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/ 0T npod. A-p uHx. AnekcaHabp BoraaHos Bekspcku
0@~ OTHOCHO AuCcepTaunoHeH Tpya 3a npuaobueaHe Ha obpasoBaTenHa w

Hay4Ha cTeneH “AoKTop” No Hay4yHa cneynanHocT:

CucremMn ¢ N3KYCTBEH UHTENEeKT

B NnpodecnoHanHo HanpaeneHune:

5.3. KomyHUKaumMoHHa n KOMNIOTbPHAa TeXHUKa

ABTOp Ha AucepTaunoHHUAa Tpya:

mar. uHX. EneHa BeHuecnaBoBa AHTOHOBA

Tema Ha gucepTaunoHHUA TPYA!

VMIOOENMUMPAHE HA CUCTEMA 3A AOAMNTUBHO OBYYEHMUE,
M3NON3BAWUKWU CPEACTBA 3A U3KYCTBEH UHTENEKT

1. AKTyanHocT Ha pa3paboTBaHua B AUCepPTaUUOHHUA Tpya npobnem B
Hay4YHO U Hay4YHO-NPUITIOXHO OTHOLWIEHUe

TemaTa Ha npeacTaBeHUs auceprtaumoHeH Tpya “MopenupaHe Ha
cuctema 3a aganTuBHO 0Oy4YeHue, U3NoN3Balku cpefcTBa 3a W3KYCTBEH
WHTENEeKT” e akTyanHa, KakTo OTHOCHO HeobxoauMmocTTa OT MOCTOAHHO
obHOBABaHe Ha wMeToAuTe, C Uen nosBuwaeaHe Ha edeKTUMBHOCTTa Ha
0by4yeHneTo, Taka MU OTHOCHO Bb3MOXHOCTTa 3a npunaraHeTo B HacTOALUMA
ANCepTauMoHeH Tpya Ha ocobeHo akTyanHute MeToAu, anroputMn wu
nporpamMHu CpeAcTBa Ha U3KYCTBEHUA MHTENEKT 3a MoJenvpaHe Ha cucrtema
3a aganTuBHO obyyeHue.

2. CrteneH Ha no3HaBaHe CBLCTOAHUETO Ha npoﬁneMa U TBOpYeCKa
WUHTepnpeTauus Ha nuTepaTypHUAa Mmatepuan

[duncepTaynoHHMa Tpya nokasBa AocTaTbyHa CTENEeH Ha Mo3HaBaHe
CbCTOSIHMETO Ha npobrnema u TBOpYECKa WHTepnpeTauus Ha nuTepaTypHUs
martepuan. Moxe ga ce TBbpAN, Ye B NbpBa rnaea “JlutepaTtypeH npernea’ Ha
AncepTauMoHHUA Tpya ca aHanuaupaHu ronsma vact ot uutupadute 110
Hay4Hn nybnukauumn, Ha 6asarta Ha KOUTO ce aprymeHTupa TemaTtukara, uenta
1 3aga4uTe Ha aucepTaunaTa, CBbp3aHM ¢ HEODXOAMMOCTTa OT Cb34aBaHe Ha
HOBM adanTUBHU U NO-ePEeKTUBHM MEeToAu U anropuTMu 3a obyyeHue 4ypes
MEeToAuTE N cpeacTBaTa Ha U3KYCTBEHUS MHTENEKT.

3. CroTBeTcTBME Ha n3bpaHaTta MeToauKa Ha U3cneaBaHe U noctaseHara
uen v 3aflayuvn Ha AUcepPTaLUMOHHUA TPYA C NOCTUrHaTUTE NPUHOCH

Mma nbnHO CbOTBETCTBME MeXy n3bpaHata MeToanka Ha uscnensaHe,
noctaBeHata UEn W 3agaYn Ha OucepTauMoHHMA TPyA W NOCTUTHATUTe
npuHocu. M3bpaH e npaBuneH noaxoa 3a hopMynupaHe Ha crniegHaTa uen u
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3afjaYn Ha aucepTauuaTa, KOUTO NOTBbpXAasaT TsACHaTa Bpb3ka C
NOCTUrHATUTE NPUHOCH:

Llen Ha aucepTrayunaTa

[a ce paspabotv n ekcnepumeHTanHo Banuaupa Moaen 3a ajanTUBHO
obyyeHune, ocHoBaH Ha meToan Ha WU, koWTo nepcoHanuaupa y4yeGHOTO
CbAbpXaHWe Bb3 OCHOBa Ha WASHTUMUUMPAHUTE TUNOBE TrPELKn W
VHOWBUAYaANHUTE pe3ynTatn Ha obydyaemute npu M3yyaBaHe Ha BbBeEXAalLo
nporpamupaHe Ha eauka C.

