KA3AKCTAH PECITYBJIMKACBIHBIH FbUIBIM XXOHE XKOFAPBI BIJIIM MUHWCTPIIIT'T
MUHUCTEPCTBO HAYKHU U BBICIIEI'O OBPA3OBAHUN A PECITYBJIMKM KA3AXCTAH
MINISTRY OF SCIENCE AND HIGHER EDUCATION OF THE REPUBLIC OF KAZAKHSTAN

INTERNATIONAL
UNIVERSITY

XANBIKAPANLIK ™ "= WRNE MEWAYHAPOAHBIA
YHHBEPCHTETI I I YHHBEPCHTET

XAJIBIKAPAJIBIK AKITAPATTBIK KOHE
KOMMYHUKALIUAJIBIK TEXHOJIOI'UAJIAP
KYPHAJIbI

MEKJIYHAPOJIHBIN JKYPHAJI
WUH®OPMALMOHHLIX U
KOMMYHUKALMOHHBIX TEXHOJIOT U

INTERNATIONAL JOURNAL OF INFORMATION
AND COMMUNICATION TECHNOLOGIES

2025 (24) 4

KA3AaH- JHCeinoOKCAH

ISSN 2708-2032 (print)
ISSN 2708-2040 (online)



BAC PEJJAKTOP:

HcaxoB Acbuifex AGANAIIMMOBHY — ECCIITCY TEOPHSCHI CallaChIHa MaTeMaryka GoiibiHiia PhD foktop, "KoMITBIOTEpIIiK FEUIBIMAIAP JKOHE
undopmarnka" GarbIThl OOUBIHIIA KaybIMIACTBIPbUFAH Hpodeccop, XaibIKapaiblK aKMapaTThiK TEXHOJIOTHsIIAP YHUBEpCHTETiHIH Backapma
Teparacsl — Pexrop (Kazakcran)

BAC PEJJAKTOPIIBIH OPBIHGACAPBI:
KonecankoBa Karepmna BHKTOpPOBHA — TeXHMKa FbUIBIMIAPBIHBIH JOKTOPBI, mpodeccop, XaublKapaiblK aKIapaTThIK TEXHOJOIHsUIap
YHHUBEPCUTETIHIH FhUIBIMH-3ePTTEY KbI3MeTi skeHiHzeri npopektop (Kasakcram)

F. IM XATIIbI:

HNnanakoBa Mamuna Ty/lereHOBHA — TEXHHKA FHUIBIMAAPBIHBIH KaHIUIATBI, KaybIMAACTEIPbUFAH Hpoheccop, XalbIKapablK aKIapaTThIK
TEXHOJIOTHSUIAp YHUBEPCUTCTIHIH FHUIBIMU-3EPTTCY KbI3METI )KOHIHJICTT AerapTaMeHT mpekTops! (Kazakcran)

PEJAKIUSLIBIK AJTKA:
Pazax A6ays1 — PhD, XasbIKapanbIK aKapaTThIK TEXHOTOTHSUIAp YHHBEPCUTETi KHOepKayirci3aik kadeapachHbiH npodeccopsl (Kazakcran)
Jlyuno Tommaszo e ITaomic — Canento Yhusepcuteri (MTamist) MHHOBAIWS JKOHE TEXHONOTHSUIBIK MHXKHHMPHHT Jenapramenti AVR

3ePTXaHACBIHBIH 3EPTTEY JKOHE d3ipIey OeriMiHIH JUPEKTOPBI

JInz Bakon — npodheccop, Abepreii YunpepcuteTi (YIbIOpHTaHNS) BULE-KaHIPIEPiHIH OPbIHOACAPhI

Mukeiie [larano — PhD, ITu3a Vausepcurerinix (Mramist) npodeccopst

Orendaes Myxrapbaii Oreindaiiyibl — (usrKa-MaTeMaTnKa FHUIBIMAAPBIHBIH JTOKTOPBI, mpodeccop, KP ¥FA axanemuri, Xasbikapanbik
AKITApaTTIK TEXHOJIOTHsIAP YHUBEPCUTETI MaTeMaTHKA YKOHE KOMITBIOTEPIIIK Moziesb/ey KadeapackiabiH npodeccopst (Kazakcran)

Poicoaiiyibl Bosiaréex — usnka-MateMaTHKa FhUIBIMAAPBIHBIH J0KTOPBI, ipodyeccop, Ecerrey jxkoHe aepekTep FhUIbIMIAPHI JCapTaMEeHTIHIH
nipodeccopbl, Astana IT University (Kazaxcrar)

Jaiineko EBrennsi Asexcanp — PhD, XabIKapasbIK aKapaTThIK TeXHOIOTHsUIAp YHHBEPCUTETI aKIapaTThIK Kyiernep KadeIpachiHbIH
nipodpeccop-3eprreymici (Kazakcran)

Jy36aes Hyp:kan Tokkyxkaesuu — PhD, KayeMaacTsIpsUFaH Tpodeccop, XamblKapanblK akKHapaTThIK TEXHONOTHSAIAP YHHBEPCHTET
udpraHaBIPy JKoHE HHHOBALMSLIAp xkeHiHzeri mpopextop (Kazakcran)

CunueB Baxtrepeii KycnmanoBuu — TexXHMKa FbUIBIMJIAPBIHBIH JOKTOpBI, Tpodeccop, XaubIKapaiblK aKNapaTThK TEXHOIOTHsUIAp
YHHUBEPCHTETI aKIapaTThIK XKYyiiesep kadenpacsinbiH npodeccops (Kazakcran)
CeiiioBa Hypryias Afajgy/uiaeBHa — TEXHHKAa FbUIBIMIAPBIHBIH JIOKTOPbI, XaIbIKAPAIbIK AKINAPaTThIK TEXHOJOTHSUIAD YHHBEPCHUTETI

KOMITBIOTEPIIIK TEXHOJIOTHsLIap ykaHe KubepKayircizik daxybrerinin aekansl (Kazakcran)

MyxamenneBa Apaak I'aGHTOBHA — SKOHOMMKA FBUIBIMIAPBIHBIH KaHIMIATHI, XaIbIKAPAIBIK AKIAPATTHIK TCXHONOTHSIAP YHUBEPCUTETI
GusHeca MeJna skoHe 6ackapy (akysreriniH Jexans! (Kasakcrar)

Abanka, 3amupa Typcer — PhD, kaysMaacTsIpbUIFaH npogeccop, XalbIKapasblK aKapaTThIK TEXHOIOTHSUIAp YHUBEPCHTETI
MaTeMaTHKa JKOHe KOMITBIOTEPITIK MOZIeIbIeY KadeapachHbIH MeHrepyici (Ka3akcTam)

Inabaudexos Epaan YKapxanouy — PhD, kaybivpacTsipsuirad npodeccop, XaibIKapaiblK aKIapaTThIK TEXHOIOTHSUIAP YHUBEPCHTETI
9KOHOMHKA JKaHe On3Hec KadenpachiHbiH MeHrepyiici (Kasakcras)

Jlamensi MakcyroBHa EckeHMpoBa — TeXHHKA FHUIBIMIAPBIHBIH KaHIMIAThI, KAYBIMIACTBIPBUFAH 1podeccop, XaubIKapalblK aKIapaTThIK
TEXHOJIOTHsLIAp yHUBEpCUTETi Knbepkayircisik kadenpacsinbiy MeHrepyuiici (Kasakcram)

HusisryioBa Aiiryibs AckapGekoBHa — (HIONOrUs FHUIBIMIAPBIHBIH KAHIMAATHI, JOLCHT, Hpodeccop, XaibKapalblK aKNapaTTbik
TEXHOJIOTUSIAP YHUBEPCHTET] MEIMaKOMMyHHMKaIIHs skoHe KasakcTaH Tapyxsl KadenpackiHbiH MeHrepyici (Kasakcram)

AiitmaramberoB Aurtaii 3ydapoBuy — TexXHHKA FBUIBIMIAPBIHBIH KaHIMIAThI, XaJbIKApAIBIK aKMNapaTThIK TEXHOJIOTWsUIAp YHHBEPCHTETi
PAIMOTEXHUKA, JIEKTP JKIHE Te. y ¢enpacbinbin npodeccopnl (Kaszakcran)

