genre of science fiction, will soon become
physically possible and technically feasible for people on Earth. This possibility is predicted by the revised
version of the special theory of relativity (SRT).And such a possibility is created by the corrected version
of the SRT. But the version of SRT studied in all physics textbooks states that time travel on Earth will
never be available to people. Nevertheless, ignoring this statement of the generally recognized SRT, cur-
rently millions of airplane passengers, daily traveling in space, also already make their unconscious and
unnecessary time travel, which is confirmed by the translation of their watches to local time after landing
the plane And the article explains how to make such time travel conscious and necessary. And what needs
to be done for this.

Keywords: special relativity theory, relativistic formulas, Multiverse, anti-universe, antimatter,
anti-time, internal time, external time, time zones of Earth, time travels

1. Preface

The author published his three “top secret” articles in which the physical reality of imaginary num-
bers was proved, during the existence of the USSR. And after this, the Library of the US Congress con-
tacted the author’s place of work with a request to send an unclassified his publications. And at this time
the author, having learned about the secret resolution? of the Presidium of the USSR Academy of Sciences
1964 prohibiting any criticism of the works of Albert Einstein, not wanting to be repressed, stopped his
research and left the Moscow region for Ukraine. And he resumed his research only after the collapse of
the USSR, as a result of which Ukraine became independent.

Later, already living in Ukraine, the author in 2008-2010 published five articles in English in which
he again proved the physical reality of imaginary numbers. And thus, with his publications, he made the
unsuccessful ORERA experiment in 2011 unnecessary. However, participants in the ORERA experiment
ignored these publications. And the incorrect version of the SRT still continues to be studied in all physics
textbooks. And these textbooks are used in the educational process of universities, even the most pres-
tigious ones.

2. Introduction

The article explains that the special theory of relativity (SRT), studied in all physics textbooks,
rightly recognized as an outstanding scientific achievement due to the principle of relativism proposed in
it, nevertheless, due to the lack of necessary experimental knowledge in the 20th century, turned out to
be largely incorrect®. Therefore, she could not explain the phenomena of dark matter and dark energy,
the problem of baryon asymmetry, denied the existence of tachyons and antimatter, and incorrectly
solved other problems of astrophysics. And due to the inability to explain the relativistic formulas ob-
tained by the creators of this theory in the hyperluminal speed range, an incorrect postulate was intro-
duced into this SRT, called the principle of not exceeding the speed of light, from which incorrect conclu-
sions were drawn about the existence in nature of our only visible universe and about the physical unre-
ality of imaginary numbers. But by denying the physical reality of imaginary numbers, the incorrect SRT
unprovenly denied, although it did not admit it, the existence of radio engineering. But by denying the
physical reality of imaginary numbers, this incorrect SRT denied the existence of radio technology and
computer technology, resonance and bell ringing, tsunamis, piano music, swaying children's swings and
much more. Therefore, due to the complete lack of experimental proof of its truth of this version of SRT,

" This is reprint of the article “Antonov A. A. 2026. How to call yourself to yesterday? Norwegian Journal of Development of the
International Science No 172",

2 Which has not yet been canceled

3 For a new theory, this is forgivable. But then it still needs to be corrected.
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Albert Einstein for its creation, even despite the fact that he was nominated for the Nobel Prize 66 times,
never received it.

This incorrect version of the theory of relativity also denies the possibility of time travel for humans.
But every day, millions of airplane passengers on Earth make such time travel that they don't need. And
this article explains how to make time travel necessary and beneficial for people on Earth.

3. The version of SRT taught in all physics textbooks is incorrect

However, while being brilliant in its concept, the version of SRT taught in all physics textbooks is
nevertheless largely incorrect, since:

 the relativistic formulas obtained in this SRT are incorrect, because it is ignored the fact that
the argument ‘velocity’ in them, in accordance with Newton’s first law, is the fourthspatial dimension?
[1]-[5];

« the formula for the relativistic mass m(v) in the hyperluminal v > ¢ speed range corresponds to
a physically unstable process that cannot exist in nature;

« being unable to explain the physical meaning of the imaginary values of the quantities m(v), (v),
l(v) in the hyperluminal v > ¢ speed range, the authors of the SRT, in order not to explain their relativistic
formulas in this range, introduced an incorrect postulate into it, called the principle of not exceeding the
speed of light, which is incompatible with the fourth spatial dimension.

« inthe 21st century, despite the fact that the attempt to refute SRT with the OPERA experiment
[6] at the Large Hadron Collider was unsuccessful, it was still experimentally proven that imaginary num-
bers are physically real [7]-[24]. And, therefore, the principle of not exceeding the speed of light in the
generally accepted SRT and this version of SRT itself, which is studied in textbooks, are incorrect [25]-
[57].

In addition, the conclusions drawn from incorrect relativistic formulas using the incorrect principle
of not exceeding the speed of light are also incorrect:

« about the existence in nature of our only visible universe;

« about the physical unreality of imaginary numbers.

4. Proof of the physical reality of imaginary numbers

But by now, numerous [7]-[24] experimental evidence of the physical reality of imaginary num-
bers have already been published. All of them are quite simple and can be completed by one radio engi-
neer in less than one day. They can therefore always be repeated and checked in any other radio engi-
neering laboratory. In contrast to these simple radio engineering experiments, the radio engineering
laboratory. In contrast to these simple radio engineering experiments, the unsuccessful OPERA physics
experiment at the Large Hadron Collider was carried out for a total of almost 15 years (2003-2018).

And so that the reader can convince himself of the truth of the mentioned radio enginee-ring ex-
periments, let us consider one of them as an example. The rest are also quite simple experimenta men-
tioned in the list of references.

From the well-known Ohm’s law in the interpretation of Steinmetz [58], the validity of which is
daily confirmed by millions of radio engineers throughout the world through their practical activities, it
follows that in addition to the electrical resistance R of resistors, measured by real

Fig. 1. Every radio engineering laboratory has devices called frequency response meters, which, by their
very existence, prove the physical reality of imaginary and complex numbers. And thus, they made the
OPERA experiment at the Large Hadron Collider unnecessary.
numbers, there are also electrical resistances —j/wC of capacitors and +jwL of inductors, which are meas-

ured by imaginary numbers.

4 Not to be confused with the fourth dimension in four-dimensional space-time (Minkowski space).
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Consequently, if these imaginary numbers —j/wC and +jwl, in accordance with the generally ac-
cepted version of SRT are physically unreal, then the electrical resistance of any electrical LCR-circuit
will always be measured in real numbers and will not depend on frequency. Therefore, when the fre-
quency w of the applied voltage changes, the amount of current flowing through such an electrical circuit
will not change.

And vice versa, if the imaginary resistances —j/wC and +jwL are physically real, then the electrical
resistance of any electrical LCR-circuit will be measured in complex numbers and when the frequency w
of the applied voltage changes, its resistance will change. Therefore, in accordance with Ohm’s law, the
magnitude of the current flowing through this electrical L CR-circuit will also change.

Consequently, an experiment proving the physical reality of imaginary numbers is extremely simple.
You just need to change the frequency w of the voltage applied to any electrical LCR-circuit and measure
the valueof electric current flowing through it. And all radio engineers know that in this case its value
will change. Thus proving the physical reality of imaginary numbers.

For over half a century, devices called frequency response meters (Fig. 1) have existed and been
mass-produced. They measure the transfer functions of electrical LCR circuits described by complex num-
bers. But only something physically existing can be measured. Therefore, the very existence of frequency
response meters proves the physical reality of imaginary numbers.

However physicists did not do such an experiment, since in fact, as shown below, on the contrary,
they need evidence of the physical unreality of imaginary numbers. Which do not exist in nature.

5. Corrected version of SRT

And since the physical reality of imaginary numbers has just been proven in the most indispu-ta-
ble way, it remains to fully and correctly explain (which no one has done over the past hundred years)
the relativistic formulas of SRT [59]-[67].

m=—o__ (1)
NEAS
A=At - (%)) (2)

| = |m/1-(%)2 (3)

in which mo is the rest mass of a moving body;
m is the relativistic mass of a moving body;
Ato is the rest time of a moving body;
At is the relativistic time of a moving body;
lo is the rest length of a moving body;
[ is the relativistic length of a moving body.

Fig 2. Graphs of functions m(v), At(v), l(v), corresponding to the existing and revised versions of SRT in
the subluminal v < ¢ and hyperluminal v > c ranges
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a b

Fig. 3. Graphs of functions q(v) and w(v), illustrating the meaning of the “floor” function of discrete
mathematics

And this explanation turned out to be elementarily simple. These formulas correspond to the graphs
in Fig. 2a,b,c. And they show that these graphs in the subluminal v < c and hyperluminal v > c ranges of
the argument v have different appearances. Therefore, the same processes cannot occur in these ranges.
And in order for the same processes to occur in these ranges, the graphs of the corrected relativistic
formulas should look the same, as shown in Fig. 2d,e,f. And for this, in formulas (1)-(3), since the speed
v in them is the fourth spatial dimension, the factor ¥ must be untroduced

id i
m,i omj @)

(9)= -
B T/ W
At(q) :Atoiq,/l—(%—q)z = At /1-(%)2 (5)
1) =i 1= (Y ~0) =i - (W) (6)

where q(v) = |v,/c] is the “floor” function of discrete mathematics from the argument v, /c (its

graph shown in Fig. 3a), which is the fourth spatial dimension;
w =v-qc isthelocal speed in all universes (its graph is shown in Fig. 3b).
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Fig. 4. Structure of the hidden Multiverse corresponding to the principle of physical reality of
complex numbers

At that, this function’ i in formulas (4)-(6), which determines the essence of each universe, for
integer values of the argument q(v) equal to ... 0,1,2,3,4,5,..., takes the values +1, +i, -1, -i, +1, +i, ... etc.
And the value q(v) = 0° in formulas (4)-(6) for the range of sublight speeds v < ¢ corresponds (since i’ = 1)
to our visible universe, which for definiteness we will call the tardyon universe’ (see Fig. 3). The value q(v)
= 1in the hyperluminal speed range 2c >v >c corres-ponds (since i’ = i) to some other invisible universe,
since it is located beyond the event horizon. For definiteness, we will therefore call it the tachyon uni-
verse®. Then the value qg(v) = 2 in the speed range 3¢ > v > 2¢ will correspond (since ¥ =-1) to an invisible
tardion antiverse. The value q(v) = 3, in the speed range 4c > v > 3c will correspond (since P = -i) to an

5 In the theory of functions of a complex variable, the function iq is defined only for integer values of the argument q. However,
it can be further defined as follows. For integer values of the argument ...—2,—1, 0,+1,+2,+3,+4,+5,... the function iq is equal to
= 1,—i,+1,+i—1,~i,+1,+i,... But for the same integer values of the argument ...—2, -1, 0,+1,+2,+3,+4,+5,... to the same values ...—
1,—i,+1,+i—1,—~i,+1,+i... is also equal to the function eiqn/2, which, in accordance with Euler’s formula eign/2 =
cos(qn/2)+isin(qn/2), is also defined for non-integer values of the argument q. Therefore, the function iq can be further defined
for any values of the argument q by the formula iq = cos(qn/2)+isin(qr/2), similar to Euler’s formula. The resulting formula allows

you to determine the value of the function iq for any, including non-integer, values of the argument q. And it will be needed in
astro-geophysical studies of portals, which will be discussed further.

6 Those, if we take our visible universe as the origin of coordinates q.

7 Tardyon universe is a term used by Isaak Asimov in his short story ‘Take a Match'’.

8 Tachyon universe is a term used by Isaak Asimov in his short story ‘Take a Match’.
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invisible tachyon antiuniverse. The value q(v) = 4 in the speed range 5c > v > 4c¢ will correspond (since i*
= +1) to another (and therefore also invisible) tardyon universe. The value q(v) = 5 in the speed range 6¢
>v > 5cwill correspond (since i° = +i)) to another tachyon universe. Etc.