3apaum Ha AuceprayuAaTta

1. luTepaTypeH npernen Ha aHanoru4yHu nacnegpaHus B obnacrra Ha
cuctemMute 32  aganTUBHO  oDyYeHue,  M3KYCTBEHUS  MHTENeKkT B
0Opa3oBaHMETO,MHTENUIeHTHN cucteMmn 3a obydyeHue u nnatdopmu 3a
€NeKTPOHHO obyyeHune.

2. lNpoekTnpaHe Ha cuctema 3a obyyeHue ¢ aganTuBHA apxXuTekTypa u
HEWHOTO UMNMEMEHTUPAHE Ype3 CbBPEMEHHN yeb TexHonormm.

3. PaspaborBaHe Ha cTpaTtervm 3a reHepupaHe Ha TecToBe, Cb34adeHun
OT npenoaaegaTtens, 4pe3 npedopMmynupaHe W 4Ype3 reHepupaHe oT
N3KyCTBEHUS UHTENEKT.

4. PaspaboTBaHe Ha aganTUBHU anropuTMu 3a geduHupaHe, nogbupaHe

n NoAapexaaHe Ha BbNpoCKu 3a TeCTOBETE HA BCEKU 0Dyvaem

5. EKkcnepumeHTaneH gu3anH nNpu npoBexAaHe Ha KOHTPONupaHu
eKCNepuMeEHTM 3a oLeHKa Ha obpa3oBaTenHOTO Bb3AENCTBME Ha Moaena.

6. CebupaHe 1 aHanna Ha gaHHWU Npu NPOBEXAaHe Ha eKCNepuMeHTn C
peanHu CTy4eHTW, y4acTBallM B HayaneH obyynTeneH Kypc no nporpaMmumpaHe
Ha C, OT pa3nuyHn cneymanHocTu.

7. OnTuMmn3aumsa 1 oueHka Ha MoAerna 4ypes u3noni3eaHe Ha cbbpaHuTe
[aHHW, 3a onpejensiHe e@ekTUBHOCTTA Ha paspaboTeHuTe aganTuBHUTE
anroputMmu 3a oby4veHue.

8. 3aknwyeHna n Obaewa pabora — obobuwieHne Ha u3BoAMUTE 3a
dmMHanHaTa oueHKa Ha afanTUBHUA Moaen.

4. Kpatka aHanuMTuM4yHa XapaKTepuUCTUKa Ha eCcTecTBOTO U oOLEeHKa Ha
AOCTOBEpPHOCTTAa Ha MarTepuana, BbpXy KOUTO ce rpagsat npuHocuTte Ha
AUCepPTaLMOHHUA TpyAa

B auceptaunoHHua Tpya, ¢ obem 167 cTpaHuum, ca peanu3vpaHu
HanbNHO nocTaBeHaTa Uen W 3ajavyv Ha [ucepTauMoHHUS Tpyd, Kato e
nocTUrHaTa npasunHa nocrneaoBaTenHOCT B U3NOXEHMETO, Noruyecka Bpb3aka
U METOAUYHOCT B NpPeACTaBsHE Ha HOBUTE BaXXHW, OTHOCHO MPUHOCUTE Ha
auceprtaumaTa, TEOpeTUYHW U NpakTUYecKn pelweHus B obnactra Ha

TEMaTUKatTa Ha gncepraunara.
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ObekT Ha wu3cnegBaHe B rMaBa 2 Ha AucepTauuoHHUA TpyAa
,PopmynupaHe u moaenupaHe Ha aganTuBHaTa cuctemMa“ ca TeopeTuvHuTe
OCHOBM W AN3alHBT Ha 0OLWMs MoAen Ha npejnaraHara aganTuBHa cucrema
3a obyyeHue, CBbp3aHUTE C HEro Moaenu 3a ajanTUBHOCT U USANOCTHA
apxuTekTypa, B pe3ynTaT Ha KOeTo negarorm4ecknTe uenu ce TpaHcgopmupar
BbB bopmanHa cuctemHa cneumdumnkaums.