Baxtusp Enena A — TeXHHMKA FBUIBIMIAPBIHBIH KaHIMIATHI, KaybIMAACTHIPBUTFAH Mpodeccop, XabIKapalblK aKMapaTThIK
TEXHOJIOTHSUIAP YHUBEPCUTETI PaTHOTEXHUKA, EKTPOHHKA JKSHE TEIeKOMMYHHKALNS KadeapachHbIH MeHrepyici (Kazakcran)

Kanunbex Cancbi3oaii — PhD, kaysiviacTteipburras npodeccop, XanbIKapaiblK aKapaTThIK TeXHONOTHSIIAP YHUBEPCUTETI KHOepKayirci3mik
kadenpaceiHbIH npodeccop-3eprreyuici (Kazakcran)

TeinbiMoaeB Caxudaii — TeXHIKA FhUIBIMAAPBIHBIH KaHMAATHI, Tpodeccop, XabIKapablK aKIapaTThIK TEXHOIOTHSUIAP YHHBEPCUTET]
KOMITbIOTEPIIK HEDKeHepust KadyeipachiHbiH mpodeccop-3eprreyiuici (Kasakcrat)

Anmucped Amm Ao — PhD, XasbIkapaltbIK aKIapaTThIK TEXHOIOTHsUIAp YHHBEPCHTETI KHOepKayinci3tik kadyepachIHbIH KaybIMIACTBIPbLIFAH
nipodeccopst (Kasakcram)

Moxamen Axmen Xamana — PhD, XaJbIkapaiibIK aKIapaTThIK TEXHOJOTHsIIAP YHUBEPCHTETI aKIapaTThIK JKyHernep KaheapackiHbIH
KaybIMIACTBIPbUTFaH rpodeccopsl (Kazaxcran)

Sur Um Yy — PhD, I'avon yausepcuretinig mpopeccopst (Outyctik Kopes)

Tapeym Basiac — PhD, Aam MutikeBud atbinzars! (ITosbiia) yHUBEpCHTETTIH IPOPEKTOPBI

Mawmbipoaes Opken JKymazkanosud — PhD, KP F2KEM FobuibiM KoMUTETI aKIApaTTBIK HKOHE €CeNTey TeXHOMOrHusuIapbl HHCTUTYThl OMK
JIPEKTOPBIHBIH FHUIBIM sKOHiH/eri opbiHbGacaps (Kasakcram)

Byuyes Cepreii JIMUTpHeBHY — TEXHHUKA FHUIBIM/IAPBIHBIH JIOKTOPBI, 1podeccop, YipanHansi "YKPHET" sxo6anapib1 6ackapy
KaybIMJIACTBIFBIHBIH TUPEKTOPBI, KHeB YIITTBIK KYPBUIBIC OHE COYJIET YHHBEPCHTETI o0aap bl 6ackapy KaheapachIHbIH MEHIepyIIic
(Ykpauna)

Benommunkas CBeri1ana BacuibeBHAa — TeXHUKA FhUIBIMIIAPBIHBIH JOKTOPBI, 10LEHT, Astana IT University ecentey skoHe IepeKTep FhUIBIMBI
kacenpachiHbIH npodeccops! (Kasakcran)

PEJAKTOP:

Mp3a6aesa Payman 2KameBna — maructp, XanbIKapaybIK akKIapaTThIK TEXHOTOTHsIAP YHUBEPCUTETIHIH penaxTopsl (KasakcTam)

XaublKapasiblK aKIapaTThIK )KOHE KOMMYHHKALUSIIBIK TEXHOIOTHSIIAP 5Ky PHAIIBI

ISSN 2708-2032 (print)

ISSN 2708-2040 (online)

Menmik neci: AK «XasblkapanbIK aKIapaTThIK TEXHOJIOTUSIIAP YHUBEPCUTETI» (AJIMATHI K. ).

Kasakcran Pecrry6iikacsl AKnapar %oHe KOFaM/IbIK laMy MUHHCTpIIiriHe Mep3iMai 6acrace3 GachbUIbIMBIH €CEIKe KO Typalbl Kyalik

Ne KZ82VPY 00020475, 20.02.2020 3. Gepinrex

TaxbIpBII OaFbITHL: AKNAPATTHIK TEXHOIOTHSUIAP, AKIIAPATTHIK KayilCi3Aik sKOHE KOMMYHHKALSIIBIK TEXHOIOTHSIIAP, JICYMETTIK-

9KOHOMHUKAIIBIK XKYHeTep i JaMbITy 1aFbl LHPPIBIK TEXHOJIOTHSL.

Mep3imainiri: skblibiHa 4 per.

Tupax: 100 nana.

Penaxunst mekerxkaiipr: 050040 Anvater K., Manac k., 34/1, ka6. 709, texn: +7 (727) 244-51-09.

E-mail: jjict@iitu.edu.kz

Kypuan caitrsr: https://journal.iitu.edu.kz © XasblKapalibIK aKIapaTThiK TeXHoJIorusuiap ynusepeuteri AK, 2025
Kypnan caitter: https://journal.iitu.edu.kz © ABTopmap yxbimel, 2025




TJIABHBIN PEJJAKTOP
HcaxoB AcbLifexk AoamammmoBunu — jaoktop PhD no maremarnke B 00NacTH TEOPHH BBIYUCIUMOCTH, aCCOLMHPOBAHHBII
npodeccop mo HampaneHuto "KommbroTepHble Haykn u uHpopmaruka", Ilpencenmarens Ilpasnenus — Pektop MexmayHapomHOro
yHHBepcuTeTa HHOOPMALMOHHBIX TexHosoruit (Kazaxcram)
3AMECTHUTEJIb I''TABHOI'O PEJIAKTOPA:

KonecankoBa Karepmna BHKTOpPOBHA — JIOKTOp TEXHMYECKHX HayK, Mpodeccop, MPOPEKTOp IO HAayYHO-HCCIIEN0BATEIbCKON
JeATeNbHOCTH MexXKIyHapOIHOTO YHHBEPCHTETa HH(OPMALIMOHHBIX TexHonoruii (Kasaxcramn)
YUYEHBIU CEKPETAPD:

Hnanakosa Maauna Ty/ereHoBHa — KaHIHAAT TEXHUYECKHX HAyK, aCCOIMMPOBAHHBINA Ipodeccop, TMPEKTop JenapTaMeHTa 110

HAy4HO-HCCIIE0BATEIbCKON AESTEIbHOCTH MeXIyHapoIHOrO YHUBEpCUTETa HH(OPMALMOHHBIX TexHoornii (Kazaxcran)
PEJAKIIMOHHAS KOJUIEI U51:

Pazak A6ayn — PhD, npodeccop kadeapsl kubepoesonacHoCTH MeKIyHAPOIHOrO yHUBEPCHTETa HH(OOPMALMOHHBIX TEXHOIOT Ui

(Kasaxcran)

Jlyuno Tomma3zo e IMaosme — aupexkTop OTAeTa MCCIEAOBaHMH M pa3paboTok nabopatopuu AVR nenapramMeHTa MHHOBALUHA

TEXHOJIOTUYECKOro MHKUHUpHHra YHusepcutera Canenro (Mramus)

JIu3 BakoH — mpodeccop, 3aMecTHTeNb BHIe-KaHIuiepa Y usepcurera Abepreit (Beankodpuranus)

Muxese Iarano — PhD, npodeccop Yunsepcurera ITussr (Mranmmus)

Orendaes Myxrtap6aii Orenbaityibl — J0KTOp (husHKo-MaTemMaTudyeckux Hayk, mnpodeccop, akamemuk HAH PK, mpodeccop

Kadenpbl MaTEMAaTHYECKOI0 U KOMIIBIOTEPHOTO MOJICIMPOBaHHS MeXKIyHapoIHOrO YHHUBEPCHTETa MH(GOPMAIMOHHBIX TEXHOIOTU

(Kasaxcran)

Prichaiiysnbr Borardek — nokrop dusnko-MaremaTHueckux Hayk, npodeccop, npodeccop Astana IT University (Ka3axcram)