Consequently, in nature there is not only, as stated in the generally accepted version of SRT, our
visible universe corresponding to formulas (1)-(3), but also many other mutually invisible’ universes and
antiuniverses corresponding to formulas (4)-(6). And these mutually invisible universes and antiuniverses,
together with our visible universe, form the Multiverse, which we therefore called hidden. Such a hidden
Multiverse, the structure of which is helical, is shown in Fig. 3.

6. The invisible universes and anti-universes of the hidden Multiverse are dark matter and dark
energy

However, in this structure it is still necessary to take into account and explain the phenomena of
dark matter and dark energy, so named because of their incomprehensibility, since not a single chemical
element has been found in them, and also because they do not emit, absorb, reflect or refract electro-
magnetic radiation and, therefore, are invisible. Finally, it is not clear why dark matter and dark energy,
which accounts for more than 95% of all mass-energy contained in nature, are being persistently
searched for at the Large Hadron Collider in the microcosm of our only visible universe. In fact, it is im-
possible to explain it this way.

Therefore, let us assume that dark matter and dark energy are all other mutually invisible universes
and antiuniverses of the hidden Multiverse. Then the phenomena of dark matter and dark energy will be
a gravitational shadow on our visible universe from the remaining mutually invisible universes and anti-
universes included in the hidden Multiverse. That is why these phenomena do not contain, like our
shadow on a sunny day, a single chemical element, and dark matter and dark energy contain more than
95%° of all mass-enerqgy contained in nature. This assumption explains all the incomprehensibility of
phenomena simply and clearly. That's why we will use it.

Then, assuming that over the billions of years of its existence, the mass-enerqgy of all universes and
antiuniverses of the hidden Multiverse, due to the presence of a huge number of portals between them
according to the law of communicating vessels, has been largely averaged, it becomes possible, using the
data obtained by the WMAP and Planck spacecraft, to determine the structure of the hidden Multiverse.
And according to data obtained by the WMAP spacecraft [68], the mass-enerqgy of our visible universe (in
fact, our hidden Multiverse) consists of 4.6% baryonic matter, 22.4% dark matter and 73.0% dark energy.
And according to more recent data obtained by the Planck spacecraft [69], the mass-energy of our visible
universe (again, actually our hidden Multiverse) consists of 4.9% baryonic matter, 26.8% dark matter and
68.3% dark energy. As you can see, these data differ little from each other, which proves their truth.
Therefore:

« the entire hidden Multiverse, according to experimental data obtained by the WMAP space-
craft, consists of 100% / 4.6% = 21.8 parallel universes, and according to data obtained by the Planck
spacecraft, it consists of 100% /4.9% = 20.4 parallel universes;

 dark matter, according to experimental data obtained by the WMAP spacecraft, consists of
22.4% /4.6% = 4.9 parallel universes, and according to data obtained by the Planck spacecraft, it con-
sists of 26.8% / 4.9% = 5.5 parallel universes;

* dark energy, according to experimental data obtained by the WMAP spacecraft, consists of
73.0% /4.6% = 15.9 parallel universes, and according to data obtained by the Planck spacecraft, it con-
sists of 8.3% / 4.9% = 13.9 parallel universes;

« and our visible universe, naturally, is only one.

7. Corrected version of SRT (continued)

As can be seen, received by the WMAP and Planck spacecraft experimental data did not confirm
the above conclusions about the structure of the hidden Multiverse, since our visible universe actually has
not two neighboring invisible parallel universes - one tachyon universe and one tachyon antiuniverse - but
five or six".

Consequently, there was some error in the previous reasoning. And we, it turns out, were wrong
in assuming that in the hidden Multiverse there is only one additional dimension q. And therefore, when
describing it, they used complex numbers containing only one imaginary unit. And now, in order for six
other parallel universes to coexist with our visible universe in the really existing hidden Multiverse - three

9 Since they are all beyond the event horizon
0 That is, about 20 times more than in our entire visible universe.
" According to WMAP data 4.9 universes and Planck data 5.5 universes
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tachyon universes and three tachyon antiuniverses - it is necessary to have three additional dimensions
g, r, s. At the same time relativistic formulas must be corrected again as follows [70]-[77]

Myl 1y
m(q,r,s) = (7)
\/1—[%—(q +r+9)J
At(q,r,S) =Atoifi2ri§\/1—[%—(q rres)f (8)
1(0.1,9) = ifisis [1-[Y ~ @+ T + )] (9)

where q(v) = |vq/c] is the “floor” function of discrete mathematics from the argument v, /c
which is one of the orthogonal coordinates q of the fourth spatial dimension v;
r(v) = |v,/c| is the “floor” function of discrete mathematics from the argument v, /c which is another
orthogonal coordinate r of the fourth spatial dimension v;
s(v) = |vg/c] is the “floor” function of discrete mathematics from the argument vg/c which is another
orthogonal coordinate s of the fourth spatial dimension v;
Vg, Vi, Vs Is projections of the velocity vector v onto the orthogonal coordinates q, r, s (see Fig. 4).

The space of such a hidden Multiverse will already be six-dimensional (see Fig. 4). And its
structure will correspond to the quaternions o + i1w1 + i2w:z + i3w3, i.e. hypercomplex numbers [78]
containing exactly three imaginary units is, iz, i3, which are related to each other by the relations

iZ=i2=i2=-1 (10)
iy = iyl = igii, = —1 (11)
iyigl, = il = i, =1 (12)

In such a quaternion structure of the hidden Multiverse [79], in contrast to its structure considered
earlier (in Fig. 3), the distribution of material content in each three-dimensional parallel universe will be
determined by a certain function f, . <(x,y, z), and the coordinates of these uni- verses will be determined
by the values i1q, izr, iss. Those. the hidden Multiverse (see Fig. 4) will be described by the formula
fars(X,¥,2) +i1q + i;r + i3s. This is exactly what Lisa Randall’® predicted.: “Perhaps we live in a three-
dimensional pocket of higher dimensional space”.

From formulas (7)-(9) it follows that such a hidden Multiverse still has a helical structure, and its
mutually invisible universes and antiuniverses (in addition to our visible universe) form dark

L

ir
Fig. 4. Six-dimensional space of the hidden Multiverse, where g, r, s are the coordinates of invisible par-
allel universes, and x, y, z are the coordinates of the matter content in each parallel universe

12 [ isa Randall is a professor in the Department of Physics at Harvard University and a member of the American Academy of Arts
and Sciences and the National Academy of Sciences.

141



VI INTERNATIONAL SCIENTIFIC CONFERENCE. BRUSSELS. BELGIUM. 21-22.04.2026

Tachyon i,
Antiverse

t

1
1
1
1
1
: Tachyon i,
1
1
1
1
1
1

Antiverse Dark space ™~ Dark matter

Tachyon i our Tardyon i f;‘;c-h o;: ™\
] AntDerse’ 1§ Universe ')
1 ‘l v:‘-»"\—_.,;j:»’T'/'

: ,"‘""':A'T;'acl.lyon iz\}"ﬁ,

1 \\.. Universe =~
other . - —
Multiverse J | ! W e
‘ ! Tachyon iz

K:\:\‘ _ Universe
! "

% _________ | I e
Tachyon i; Tardyon \
Antiverse Universe \ U

Tachyon i,
Antiverse ‘
Tardyon

I
I
I
I
I
I
I
I
1
: t Antiverse
I
I
I
I
I
I
I

/ ( Tachyoni;
Antiverse +. Universe =

Tachyon i l Tardyon Tach on i\
AntitJ’,ersf & 2y 1-“'?
W 1 ‘ ]

Tachyon i,

-

- )

1 T ;
! ( Tachyon i,
! e o Universe _
ardyon .
Dark ener; \ (Ansiverse o L 2
‘.\._’_:.\‘\V :l]n";erse" ?,:,

[ SRpURpES S ————————————

Fig. 6. Structure of the hidden Multiverse corresponding to the principle of physical reality of hypercom-
plex numbers

matter and dark energy. In this case, it is possible to move into the tardion antiuniverse from the tardion

universe and into the tardion universe from the tardion antiuniverse in various, but not arbitrary, ways,

but only in such a way (see Fig. 5), in which the value of ¥ will successive-ly take on the values +1, +
1D+ +i3, -1, - I1D-i26D-i3, +1, ... and etc., where @ is the symbol of the logical operation of discrete
mathematics ‘exclusive OR’. In this case, different trajectories of movement from one universe (or anti-
universe) to another can differ only due to the replacement of some tachyon universes from i, iz, i3 with
others and some tachyon anti-universes from is, iz, i3 with others. Consequently, tachyon universes iy,

i>, i3 in the hidden Multiverse are located parallel to each other. Tachyon antiuniverses i, iz, iz are also
located parallel to each other for the same reasons. And therefore, in the hidden Multiverse, when tran-
sitioning from any tardion universe to a tardion anti-universe and then to another tardion universe, par-
allel universes and antiverses must alternate in the following sequence - ‘tardion universe’, ‘one of the
tachyon universes’, ‘tardion anti-universe’, ‘one of the tachyon anti-universes’, ‘tardion universe’, ‘one of
tachyon universes’, etc.

One of the easiest to explain such possible quaternion structures of the hidden Multiverse is
shown in Fig. 6. Its difference from the structure shown in Fig. 4 is the presence in it of several different
tachyon universes and antiuniverses located in parallel, corresponding to three imagis-nary units i, iz,
i3 Another difference is the presence in such a structure of the Multiverse of not only bidirectional por-
tals corresponding to formula (7) and indicated by two-way arrows, but also unidi-

rectional portals corresponding to formulas (8), (9) and indicated by one-way arrows.

In Fig. 6 all these transitions are shown. Moreover, since the data obtained by the WMAP and
Planck spacecraft correspond to the not closed screw structures of our hidden Multiverse, united through
the corresponding portals with other Multiverses, then all together they form the Hyperuniverse.

8. How to see invisible universes and anti-universes?

But in order to believe in the existence of the Multiverse mentioned in the article instead of the
Monoverse mentioned in the textbooks, experimental confirmation of the above is necessary [80]-[97].
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Those. it is necessary to prove that in addition to our visible universe, there are other universes and anti-
universes in nature.

And it is possible to do this. Eventually, the invisible universes and anti-universes in outer space,
drifting in their different dimensions, touch each other in many places and even slightly immerse them-
selves in each other, forming transitions called portals between the touching universes and anti-uni-
verses. And since the constellations in the starry sky in neighboring universes and antiuniverses are al-
ways different’, when moving through portals, the map of the starry sky in them will change, which will
prove the existence of invisible universes neighboring the Earth. On Earth there are more than two hun-
dred thousand anomalous zones' [98]-[101], which are entrances to portals. Moreover, in some of them
observatories are already located. For example, the Main Astronomical Observatory of the Academy of
Sciences of Ukraine is 12 km away. from the center of the capital of Ukraine, Kyiv, in the Goloseevsky
forest. Therefore, by comparing maps of the starry sky on a computer in portals (or even in anomalous
zones) and outside portals, universes neighboring the Earth can be discovered. And as a result of astro-
geophysical studies of portals, it will be possible to determine the main parameters of neighboring tach-
yon universes and antiuniverses. Which will ultimately allow us to determine the structure of our hidden
Multiverse.

9. Where are antimatter and anti-time located?

And this structure of the hidden Multiverse allows us to explain another problem that is currently
inexplicable within the framework of all physics textbooks - where antimatter is located [102]-[112]. It
is clear that it cannot be in our visible universe’, since due to its annihilation with matter, our universe
would then cease to exist. But the fact that antimatter exists has been proven experimentally. In 1995, a
sensational result was obtained at CERN - scientists managed to obtain nine antihydrogen atoms, which
lasted for about forty billionths of a second. And just one gram of such antihydrogen would cost 662.5
trillion dollars.

Consequently, this experiment can be considered proof that, in accordance with formulas (7)-(9),
antimatter can exist in nature in the invisible tardyon and tachyon antiuniverses of the hidden Multiverse
and Hyperuniverse. (see Fig. 5). Moreover, in these invisible tardyon and tachyon anti-universes, anti-time
and anti-space also exist.