B raea 3 Ha aguceptaumoHHua Tpya L MmnnemeHtaums wm
aBTomMaTmsaumsa“ ca npeacraBeHn noapobHO TEXHUYEeCKUTEe acnekTu Ha
paszpaboTBaHUs NPOTOTUN Ha ajanTuBHata cucrtema, ©Oasarta [aHHW,
OCHOBHUTE CKPUNTOBE N KOHBeWepu, rpadpuyeH notpedbutenckmn nHtepdenc 3a
ynpaerneHue, anroputbM 3a reHepupaHe W pellaBaHe Ha TecToBse,
CboOpaxeHusi, CBbp3aHM C NOBEPUTENHOCTTA U E€TUYHO CbXpaHeHue Ha
OaHHUTE, C Uen 3awuMta W npeaoTepaTsiBaHe Ha pasKpuBaHETo Ha
YyBCTBUTENHA MHOPMaLUA NPU UHTErpauusaTa ¢ U3KYyCTBEHUA MHTENEKT.

B rnaBa 4 Ha aguceprauuoHHus Tpya , EkcnepumeHTaneH agusanH u
eMnupuYyHM pesyntatv® e onucaHa ekcnepumeHTanHata nocTaHoBKa,
yyacTHUUUTE B NPOBEAEHUTE EKCNepuMeHTH, NonyyYeHuTe pesyntatn ot TaxX 1
u3BbplLUEHaTa AeTannHa UMHTepnpetTauusa Ha nonyyvyeHuTe ekcrnepumMeHTanHu
pes3yrntaTi, aHanu3bT Ha KOUTO € AOKYMEHTMpaH 4Ype3 CbOTBETHW Tabnuuum,
durypu n Tekcr.

B rmaBa 5 Ha awuceptaumoHHua Tpya ,OueHka u onTuMu3auua Ha
ajanTueBHara cuctema“ ce u3non3sar NonyyYeHUTe eMnupuyHu pesynrtatu c
Len peanHa oueHKa Ha rorukarta Ha aganTtauus U npoyysaHe Ha Ha4vyuHM 3a
nonobpsBaHe M onTUMU3aUMA Ha MoAena Ha npegnoxeHara aganTuBHA
cuctema 3a obyyeHue.

5. Hay4yHu u/unu Hay4HO-NPUNOXHU NPUHOCKU Ha AUCepTauuOHHUA TPy

OCHOBHUTE pe3ynTaTu, NOCTUrHATU B HAacCTOALWNA AUCepTaLNOHEH TPyA,
ca obobuieHn n npeacTaBeHn B CMHTe3WpaH BUA noa doopmarta Ha crnegHuTte
NPUHOCHK:

Hay4Hu npuHocCHU:

1. MNpeanoxeH e moaen 3a aganTtuBHO obyyeHue, BasmpaH Ha TeopeTuyHa
KOHUEeNnuUUs 3a TUNoBETEe TEeOPEeTUYHW, CUHTaKTUYHM WU WU3XOOHWU TFPEeLUKn U
TAXHOTO popManuaupaHe 3a nepcoHanHa agantauua Ha  y4ebHo
CbhAbpXaHue.

2. BbBegeHa e opmanHa feduHUUMA Ha UUKBN 4Ype3 anroputMu 3a
onTUMM3auMa M emMnupuyHa npoBepka Ha afanTMBHOTO obOy4veHne 3a
npochunupaHe Ha obyyaemuns, n3bop Ha cbabpxaHue, obpaTHa Bpb3ka U
aHanua Ha pesynrartuTe.