Jaiinexo EBrenusi AsnexcannpoHa — PhD, npodeccop-uccnenoBarens kadeapbl HHOOPMALMOHHBIX CHCTEM MEKIyHApOIHOro

YHHBepcHTETa HHPOPMaMOHHBIX TexHoornii (Kasaxcran)

Jy3oaeB Hyp:xan Tokky:kaeBuu — PhD, accoummpoBaHHBIH mpodeccop, NPOPEeKTOp Mo UU(GPOBH3ALMKM W HWHHOBALMAM

MesxayHapoaHOro yHUBepcuTeTa nH(GOpMaLOHHbIX TexHonorui (Kasaxcran)

CunueB Baxtrepeii KycnaHoBHY — IOKTOp TeXHHMYECKHX HayK, mpodeccop, npodeccop kadenpbl MHOOPMALHOHHBIX CHCTEM

MesxtyHapoTHOTO YHUBEpCUTETa HHDOPMALMOHHBIX TexHoornii (Kazaxcran)

CeiiioBa Hypryab Afaay/uiaeBHa — KaHAWIAT TEXHUYECKMX HAyK, JeKaH (paKyIbTeTa KOMIBIOTEPHBIX TEXHOJOTHI M

kubepOesonacHocTH MexayHapoaHoro yHuBepeurera nH(GOpMannoHHbix TexHonoruii (Kasaxcram)

MyxameaneBa Apaak TI'aGuToBHA — KaHAMIAT SKOHOMHYECCKHMX HayK, JeKkaH (axyinbreTa OW3Heca MeAHa W YIpPaBJICHHS

MesKyHapoJHOTO YHHBEpPCHTETa NHPOPMALIMOHHBIX TexHonoruii (Kasaxcran)

AoaukanukoBa 3amupa Typcebinfaesna — PhD, accoumupoBanubiii mpodeccop, 3aBemyromas kadeapoil MaTeMaTH4ecKoro

KOMIIBIOTEPHOT'O MOZICIHPOBaHHs MexIyHapOIHOTO yHUBEPCHTEeTa NHPOPMAIMOHHBIX TexHomoruii (Kasaxcran)

HInasaudexo Epaan JKapixanoBmu — PhD, accoummpoBanHbIil npogeccop, 3aBeyrouuii kadeapoil SKOHOMHKH U OH3Heca

MeskyHapoJHOTO yHHBEpCHTETa HH(POPMALMOHHBIX TexHonorui (Kasaxcran)

Jamenss MakcyroBua EckenampoBa — KaHIuIaT TEXHHYECKHX HayK, aCCOLMHPOBaHHBIA mpodeccop, 3aBeayroiuas kadeapoit

knbepOesonacHoCTH MeXIyHapoIHOro YHUBEpcUTeTa MHPOPMAMOHHBIX TexHooruii (Kasaxcran)

HusisryioBa Aiirynb Ackap0ekoBHAa — KaHAWIAT (HIONOTMYECKMX HAyK, IOLEHT, mpodeccop, 3aBemyromas Kadeapoii

MeMaKOMMYHHUKanuu 1 uctopun Kazaxcrana MesxyHapoJHOTO yHUBEpcHTeTa HH(BOpMaMOHHBIX TexHonoruii (Kasaxcram)

AiitmaramoeroB Auartaii 3ypapoBMu — KaHIMAAT TEXHUYCCKUX HayK, mpodeccop Kadeapbl pagrOTEXHUKH, SJICKTPOHUKU H

TEeJIEKOMMYHHKaIHit MeX1yHapoaHOTo yHUBEpCHTETa HH(OPMAIMOHHBIX TexHouoruit (Ka3axcraH)

Baxtusipopa Ejena Aixn0ekoBHAa — KaHAMJAT TEXHHYECKMX HAyK, ACCOLMMPOBAHHBIH mpodeccop, 3aBeayromas kadenpoit

PaIMOTEXHUKH, HJIEKTPOHUKH U TEJIEKOMMYHHKALMIT MeK1yHapoIHOro yHUBEpCHTeTa HH(POPMALIMOHHBIX TexHouorui (Kasaxcran)

KanuGex Cancbizfaii — PhD, accouumpoBanuslii mnpodeccop, mpodeccop-rccnenoBarenb Kapeapsl KnbepOe30nacHoCTH,

MeskyHapoJHOTO yHHBEpCHTETa NH(POPMALIMOHHBIX TexHonorui (Kasaxcran)

ToinbiMbaeB Caxubaii — KaHIUIAT TEXHUUECKUX HayK, npodeccop, npodeccop-uccnenoparens Kadeapbl KOMIBIOTEPHON HHKEHEPUH,

MesxtyHapoIHOTO YHUBEpCUTEeTa MH(OPMAMOHHBIX TexHoornii (Kazaxcran)

Anvucped Amm A6x — PhD, accounumpoBanHblii npodeccop kadeapbl kubepbezonacHocTH MexayHapOAHOTO YHHBEPCUTETA
uHpopMaMOHHBIX TexHonorui (Kasaxcramn)
Moxamen Axmen Xamaga — PhD, accoummpoBanubiii npodeccop kadeapbl HHGOPMAUMOHHBIX CHCTEM MEKIyHAPOIHOTO

YHHBepcHTeTa HHPOPMAIMOHHBIX TexHosornii (Kasaxcran)
Sur Um Yy — PhD, npodeccop ynusepcutera ['avon (FOxuas Kopest)
Taneym Basiac — PhD, npopekrop ynusepcurtera umMen Anama Murkesuya (ITonbina)
Mawmbipéaes Opken JKymaxanoBuy — PhD, 3amecrurens aupekropa mo nHayke PITI Muctutyra MH(OPMAUMOHHBIX M
BBIUHMCIHTENBHBIX TexHonoruii Komurera naykn MHBO PK (Kazaxcran)
BymyeB Cepreii JIMuTpueBHY — JOKTOp TEXHHYECKHX HaykK, mpodeccop, AUPEKTOp YKPaMHCKOIl acCOlMaLiM YIPaBICHUS.
npoektamu «YKPHETY, 3aBenytonmii kadeapoii yrpasienus npoekrami KHeBCKOro HalOHAIbHOTO YHUBEPCUTETA CTPOUTENIBCTBA U
apxuTeKTyphl (YKpanHa)
Besomunkas Ceerjana BacnmibeBHa — JOKTOp TeXHHYECKHX HaykK, JOLEHT, npodeccop kadeapbl BEIYHCICHUH U HAYKN O AAHHBIX
Astana IT University (Kazaxcran)
PEJAKTOP:

Mp3a6aeBa Payman JKanmeBHa — MarucTp, peaakrop MeKIyHapoJHOTO YHHMBEPCHTETa HMH()OPMALMOHHBIX TEXHOJIOTHI
(Kazaxcran) )
MexayHapoaHblii KypHAJT HHPOPMAMOHHBIX H KOMMYHHKAIIHOHHBIX TE€XHOJIOTHii
ISSN 2708-2032 (print)
ISSN 2708-2040 (online)
CoberBeHnuk: AO «MextyHapOHbIH YHHBEPCHTET HHOOPMALMOHHBIX TEXHOIOTHII» (I. AJIMaThl).
CBHIETENbCTBO O MOCTAHOBKE HA YUET MEePUOIUUESCKOTrO MEeYaTHOTrO n3aanus B MUHHCTEPCTBO HHPOPMALIMH U OOIIECTBEHHOTO PA3BUTHUS
Pecry6mnukn Kazaxcran Ne KZ82VPY 00020475, Binannoe ot 20.02.2020 .
TemaruuecKas HalpPaBICHHOCTh: HHMOPMAI[MOHHBIC TEXHOIOIUH, HH(POPMAIMOHHAs 6E3011aCHOCTh 1 KOMMYHHKAILIHOHHBIC TEXHOJIOTHH,
1U(PPOBBIC TEXHOIOTHU B PA3BUTUH COLIMO-DKOHOMHYECKHUX CHCTEM.
TlepronnunocTs: 4 pas3a B ro.
Tupax: 100 5K3eMILISIPOB.
Anpec pepakuun: 050040 1. Anmarst, yin. Manaca 34/1, ka6. 709, ten: +7 (727) 244-51-09.
E-mail: jjict@iitu.edu.kz Caiit sxypnaia: https://journal.iitu.edu.kz