10. Time travels

And the discovery of anti-time already allows us to assert that due to the choice of one or another
route of travel in space, time travel also becomes possible [113]-[123], since from formulas (8), (9) it
follows that time At in universes and antiuniverses during such travel will always change simultaneously
with the change in distance (. But since neither the portals, much less the universes and anti-universes of
the hidden Multiverse, are still unexplored, time travel in space is now inaccessible to us. And that’s why
we’re interested in time travel on Earth now.

However, although official modern science admits the possibility of time travel in some exotic sit-
uations in the special’® and general’” theories of relativity, as well as in quantum physics™, it still claims
that time travel of people on Earth, neither now nor in the distant future, will never be possible.

Nevertheless, these time travels on Earth are now already carried out by airplane flights. And mil-
lions of people take part in these flights every day, since upon landing at any airport, air passengers al-
ways change their watches to a local time other than at the airport of departure. Thus, they confirm
their time travel. Indeed, due to the rotation of the Earth and the presence of time zones on it, movement
in space on Earth, as in space, is always accompanied by movement in time.

And when explaining this situation, we must take into account the existence in nature of two dif-
ferent types of time that we will use - internal human time, which we have always used until now, and
external time, which, on the contrary, we have never used before. These two times are generated by
different processes that exist independently of each other and have different features. Internal time is
determined by processes occurring in human bodies. One second is one contraction of the human heart.
Therefore, internal time is the biological time of people. External time is determined by processes

13 Like all people, everything that is in their apartments

4 Which in itself confidently — more than two hundred thousand times — also confirms the existence of neighboring universes
and anti-universes.

15 But the textbooks state that there are no other universes in nature besides it. And this, naturally, gives reason to doubt the
truth of this version of SRT.

16 For example, in the 'twin paradox’

17 For example, in a region of ultra-high gravity near the event horizon of a black hole

'8 For example, as a result of teleportation not of information, but of physical objects

143



VI INTERNATIONAL SCIENTIFIC CONFERENCE. BRUSSELS. BELGIUM. 21-22.04.2026

occurring in the external environment. Namely, by the rotation of the Earth and the existence of time
zones. These features of it are reflected in formula, absent from physics textbooks, derived from the rel-
ativistic SRT formulas (5), (6) and (8), (9)

At=Ab (/b (13)

in which At is external time in hours;

Ato — 24 hours;

[ — path length in the direction perpendicular to time zones;

lo — the length of a circle that intersects 24 time zones at a given latitude.

These two different times also have different properties. Human biological time cannot flow back-
wards. A person cannot return to his youth or childhood. And external time, when changing the direction
of movement, can change its sign - the plane can fly across time zones both to the west and to the east.
When the speed of movement of the aircraft changes, the value of external time will also change. There-
fore, in the external environment it is possible to move both into the past and into the future. Moreover,
even short-term movements in external time can sometimes be very useful’. This is known to everyone,
although it has not yet been used in any way in human activity. But this is a free resource given to us by
nature for solving the problem of people traveling through time, which would even seem easy to use (you
Just need to fly on an airplane).

The only difficulty with this is that such time travel on Earth necessarily involves unnecessary travel
over long distances, which is why they are not used. However, this problem can be solved. Airplane
flights must be carried out in compliance with one mandatory condition. The flight of the air
Table 1. Examples of business jet performance flight performance characteristics that could be used
for time travels

Aircrafts Maximum range | Cruising speed | Hourly rates | Seats
Citation Latitude 5300 km 815 km/h 3500 €/hour | 8
Citation Longitude | 7 400 km 910 km/h 5000 €/hour | 12
Challenger 300 5700 km 850 km/h 4900 €/hour | 8
Challenger 350 5926 km 850 km/h 4000 €/hour | 9
Challenger 600 5500 km 850 km/h 4600 €/hour | 12
Challenger 3500 6297 km 985 km/h 5500 €/hour | 10
Falcon 20 4200 km 987 km/h 3900 €/hour | 8
Falcon 50/50EX 5600 km 850 km/h 4900 €/hour | 8-10
Global 5500 10927 km 900 km/h 8000 €/hour | 16
Gulfstream G150 5200 km 850 km/h 3900 €/hour | 6-8
Gulfstream G200 5000 km 870 km/h 6 200 €/hour | 8
Hawker 850 XP 4 800 km 750 km/h 3400 €/hour | 6-8
Hawker 900XP 5400 km 865 km/h 3700 €/hour | 6-8
Hawker 4000 5280 km 890 km/h 5400 €/hour | 10
Learjet 70 3815km 967 km/h 3500 €/hour 7
Legacy 450 5370 km 860 km/h 3300 ¢€¢/hour | 8
Praetor 600 7 400 km 850 km/h 6 000 €/hour | 12
Table 2. The value of external time at different latitudes
Location of departure and arri- | Geographic coordinates of Size of 24 time zones for a round- Size of one time
val airfields the airfield the-world flight zone.
Santiago de Chile 33,45°S. 33422 km 1393 km
Buenos Aires 34,60°S. 33021 km 1375 km
Melbourne 37,82°S. 31339 km 1306 km
New York City 40,72° N. 30456 km 1269 KM
Reykjavik 64,15°N. 17616 km 734 km
Murmansk 69,58°N. 14424 km 601 km
Kirkenes 69,73°N. 14376 km 599 km
Longyearbyen (Spitsbergen, 78,13°N. 8184 km 341 km
Norway)
Alert, (Canada) 82,5° N. 5230 km 218 km

craft must be around the world, that is, all the time from takeoff to landing at the same air-field from
which the aircraft took off, it must be carried out in the same direction - to the West or to the East, as a
result of which, ultimately, the movement of the aircraft in space can be ignored.

2 For example, by traveling time first to the past and then to the future, it would probably be possible to save President John
Fitzgerald Kennedy after the assassination attempt [124]-[134].
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There are many aircraft models suitable for use in time travel. They are called business jets?°. And
Table 1 shows, as an illustration, the flight performance characteristics of some of these business jets.
And Table 2 lists airfields close enough to the North Pole that can provide the shortest routes for round-
the-world flights.

Consequently, time travels on Earth is physically possible and is currently technically feasible.

11. Refutations of the version of SRT studied in textbooks

From the above it follows that for Albert Einstein in his version of SRT, it turns out that the most
important thing was to prove not physical reality, but, on the contrary, the physical unreality of imaginary
numbers. Because otherwise this SRT would become inexplicable and therefore, naturally, useless to an-
yone.

But the physical reality of imaginary numbers in the theory of electrical circuits was actually proven
by Charles Proteus Steinmetz in his proposed interpretation of Ohm’s law back in 1897. That is. before
the creation by Albet Einstein and Jules Henri Poincaré in 1905 of the version of SRT that is now studied
in all physics textbooks. And since then, radio engineers have never had the slightest reason to doubt this,
since always when the frequency of the sinusoidal voltage applied to any electrical LCR circuit changes,
the amount of current flowing through it changes. This fact, which occurs literally at every step in the
practical activities of radio engineers, is an extremely simple, absolutely understandable and irrefutable
proof of the physical reality of imaginary numbers. However, radio engineers had no need to specifically
declare that they had proven the physical reality of imaginary numbers.

Nevertheless Albert Einstein, in his proposed version of STR, when explaining relativistic formulas,
hit was absolutely necessary supposedly refute the physical reality of imaginary numbers?’. And for this
reason, a postulate called the "principle of not exceeding the speed of light" was introduced into special
relativity, which led to the conclusion (in reality unproven) that imaginary numbers are physically unre-
alistic. But the Nobel Committee—and this commands the utmost respect—remained true to common
sense and scientific integrity. Due to the complete lack of any experimental evidence for the truth of this
dubious version of special relativity, despite Albert Einstein being nominated for the Nobel Prize 66 times,
he never received it for this theory?.

And in order to preserve the denial of the physical reality of imaginary numbers in SRT, relativistic
physicists had to make great sacrifices. In particular, in order to create the impression that it is impossible
to refute the statement of SRT about the physical unreality of imaginary numbers, at the Large Hadron
Collider (worth ten billion dollars), the OPERA collaboration, which includes more than one hundred of
the most authoritative physics professors, carried out the unsuccessful OPERA experiment for almost 15
years?? (2003-2018), which allegedly had as its goal proving the physical reality of imaginary numbers,
but not managed to do it. And thereby allegedly proving the impossibility of refuting the statement about
the physical unreality of imaginary numbers. In 2011, its sensationally successful completion was even
announced, but six months later in 2012 it was announced that it had been refuted at the same Large
Hadron Collider by the ICARUS experiment.

For this reason, numerous publications were ignored, citing simple and easily understood radio en-
gineering experiments that successfully demonstrated the physical reality of imaginary numbers and ex-
plained that if imaginary numbers were truly, as claimed in the SRT, physically unreal, then all radio en-
gineering devices and computers would not exist, tsunamis, bell ringing, piano music would not exist,
children's swings would not swing after a parent's push, and much more.

Furthermore, because of the assertion of the physical unreality of imaginary numbers and, there-
fore, the existence of our only visible universe in nature, it turned out that antimatter and tachyons had
no place in single visible universe. The corrected version of the SRT, however, explains where they are
located.

It also turned out that due to the statement about the physical unreality of imaginary numbers and
therefore about the existence in nature of our only visible universe, the phenomena of dark matter and
dark energy have not been and will never be explained, since dark matter and dark energy are actually,

20 A business jet is a small private jet aircraft for transporting a limited number of passengers (usually from 6 to 20) on an
individual order for businessmen, officials and VIPs; it features a higher level of comfort, the ability to take off from small air-
fields and high speed, allowing it to cross time zones in less than one hour of domestic passenger and crew time.

21 Not being able to explain in any other way the incorrect relativistic formulas of SRT in the hyperluminal speed range

22 And he received his Nobel Prize in 1921 for his research on the photoelectric effect

23 [et's remember - one day is more than enough for a radio engineering experiment proving the physical reality of imaginary
numbers.
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according to the corrected version of SRT, mutually invisible universes and antiuniverses of the really
existing hidden Multiverse.

More than two hundred thousand anomalous zones have also been discovered on Earth, which are
entrances to portals to the invisible universes and antiuniverses neighboring our visible universe. And
even this alone already proves their existence. Moreover, these universes and antiuniverses, invisible out-
side the portals, can also be seen by astronomical observations of the starry sky in portals. But these low-
cost astronomical observations, which would allow sensational scientific discoveries of other universes,
are still not carried out due to fears that these invisible neighboring universes and antiuniverses can ac-
tually be seen. And then the version of SRT studied in textbooks will undoubtedly have to be recognized
as incorrect.

In the version of SRT studied in physics textbooks, it was also concluded that time travel is impos-
sible for people. Although in fact, millions of air passengers on Earth already make such time travel every
day, which is confirmed by the translation of their watches to local time after the planes land. But since
such time travel by airline passengers occurs simultaneously with travel on Earth, they are not used. And
the article explains how it is still physically and technically possible to travel through time on airplanes
without ultimately traveling through space.

Less expensive telephone time travel is also possible, which, when needed, can be implemented
quickly and inexpensively. Then telephone conversations with people located in the past or future tense
will become publicly available. However, probably the most promising is the joint use of aviation and
telephone options for time travel: aviation when crossing time zones over the ocean, and telephone when
crossing them over land.

12. Conclusion

And we have to admit that the creation of such a situation is to blame for the still dominant sci-
ence, in which there is no antimonopoly legislation existing in the economy, and little ethical morals.
Therefore, for example, in the 16th century, Nicolaus Copernicus published his theory “On the Rotations
of the Celestial Spheres,” which he worked on for forty years, which refuted the geocentric system of the
world of Claudius Ptolemy, so as not to end up in the Inquisition, published only after his death. And in
our time, reviewers of some reputable journals, not being able to answer anything on the merits, allow
themselves to write to the authors of articles they dislike: “I will not allow Einstein to be criticized.” Pub-
lications like the outstanding works of Jean de Climont [135]-[138], to which he mentions 9671 scientists
who refuted generally accepted theories in all sciences, are extremely rare.