Hay4HO-npunoXHu NPUHOCHK:
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1. PaspaboTteHa e yHuduumpaHa mMeToaonorna 3a agantuBHoO oby4veHwe no
nporpamupaxe, 6asupaHa Ha bopmanHo AeUHNPaHU rpeLLUKu, C Liern TAXHOTO
peayuupaHe 4ypes3 onTUMU3aLUMOHHN KpUTEpUN.

2. NpoBeneHo e egHO OT NbPBUTE KOHTPONMUPAHU eMNUPUYHN CPaBHEHUS Ha
TPW NoAX0Aa 3a reHepupaHe Ha y4ebHo cbabpXXaHue (PbYHO, aBTOMaTU3MpPaHoO
1 xnbpnaHo), C ocurypeHa HagexaHocT 1 BanuaHOCT Ha U3MepBaHusTa.

3. PaspaboTteH € nek TexXHONMormyeH CTeK 3a ynpaBrneHue Ha CbAbpXXaHue,
reHepupaHo ot W, sBkniousaly hopmaTtit 3a MHCTPYKUMK, OUNTPU 3a KA4YEeCTBO
U MEXaHU3MK1 3a NPEnoPbLKA.

4. ledbuHupaH e npensnonssaem Habop OT AaHHU U aHANUTUYHW CKPUNTOBE,
No3BOSABALLU Bb3NPOU3BOANMOCT U CPABHUMOCT Ha Dbaewn nacnenBaHus B
obnactra.

5. WHTerpupaHa e KoMOUMHAUMA OT UHXEHEPHW pelleHuss U negarornyecku
KOHUENuUMN, KaTto oBnagsBaHe, KOrHUTMBHO HaTOBapBaHe W KOHCTPYKTUBHA
obpaTtHa Bpb3ka B 00U} moaen 3a agantaums.

MpunoxHu:
1. PaspaboTeHa e meToAunKa 3a YCKOPEHO Cbhb3JaBaHe U NpoBepKa Ha BbNPOCH,
reHepupanHu ¢ W, ypes m3anonsBaHe Ha ACHO AedUHUPAHW KpuTepun 3a
Ka4yecTBO — NPUIOXUmMa OoT npenogasaTtenu u nnatopmMu.
2. BbBeneH e noaxod 3a 6bp3 aHanua Ha TUNOBE rpeLlkn, KOUTO CbKpallasa
BPEMETO 3a AuarHocTuka Ha obydyaemute M nosBuliaBa e@eKTUBHOCTTa Ha
obyunTenHusa npouec.
3. dopmynupaHn ca HacoKK 3a MHCTPYKUMK, BbBeXaawm N B obpasosaHueTo,
C aKUEHT BbpPXy MUHUMU3MpaAHE Ha CbOupaHuTe LaHHM U OCUrypsiBaHe Ha
NPO3paYHOCT 3a 0byHaeMnTe OTHOCHO anroOpUTMUYHUTE peLUEeHNS.

6. OueHkKa Ha cTeneHTa Ha NUYHOTO y4yacTtue Ha OOKTOpaHTa B MpUHOCUTE

HayyHuTe, Hay4YHO-MPUNOXHUTE U MPUIOXKHW MNPUHOCK MPUCHLCTBAT B
nybnukaunoHHaTa 4ENHOCT No AnucepTtaumsaTa U ca npeAcTaBeHn B NoAXOAALLN
n yTBBbPAEHU B obnacTTa Ha auceprauuaTta HaydHu cdoopymu. ToBa gokasea, 4e
pesyntatute OT AuceptaumaTa ca npuaodbunu cboTBEeTHaTa NOonynspHOCT U
npu3HaHue B Hay4yHuUTe cpean. B npeacraseHnTe 3 nybnukayum ce odeprasa B
JocTaTbyHa CTeneH NUYHOTO y4yacTue Ha AOKTopaHTa B npuHocuTe. EgHa ot
TAX € CaMOCTOfiTeNnHa, ABe ca B CbaBTOPCTBO C PbLKOBOAUTENUTE Ha
nokTopaHTa. EgHa nybnukauus e nHaekcupaHa B Scopus.