© AO MeskyHapo/IHbli yHHBEPCHTET HHYOPMAIMOHHBIX TeXHOIOrHiT, 2025

© Konnexrus aBropos, 2025




EDITOR-IN-CHIEF
Assylbek Issakhov — PhD in Mathematics in Computability Theory, associate professor in “Computer Science and Informatics,”
Chairman of the Board — Rector of the International Information Technology University (Kazakhstan)
DEPUTY EDITOR-IN-CHIEF
Kateryna Kolesnikova — Doctor of Technical Sciences, professor, Vice-Rector for Research, International Information Technology
University (Kazakhstan)
ACADEMIC SECRETARY
Madina Ipalakova — Candidate of Technical Sciences, associate professor, Director of the Research Department, International
Information Technology University (Kazakhstan)
EDITORIAL BOARD
Abdul Razak — PhD, professor, Department of Cybersecurity, International Information Technology University (Kazakhstan)
Lucio Tommaso De Paolis — Director of the R&D Department of the AVR Laboratory, Department of Engineering for Innovation,
University of Salento (Italy)
Liz Bacon — Professor, Deputy Vice-Chancellor, Abertay University (United Kingdom)
Michele Pagano — PhD, Professor, University of Pisa (Italy)
Mukhtarbay Otelbayev — Doctor of Physical and Mathematical Sciences, professor, academician of the National Academy of
Sciences of the Republic of Kazakhstan, professor of the Department of Mathematical and Computer Modeling, International
Information Technology University (Kazakhstan)
Bolatbek Rysbaiuly — Doctor of Physical and Mathematical Sciences, professor, professor of the Department of Computing and Data
Science, Astana IT University (Kazakhstan)
Yevgeniya Daineko — PhD, research professor, Department of Information Systems, International Information Technology University
(Kazakhstan)
Nurzhan Duzbayev — PhD, associate professor, Vice-Rector for Digitalization and Innovation, International Information Technology
University (Kazakhstan)
Bakhtgerei Sinchev — Doctor of Technical Sciences, professor, Department of Information Systems, International Information
Technology University (Kazakhstan)
Nurgul Seilova — Candidate of Technical Sciences, Dean of the Faculty of Computer Technologies and Cybersecurity, International
Information Technology University (Kazakhstan)
Ardak Mukhamediyeva — Candidate of Economic Sciences, Dean of the Faculty of Business, Media and Management, International
Information Technology University (Kazakhstan)
Zamira Abdikalikova — PhD, associate professor, Head of the Department of Mathematical and Computer Modeling, International
Information Technology University (Kazakhstan)
Yerlan Shildibekov — PhD, associate professor, Head of the Department of Economics and Business, International Information
Technology University (Kazakhstan)
Damilya Yeskendirova — Candidate of Technical Sciences, associate professor, Head of the Department of Cybersecurity,
International Information Technology University (Kazakhstan)
Aigul Niyazgulova — Candidate of Philological Sciences, Professor, Head of the Department of Media Communications and History of
Kazakhstan, International Information Technology University (Kazakhstan)

Altai Aitmagambetov — Candidate of Technical Sciences, Professor, Department of Radio Engineering, Electronics and
Telecommunications, International Information Technology University (Kazakhstan)
Yelena Bakhtiyarova — Candidate of Technical Sciences, associate professor, Head of the Department of Radio Engineering,

Electronics and Telecommunications, International Information Technology University (Kazakhstan)

Kanibek Sansyzbay — PhD, research professor, Department of Cybersecurity, International Information Technology University
(Kazakhstan)

Sakhybay Tynymbayev — Candidate of Technical Sciences, Professor, Research Professor, Department of Computer Engineering,
International Information Technology University (Kazakhstan)

Ali Abd Almisreb — PhD, associate professor, Department of Cybersecurity, International Information Technology University
(Kazakhstan)

Mohamed Ahmed Hamada — PhD, associate professor, Department of Information Systems, International Information Technology
University (Kazakhstan)

Yang Im Chu — PhD, Professor, Gachon University (South Korea)

Tadeusz Wallas — PhD, Vice-Rector, Adam Mickiewicz University (Poland)

Orken Mamyrbayev — PhD, Deputy Director for Science, RSE Institute of Information and Computational Technologies, Committee
for Science of the Ministry of Science and Higher Education of the Republic of Kazakhstan (Kazakhstan)

Sergey Bushuyev — Doctor of Technical Sciences, professor, Director of the Ukrainian Project Management Association “UKRNET,”
Head of the Department of Project Management, Kyiv National University of Construction and Architecture (Ukraine)

Svetlana Beloshitskaya — Doctor of Technical Sciences, professor, Department of Computing and Data Science, Astana IT University
(Kazakhstan)

«International Journal of Information and Communication Technologies»

ISSN 2708-2032 (print)

ISSN 27082040 (online)

Owner: International Information Technology University JSC (Almaty).

The certificate of registration of a periodical printed publication in the Ministry of Information and Social Development of the
Republic of Kazakhstan, Information Committee No. KZ82VPY 00020475, issued on 20.02.2020.

Thematic focus: information technology, digital technologies in the development of socio-economic systems, information security
and communication technologies

Periodicity: 4 times a year.

Circulation: 100 copies.

Editorial address: 050040. Manas st. 34/1, Almaty. +7 (727) 244-51-09. E-mail: ijict@iitu.edu.kz . . .
Journal website: https://journal.iitu.edu.kz

© International Information Technology University JSC, 2025
© Group of authors, 2025




INTERNATIONAL JOURNAL OF INFORMATION AND COMMUNICATION TECHNOLOGIES 2025. Vol. 6. Is.4

INTERNATIONAL JOURNAL OF INFORMATION AND COMMUNICATION TECHNOLOGIES
ISSN 27082032 (print)

ISSN 2708-2040 (online)

Vol. 6. Is. 4. Number 24 (2025). Pp. 288-303

Journal homepage: https://journal.iitu.edu.kz

https://doi.org/10.54309/1J1CT.2025.24.4.017

UDC 004.852

DEVELOPMENT OF A HYBRID HUMAN-AI SYSTEM FOR EDUCATION-
AL PROGRAM DESIGN

A.E. Serikov"', A.A. Mukhatayev ', A.A. Biloshchytskyi >
‘ . 'Astana IT University, Astana, Kazakhstan; . .
’Kyiv National University of Construction and Architecture, Kyiv, Ukraine.
E-mail: ayanbek.as@gmail.com

Ayanbek Serikov — doctoral student, Astana IT University, Astana, Kazakhstan
E-mail: ayanbek.as@gmail.com, https://orcid.org/0009-0005-2413-5051;

Andrii Biloshchytskyi — Doctor of Technical Sciences, Kiev National University of
Civil Engineering and Architecture, Kiev, Ukraine
https://orcid.org/0000-0001-9548-1959;

Aidos Mukhatayev — candidate of Political Sciences, associate professor, Director
of the Department of Strategy and Corporate Governance, Astana IT University, As-
tana, Kazakhstan

https://orcid.org/0000-0002-8667-3200.