That is why the very interesting SRT, created in 1905 by Albert Einstein and Henri Poincaré, was
not received kindly by physicists. And in order to defend the right to exist of this new theory, relativistic
physicists had to fight. At that time, SRT was forced, due to the lack of the Internet and the necessary
experimental and theoretical knowledge, to use postulates and some not entirely successful tools like
the Large Hadron Collider?*. And many thanks to the physicists of the twentieth century for thereby
saving SRT.

And having won, relativistic physicists began to study the largely erroneous starting version of STR
in all physics textbooks. Therefore in turn, they themselves became a brake on scientific (including their
own) development, fearing that further recognition of the fallacy of any provisions of the version of SRT
studied in textbooks would entail its refutation as a whole. Therefore, the version of STR currently studied
in all physics textbooks has made it impossible to explain the phenomena of dark matter and dark energy,
to explain the problem of baryon asymmetry, and denies the possibility of time travel, although currently
millions of air passengers do it every day.

What to do? And it is necessary, before the authors of physics textbooks correct them, to start
studying the corrected version of SRT optionally using my monograph “Corrected Version of the Special
Theory of Relativity” published in the language of your country. This monograph is actually a continuation
of the material studied in physics textbooks and it writes in more detail about the same thing as in this
article
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CYBERSECURITY AND CYBER DEFENSE
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Abstract

Cybersecurity encompasses a wide range of methods, tools, and concepts closely related to infor-
mation security and operational technology (OT) security. It is often misinterpreted as a synonym for
information security or IT security, which leads to conceptual ambiguity and obscures important distinc-
tions between these domains.

This paper argues that cybersecurity should be understood as a set of protective practices based
on information and operational technologies. Cyber defense is presented as a mechanism for protecting
computer networks, ensuring the security of critical infrastructure, and supporting organizations and
government institutions in responding to cyber threats.

The study explores how cybersecurity and cyber defense contribute to cyber resilience through a
conceptual model. Additionally, it examines cyber rapid response teams and mutual aid mechanisms as
innovative approaches to addressing increasing cyber threats and limited response capabilities.

Keywords: cybersecurity; cyber defense; cyber resilience; conceptual model; rapid response teams

1. Introduction

Cybersecurity has been practiced in military environments for more than a decade. In recent years,
however, the term has been widely used across various domains, often without regard to its original
meaning. This misuse obscures the distinction between cybersecurity, information security, and opera-
tional technology (OT) security.

Cyber defense encompasses a wide range of activities aimed at protecting stakeholders and re-
sponding rapidly to evolving threats. These activities include reducing system vulnerabilities, identifying
critical assets, implementing preventive measures, and ensuring effective detection and response mech-
anisms.

Cyber defense also involves technical analysis to identify potential attack vectors and vulnerable
areas [3]. Awareness, resilience, and response form the foundation of state strategies against cyber
threats. Governments continuously improve their ability to detect malicious activities at early stages
while strengthening the resilience of critical infrastructure and institutions.

Problem Statement

The main objective of this study is to examine how cybersecurity and cyber defense contribute to
cyber resilience under conditions of increasing cyber threats and limited response capabilities.

A secondary objective is to describe the development and operation of cyber rapid response teams
and mutual assistance frameworks at the national level, presenting them as a new approach to cyberse-
curity and cyber defense.

Methodology

Cyber defense begins with understanding the specific operational environment and analyzing the
threats relevant to it. Based on this analysis, appropriate strategies are developed to prevent and respond
to malicious activities.

This study adopts a model-based methodology to construct a conceptual framework for cyber re-
silience. The model integrates cybersecurity and cyber defense mechanisms, combining human resources,
processes, and technologies. It also incorporates rapid response teams and mutual assistance as key com-
ponents of a modern cybersecurity strategy.

Cyber Defense

In modern conflicts, adversaries increasingly rely on non-military (indirect) methods, including tar-
geted cyberattacks on communication systems at all levels of command. Future conflicts are expected
to occur primarily in the information domain, where operators remotely control advanced technological
systems.
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Encrypted data transmitted through public communication channels has become a major target
for cyberattacks [15]. Cyber defense focuses on prevention, detection, and timely response to ensure that
critical infrastructure and sensitive information remain secure.

With the growing complexity and volume of cyberattacks, cyber defense has become essential for
organizations. It ensures operational continuity, improves the efficiency of security strategies, and opti-
mizes the use of security resources, particularly in critical sectors [6].

Cyber Rapid Response Teams and Mutual Aid in Cybersecurity

Given the increasing complexity of cyber threats and limited response capabilities, it is essential to
establish Cyber Rapid Response Teams (CRRTs) and mutual assistance mechanisms in cybersecurity.

These teams consist of highly qualified experts capable of responding quickly to cyber incidents at
both national and international levels. Unlike many existing initiatives that focus primarily on infor-
mation sharing, this approach emphasizes the sharing of human expertise and operational capabilities.

This model enhances not only national cybersecurity but also international cooperation in cyber
defense.

Cyber Resilience Concept

Cybersecurity alone is no longer sufficient; a comprehensive strateqgy that includes protection, pre-
vention, and response is required. Cyber resilience represents the ability of systems and organizations to
prepare for, withstand, and recover from cyber incidents.

Resilience should not be viewed as synonymous with recovery. It is a long-term capability that must
be integrated into an organization’s overall strateqy. It includes preparedness, defensive mechanisms,
and available resources for mitigating the consequences of cyber incidents.

A comprehensive resilience strateqy considers actions before, during, and after an attack. Organi-
zations must also adapt to emerging risks associated with technologies such as artificial intelligence, the
Internet of Things, and quantum computing [2].

Technological Perspective of Cybersecurity

Cybersecurity is a fundamental component of modern digital society. Although there is no univer-
sally accepted definition, it is generally understood as a combination of tools, policies, technologies, and
practices used to protect digital environments and assets (Humayun et al., 2020).

According to the International Telecommunication Union, cybersecurity includes security policies,
risk management approaches, training, and technologies designed to protect both organizations and us-
ers.

The NIST Cybersecurity Framework identifies five core functions: Identify, Protect, Detect, Re-
spond, and Recover. These functions provide a structured approach to managing cybersecurity risks and
protecting critical infrastructure.

Cybersecurity Startups and Innovation

Cybersecurity startups play a crucial role in innovation and the development of security solutions.
These companies, typically less than ten years old, focus on creating innovative products and services
aimed at protecting critical infrastructure.

Due to the specific features cybersecurity, traditional entrepreneurship research cannot be fully
applied. Therefore, the concept of “cybersecurity startups” is introduced to better understand their role
and impact.

Taxonomy Development as a Methodology

Taxonomy development is used to classify cybersecurity startups based on their business models. It
provides a structured way to analyze complex systems and supports both research and practical applica-
tions.

This approach is particularly useful in emerging and heterogeneous fields such as cybersecurity. It
allows researchers to identify similarities and differences between entities and improve understanding
of the domain.

Recommendations

The study highlights the importance of multiple factors, including technological, behavioral, and
organizational aspects of cybersecurity.

One of the key findings is the low level of cybersecurity awareness among employees. Organiza-
tions should invest in training and education programs to improve knowledge and skills in cybersecurity.
This will significantly enhance the effectiveness of cybersecurity strategies.

Conclusion

Cybersecurity and cyber defense are essential components of modern digital systems. Their inte-
gration is necessary to achieve cyber resilience in the face of increasing cyber threats.
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The proposed conceptual model, incorporating rapid response teams and mutual assistance, pro-
vides a comprehensive approach to improving cybersecurity at both organizational and national levels.
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Abstract

In natural gas processing, the absorption process is one of the widely used methods for removing
undesirable components and various impurities from the gas stream. Efficient purification of natural gas
plays an important role both in improving product quality and in meeting environmental standards. In
this regard, optimization of the absorption process contributes to more efficient operation of
technological systems and reduction of energy consumption. The present study examines the analysis of
the natural gas absorption process and approaches for its improvement. The main objective of the
research is to increase the efficiency of mass transfer occurring between the gas and liquid phases.
During the study, the main factors affecting the process—such as temperature, pressure, absorbent flow
rate, and the structural characteristics of the absorber unit—were taken into consideration. Changes in
these parameters directly influence the overall productivity and efficiency of the process. Various
modeling and simulation methods were used to evaluate the performance of the absorption system. The
analyses carried out showed that the optimal selection of process parameters leads to an increase in
absorption efficiency. In addition, optimization allows a reduction in absorbent consumption and
operational costs.

A more efficient organization of the process increases system stability and controllability. The
results of the research indicate that optimization enables more effective removal of harmful and
undesirable components from natural gas. This contributes to an improvement in the quality of the final
product and ensures safer transportation of the gas. The obtained results are considered significant for
application in industrial-scale natural gas processing plants. Overall, optimization of the absorption
process contributes both to increased economic efficiency and improved environmental safety in the
natural gas industry.

Furthermore, the proper selection of absorbent substances used in the absorption process has a
significant impact on its efficiency. In modern technologies, various physical and chemical absorbents
can be applied. The selection of these substances depends on the chemical composition of the gas and
the operating conditions of the process. The structural design of absorber equipment is also one of the
important factors influencing the intensity of mass and heat transfer. Equipment with an optimal design
allows the process to be carried out more productively. At the same time, automated control of process
parameters increases the stability of production operations. Reducing energy consumption creates
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important economic advantages for industrial enterprises. Optimization of the absorption process also
has a positive impact on reducing the amount of harmful emissions released into the environment.
Therefore, improvement of the process is of great importance from an ecological perspective as well. The
application of modern optimization methods enables natural gas processing operations to be organized
in a more efficient and sustainable manner.

Xiilase

Tebii gazin emali zamani absorbsiya prosesi qazin tarkibinds olan arzuolunmaz komponentlarin ve
muxtalif cirklendiricilerin ayrilmasi tclin genis tatbiq olunan dsullardan biridir. Qazin ssmarali sakilde
tamizlenmasi hem mahsul keyfiyyatinin yaxsilasdirilmasi, ham da ekoloji standartlarin yerine yetirilmasi
baximindan mdhdm rol oynayir. Bu baximdan absorbsiya prosesinin optimallasdirilmasi texnoloji sistem-
larin daha ssmaraliislemasina ve enerji sarfiyyatinin azalmasina sarait yaradir. Teqgdim olunan tedqiqat
isinds tebii gazin absorbsiya prosesinin tahlili v onun tekmillesdirilmasi istiqamatleri arasdirilmisdir.
Tedqiqatin esas meaqgsedi gaz ve maye fazalari arasinda bas veran klitle 6tirilmasi prosesinin effek-
tivliyini artirmaqdir. Arasdirma zamani prosese tasir gostaren asas amillar — temperatur, tezyiq, absor-
bent axininin strati ve absorber qurgusunun konstruktiv xdsusiyystleri nezare alinmisdir. Bu para-
metrlarin dayismasi prosesin imumi mahsuldarligina ve effektivliyine birbasa tasir géstarir. Absorbsiya
sisteminin fealiyyatinin giymatlendirilmasi liclin mixtalif modellasdirma ve simulyasiya metodlarindan
istifads edilmisdir. Aparilan tahlillar géstarmisdir ki, proses parametrlarinin optimal secilmasi absorbsiya
samaraliliyinin yiksalmasina sebab olur. Bununla yanasi, optimallasdirma absorbent sarfinin ve istismar
xarclarinin azalmasina da imkan verir. Prosesin daha effektiv taskili sistemin stabilliyini ve idarsolun-
masini artirir. Aparilan tedqiqat naticalari géstarir ki, optimallasdirma naticasinde tabii qazdan zerarli
ve arzuolunmaz komponentlarin ayrilmasi daha yiiksek seviyyade hayata kecirilir. Bu iss son mahsulun
keyfiyyatinin ylksalmesine ve qazin tehlikesiz sekilde neql olunmasina serait yaradir. dlde edilon
naticaler senaye miqyasli gaz emali miessiselerinds tetbiq tctin hamiyyatli hesab olunur. Umumilikde
absorbsiya prosesinin optimallasdirilmasi tabii qaz ssnayesinds ham igtisadi ssmaraliliyin artmasina,
ham da ekoloji tehliikesizliyin tamin olunmasina téhfe verir. Bundan alave, absorbsiya prosesinde isti-
fades olunan absorbent maddslerin diizgiin secilmasi prosesin effektivliyine ciddi tasir géstarir. Mdasir
texnologiyalarda mdxtalif fiziki v kimyeavi absorbentlarden istifade olunmasi mimkinddir. Bu mad-
dalarin secimi qazin kimyavi tarkibindan ve proses seraitinden asili olaraq misyyan edilir. Absorber apa-
ratlarinin konstruktiv qurulusu da kditle ve istilik mibadilasinin intensivliyine tasir eden vacib amillerden
biridir. Optimal konstruksiyaya malik avadanliglar prosesin daha mehsuldar sekilde hayata kecirilmasina
imkan verir. Eyni zamanda, proses parametrlarinin avtomatlasdirilmis idare olunmasi istehsalat proses-
inin sabitliyini artirir. Enerji sarfiyyatinin azaldilmasi ise senaye miessisalori gtin mihim igtisadi Us-
tinlikler yaradir. Absorbsiya prosesinin optimallasdirilmasi atraf mdhite atilan zererli maddslerin mi-
qgdarinin azalmasina da mdisbat tasir gésterir. Bu ssbabdan prosesin takmillasdirilmasi ekoloji baximdan
da béylik shamiyyat dasiyir. Miasir optimallasdirma Usullarinin tatbigi tabii gazin emali proseslarinin
daha ssmarali va dayaniqli sekilde taskiline imkan yaradir.