7. NpeueHka Ha nyGnukauuuTe No AUCepTaLUOHHUA TPy

MNpeueHkaTa Ha nybnukauuuTe B AucepTauusita € Bb3 OCHOBA Ha
npeacTaBeHUTe B AUCEePTaUVMOHHWA Tpya Tpu nybnukauum B Hay4yHU
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KoH(bepeHumn. CbabpXKaHMeTo Ha BCUYKM nybnukauum e noayepTaHo
TEOPETUYHO U nNpunoxHo. CBbP3aHO € npsko C  guceprauuaTa U cC
npodecnoHanHoTo HanpasneHne 5.3. KOMyHUKauMoHHa M KOMMIOTBLpPHA
TexHuka. ToBa faBa OCHOBaHue 3a npeleHka, ye nybnvkaynoHHaTa geiHocT
e gocTtaTtbyHa Nno o6em u cbabpXKaHMe U € Nony4yuna 4ocTaTbyHa U3BECTHOCT
B HALMOHANMHUTE N MeXAyHapoAHWU Hay4YHu cpeau.

8. Uanon3eaHe Ha pe3yntarute OoT gUCeptauMOHHUA TPpya B Hay4dYHaTta U
couuvanHa npakTuka.

HezaBucumo, 4ye He ca npeacTaBeHW [aHHU 3a U3NOn3BaHe Ha
pe3ynraTtuTte oT AUucepTaunoHHUA Tpyd, MOXe [a ce TBbpAW, Ye U3Non3BaHeTo
Ha TEeOopeTUYHUTE W NPaKTUYECKU MNOCTUXKEHUA B HayyHata W couuanHa
npakTuKa e peanHo U NPsKo NPUOXUMO B y4ebHUA npouec No AUCUUNIUHA B
obnactra Ha M3y4YaBaHETO Ha NporpamHy e3vun. Ho e HanbNHO Bb3MOXHO
NPpeanoXeHUAT Moaen W cuctema 3a aganTuBHO OByyeHue, M3NOoN3BanKu
cpe/cTBa 3a U3KYCTBEH MHTENEKT, Aa ce agantupa 1 ycnewHo ga ce npunoxu
MW B MHOro Apyrn y4yedbHw nporpamm B obnacrtra Ha WHGOpMaUWNOHHUTE
TEXHONMOTNK.

9. OueHKka Ha CbLOTBETCTBMETO Ha aBTopechepaTta ¢ MU3UCKBaAHUATaA 3a
M3roOTBAHETO MY, KAKTO U Ha afleKBaTHOCTTa Ha OTpa3siBaHe Ha OCHOBHUTE
NOMOXEeHUsA U NPUHOCUTE Ha AUCEePTALMOHHUA TPy

OdopmsiHeTo Ha aBTopedepaTa € B CbOTBETCTBME C U3NCKBaAHUATA U
HanbMHO CbAbPXKA HaW-BAXHUTE U CbLUECTBEHWU TEOPETUYHU U MPaAKTUYECKU
MOCTMXKEHUA B AWcepTauusita, KOeTo nokassa HeroBaTa afekBaTHOCT CbC
CbAbPXKAHMETO Ha ANCEePTaLUMOHHUS TpyA.

10. MHeHuUA, NpenopbKU U Benexku

MpencraBeHUsaT AUCepTaLMOHEH Tpyd Ce XapakTepusnpa ¢ MHoro gotbpo
ohopmneHne. MoraT fga ce nocoyaTr camMoO ClneaHUTe HeCbLeCTBEHN
pefaKLUMOoHHN 3abenexkKu:

- B 3a/la41Te Ha auceprauuaTa He e HeobxoaMMo [a ce pasiCHABa KakBo
npeacTou ga 6bae peanuavmpaHo Ypes TsX;

- NpeacTaBeHUTe B aBTopedbepaTa 3ajayn Ha guceprauuaTa ca B Mo-
KpaTka doopMa B CpaBHEHWE C NpeACTaBeHUTe 3a4ayu B camaTa guceprauus,
a Ou cnegBano TAXHOTO npeacTtaBaHe Aa Obae eqHaKBO;

- (hopmynuTe B AncepTaumsaTa cnensa Aa ce Homepupar U ga ce uatupa
N3TOYHUK, aKo € HeoBXoanUMO;