© A.E. Serikov, A.A. Mukhatayev, A.A. Biloshchytskyi

Abstract. Artificial intelligence in educational program design automates
learning processes and aligns curricula with labor market demands, enhancing educa-
tion quality and learner experiences. We present a novel hybrid human-Al system to
address limitations in traditional methods, which struggle to adapt to rapidly evolving
job markets and diverse needs. Our approach leverages Llama 3 to improve frame-
work flexibility. Key components include: 1) program objectives, 2) relevant job po-
sitions, 3) requisite skills, and 4) corresponding courses, refining recommendations.
While large language models provide high-quality outputs, they lack deep university
discipline knowledge. We evaluated Llama 3 alongside GPT-3.5 and GPT-4. Our sys-
tem excels in skill extraction (F1 score: 77.6%) and outperforms competitors in con-
tent generation (F1: 0.35+0.10, precision: 0.37+0.12, semantic similarity: 0.84+0.10).
Llama 3’s extensive parameters and knowledge base better integrate university con-
texts, generating robust program structures with abundant educational entities. De-
spite promise, challenges persist: technological infrastructure deficits, dataset biases,
and institutional resistance to Al adoption. This study aims to advance human-Al

collaboration in education, inspiring further research.
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AnHoTauusi. bimim Oepy OarnmapiamanapblH KoOallayJarbl  >KacaH/Ibl
MHTEJUIEKT OKY HpOLIECTEpiH aBTOMATTaHABIPAIbl >KOHE OKYy OarnapiamaiapblH
eHOeK HapbIFBIHBIH TaJlaTapblHA COMKeCTeHIipeni, OimimM Oepy camacsl MeH OuliM
aNyIIBIIapAbIH TOKIpUOECiH »kakcapTaabl. bi3 Te3 nambln Kele KaTKaH eHOeK
HapBIKTapbl MEH OPTYPJIl KAKETTUIIKTepre OeilimMieny KUbIHFa COFATBIH AJCTYpIIi
oicTepAeTi IIEKTEYNepAl KO VIIIH >KaHa THOPUATI aJaM-)KacaHIbl WHTEIJIEKT
KYHECIH yCbhIHaMbI3. Bi3[aiH TocLTiMI3 KYPBUIBIMABIK MKEMIUTIKTI jKaKcapTy YIIiH
Llama 3-1i naiigananaasl. Heri3ri koMnoHeHTTepre MbIHamap Kipexdi: 1) 6armapiama
MaKcaTTapbl, 2) THICT1 )KYMBIC OPBIHAAPHI, 3 ) KAXKETTI IaF AblIap XKoHEe 4 ) YChIHbICTAP b
HaKTBUIAWTBIH ColiKec KypcTap. YJIKEH TUIIIK MOJIENIbEP JKOFaphl carajibl HOTHXKeNIep
OepreHiMeH, ojlap/la YHUBEPCUTETTIK MOHEp OOWbIHIIA TepeH Oimim kericneiiai. bi3
Llama 3-11 GPT-3.5 xone GPT-4-nien Gipre 6arananbik. bi3niH xkyiieMi3 JarapLiapsl
urepyne (F1 ymaiie: 77,6%) >xoHe Ma3MyH/BI TeHepalusiayaa 0ocekenecTepacH
aceim tycem (F1: 0,35+£0,10, mommik: 0,37+0,12, ceMaHTHKaNbIK YKCACTBIK:
0,84+0,10). Llama 3-TiH keH mnapameTpiepi MeH OiuliM 0a3achl YHMBEPCHTETTIK
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KOHTEKCTTEP/I1 )KaKChIpaK OipiKTipe/Il, KenTereH 011iM Oepy HbICaH1aphl Oap CEHIM/II
OafFmapiamMa KypbUIBIMJIAPbIH Kacalapl. Yojere KapamacTaH, KUBIHIBIKTAP i Jie
0ap: TEeXHOJOTHUSIIBIK WHPPAKYPBUIBIMHBIH TAIIIBUIBIFBI, JIEPEKTEP JKUBIHTHIFBIHBIH
OypMasaHybl )KoHE YKacaHIbl MHTEIUICKTTI €HT13yre HHCTUTYIIHOHAIBIK KapChUIBIK.
byn 3eprrey OiniM Oepyneri agaM MEH JKacaH bl MHTE/UICKTTIH BIHTBIMAKTaCTHIFbIH
JaMBITyFa OarbITTaJIFaH, 9pi Kapail 3epTreynepre madsIT 6epe/i.

Tyiiin ce3aep: ['mbpunari agam-XXKU xyieci, binim O6epy OarmapiaMachbiHBIH
nu3ainel, Jlarapimapasl mibiFapy, bimim Oepyneri »xkacannabl MHTEUIeKT, beiimui
OKpITYy, Taburu Tingai enaey (NLP)

Hoaiiexco3nep ywin: A.E. Cepikos, A.A. Myxataes, A.A. bunmommnkuii. bigim
Oepy OarnmapriamMainapblH kobanayra apHaiFaH TMOPUITI alaM-)KacaH bl WHTEIJIEKT
KydeciH nambITy //  XaJblkapalblK —aKMapaTThlK JKOHE KOMMYHHKAIHSITBIK
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AHHoTanus. VIcKyCCTBEeHHBI MHTEIUIEKT B pa3pabOTKe 00pa30BaTEIbHBIX
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MPOrpaMM aBTOMATH3UPYET MPOIeCChl O0yUEHHUS U COTIacyeT y4eOHbIe MPOrpaMMbl
¢ TpeOOBaHUSIMU PHIHKA TPy, TIOBBIIIAs KAUeCTBO 0Opa30BaHMUs U OMBIT yUAITHXCS.
Msl mpencraBisieM HOBYIO THOpHAHYIO cucteMy uenoBek-UW nmns yctpanenus
OTpaHUYEHUI TPAIUIIMOHHBIX METOIOB, KOTOPBIE C TPYJOM aAaNTUPYIOTCS K OBICTPO
MEHSIOIUMCSl PbIHKaM TpyJAa W pPa3sHOOOpazHbIM moTpeOHocTsaM. Ham moaxon
ucnons3yeT Llama 3 15 moBbIeHrs rTHOKOCTH CTPYKTYphl. KiltoueBbie KOMITOHEHTHI
BKJIIOUAIOT B ce0si: 1) menu mporpammbl, 2) COOTBETCTBYIOIIME IOJDKHOCTH, 3)
TpeOyemble HaBBIKU U 4) COOTBETCTBYIOILINE KYpPChI, YTOUHSIONIUE PEKOMEHIAIIIH.
X0Ts1 G0TIBIIINE SI3BIKOBBIE MOJIETH 00€CTIeYHBAIOT BBICOKOKAUE€CTBEHHBIE PE3yIbTAThI,
UM HE XBaTaeT IIyOOKHX 3HAHWUN YHHUBEPCUTETCKUX AMCHUIUIMH. MBI OIlCHUBAIN
Llama 3 Bmecte ¢ GPT-3.5 u GPT-4. Hama cuctema npeBoCXOAUT KOHKYPEHTOB B
u3BIIedYeHNH HaBbIKOB (oueHka F1: 77,6 %) u mpeBOCXOAUT KOHKYPEHTOB B reHepa-
nuu koHTenta (F1: 0,35 £ 0,10, rounocts: 0,37 £ 0,12, ceMaHTHYECKOE CXOACTBO:
0,84 £ 0,10). O6mupHbIe MapaMeTpbl U 0a3a 3HaHUH Llama 3 jydine HHTeTpupyroT-
Csl C YHUBEPCUTETCKHM KOHTEKCTOM, CO3/aBasi Ha/IeKHbIE CTPYKTYpPbI MPOTPaMM C
OO0JBIINM KOJTMYECTBOM 00pa30BaTeNbHBIX 00beKkTOB. HecMoTpst Ha oberianusi, mpo-
OJ1eMBbI COXPAHSIOTCS: Ne(PUIUT TEXHOIOTUYECKONH HHPPACTPYKTYPHI, IPEIB3ATOCTh
HAaOOPOB JaHHBIX U WHCTUTYIMOHAILHOE compoTuBieHue BHenpenuto M. Jlannoe
MCCIIeIOBaHNE HANIPABIICHO Ha pa3BUTHE B3auMoJieiicTBus uenoBeka u UM B oOpaso-
BaHUU, BIIOXHOBIISA HA JabHEHIIINE UCCIIETOBAHMUS.

KuroueBble ciioBa: rubpuanas cuctema yenonek-NUU, pazpadborka oOpa3osa-
TEJIBHBIX IPOrPaMM, U3BIICUEHNE HABBIKOB, HCKYCCTBEHHBIM MHTEIUIEKT B 00pa3oBa-
HUU, aJlaiTUBHOE 00yueHue, 00paboTka ectecTBeHHOTO sA3bika (NLP)

Jasi uutupoBanmsi: AE. CepikoB, A.A. Myxatae, A.A. bumommunkui.
Pa3pabotka ruOpHAHON cHUCTEMBbl 4YelOBEKa U MCKYCCTBEHHOTO MHTEJIEKTa
s pa3paboTku  o0Opa3oBaTeNbHBIX  mporpamMm//MexIyHapOIHBIM  KypHal
MH(POPMAIMOHHBIX U KOMMYHHUKAITMOHHBIX TexHojorui. 2025. T. 6. No. 24. Ctp.
288-303. (Ha anr.). https://doi.org/10.54309/1J1CT.2025.24.4.017.