AHHOMauus

B npouecce nepepabomku npupo0Ho2o eaza abcopbuus A819emcs 00HUM U3 WUPOKO NPUMEHSIe-
MbIX Memo0oB 0719 YOasieHUsl HexcesamesibHbIX KOMNOHEeHMOB U PA3/IUYHbIX 3A2PA3HSFOULUX BEWLeCms,
codepxauiuxcs B 2aze. IgekmuBHas 04UCMKA 2a3a uepaem BAXCHYHO POJib KaK B NOBbILIEHUU Ka4ecmaa
KOHe4YH020 NpodykKmd, mak u 8 obecneyeHuu cobsiro0eHus 3K0102u4eckux cmaHoapmos. B 3mom KoH-
meKkcme onmumu3ayus npouyecca abcopbyuu cnocobcmsyem bosee 3¢ppekmusHol pabome mexHos10-
2UYeCKUX CUCmeM U CHUMeHUo 3Hep203ampam. B npedcmasieHHOM UCc/ie008aHuUU NPOBEeO0éH aHaiu3
npouecca abcopbyuu NPUPOOHO20 2a3a U pACCMOMPeHbI HANPABJIEHUS €20 COBepLIeHCMBOBAHUS. OCHOB-
Hol Uesibro UCCe00B8aHus ABJISeMCS NOBbILEHUE 3PdeKkmuUBHOCMU NPOUECCa MACCONEPeHOCa Mexoy
2azosol u xuokol ¢azamu. B xo0e ucciedoBaHuss bbiau Yy4meHbl OCHOBHbIE ¢GaKkmopbl, BAUSHOULUE HA
npouecc: memMnepamypd, dassieHue, CKopoCmb NOMOKA abcopbeHma u KOHCMPYKMuBHbIe 0cobeHHocmu
abcopbyuoHHOU YCMAaHoBKU. M3MeHeHue 3mux napamempos Hanpsamyro 8/1Usem Ha 06Uy Npou3Boou-
mesibHOCMb U 3pekmusHocmb npouecca. 4na oueHku paboms! abcopbuyuoHHoU cucmemsbi bbiiu uc-
NOJIb30BAHbI PA3/IUYHBIE MEMOOb! MOOeIUPOBAHUS U CUMYAAUUU. [TpOBeO0EHHbIU aHaau3 Nokasas, 4mo
ONMUMAJibHbIU BbI6OP NApamempos NPoUEecca NPUBOOUM K NOBbIWEHU 3dekmusHocmu abcopbyuu.
Kpome mo2o, onmumu3ayusi N0380J1iem CHU3UMb pacxod abcopbeHma u 3KCnJ1yamayuoHHble 3ampameai.
bornee 3¢ppekmuBHaAsa op2aHU3ayus NPoYecca NoBbiwaem cmabuibHOCMb U YyNnpasasemMocmb CUCMEMb.
Pe3yibmamai NpOBEOEHHO20 UCC/Ie00BAHUSI NOKA3bIBAKOM, YMO B8 pe3y/ibmame ONMUMU3ayuUU yoaseHue
BPEOHbIX U HexXcesamesibHbIX KOMNOHEeHMOB U3 NPUPOOHO20 2a3a OCyuecma/isiemcsl Ha 60s1ee BbICOKOM
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YpOBHe. Imo cnocobcmayem NOBbILEHUK Ka4eCcmBad KOHeYHo20 Npodykma u obecneqyusaem besonac-
HYHO MPAaHCcNOpMUpPOBKY 2a3d. [10/1y4eHHbIe pe3yibmamabl UMM BAXCHOE 3Ha4YeHue 0J15 NPUMEHeHUS Ha
NPOMbILLIeHHbBIX NPeoNpUSMUsSIX NO nepepabomke 2asd. B yesioMm onmumu3sauusi npoyecca abcopbyuu
cnocobcmBsyem Kak NOBbILIEHUK SKOHOMUYeCcKol 3¢pdekmuBHOCMU B 2a3080U NPOMBILLIEHHOCMU, MAK
u obecneyeHuro 3Kos102u4eckol besonacHocmu. Kpome moeo, npasusibHbil B8bibop abcopbeHmos, uc-
noJsib3yembix B8 npouecce abcopbuuu, okasbiBaem CyujeCmaeHHoe BUSHUe HA 3pdeKkmuBHOCMb NPo-
yecca. B coBpemeHHbIX MexHOI02USX BO3MOXCHO NPUMEHEHUE PA3/IUYHbIX PU3UYeCcKUX U XUMUYECKUX ab-
copbermos. Bbibop smux Bewjecms onpedesigsemcs XuMu4yeckum CoOCMasom 2asd U YCi08usiMu npoueccd.
KoHcmpykmuBHasi cmpykmypa abcopbyUuoHHbIX annapamos Makxce SBJISemcsl BaXHbIM GaKmopom,
BJIUSIFOWUM HA UHMEHCUBHOCMb MAcco- U mensioobmerHa. ObopydosaHue ¢ onmumaabHOU KOHCMPYK-
yuel no3BoJIsem ocyuecmansms npouecc bonee npodykmusHo. OOHOBPeMeHHO aBmoMamu3UpOBaH-
Hoe ynpassieHue Napamempamu NPoyecca noskiwaem cmabusibHOCMb NPOU3BOOCMBEHHO20 Npoyecca.
CHuxceHue 3HepzonompebrieHus co30aém 3Ha4umesibHble 3KOHOMUYECKUe npeumyuiecmsa 018 Npo-
MbIUWIeHHbIX npednpusmud. Onmumu3zauyus npouecca abcopbuuu makxe cnocobcmsyem YMeHbUeHUHo
KoJIu4ecmaa BpedHbIX BbIOGPOCOB B OKPYM#arowyro cpedy. [103momy coBepuieHCmBoBaHue 0aHHo20 NPo-
yecca umeem 60/1bUIOe IKOJI02UYeCKoe 3HaqYeHue. [pumeHeHue CoBpemMeHHbIX Memoodos oNMUMU3AYUU
Nno3soJIsem 0p2aHuU308amMb NPOUECChI nepepabomku Npupoo0Ho2o eaza bosee 3pgdekmusHo u ycmod-
yuso.

Keywords: natural gas processing, absorption process, process optimization, gas purification, mass
transfer, absorber column, absorbent, process modeling, energy efficiency, environmental protection.

Acar sézlar: tabii gazin emali, absorbsiya prosesi, prosesin optimallasdirilmasi, gazin temizlenmasi,
kitls otdrilmasi, absorber kolonu, absorbent, prosesin modellasdirilmasi, enerji ssmaraliliyi, atraf
mduhitin mdhafizesi.

Knroqesbie c108a: nepepabomka npupo0Ho20 2d3a, npoyecc abcopbyuu, onmumMu3ayus npoueccd,
0YUCMKA 2d3a, MacconepeHoc, abcopbyUoHHAs KOI0HHA, abcopbeHm, MoO0eupoBaHue npoueccd, SHep-
203¢ekmuBHOCMb, OXPAaHa OKpyxcarousel cpeosbi.

Introduction

Natural gas processing plays a crucial role in the modern energy industry, and its efficient
purification not only improves product quality but also ensures compliance with environmental
standards. Components such as carbon dioxide, hydrogen sulfide, and other impurities in the gas can
negatively affect both its combustion properties and safe transportation.

The absorption process is widely used to remove these impurities and is based on gas—liquid mass
transfer. The efficiency of this process is directly influenced by factors such as temperature, pressure,
type of absorbent, and flow rate.

Optimizing the process reduces energy consumption, lowers operational costs, and contributes to
environmental protection. This study investigates the effects of key process parameters and identifies
optimal operating conditions to enhance the efficiency of natural gas absorption.

1. Research Objective and Significance

The primary objective of this study is to enhance the efficiency of the natural gas absorption
process by analyzing the effects of key process parameters and determining the optimal operating
conditions. The study aims to improve mass transfer efficiency, reduce energy and material consumption,
and minimize operational costs. Additionally, it evaluates the positive impact of process optimization on
gas quality and environmental protection, providing insights for more sustainable and economically
efficient natural gas processing.

2.Problem Statement and Related Work

Efficient purification technologies are essential in natural gas processing to ensure high product
quality and environmental safety. Inadequate removal of harmful components, such as carbon dioxide,
hydrogen sulfide, and other impurities, not only negatively affects the quality of the final product but
also increases safety risks during gas transportation and usage. Therefore, optimizing the absorption pro-
cess and improving mass transfer efficiency between gas and liquid phases remain critical challenges in
the natural gas industry.

Previous studies have shown that the main factors influencing absorption efficiency include tem-
perature, pressure, absorbent flow rate, mixing intensity, and the design of the absorber unit. Each of
these parameters significantly affects overall process performance. Modeling, simulation, and experi-
mental approaches have been widely applied to analyze process behavior and identify optimal operating

159



VI INTERNATIONAL SCIENTIFIC CONFERENCE. BRUSSELS. BELGIUM. 21-22.04.2026

conditions. However, existing literature and industrial practices, particularly at large-scale production,
have not fully addressed the systematic optimization of the absorption process in terms of energy effi-
ciency, minimizing absorbent losses, and reducing operational costs Additionally, process stability, con-
trollability, and monitoring play a crucial role in industrial applications. Poorly controlled operations can
reduce absorption efficiency, lead to excessive absorbent consumption, and increase operating expenses.
Consequently, optimization of both technological parameters and absorber design is essential for effi-
cient natural gas absorption. The main objective of this study is to enhance mass transfer efficiency in
the natural gas absorption process, improve the removal of harmful components, and strengthen process
controllability. Moreover, based on existing literature and industrial experience, the research proposes
new strategies for optimizing process parameters and reducing energy consumption. When implemented
at an industrial scale, these strategies can provide significant economic and environmental benefits.
Overall, improving the absorption process not only enhances product quality but also increases opera-
tional efficiency, lowers costs, and minimizes environmental impact. Therefore, process optimization in
natural gas treatment remains a priority both for scientific research and industrial practice.