- HOMepauuaTa Ha naparpacguTe TpsibBa Aa 3anoyBa C HOMepa Ha
CbOTBETHaTa Inasa Ha gucepTauusTa, 3a [a He ce Aonycka AybnupaHeTo um,
KOETO B MOMEHTA CbLLUECTBYBA, HAanpMmMep HoMepauusita Ha naparpad 3.1 B



nbpsBa rnasa ce Ayonupa ¢ HomepauusaTa Ha naparpacgpute 3.1 BbB BTOpa U
neTa rnasu;

- HAKOW uUrypwm ca ¢ MHoro agpebeH WpudT ¢ Manbk KOHTPACT, Hanpumep
dur. 3.2;

- NPaBUNHO € Ja ce noco4YaT KOHKPEeTHUTE NMPUHOCKM KbM BCSKa rfasa U
cnep ToBa ga ce o600wWwsaT B 0OLWMTE NPUHOCK KbM AucepTauusaTa.

Y6eneH CbM, 4e nocoyeHuTe 3abenexkn umaTt CMUCHI Ha NPenopbkU KbM
[OKTOpaHTa B HeroBaTta ObellaTa Hay4yHa OeHOoCT.

11. 3aknw4yeHue

Cuntam, 4e MOXe [a Ce OUEHAT NOMOXUTENTHO MNOCTUrHaTUTE, KaKTo
TEOPETUYHM, Taka 1 NpakTUYeCcKn pesyntaTu npn paspaboTkaTa Ha HAaCTOALLMNSA
AncepTaunoHeH Tpya. Te ca gedbHUpaHn HanblHO OCHOBATENHO KaTo Hay4HU,
Hay4YHO-MPUIOXHW N NPUNOXHK NpuHOcK. lNMpeacTaBeHnTe Hay4yHn Nnyonnkayum
ca AocTaTb4HM Ha Bpon 1 ca nybnukyeaHn B NOAXOAALM HAYYHU CIUCAHUSA U
KoHdepeHuun. ToBa nokasBa HeaBYCMUCNEHO KBanudukaumaTa Ha
AOKTOpaHTa KaTO MNEepcrnekTMBEeH YYeH B CbOTBETHaArta HayyHa obnact Ha
auceprauyuaTa. 3aToBa NpenopbyYBaM Ha YBaXXaemMoTO Hay4yHO Xypu Aa
npucban obpasoBarenHaTa U HayyHa cTeneH ,JOKTOop” Ha mar. uHX. EneHa
BeHuecnasoBa AHTOHOBaAa B npodecuoHanHo HanpaeneHne 5.3.
KoMyHMKauuMoHHa WM KOMMKTBbPHA TeXHUMKa MO HayyHa cneymanHocT
Cucrtemu c U3KYCTBEH UHTENEKT.

NaTa: 06.02.2026 . PoBHIBHT! suuuisvsimisssssssmon

(npod. A-p AnekcaHabp boraaHoB Bekapcku)



REVIEW

by Prof. Dr. Eng. Alexander Bogdanov Bekyarski
regarding the dissertation for the acquisition of the educational and
scientific degree "Doctor" in the scientific specialty:
Artificial Intelligence  Systems in the professional field:
5.3. Communication and Computer Engineering

Author of the dissertation: M.Sc. eng. Elena Ventseslavova Antonova
Topic of the dissertation:

MODELIZATION OF AN ADAPTIVE TRAINING SYSTEM USING
ARTIFICIAL INTELLIGENCE TOOLS

1. Relevance of the problem developed in the dissertation in scientific and
scientific-applied terms

The topic of the presented dissertation “Modeling of an adaptive training system
using artificial intelligence tools” is relevant, both in terms of the need for
constant updating of methods in order to increase the effectiveness of training,
and in terms of the possibility of applying in the current dissertation particularly
current methods, algorithms and software tools of artificial intelligence for
modeling an adaptive training system.