Kon(daukT uHTepecoB: aBTOPHI 3asBISAIOT 00 OTCYTCTBUU KOH(IIMKTA
HUHTEPECOB.

Introduction

Traditionally, educational programs (EP) must tell students what they will be
taught, based on a curriculum designed by teachers. As a rule, the course author starts
working on these issues by searching for similar or related programs in the university
database. Even if he already has a clear structure of the future course in his head, he
will still try to brainstorm to make his idea better. And this can take up to a week. But
there are many different artificial intelligence-driven solutions people began to use
for EP design, and they yield flexible, adaptive personalization based on student’s and
teacher’s behavior (Chang et al., 2025: 50). Another reason people prefer Al is stu-
dent satisfaction and motivation despite challenges in content delivery (Mancin et al.,
2025: e485—e493). That doesn’t mean technology with Al and information technol-
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ogy will overlap education entirely, but it would provide a bridge for collaboration.

To assume that AI won’t have an influence on education would be foolish.
Educational institutions prefer Al not just because it is used for educational content
generation, but it is a more personalized and optimized learning approach. For ex-
ample, this study writes a good analysis about several Al-based educational program
platforms, such as eDoer, NextEra, Edmentum, XuetangX, and Manaba LMS, as you
can see in Table 1.

This will come as a surprise to a lot of people, but eDoer makes it possible to
bond technological and pedagogical aspects. Which is exciting because, among skill
taxonomies and competency construction, it means teachers and interested parties can
use these machine learning algorithms to design educational programs despite knowl-
edge constraints. You can use this eDoer system to break knowledge into measur-
able skills development rather than deeper understanding and ethics, as stated in the
term “learnification” by philosopher Gert Biesta (Biesta, 2015: 75-87). Standardized
knowledge is prioritized, at the expense of alternative viewpoints, raising questions
about the validity (Cope & Kalantzis, 2016: 2332858416641907). And over in Egypt,
NextEra Education startup supply their students with free Al teachers. For example,
many international universities perform personalized learning in some programs like
IT, Al, Business and Cybersecurity to modernize education.

The somewhat more surprising educational platforms were ITMO Construc-
tor and Edmentum, with their divergent philosophical approaches. The average on-
tological model of ITMO Constructor has a pretty much centered around semantic
web technologies to fit education domains in certain knowledge structures, mostly
on traditional knowledge (Shnaider et al., 2023: 1761-1768; Govorov et al., 2022:
203-208). But they shouldn’t rigidly shape knowledge into structure, considering its
flexibility and dynamic nature (Jonassen, 1991: 5-14). Now in Edmentum, programs
employ assessments and Bayesian knowledge tracing. Which means measurement
and data are prioritized over holistic learning (Corbett & Anderson, 1994: 253-278).
They are both technologically advanced platforms, yet face limited knowledge ac-
quirement, ignoring diverse learning environments and real-world context.

XuetangX and Manaba LMS already seem, grudgingly, to show key sociotech-
nical challenges in educational program design. But XuetangX is still dragging seri-
ous questions about the lack of transparency in content creation. It means XuetangX’s
black-box architecture is harder for teachers and educators to assess accuracy and
bias (Bender et al., 2021: 610-623). While Manaba LMS combines Al with human
input, yet recommendations are based on pre-built assumptions (Macgilchrist, 2019:
77-86). They’d be in a better position if they’d be interdisciplinary collaboration be-
tween experts in tech, education and ethics to make sure that Al serves real learning
needs rather than efficiency and commercial needs.
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Table 1. Global use of Al technologies in EP development

Country Germany Egypt USA China

Platform eDoer NextEra Education Edmentum XuetangX

Purpose & | Structured program Modernizes Egypt’s | Al-driven curriculum & | Al-powered univer-

Scope creation (university education with Al adaptive learning (K-12 | sity course struc-
focus) personalized learning | & higher ed) turing

Use of Limited; relies on Structured & unstruc- | Processes student behav- | Processes student

Structured | pre-defined structures | tured data + feedback | ior, performance trends, | behavior & engage-

Data feedback ment data

Al Al-assisted Adaptive learning, Al-driven adaptive Advanced Al course

Capability | curriculum progress tracking learning paths & perfor- | curation & perform.
planning mance tracking prediction.

Integration | Moodle, LMS plat- Egypt’s system (no Blackboard, Canvas, Fully integrated with

with Other | forms. LMS integration) Google Classroom Chinese university

Systems systems

Al has fundamentally been supporting educational programs advancement
through machine learning and text mining techniques. Instep of traditional methods,
Chang et al. (2025) shows how curricula are adjusted based on student performance
and preferences in real-time using Al. Generative Al (GenAl) and Natural Language
Processing models uphold content creation, lesson planning, flexibility to different
learning styles and equity in content difficulty to student’s respective proficiency lev-
els (Msafiri et al., 2023: 44). That never works unless you have no framework limita-
tions and educators’ endorsement of the new technologies adoption.

In the human-Al systems there is a progressing battle between computeri-
zation and human oversight (Cross et al., 2014: 1167-1175). Everyone knows how
crowdsourcing platforms enable collaborative curriculum design, enriched by assort-
ed human input (Weld et al., 2012: 159-163). The expanded Al combines automa-
tion of quality evaluations, keyword extraction and human imagination. For case, the
crowdsourced models produce curriculum and learning materials based on student’s
input, what appears to be promising in adoption potential (Farasat et al., 2017: 221—
224). We can see this promise with task complexity and time challenges require AI’s
part to streamline tasks without losing educational esteem.

Suppose, for illustration, you require to design curriculum, and for that you
can use emerging GenAl technologies. For example, generative adversarial networks
could be used to generate relevant content (Khosravi et al., 2022: 100074). Once you
begin considering this question, studies show that in this case ChatGPT can draft
learning objectives, subject matter or human experts are still needed to refine them for
accuracy and pedagogical standards (Tupper et al., 2025: 512-526). Balance between
technology and humans would ensure both quality and ethics in education.

We are aware that Al has both societal and technological boundaries. Tech
typically could make education accessible, algorithms could be biased. What I mean
is the potential scrutiny, data raises privacy risks and stronger regulations. Yes, tools
play a role in spreading educational resources, and then they may accommodate
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learner needs, yet poor-quality metadata commonly suppress personalized features
(Molavi et al., 2020: 455-460). Whether educators like it or not, big changes are
coming, to balance these human, industry needs and skill taxonomies, we propose a
curriculum design framework.

Materials and methods of the research

We present one way to develop an educational program by the chosen learning
goals and skills. Our framework is (1) to define the learning goals of the education-
al program, then (2) select relevant job positions from the labour market, and then
(3) once vacancy descriptions are parsed, collect all associated skills, and then (4)
choose courses based on required skills. Educational program design is hard in both
senses: hard like coming up with a solution to a puzzle, and hard like a physically
overwhelming process. But much of the difficulty could be eliminated by Al-based
specialized services, such as learning goals, learning outcomes and course suggestion
and recommendation service, that give a review on skill taxonomies and competen-
cies from Kazakhstani labour market platforms (HeadHunter and Enbek.kz). The re-
sulting four parts define our conceptual model shown in Figure 1.