3. Optimization of Absorbent and Gas Properties

The type and concentration of an absorbent directly affect the efficiency of gas absorption.
Chemical absorbents, such as MEA and DEA, are highly effective at capturing carbon dioxide. Because
they operate through chemical reactions, they provide high selectivity during the absorption process.
However, using chemical absorbents increases heat and energy consumption, as additional energy is
required during regeneration. Physical absorbents work by dissolving gases and are generally more
efficient under high-pressure conditions. Propylene glycol and dimethyl ether are common examples of
physical absorbents. Physical absorbents consume less enerqy compared to chemical ones, but their
absorption efficiency decreases at low pressures. The choice of chemical absorbent depends on the gas
composition and operating conditions, while the application of physical absorbents should be adjusted
according to pressure and temperature. The goal is to maximize absorption efficiency while minimizing
energy consumption, ensuring that the gas purification process is both technically and economically
optimal. Increasing temperature can accelerate the reaction of chemical absorbents but raises energy
costs, whereas increasing pressure improves the efficiency of physical absorbents. Absorbent
concentration also affects absorption rate; excessively high concentrations increase enerqy consumption.
Ultimately, selecting the most suitable absorbent according to gas composition and operational
conditions minimizes carbon dioxide levels, reduces operating costs, and meets environmental standards.
Therefore, matching the absorbent type with operating parameters is a key factor in the gas absorption
process.

Physical Absorbents (Propylene Glycol,

Property

Chemical Absorbents (MEA, DEA)

Dimethyl Ether)

Absorption principle

Absorbs CO, through chemical reaction

Absorbs gas through physical dissolution

Absorption efficiency

High, especially for CO,-rich gases

Better at high pressure, moderate CO,
selectivity

Suitability to operating
temperature

Moderate —high; higher temperatures
increase absorption but raise
regeneration costs

Effective at mild temperatures; high
temperatures may reduce absorption

Suitability to operating pressure

Can be used at any pressure; increasing
pressure does not always improve
absorption

Most effective at high pressure; low
pressure reduces absorption

Energy requirement

High —requires heat for regeneration

Low —separation process is simpler

Process suitability

Preferred for low CO concentration
gases or processes requiring high
absorption

Better for high-pressure gas streams and
processes where low energy
consumption is desired

Advantages

High selectivity, high CO, absorption
efficiency

Low energy consumption, simple
technology, low corrosion risk

Disadvantages

High energy cost, corrosion, risk of
amine degradation

Less effective at low pressure and low
CO; concentration
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4. Effect of Trays Inside the Gas Column on the Optimization of Natural Gas Absorption Process

Gas In

The untreated natural gas enters the absorption column. It contains carbon dioxide (COz) and other
gaseous components. The gas flows upward to interact with the descending liquid absorbent. Its compo-
sition and flow rate directly affect the efficiency of the absorption process.

Liquid In (Absorbent)

The absorbent enters from the top of the column and flows downward. It comes into contact with
the gas, capturing CO: in the process. The type and concentration of the absorbent determine the overall
absorption performance. Proper liquid distribution and flow rate enhance the effectiveness of CO: re-
moval.

Trays

Trays maximize the contact between gas and liquid phases. Each tray creates a region where gas
moves upward while the liquid flows downward. The tray type (sieve, bubble cap, or valve) affects the
contact area and absorption efficiency. The number and design of trays balance both CO: capture and
pressure drop in the column.

Absorbed CO2

CO: is captured by the liquid absorbent and removed from the gas stream. This absorption occurs
across multiple stages within the column. The captured CO: flows downward with the liquid toward the
bottom of the column. Absorption efficiency depends on the absorbent type, temperature, pressure, and
tray design.

Gas Out

The purified gas exits from the top of the column. It has been largely freed from CO: and other
absorbed components. The outgoing gas must meet operational and environmental standards. The col-
umn’s efficiency is evaluated based on the composition and purity of the exiting gas. Figure 1 illustrates
the arrangement of trays within the gas absorption column

— Absorbent Effect of Tray Number

Amine Solution

Absorption
Column

Trays Optimal Number of Trays

o Efficient Mass Transfer «

BT e High Purification

Few Trays

Natural Gas
(COz, st, etc.)

» Weak Absorption
e Impure Gas

;-,': i Too Many Trays
L=

= mEmT » High Pressure Drop

e Increased Energy Cost

ST —. Optimal Number: Efficient and Energy-Efficient Process

Liquid

Figure 1. Gas Column
5.The use of artificial intelligence in optimizing the natural gas absorption process
Artificial intelligence plays a crucial role in optimizing the natural gas absorption process and is
widely applied in the industry. Its primary function is to monitor parameters such as the flow of gas and
absorbent, temperature, and pressure in the absorption column in real time to enhance process effi-
ciency. Artificial intelligence analyzes data collected from sensors and automatically adjusts the amount
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and flow rate of absorbent according to the composition and volume of the gas. This makes the removal
of harmful components from the gas more efficient. Additionally, Al can predict the required absorbent
amount in advance and improve operational planning. This approach reduces energy and resource losses
and minimizes operational costs. As a result, the quality of the gas improves, and the process operates
more stably. Al also manages critical parameters such as temperature and pressure, ensuring the safety
and continuity of the process. Overall, artificial intelligence makes the natural gas absorption process
more efficient both economically and technically. The figure below presents the Al-assisted optimized
variant of the absorption process.

Purified Gas Output
Natural Gas Input =)

Absorbent ms.| Al Control System

Dirty Gas

Q Regulate temperature
ONOM il -« K
i . b o Analysis |

: o Control gas flow
Flow
Temperature  Pressure

Sensor l
| Optimal Result

Minimum Absorbent,
Off-Gas Output Maximum Clean Gas

o Adjust absorbent flow

Data Collection

Absorbent Input

Absorbent Inﬁi;t

Figure 2. Carrying out the absorption process using artificial intelligence

Natural gas enters the column from the top and flows along the path indicated by the yellow ar-
row. The absorbent liquid enters the column at various levels and is used to remove impurities from the
gas. Inside the column, the natural gas and absorbent interact with each other. As the gas rises through
the column, it becomes purified, indicated by the green arrow. Unpurified or contaminated gas exits the
column to the side. Flow sensors, temperature, and pressure measuring devices are installed at the col-
umn'’s inlet and outlet. These sensors collect real-time data and send the measured parameters to the
Data Collection module. The Data Collection module gathers the information from the sensors and trans-
fers it to the artificial intelligence (Al) analysis system. The Al processes the collected data and makes
decisions for optimal operation. It can adjust the absorbent flow rate as needed. It also regulates the
temperature and controls the gas flow. These adjustments minimize the amount of absorbent used. At
the same time, the gas leaving the column is maximally purified. An off-gas outlet is located at the bot-
tom of the column, where excess or contaminated gas is removed. Thus, the absorption process is man-
aged efficiently and economically with the help of artificial intelligence.

Conclusion

In summary, the application of artificial intelligence in the natural gas absorption process signifi-
cantly enhances process control and efficiency. By analyzing real-time data obtained from sensors, Al
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can optimally regulate the absorbent flow, temperature, and other gas parameters. This ensures more
effective gas purification and reduces the consumption of energy and absorbent. At the same time, op-
erational costs are lowered and the process becomes more stable. Therefore, artificial intelligence ena-
bles the absorption process to be organized more efficiently from both technological and economic per-
spectives.
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Abstract

The article discusses the concept of an extended model of fuzzy numbers, the Z-number. The Z-
number consists of two parts: (i) interval uncertainty, which is expressed by a triangular fuzzy number,
and (ii) probabilistic uncertainty given by the probability distribution. In the proposed method, addition,
subtraction, multiplication, and division operations on Z-numbers are performed through the optimiza-
tion method (L-BFGS-B algorithm). The program is developed in Python, and the results are presented in
the form of tables and graphs.

1. Introduction. The issue of uncertainty expression is of great importance in various fields, includ-
ing economic modeling, decision-making, engineering calculations, and artificial intelligence systems.
Traditional approaches, such as probability theory or fuzzy set theory, sometimes do not yield complete
results when applied individually [1-4]. Therefore, new models combining the two approaches are pro-
posed. One of these is the Z-S-Set model [1]. This model harmonizes the interval character of fuzzy num-
bers with the probability distribution. Consequently, not only the range of values is considered, but also
the probability of their occurrence. This article presents an optimization-based software implementation
of performing arithmetic operations on Z-numbers.

2. Methodology

2.1. Definition of Z-number

The Z-number consists of the following pairs:

e A=(a,b,c) - triangular fuzzy number (TNF), defines the range of values.

e B=(b_min, b_core, b_max)-indicating probability: minimum, basic and maximum probability.

Thus, the Z-number combines deterministic uncertainty (via the interval) and probabilistic uncer-
tainty (via the distribution).

2.2. Calculating the probability variance

The value of sigma (o) from probability intervals is found using the following formula:

azé, z :d)l(—1+ p)
Z 2

Here A is half the interval, ®@-1 is the inverse normal distribution function.

2.3. Arithmetic operations

Operations on two Z-numbers are defined as follows:

o Add

A, :(a1+a21 b1+b2' C1+C2)’ ﬂ:b1+b2

« Subtraction

A,=(a,—C,, b -b, ¢ —a,), u=b-b,

Reproduction: Through all combinations, the minimum and maximum are determined. Partition: if
there is a probability of zero falling, the action will not be executed; Otherwise, it is calculated for all
combinations. Part B is calculated using the optimization method. Here, the minimum and maximum
probability values are found by the L-BFGS-B algorithm. The prime probability is determined on the basis
of central values. The program plots the results in two parts — Part A is the triangle function and Part B
is the probability graph. In addition, all actions are also depicted in the form of a grid together. The pro-
gram was developed in Python. The Fuzzy Number class represents Z-numbers and allows operations to
be performed on them

4. Results
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As an example, the following two Z-numbers are chosen:
Z,—((2,3,4), (0.7,0.8,0.9)), Z,=((12,3),(0.1,0.2,0.3))
When operations are performed on them, the following results are obtained (Table 1):

Action A B(min,core,max)
Z1+22 (3.0, 5.0, 7.0) (0.88, 0.245, 0.301)
21-22 (-1.0, 1.0, 3.0) (0.124, 0.357, 0.488)
21*722 (2.0, 6.0, 12.0) (0.077,0.229,0.277)
Z1/22 (0.67, 1.5, 4.0) (0.143, 0.330, 0.422)

(Z1+22)%(Z1-22)/Z2  (+0.33,1.5,8.0) (0.066, 0.208, 0.261)

Based on the results, the following observations were made. In addition and subtraction, part A
corresponds to classical fuzzy arithmetic. There is an interval expansion in multiplication and division.
Since Part B is calculated on the basis of optimization, the probability values have a significant impact on
the type of operations. The graphical results are saved to separate files and plotted in a shared grid view,
too. 4. Conclusion. In this study, an optimization-based software implementation of arithmetic opera-
tions based on the concept of Z-number has been developed. With the help of the program, parts A and
B of the Z-numbers were treated separately. Arithmetic operations were calculated more accurately by
the optimization method. The results were presented in tabular and graphical form. The proposed ap-
proach allows for deeper modeling of uncertainties and making decision-making systems more reliable.
In the future, this method can be tested in multidimensional Z-numbers and real-world practical prob-
lems.
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Abstract

This article presents the mathematical essence of Z-numbers and the development of a new math-
ematical class (class) based on Z-numbers on their basis. This class is similar to the math module in the
Python programming language, in which mathematical functions such as sine, cosine, exponential, loga-
rithm, root are applied to Z-numbers. The Z-number consists of two components: the A part (the triangu-
lar fuzzy number) and the B part (the confidence level). In the process of function calculation, the new
values of part A are transferred directly through the function, and the recalculation of part B is per-
formed using the optimization approach. Practical results were demonstrated by experimental examples,
tables and graphs. The proposed approach allows for efficient organization of mathematical calculations
under conditions of uncertainty and expands the possibilities of programmatic application of Z-numbers.

Keywords: Z-number, fuzzy number, probability, Python, math class, sine, cosine, exponential, log-
arithm, uncertainty, optimization.