2. Degree of knowledge of the state of the problem and creative
interpretation of the literary material

The dissertation shows a sufficient degree of knowledge of the state of the
problem and creative interpretation of the literary material. It can be argued that
in the first chapter "Literature Review" of the dissertation work, a large part of
the cited 110 scientific publications are analyzed, on the basis of which the
topic, goal and objectives of the dissertation are argued, related to the need to
create new adaptive and more effective methods and algorithms for training
through the methods and tools of artificial intelligence.

3. Correspondence of the selected research methodology and the set goal
and tasks of the dissertation with the achieved contributions

There is a full correspondence between the selected research methodology,
the set goal and tasks of the dissertation and the achieved contributions. A
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correct approach has been chosen to formulate the following goal and tasks of
the dissertation, which confirm the close connection with the achieved
contributions:

Purpose of the dissertation

To develop and experimentally validate an adaptive learning model based on
Al methods that personalizes the learning content based on the identified types
of errors and the individual results of learners when studying introductory
programming in the C language.

Tasks of the dissertation

1. Literature review of similar studies in the field of adaptive learning systems,
artificial intelligence in education, intelligent learning systems and e-learning
platforms.

2. Design of a learning system with adaptive architecture and its implementation
using modern web technologies.

3. Development of strategies for generating teacher-created tests through
reformulation and  through generation by artificial intelligence.
4. Development of adaptive algorithms for defining, selecting and arranging
questions for each student's tests

5. Experimental design when conducting controlled experiments to assess the
educational impact of the model.

6. Data collection and analysis when conducting experiments with real students
participating in an introductory C programming course from different majors.
7. Optimization and evaluation of the model using the collected data to
determine the effectiveness of the developed adaptive learning algorithms.
8. Conclusions and future work - summary of the conclusions for the final
evaluation of the adaptive model.

4. Brief analytical characterization of the nature and assessment of the
reliability of the material on which the contributions of the dissertation are
built

In the dissertation, with a volume of 167 pages, the set goal and objectives of
the dissertation have been fully realized, achieving correct consistency in the
presentation, logical connection and methodicality in presenting the new



important, regarding the contributions of the dissertation, theoretical and
practical solutions in the field of the dissertation's topic.

The object of research in Chapter 2 of the dissertation "Formulation and
Modeling of the Adaptive System" is the theoretical foundations and design of
the general model of the proposed adaptive training system, the related models
for adaptability and overall architecture, as a result of which the pedagogical
goals are transformed into a formal system specification.
Chapter 3 of the dissertation "Implementation and Automation" presents in
detail the technical aspects of the developed prototype of the adaptive system,
the database, the main scripts and pipelines, a graphical user interface for
management, an algorithm for generating and solving tests, considerations
related to confidentiality and ethical storage of data, in order to protect and
prevent the disclosure of sensitive information during integration with artificial
intelligence.

Chapter 4 of the dissertation "Experimental Design and Empirical Results"
describes the experimental setup, the participants in the experiments, the
results obtained from them and the detailed interpretation of the experimental
results obtained, the analysis of which is documented through relevant tables,
figures and text.

In Chapter 5 of the dissertation "Evaluation and Optimization of the Adaptive
System", the obtained empirical results are used for the purpose of a real
evaluation of the logic of adaptation and the study of ways to improve and
optimize the model of the proposed adaptive training system.

5. Scientific and/or scientific-applied contributions of the dissertation
work

The main results achieved in this dissertation work are summarized and
presented in a synthesized form in the form of the following contributions:

Scientific contributions:

1. A model for adaptive learning is proposed, based on a theoretical concept for
the types of theoretical, syntactic and output errors and their formalization for
personal adaptation of learning content.
2. A formal definition of a cycle is introduced through optimization algorithms
and empirical verification of adaptive learning for profiling the learner, selection
of content, feedback and analysis of results.
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the contributions of the dissertation, theoretical and practical solutions in the
field of the dissertation topic.

1. A unified methodology for adaptive programming training has been
developed, based on formally defined errors, with the aim of reducing them
through optimization criteria.

2. One of the first controlled empirical comparisons of three approaches to
generating learning content (manual, automated and hybrid) has been
conducted, with reliability and validity of the measurements ensured.
3. A lightweight technology stack for managing Al-generated content has been
developed, including instruction formats, quality filters and recommendation
mechanisms.