"
}J SCT { Exarning Goals]—)[ Job positions H Skills H Courses
nput /

Artificial Goal Tob suapestion Skill and Knowledge Skill-Course |
Intelligence suggestion £e Extraction Matching )

Fig.1. EP development framework

The solution is an optimization problem. For each piece of the educational
£
puzzle , including learning goal, learning outcome and course content, we figure
R(e;)
out a relevance score :
R(e;) = Y1500 (e) + ¥2Scon(e:) + ¥3 Shuman (1) + ¥a Sproom (&)

(1)
where:
Yi:¥2,¥3: ¥y
- are weights that add up to 1.
sj'ob (eij €;

- is how well ~ matches job market needs, using a similarity score
between its embeddings:

S;0»(€;) = cos {E[Ee] iE;‘EJEU])

"1

2)
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Scoh [:ez':]

- 1s a coherence:
1
Sc::-h (ez') = |E|—125_I:EE"‘J-:E Cos (EEEE)’E(E}'))

3)
Shummz (eij
is expert feedback:

Sh..l:'ﬂﬁ:'! [E ] =4 Szmrm [E ]+ [1 ‘;l’:] Sfasdbﬁck [E ]

“4)
5 bloam (eij

- is how well it aligns with Bloom’s taxonomy, using through a
classification system.

What these formulas would like to do, if the criteria are met, is adjust educa-

R(e;)
tional content determined by Al and human feedback, with enough refining for
recommendations convergence.

We used (1) PyTorch to handle tensor calculations and GPU power, then (2)
Unsloth is used to train the model 30x faster and with 90% less memory usage, then
(3) huggingface/transformers and huggingface/datasets prepared models and data-
sets, then (4) also used Transformer Reinforcement Learning to fine-tune with
super-vision (SFT) and last (5) Bitsandbytes and PEFT to keep efficient.

Training Process:

We used a 4-bit version of standard Llama 3, tweaked out with LoRA adapt-
ers. As seen from the Figure 2, the training ran for 200 steps, with warm up steps at

1) Data Processing:

The dataset used for training was from the Hugging Face SkillSpan dataset
and custom builded EP dataset, which were manually downloaded from Kazakhstani
universities (Astana IT University, East Kazakhstan University named after S. Aman-
zholov, Yessenov University, Altynsarin University, Academy of Physical Culture
and Mass Sports) websites. The data was formatted using an Alpaca-style instruction
template and saved in Fralet/skillspan_prepared with 4800 train, 3174 validation, and
3569 test datasets, while the EP dataset has 944 unique rows, saved in Fralet/eduEP
on 472 educational programs. This paper’s skill extraction focuses on the jjzha/skill-
span dataset, which includes diverse job postings, which has explicit and implicit
skills. The dataset is split into training, validation, and test. You can see instructions
in Figure 3 and Figure 4.
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1 trainer = SFTTrainer(

2 model=model,

3 tokenizer=tokenizer,

4 train_dataset=dataset,

5 dataset text field="text",

6 max_seq_length=max_seq_ length

7 dataset _num proc=2,

8 packing=False,

9 args—TralnlngArguments(

10 per _device train_batch _size=2,
11 gradient accumulation steps=4,
12 warmup_steps=5,

13 max_steps=200,

14 num_train_epochs=4,

15 learning_rate=2e-4,

16 fplé=not torch. cuda is _bfl6_supported(),
i B bfl6=torch.cuda.is bf16_supported(),
18 logging_steps=1,

19 optim="adamw 8b1t"
20 weight decay=0.01,
21 lr_scheduler_type="linear"
23 seed=3407,
23 output_dlr—"outputs",
24 ),
25|)

Fig.2. Model’s training parameters

instxuction
string

Your job 1s to extract skills and knowledge
from given text.

You are a helpful information extraction
system.
and knowledge entities from the given

sentence.

Your job is to extract skill entities

Fig.3. Prompts for Fralet/skillspan_prepared
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instruction
string

Write an educational program goal for this educational program in
Russian, Kazakh, and English. The goal should be as concise and
specific as possible within the context of the professional
field.

Write 10-12 learning outcomes for this educational program in
Russian, Kazakh, and English. The outcomes should be formulated
based on Bloom's taxonomy: knowledge, comprehension, application,
analysis, synthesis, and evaluation.

Fig.4 — Prompts for Fralet/eduEP

1) Model Training and Architecture:
The architecture used a Llama model using LoRA for efficient fine-tuning,

. : . . Gproj Kproj Voroj :
focusing attention mechanisms like P and T to pick up new tasks

without changing much. We also used 4-bit quantization to save memory and boost
performance.

2) Experimental Configurations:

We trained the model using the Hugging Face SFTTrainer (TRL library),
with a batch size of 2 and with a gradient accumulation of 4 steps per batch. The
AdamW optimizer (8-bit, LR=2e-4, weight decay=0.01) was used over 4 epochs,
with a 2048-token sequence length.

Results

The progression of a Llama 3 model is over 200 steps. Train/loss demon-
strates a steady rise in the training epochs, starting from approximately 0.02 and
steadily going to 0.32. While train/epoch shows the loss from a peak of 3.0 to
around 0.5 with some fluctuations. Fortunately, it proves effective optimization
without significant overfitting or instability.

The left graph depicts the training loss over global steps, modelled as:

L) =Ly-e ™4+ L., +e(t)
(1] pfat (5)

where:

L(t) t
- 1s loss

Ly ® 30 .
- (initial loss)
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o
- is adecay rate

“C;.:-f ateat 0.5

- (stabilized loss)

e(t) .
- represents a noise

While, right graph shows linear relationship between steps and epochs, ex-
pressed as:

E(t)=E,+B-t

(6)
where:
E(t) t
- is epoch value
-0 (initial epoch value)
0.32
B~ 0.0016 —
- calculated as = (slope)
Our system digs into a fine-tuned sequence labeling approach. Given an
: X = {xyxg X0} o - .
input text sequence representing job descriptions or curriculum
Jﬁfﬂ 'X_>F Y: Vi Voru, ¥
materials, we define a skill extraction ! where bz ) and
v; € {B-SKILL,I-SKILL,B-KNOWLEDGE,I-KNOWLEDGE, 0} )
following the BIO
tagging scheme. The 6 are optimized by minimizing the cross-entropy loss:
1y —
"EEE [B] = - ;E?:l Z;'!: 1 Eg: 1 ¥ij.e ]'Dg [}Fz,_;u,c) (7)

N n C
where is the No of training examples, is the sequence length, is the

V- V; c
Fij.e . . Kij.e . .
number of classes, is a binary label where if class is the correct for

J. ! : Vise . : .
token in example , and 0 otherwise, and “ is the predicted probability. Perfor-
mance is evaluated using entity-level F1 score:

F1= ZxPrecision=Recall _ TP
Precision+Recall 2xTP+FP+FN

(8)

where TP, FP and FN are true positives, false positives, and false negatives.
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Table 2. Model Performance on SkillSpan test dataset (Skills & Knowledge)

Method Parameters Skill Span | Knowledge Span [ Combined F1 Training

Fl1 F1
BERT (Zhang et | 110M 54.2 % 61.7% 57.7 % fine tuning
al., 2022: 4962~
4984)
jobSpanBERT | 110M 56.3 % 61.9 % 58.9 % pretrain  +
(Zhang et al., fine tuning
2022: 4962-
4984)
GPT-3.5 NER-| 175B - - 17.8 % 5-shot

Style (Nguyen
et al., 2024: 27-
42)

GPT-3.5  Ex-|175B - - 25.0 % 5-shot
tract-Style
(Nguyen et al.,

2024: 27-42)

GPT-4 (Nguyen | 1.7T - - 27.8 % <350 subset
et al., 2024: 27-

42)

Finetuned|&B 76.2 % 79 % 77.6 % fine tuning

Llama 3 (Ours)
From Table 2, if you had to compare our model on skill extraction, it achieved
a solid 77.6 % F1 score, with 76.2% for skills and 79% for knowledge. The impres-
sive thing is, having fewer parameters our fine-tuned model that can be comparable to
other larger models. I would like not to ignore errors if output is not labelled correctly.
It could be due to the dataset’s limitations and inconsistencies caused by human error.
After skill extraction, we use technique to generate educational goals and
outcomes called sequence-to sequence framework. In the program description

D={d,,d,, ...d C={c,,Cqp .
(e n} and optional context information v ez 2 (such as

industry standards or institutional requirements), we define a generation function

gy:(D.C) > G o

(G ={91. 92 -2 8,})

where represents the generated learning goals and out-

comes. The parameter are optimized using a mix of maximum likelithood estima-
tion and a semantic similarity:

Lipras(®) = alypee () +BL,,,, (&) (10)

Loeee (@) =— f:i log Py (9.l9<..D.C)
where: and

L. (@) =1—cos(E(G),E(G"))
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o P
What we’re seeing now, and  are weighting hyperparameters, s
E G*
the model’s output distribution, maps text to a semantic space, and represents
reference goal statements. This method guarantees both natural language and se-

mantic relevance to recognized educational level.