1. Introduction. Many issues of mathematical modeling are based on precision and deterministic
data. However, in many real-life situations, uncertainty plays a significant role. For example, there is un-
certainty in environmental monitoring, economic forecasting, diagnostics in medicine or technological
processes, in which classical mathematical apparatus becomes insufficient [1-2].

The concept of Z-number presented by Zade allows for the modeling of complex uncertainties by
combining fuzzy numbers and probability elements. Each Z-number is made up of two parts. Part A is a
fuzzy number (e.g., a triangular fuzzy number, TFN), and part B is a probability that represents the confi-
dence level of part A. In recent years, there have been a number of studies on the programmatic imple-
mentation of arithmetic operations on Z-numbers. But mathematical functions (sine, cosine, exponen-
tial,etc).A special systematized class that allows applying it to Z-numbers has not yet been widely devel-
oped [3-5].

This article presents the development of a custom math class in the Python programming lan-
guage, similar to a math module, but designed for Z-numbers.

2. Methodology

2.1. Mathematical Model of Z-Numbers.

The Z-number is defined as:

Z=(A, B),

In this:

e A=(a,b,c)- Triangular fuzzy number (TFN),

® B=(Din+ Doore s Brnax ) - €XPression of the probability level.

2.2.  Function application mechanism

A component transformation:

A =(f (a), f (b), f(c)),

where f-is a mathematical function (sin,cos,exp,log,sqrt, etc.). If the function is not monotonic (for
example, sine), additional  critical ~ points  are  also  taken  into  account.
Part B renewal is not done by a simple algebraic formula, but by optimization. The goal is that for the
new output intervals (part A'), the confidence level of part B is readjusted via the sigma function. In this,
the L-BFGS-B algorithm is used.

2.3. ZMath class

Key features of the newly created class:

Sine, cosine: Calculation of periodic functions in uncertainty.

Exponential: Modeling of Unpredictable Processes in Growth.

Logarifm: Scaling down.

Square root: Used for physical and statistical models.
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Thus, an analogue of the classical math module, but a special ZMath class designed for Z-numbers
was developed.
3. Results
3.1. Experimental Examples
The following initial Z-number was obtained:
71=((2,3,4),(0.7,0.8,0.9)). Z 1=((2, 3, 4), (0.7, 0.8, 0.9)). Z1=((2,3,4),(0.7,0.8,0.9)).
The following functions applied to it:

exp(2,)

3.2. Results table

Funksiya | A low | A core | A _high | B low | B core | B_high
exp(Z1) 7.389 | 20.085 | 54.598 | 0.777 | 0.868 0.947
sin(Z1) -0.756 | 0.141 0.909 0.502 | 0.642 0.751
cos(Z1) -0.989 | -0.990 | 0.283 0.489 | 0.623 0.744
log(Z1) 0.693 1.099 1.386 0.801 | 0.889 0.951
sqrt(Z1) 1.414 1.732 2.000 0.814 | 0.901 0.964

3.3. Graph results

For each function, Part A (triangular fuzzy number) and Part B (level of reliability) were plotted in
separate graphs. The results showed that the ZMath class allows for the efficient application of tradi-
tional mathematical functions under uncertainty.
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4. Conclusion. The paper presents a class ZMath based on Z-numbers created in the Python pro-
gramming language. This class extends the functions of the math module, allowing functions such as
sine, cosine, exponential, logarithm, and root to be computed under conditions of uncertainty.

The results show that Part A was recalculated through simple functional transformation, Part B
was adapted through the optimization mechanism, The results were clearly illustrated in graphical and
tabular form. The proposed approach could be effective in automating mathematical calculations under
uncertainty, decision making systems, and economic and technical modeling. In future research, it is
planned to expand this class to develop mathematical hardware for multivariable Z-numbers, integrating
hypergonometry functions (tanh, coth, sinh, cosh), with probability distributions.
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Abstract

Functional meat products are an emerging area of the food industry aimed at improving nutritional
quality and promoting human health. Traditional meat products are valuable sources of high-quality pro-
tein, essential amino acids, and micronutrients; however, their high levels of saturated fat and sodium
limit their role in healthy diets.

This study highlights key approaches to the development of functional meat products, including
fat and salt reduction, enrichment with dietary fiber, omega-3 fatty acids, natural antioxidants, and the
incorporation of probiotic and prebiotic cultures. These modifications enhance the biological value of
meat products and contribute to the prevention of chronic diseases.

Globally, the functional food market is rapidly expanding, while in Kazakhstan this sector is still
developing despite significant raw material potential and growing consumer interest in healthy nutrition.

Thus, functional meat products represent a promising direction for improving public health and
advancing modern food technologies.

AHHOMayus

DYHKUUOHASIbHbIE MSACHbIe NPOJYKMbI Npedcmassstom cobol passusaroujeecss HanpassieHue
nuwesold NPOMbIUW/IEHHOCMU, HANPABJIeHHOe HA NOBbIWEHUe NUWeBod UeHHOCMU U Y/lyduweHue
300poBbsl  YesnoBekd. TpaduuUOHHbIe MSACHbIE NPOOYKMbI  ABJISHOMCA  UEHHbIM — UCMOYHUKOM
BbICOKOKAYeCMBEeHH020 besiKa, He3ameHUMbIX AMUHOKUC/IOM U MUKPOHYMPUEHMOB, 00HAKO UX BbICOKOE
co0epy(aHue HaCbIWEeHHbIX #UPOB U HAMPUS 02pAHUYUBAEm UX pOJib 8 300POBOM NUMAHUU.

B 0aHHoU pabome paccMompeHbl 0CHOBHbIE NOOX00b! K pa3pabomke GyHKUUOHAIbHbIX MACHbIX
NPOOYKMOB, BK/IKOYASI CHUM(EHUE COOEPHAHUS #UpAd U COJIU, 0602aujeHue NUUEBbIMU BOJIOKHaMU, oMme2a-
3 XUPHBIMU KUC/IOMAMU, NPUPOOHBLIMU AHMUOKCUOAHMAMU, a MAakxce Ucno/ib308aHue NpobuomuYecKux
u npebuomuyeckux KyJbmyp. 3mu mMoougukauyuu NOBbILArOM 6UO/I02UYECKYH UEHHOCMb MSCHbIX
NPOOYKMOoB U CNOCobCMBYHm NPOGUIAKMUKe XPOHUYecKux 3aboiesaHud.

Ha enobasibHoM ypoBHe pbIHOK YHKUUOHA/IbHBIX NPOOYKMOB NUMAHUS AKMUBHO pa3BuUBAEMCS, B
mo Bpemsi Kak 8 KasaxcmaHe 0aHHbIU CeKkmop Haxooumcs Ha CMaouu CMAaHOBJIEHUS, HeCMOmps Ha
3Ha4YumesibHbIU Cbipbesol NOMeHUUasI u pacmywul uHmepec nompebumesiel K 300p0BOMY NUMAHUHO.

Takum 06pasomM, pyHKUUOHA/bHbIE MACHbIe NPOOYKMbI Npeocmasssom cobol nepcnekmusHoe
HanpasJsieHue, cnocobcmayrousee yiiyHuieHuro 300p0Bbs HaCeIeHUS U Pa3BUMUK COBPEMEHHbIX NUULEBbIX
mexHosoaud.

Keywords: functional meat products, food industry, dietary fiber, omega-3 fatty acids, antioxi-
dants, probiotics, prebiotics, healthy nutrition, food technology, Kazakhstan

KnroyeBbie ¢/108a: pyHKUUOHA/IbHbIE MSCHbIE NPOOYKMbI, NUWEBAS NPOMbIU/IeHHOCMb, NUULEBLIe
BOJIOKHA, OMe2a-3 XUPHbIe KUC/IOMbI, AaHMUOKCUOAHMbI, NPobUOmMuUKU, npebuomuku, 300poBoe
NUMAHue, nUWesas mexHo02us, Kasaxcma

B ycnosusix enobanusayuu U U3MeHeHUs CMPYKMYypbl NUMAHUs HaceseHus Habsrodaemcs
ycmolyusbil  pocm  uHmepeca K @YHKUUOHA/IbHBIM — NPOOYKMam, 061adarouyum He MmosibKo
numamesibHol, HO U NPOPUAAKMUYECKOU HANpPasieHHOCMbro. 1o OaHHbIM ~ MeOYyHAPOOHbIX
uccnedoBaHull, — pbIHOK — PYHKUUOHAJIbHBIX — NPOOYKMOB — exe200HO  0emMOoHCmpupyem  pocm,
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06ycn0B8/1eHHbIU  yBeiudeHuemM pacnpoCMpaHeHHoOCMuU CcepoeyHo-cocyoucmsix, memabosiudeckux u
2acmposHmeposioeudeckux sabonesarud [1].

Msico u MsicHble NPOOYKMbI AB/SHOMCS  BAXCHEUWUM UCMOYHUKOM NOJIHOUEHHO20 besiKa,
codepxcaujeeo Bce HeamMeHUMble AMUHOKUC/IOMbI, d MAakxe xene3a 8 seekoycsosemol gopme u
BUMAmMuHoB epynnbi B. OOHAKo mpaduuuOHHbIE MSCHbIE NPOOYKMbI XaPAKMEPU3YHOMCS NOBbIULEHHbIM
COOepHaHUeM HAChIUJeHHbIX H#UPOB, XO/IeCMePUHA U HampUsl, YmMo 02paHUYUBAEmM UX UCNOJ/1b30BAHUE B
pauuoHe roded, opueHMUPOBAHHbIX Ha 300posoe numarue [2].

B smol cBs3u ¢popmupyemcs HanpasiaeHue Co30aHUs (YHKUUOHA/IbHBIX MSACHbIX NPOOYKMOB,
Komopble npedcmasnarom  cobol  u3denus, MOOUPUUUPOBAHHbBIE C UE/bo  NPUOdHUS UM
00NOJIHUMEIbHbIX — u3Uo/I02UYeCKU  Nose3Hbix  csolcms.  Co2lldCcHO — COBPeMEHHbIM — HAYYHbIM
NpeocmassieHusM,  QYHKUUOHA/IbHbIE —MACHbIE NPOOYKMbI  OO/KHbI  He MOJIbKO  COXPAHAMb
MPAaduyUOHHbIe — 0p2aHOIeNMuUYeckue  Xapakmepucmuku, HO U 06s1ad0amb  O0KA3aHHbIM
NOJIOHUMETIbHbIM BJIUSHUEM HA OpP2aHU3M YyesioseKka [3].

OOHUM U3 KJItoYeBbIX HanpasieHul QyHKUUOHAIU3AUUU SBISEMCS CHUMXCEHUE COOEPXAHUS Xupa
u conu. Mlcnosb3osarue 3ameHumernel Xupa (pacmumesibHble MAacsad, 3MyJsbCUOHHbIE CUCMEMb]) U
conezameHumesiell NO3BOJISEM CHU3UMb KAJI0pUUHOCMb NPOOYKMA U YMEHbUWUMb PUCK pa3BumMus
2unepmoHUU U cepoeqyHo-cocyoucmeix 3abonesarudl [4].

Zlpyeum BaXcHbIM HanpassieHuem ssasemcs obozauwjeHue MSCHbIX NPOOYKMOB NUULEBbIMU
BOJIOKHamu. JJobasneHue Kiemyamku cnocobcmayem HOpManau3ayuu pabomasi x#esy004HO-KULULEYHO20
MPAKMA, CHUXCEHUI YPOBHSA XOeCmepuHa u yiyHweHuro Memaboaudyeckux npoueccos. B kadecmse
UCMOYHUKOB NUWEBbIX BOJIOKOH WUPOKO UCNOJIb3YHOMCS 3/1aK0BbIE KYJ/1bMypbl, 60608ble U BMOPUYHbIe
NpoOyKmMbI Nepepabomku pacmumesbHo2o cbipbs [5].