4. A reusable dataset and analytical scripts have been defined, allowing for
reproducibility and comparability of future research in the field.
5. A combination of engineering solutions and pedagogical concepts, such as
mastery, cognitive load and constructive feedback, has been integrated into a
common adaptation model.

Applied:

1. A methodology has been developed for the accelerated creation and
verification of questions generated with Al, using clearly defined quality criteria
- applicable by teachers and platforms.
2. An approach for rapid analysis of error types has been introduced, which
reduces the time for diagnosing learners and increases the efficiency of the
learning process.

3. Guidelines for instructions introducing Al in education have been formulated,
with an emphasis on minimizing the data collected and ensuring transparency

for learners regarding algorithmic solutions.

6. Assessment of the degree of personal participation of the doctoral
student in the contributions

The scientific, scientific-applied and applied contributions are present in the
publication activity of the dissertation and are presented in appropriate and
established scientific forums in the field of the dissertation. This proves that the
results of the dissertation have gained the appropriate popularity and
recognition in scientific circles. The 3 publications presented sufficiently outline
the personal participation of the doctoral student in the contributions. One of
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them is independent, two are co-authored with the doctoral student's
supervisors. One publication is indexed in Scopus.

7.Assessment of publications in the dissertation

The assessment of publications in the dissertation is based on the three
publications presented in the dissertation at scientific conferences. The content
of all publications is emphasized theoretically and applied. It is directly related
to the dissertation and the professional field 5.3. Communication and computer
technology. This gives grounds for assessing that the publication activity is
sufficient in volume and content and has received sufficient fame in national
and international scientific circles.

8. Use of the results of the dissertation in scientific and social practice

Despite the fact that no data are presented on the use of the results of the
dissertation, it can be argued that the use of theoretical and practical
achievements in scientific and social practice is real and directly applicable in
the educational process in disciplines in the field of studying programming
languages. But it is entirely possible that the proposed model and system for
adaptive learning, using artificial intelligence tools, can be adapted and
successfully applied in many other curricula in the field of information
technology.

9. Assessment of the compliance of the abstract with the requirements for
its preparation, as well as the adequacy of reflecting the main points and
contributions of the dissertation work

The design of the abstract is in accordance with the requirements and fully
contains the most important and essential theoretical and practical
achievements in the dissertation, which indicates its adequacy with the content
of the dissertation work.

10.0pinions, recommendations and notes

The presented dissertation work is characterized by a very good layout. Only
the following non-essential editorial notes can be indicated:
- in the tasks of the dissertation it is not necessary to explain what is to be
implemented through them;
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- the tasks of the dissertation presented in the abstract are in a shorter form
compared to the tasks presented in the dissertation itself, and their presentation
should be the same,;

- the formulas in the dissertation should be numbered and the source should be
cited, if necessary;

- the numbering of the paragraphs should begin with the number of the
corresponding chapter of the dissertation, in order to avoid their duplication,
which currently exists, for example, the numbering of paragraph 3.1 in the first
chapter is duplicated with the numbering of paragraphs 3.1 in the second and
fifth chapters;

- some figures are in very small font with low contrast, for example Fig. 3.2;
- it is correct to indicate the specific contributions to each chapter and then
summarize them in the general contributions to the dissertation.
| am convinced that the above remarks have the meaning of recommendations
to the doctoral student in his future scientific activity.

11.Conclusion

| believe that the achieved, both theoretical and practical results in the
development of this dissertation work can be positively assessed. They are
defined quite reasonably as scientific, scientifically applied and applied
contributions. The scientific publications presented are sufficient in number and
have been published in appropriate scientific journals and conferences. This
clearly shows the qualification of the doctoral student as a promising scientist
in the relevant scientific field of the dissertation. Therefore, | recommend to the
Honorable Scientific Jury to award the educational and scientific degree
"doctor" to M.Eng. Elena Ventseslavova Antonova in the professional field 5.3.
Communication and Computer Engineering in the scientific specialty Artificial
Intelligence Systems.

Date: 06.02.2026 Reviewer: ........cooviiiiiiiiiiiien,

(Prof. Dr. Alexander Bogdanov Bekyarski)
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