From Table 3, our Llama 3 model ends up outshining other models in generating
content. It has the highest F1 0f 0.35 + 0.10, surpassing GPT-4 (0.31 + 0.10) and base Llama 3
(0.25 4 0.10). The precision of 0.37 + 0.12 and recall 0of 0.33 4+ 0.10 show casing relevant data
while capturing a broader range of outcomes. Not always, but in specifically recall, it is sub-
dued by GPT-4 (0.36 £ 0.10). With a BLEU of 0.25 + 0.10 and a semantic similarity of 0.84
+ 0.10, the model generates text that is aligned in meaning and relatively close in structure.

Table 3. Performance results for the different models

Candidate F. Precision Recall Bleu Semantic
Similarity

GPT-3.5 0.16 +0.10 0.25+0.12 0.08 £0.10 0.11 + 0.63+£0.10
0.10

GPT-4 0.31+0.10 0.26+0.12 0.36+£0.10 0.23 + 0.49+0.10
0.10

Llama 3 0.25+0.10 0.31+0.12 0.20+0.10 0.18 + 0.77 £0.10
0.10

Finetuned Llama 3 (Ours) | 0.35+0.10 0.37+0.12 0.33+0.10 0.25+ 0.84 +0.10
0.10

Of course, GPT-3.5 struggles with a low Fi1 of 0.16 & 0.10, precision of 0.25 +
0.12, and a recall of just 0.08 £ 0.10. It shows a BLEU of 0.11 = 0.10 and a semantic
similarity of 0.63 £ 0.10. More likely the reason is that GPT-3.5 struggles in generat-
ing needed content. GPT-4 does better, with a higher recall (0.36 = 0.10) and BLEU
score (0.23 £ 0.10), but its precision (0.26 £+ 0.12) and semantic similarity (0.49 +
0.10) are still lagging behind our model. The standard Llama 3 shows a solid preci-
sion 0of 0.31 = 0.12 and recall of 0.20 + 0.10, but its semantic similarity of 0.77 + 0.10
and BLEU score of 0.18 & 0.10 indicate it does not perform well enough.

While I’m sure the results bring hope for Al in education, some caveats exist.
So what’s the real reason for these caveats? Curiously enough, it is the reason of lack
of broader dataset with various educational areas. Also keep in mind that our results
are based on limited data from only 6 Kazakhstani universities as the ground truth and
it will be hard to scale to broader applications. But still, the issue is in the dataset, not
the way we evaluate or calculate. Our model performed well in that respect, proving
they can provide content that hits the standard.

Discussion

The exciting thing is that tuned Llama 3 produces relevant learning goals and
outcomes. This is colossal, since it does surpass at different assessment metrics, out-
flanking GPT-3.5 and GPT-4. For case, our model’s Fi of 0.35 + 0.10 outperformed
the standard Llama 3 (0.25 £0.10) and GPT-4 (0.31 £ 0.10). And so, it is in this case,
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discoveries demonstrate self-evident that fitting the model to specific instructions
makes clear and relevant results. Also, semantic similarity of 0.84 + 0.10 implies the
outcome aligns with the referenced content and there is a near relationship between
texts. ChatGPT-4 performed well - worse than standard Llama 3 in semantic similar-
ity, but way better than in other measurements and ChatGPT-3.5. So, we can recom-
mend it for budget information sharing in universities and colleges. Models with less
parameters produced more shallow results and coped worse. GPT-3.5 often “got lost”
when working with the educational program design context. It requires more precise
fine-tuning to successfully work in such assignments.

The first configurations I tried were directed to supervised fine-tuning. And yet
as it gets adapted to subtleties of EP design, more values of evaluation metrics rise. It
was affirmation of its prevalent execution, that it was able to (1) recognize semantic
similarity, (2) identify different cognitive skills and (3) distinguish Bloom’s taxono-
my. This model is not designed just for academics, it has real-world operations. In
human resources it could be used to smooth hiring by extracting skills from resumes.
This human-Al model can boost decision-making in all sorts of areas, from streamlin-
ing corporate workflows to configuring Al super assistants from predefined skill sets.

The other thing we see are limitations. The less sure you are about the dataset’s
domain areas, the more problems you will collect in generalizability. There’s still a
need for further research with more diverse datasets and varying real-world contexts.
Generally, most limitations are tied to the dataset rather than evaluation or training
techniques. There is a lot of future research on exploring the effect of new data sourc-
es and nailing configurations and parameters. Most such work would help better un-
derstand potential in designing educational settings. And thus the root of great work
is in gaining a deeper understanding of the scope of the study.

Conclusion

To sum up, this work pushes the frontier of hybrid human-Al approaches for
educational program design, solving old problems of conventional methods, which
can’t pace to fast evolving world of job market and student needs. Thanks to integra-
tion of our fine-tuned Llama 3 with human experience, our structure provides flexible
and data-informed decisions on educational program design, including program pur-
pose, job vacancies and their corresponding skill sets. Model’s skill extraction perfor-
mance is evidenced by F1 score of 77.6 % (76.2 % for skills and 79 % for knowledge)
and for text generation by F1: 0.35 + 0.10, precision: 0.37 £ 0.12, recall: 0.33 £ 0.10,
BLEU: 0.25 £+ 0.10, semantic similarity: 0.84 = 0.10, that surpasses popular models
like ChatGPT 3.5 and 4.0, on SkillSpan and custom-collected Kazakhstani university
based datasets. These underscores fine-tuned Llama 3 model’s parameters and deep
knowledge base in educational environment.

The result of this work is not only academia but fostering collaboration between
human and Al. In education sector, Al typically used to automate routine tasks, like
grading assessment, attendance tracking and aligning courses, which in turn helps
educators and professors to concentrate on creative and ethical improvements of the
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system. This is also observed in global trend with education and Al, where hybrid sys-
tems enhance human capabilities, instead of replacing it. For example, similar hybrid
educational settings demonstrated promising opportunities for effective management,
increasing student engagement and fostering inclusivity. In Kazakhstan, we have
national initiatives as Al Development Concept 2024-2029, which make accent on
countries that are developing various policies to strengthen human capital, including
through the development of educational programs and courses and the creation of Al
innovation centers. Some of the above-mentioned measures, such as the integration
of Al into educational programs and funding and grants for Al, are applicable to the
current situation in the country.

On other hand, challenges must be addressed to ensure sustainable integration.
Need for technological infrastructure, especially regions with limited computeriza-
tion access, shows scalability problematic. Dataset biases and subjective content from
sources such as HeadHunter and Enbek.kz may lead to inequality, which can be solved
only through diverse and inclusive data collection methods. Institutional hesitation,
often fueled by fears of job loss and human control loss, makes adoption difficult. In
Central Asia, ethical and legal concerns, especially with the data confidentiality and
algorithmic biases, aggravate existing problems. More general global barriers as lack
of funds and Al specialists parallel Kazakhstan’s situation, where only a few research
centers as ISSAI under Nazarbayev University lead research innovation. These lim-
its underscores need for interdisciplinary collaboration between educators, technical
specialists and ethical experts over mere efficiency.

Moving forward, future works ought to center on growing datasets to cover
more differing educational sectors and global standards-based settings, subsequent-
ly improving generalizability. Research on progressive strategies, such as support
learning or generative fine-tuned systems, can advance content generation whereas
reducing bias. Integration of new services, such as Al tutors or virtual reality-based
simulations, as shown in pilot projects demo in Kazakhstan, can grow the scope for
adaptive learning. Policymakers in Kazakhstan and around the world ought to con-
tribute to Al education programs, ethical rules, and foundation to encourage broad
selection, steady with UNESCO’s accentuation on the responsible use of Al in in-
struction. Eventually, this research not only advances the part of Al in education but
motivates to use hybrid solutions to make imaginative learning environments that
will plan understudies for an Al-powered future.
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