3HaqyumesnbHbIl  UHMepec npedcmassisem BK/KYEeHUe B8 COCMAB MSACHbIX NPOOYKMOB
NOJIUHEHACHIUEHHBIX HCUPHBIX KUCIOM (OMe2a-3), Komopble ueparom BAaXcHyt posib B NPOGUIAKMUKE
cepoeqyHo-cocyoucmsix 3abonesarul U BoCNAIUMesbHbIX npoueccos. ObozaueHue MACHbIX NPOOYKMOoB
ome2a-3  ocywiecmsaaemca 3a c4ém  00b6asneHuss  pblbbe2o  xupd, JIbHSH020 MAcaad  uu
MUKPOKANCY/IUPOBAHHbIX popm aunudos [6].

Ocoboe BHUMAHUe 8 Noc/1Ie0HUe 200kl yoesIgemcs UCNO/Ib308AHU AHMUOKCUOAHMOB NPUPOOHO20
NPOUCXOXOeHUs (NoaupeHo b, pacmumesibHbie 3KCMPAKMbI, BUMAMUHbL), KOMOopble cnocobcmBaytom
CHUMCEHUIO OKUC/IUME/IbHbIX NPOLECCOB KAK B NPOJYKMeE, MAK U B 0p2aHuU3mMe Ye/108eKkd. Imo No380/i1sem
NoBbICUMb CPOK XPAHEHUS NPOOYKUUU U OOHOBPEMEHHO YJ1y4UmMb eé pyHKUUOHAIbHbIe cBolcmaa [4].

[MepcnekmuBHbIM HaNpassaeHuem S8/Isemcs paspabomka npobuomuUYecKux U CUHOUOMUYECKUX
MSICHbIX NPOOYKMOB. depmMeHmupOBAHHbIe MSCHbIE U30es1us Mo2ym Cayx#ums 3¢pgdekmusHol mampuyel
019  00CMasku NPoObUOMUYECKUX MUKPOOP2aHU3MOB, o0becneqyusas HOPMAau3auuro KulleyHou
MUKPOBUOMBI U NOBbILLEHUE UMMYHHOU 3aUiUmabl 0peaHu3ma [6].

C mexHosio2u4eckol MoYKU 3peHus, CO30aHuUe PYHKUUOHAbHBIX MSICHbIX NPOOYKMOB mpebyem
KOMNJIeKCHO20 N0OX00d, BK/IHOYArouje2o nodbop uH2pedueHmos, onMuMU3auUI0 peuenmyp, KOHMpPOsib
mexHosI02uYeckux napamempos U obecneyeHue cmabusibHOCMU @GYHKUUOHAbHBIX KOMNOHEHMOB.
BsedeHue HOBbIX UH2PEOUEHMOB MOXem OKA3bIBAMb BJUSHUE HA MEKCMYpPY, BKYC U usem Npodykmad,
ymo mpebyem donosHUMeEIbHOU KOPPEKMUPOBKU MEXHOI02u4ecKux npoyeccos [5].

Hecmompsi Ha 3Ha4yumesibHbId NOMeHUUAds, passumue QyHKUUOHAbHbIX MSCHbIX NPOOYKMOB
conpsxeHo ¢ padom npobnem. K HUM OMHOCAMCA BbICOKAS CMOUMOCMb  PYHKUUOHA/IbHBIX
UHepeodueHmMoB, HeobxoO0UMOCMb NPOBEOeHUs] K/IUHUYeCKUx ucciedosaHull 0718 NOOMBepI0eHus
3a8BJIeHHbIX 3(deKkmos, a makxe HeooCMmamoyHas UHGOPMUPOBAHHOCMb nompebumesnel o
npeumMyuecmsax makux Npooykmos [2].

B mo e Bpemsi, pocm cnpoca Ha NpooyKmMabl 300p0BO20 NUMAHUS, d MAKX e 20CYy0apCmBeHHbIe
NPO2PAMMbI, HANPABJICHHbIE HA YJy4YleHue Ka4ecmad NUMAaHus HacesaeHus, co30arom 61a20npusimHbie
ycnosua 0718 O0asbHelwe20 passumus 0aHHO20 HANpasseHus. B 4acmHocmu, 8 noc/iedHue 200bi
Habirodaemcs akmusHoe BHeopeHUe UHHOBAUUOHHBIX MexHOo/102ull, BKIHOYAS MUKPOKANCY/IUPOBAHUE,
ucnoJsib308aHuUe b6uOMexHoMI02U4YeCKUX Memodos u paspabomky KOMOUHUPOBAHHBIX
mAcopacmumesibHbIX npodykmos [5].

DYHKYUOHA/IbHbIE MSACHbIE NPOOYKMbI ABJISHOMCS NEpPCNeKmMUBHbIM HANPAsIeHUeM pa3sumust
nuwiesol NPOMbILLIIeHHOCMU, CNOCOBCMBYHWUM NOBLILIEHUK) Ka4ecmBd NUMAHUs U NPoGdUIaKmMUKe
XPOHUYecKux 3abonesaHud. Vix danbHelwee passumue CBA3aHO C COBEpUIeHCMBOBAHUEM MexHo102ull
Nnpou3BoOCMABA, pacliupeHuem accopmumeHma U NoBbileHuem 00CMYyNHOCMU O0J1S WUPOKUX C/10éB
HaceseHus.
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B nocnedHue 200bl MUPOBOU PbIHOK QYHKUUOHAIbHBIX NPOOYKMOB NUMAHUS 0eMOHCMpupyem
ycmodyusbit  pocm,  4Ymo  0OYC/I0B/IEHO — YBeslUYeHUeM  pacnpoOCMPAHEHHOCMU  XPOHUYECKUX
HeuH®eKYUOHHbIX 3abos1eBaHul U NOBbILIEHUEM 0CBEOOMIEHHOCMU HACeaeHUs] 0 NPUHUUNAX 300p0BO20
numadusg. 1o O0aHHbIM MeOYHAPOOHbIX AHAIUMUYECKUX 0630p0B8, 0O6BEM MUPOBO20 pPbIHKA
PYHKUUOHAIbHBIX NPOOYKMOB e)e200H0 y8e/iuduBaemcs 8 cpeoHem Ha 6—8%, npu 3mom 3Ha4umesibHas
00/191 NPUXOOUMCS HA NPOOYKMbI, 0602AUEHHbIe buO02UYECKU AKMUBHBLIMU KOMNOHEeHmamu [6].

B cmpykmype dYyHKUUOHAIbHO20 NUMAHUA MPAOUUUOHHO QOMUHUPYHOM MOJIOYHbIE, 3epHOBbIe U
HANUMKU, OOHAKO Ce2MeHm YHKUUOHAIbHbIX MSACHbIX NPOOYKMOB pPA3BUBAEMCH YCKOPEHHbIMU
memnamu. 3mo CBA3AHO C COBEPUIeHCMBOBAHUEM MexHO102ull NnepepabomKu, BK/IKOHYAsI UCNO/Ib308AHUE
NpobUOMUKOB, AHMUOKCUOAHMOB, NUUIEBLIX BOJIOKOH U NOJIUHEHACLIUEHHbIX HUPHbIX Kuciom [7].

B cmparHax Esponelickoeo corosa, CLUA u SAnoHuu akmusHO Bedymcs ucciedo8aHus 8 obaacmu
C030aHUSsI MSICHbIX NPOOYKMOB C NOHUXCEHHbIM COOEPHCAHUEM XUpa U COJU, d MAakxe 0602auiéHHbIX
omMe2a-3 HUPHbIMU KUCIOMAaMu U pacmumesibHbIMU KoMnoHeHmamu. Ocoboe BHUMAHue yoesnsemcs
paspabomke cuHbuomu4yeckux npooOyKmMoB, CO4emarouiux NPOGUOMUKU U NpebuomMUKU, YmMo NO380J15em
YCUIUBAMb UX YyHKUUOHAbHBIU 3¢ppekm [8].

B Pecnybiuke Kazaxcmad MACHAs Ompac/ib ABASEMCA 00HOU U3 K/IHOYeBbIX 8 CMPyKmype
a2poNPOMbIUISIEHHO20 KOMNJIEKCd. 10 0aHHbIM HAUUOHAbHOU CMAamucmuku, Npou3sBoocmBso MAcd B8
cmpare 3a nocedHue 200bI 0eMOHCMPUPYem NOJIOXUME/TbHYH OUHAMUKY, YBE/IUYUBLWIUCHL boJiee YeM Ha
15-20% 8 nepuod 2020-2025 22., Ymo CBA3AHO C PA3BUMUEM HUBOMHOBOOCMBA U 20CY0dPCMBEeHHOU
nododepxckold ompacsu. [lpu 3mom yposeHb nompebiieHus MACa Ha 0yWy HaceaeHus 0Cmaémcs 8bICOKUM
u npesbiwaem 70 K2 8 200, YmMo COOMBEMCMBYem MUPOBbLIM NOKA3AMESISIM.

Hecmompsi Ha 3Ha4umesibHbIl CbipbeBOlU NOMEeHUUas, ce2MeHm @GYHKUUOHAIbHBIX MSICHbIX
npodykmos B8 KasaxcmaHe Haxooumcsa Ha cmaouu @opmuposarus. Ha pbiHke npeobaadarom
MPAaocuUyUOHHbIe MACHbIe u30enus (koabackl, nosygabpukamel), moz2da Kak 0078 NPOOYKMOs,
00602aWBHHBIX  BYHKUUOHA/IbHBIMU — UH2PEOUeHMAamMu, 0Cmaémcs  HesHaqyumesibHol.  OCHOBHbIMU
NPUYUHAMU  ABAAIOMCH  BbICOKAA CMOUMOCMb  (YHKUUOHA/IbHBIX  0006ABOK, HEO00CMAamoYyHas
mexHosoeuYeckas 6aa u o2paHu4eHHbIl cnpoc co CmopoHbl nompebumernel [9].

B mo xce Bpems 8 Kazaxcmare Habiro0aemcs pocm UHmepeca K NpooyKmam 300p08020 NUMAHUS,
0C0beHHO Cpedu 20po0CK020 HacesieHusA. Pazsumue Hay4YyHbIX uccaedosaruld 8 obnacmu nuujesol
6e3onacHocmu u mexHoa02uU NPOOYKMOB NUMAHUS cnocobcmByem NOSBICHUK HOBbIX pa3pabomok,
BKJIKO4AS MACHbIE NPOOYKMbI, 0602AUEHHbIE pACMUMETbHbIMU KOMNOHEHMAamu, NUWEBbIMU BOJTOKHAMU
u aHmuokcudaHmamu [10].

lMepcnekmuBbl pazBumusi yHKUUOHA/IbHbIX MSICHbIX NPOOyKmMoB B Kasaxcmade CBS3aHbl C
UCNOJIb30BAHUEM MECMmHO20 CbIpbA (KOHUHA, 20B8A0uUHa, 6apaHuHa), o0bsadaroue2o BbICOKOU
buosioeudeckol UEHHOCMbO, a MAakxe BHeOpeHUeM UHHOBAUUOHHBLIX mexHosio2ul nepepabomku.
BaxcHbIM HAnpaseHuem sB/semcs Co30aHue MACopacmumesibHbiX NPOOYKMOB, NO3BO/ISHOULUX
00HOBPEMEHHO NOBbLICUMBb NUWEBYH UEHHOCMb U CHU3UMb Cebecmoumocmb NPOOYKUUU.

B muposom macuwimabe pyHKUUOHA/IbHbIE MACHbBIE NPOOYKMbI YXe 3aHUMAarom YcmoUldusyro HUWY
U aKMUBHO paA3BUBAOMCS, Mo20d Kak B8 KasaxcmaHe O0aHHbI cesMeHm HaxoOdumcs Ha 3mane
cmarosieHus, 061adas npu 3mMoM 3HA4YumMesibHbIM NOMEHUUAIoM pocma NpuU YCa08uu passumus
Hay4YHo-mexHoa0eu4eckol 6a3bi U NOBbILEHUS NOMpPebumesibCKo2o cnpocd.
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