SUCTvy - #cl ~ OF7

09

E

P e

D2 At 2.

CTAHOBWLWE

3a gucepTtaunoHeH Tpy4 3a npucbkxaaHe Ha OHC ,,[JOKTOP*

~no npocbecuonanHo HanpasneHue 5.3. ,KoMyHUKaLUMOHHaA U KOMI‘IIOT'pra TexHuka"

Hay4Ha cneynanHocT ,CUCTEMM C U3KYCTBEH MHTEeneKT"

ABTOp Ha AUCepTaLMOHHUA TPYA: mar. UHX. EneHa BeHuecnasosa AHTOHOBa

Tema Ha gucepTauMoOHHUA TPYA: ,MoaenvwpaHe Ha cuctema 3a afanTuBHO obyyeHune,
W3NON3BaMkn CPeAcTBa 3a U3KYCTBEH UHTENEKT"

YneH Ha Hay4YyHOTO Xypu: npod. 4-p nHx. [laHnena AceHosa [ouesa

npodecop B kaT. KomnioTbpHM cuctemu, Gakyntet KOMOKOTbPHU CUCTEMU U
TexHonoruu, TexHnyeckv YrHusepcutet — Codus

1. AKTyanHocT Ha AUCEPTaLUUOHHUA TPyA

Bbp3oTo passutMe Ha UHGDOPMAUMOHHO KOMYHWKALUMOHHUTE TEXHOMOrMn U
HaBNU3aHETO Ha TEXHOMOrMKUTE 3a U3KycTBeH uHTenekT (UMW), noctaes obpasosaTtenHus
CeKTop npen Npeav3BUMKaTencTBOTO Aa Ce TbPCAT WU npunaraT NoAxoAsAlM MeToaun U
cpeacTtBa 3a TAXHaATa MHTerpauus. ToBa BoAM [0 cunHa HeobxoaumocT OT
Cb3aBaHETO Ha CcUCTEMM 3a apanTuBHO oOyyeHne, KOUTO OTroBapAT Ha
uHaMBMAayanHute npodmnu Ha obyy4aemute. [onemuTe €3UKOBU MoAEenn BbBexaaT
HOBM BB3MOXHOCTM 3a CMpaBsHE C Te3W MPONycklu, HO BHeApABaHETO UM B
negarorM4ecku BanuOHW CUCTEMWM OCTaBa [0 ronAMa CTeneH Heuscneasaxa.
MocTaBeHUAT Hay4YeH acnekT, a UMEHHO HapacTeawjata pons Ha MW B obpasosBaHneTo
M HApPacTBaLLOTO TbPCEHE Ha NepcoHanu3npaHo afanTuBHO obyvyeHne npasun akTyanHu
NOCTaBEHUTE W peLueHn npobnemun B anceptaumnoHHus Tpya, lNpeasua passBuTUETO Ha
CbBpPEMEHHUTE TeHAeHUMM B Tasu obnact akTyanHocTTa Ha npeacraBeHus
AvcepTaumMoHeH Tpya e 6escnopHa, KOeTo ce [oKa3Ba W OT MHOXECTBOTO HayuyHM
dopyMu NnoceeTEHU Ha Tasn Tema.

2. CteneH HAa No3HaBaHe HAa CHLCTOAHUETO Ha NpobnemMa U TBopYecka

MHTEepnpeTauus Ha NUTepaTypHUA Matepuan

MpeactaBeHUAT 3a peleH3upaHe aucepTaunoHeH Tpya e ¢ obem ot 167 cTpaHuum,
KOMTO BKMIOYBAT YBOA, NET rnaBu, 3akni4yeHue, npuHocu, anpobauusa, CnUChLK C
nybnukauvmTe, CBbp3aHU C AUCEPTAUMOHHWA Tpya, WM CNWCBK C  KU3nonssaHa
nutepaTypa, BknwouBaw 110 nuTtepaTypHM u3TodHMKaA. KbM auceprtauyuaTta uma
NpUNoXeHus, BkNYBawm koga B Django, ocurypsieal) OCHOBHUTE (PYHKLMOHANHOCTH
Ha cucTemara, aBTomMaTU3vpaHo nepudpasvpaHe, mogenun, (QyHKUMOHANHOCTU 3a
nNpenopbKa, PeYHUK Ha M3NON3BaHUTE CbKPALLEHUN, CNUCBUN C U3NON3BaHUTE PUrypu
(179 dwurypun) n T1abnuum (44 Tabnuuu), nopgpobHM BapuaHTU Ha Tpu TabnUuM u
cnpaeka 3a BHeapsiBaHe.

B nbpea e2naea e HanpaseH oOwwupeH npernen Ha nurepaTtypaTta 3a TEKyLWoTo
CbCTOsIHNE Ha aganTuBHOTO 0byyerHne n U B obGpasosanuneTo. BoBeaeHu ca Kno4vosu
NOHATUMA U AeMUHULMKW, aHaNW3UMpaHM Ca OCHOBHUTE KOMMOHEHTM Ha afanTUBHUTE
obyuntenHn cuctemm wu ca pasrnegaHn TexHukute 3a WW, wusnonssaHn B
obpasoBaTeneH KoHTeKCcT. CpaBHEHWM ca pasnW4HM NOAXOAM 3a reHepupaHe Ha
CbAbpXaHWe, HanpaBeH e npernej Ha CblecTByBawy nnatgopmu 3a afanTUBHO
obyyeHve. PasrnepgaHM ca neparormyecku  paktopu, CTaHAapTW, W eTUYHK




CbOﬁpE)KGHVIH, n ca I/IJJ,eHTHdDVILlVIpaHVI nponyckn B HacToAWWMTE uU3cneasaHuAa w“
NpakTuKa, KOUTO Ta3n guceprtauna uMma 3a uen ga agpecupa.

3. ChorBeTcTBME Ha U3bpaHaTa MeToAMKA HA U3CneABaHe U NocTaBeHaTa uen
M 3afla4v Ha AUCEPTALMOHHUA TPYA C NOCTUrHATUTE pe3ynrtaTtu

KomnnekcHata uen Ha pAucepTauvoHHMs Tpya € pJda ce paspabotn wu
eKcnepumeHTanHo sanugupa moaen 3a agantuBHO obyvyeHue, oCHOBaH Ha MeToau Ha
WW, koitTo nepcoHanusnpa y4ebHOTO cbabpXKaHWe Bb3 OCHOBA Ha uaeHTuduumnpasute
TUNOBE rPeLKn WU UHAMBUAYanHUTE pesyntaTh Ha obyvyaemute npu usyyasaHe Ha
BbBEeMJalLlo nporpamupaHe Ha esuka C.

Hay4yHoTo uscneagsaHe ce ocHoBaBa Ha xunoTesaTta, Ye npunaraHeTo Ha popmarsnHo
AeduHWpaH ajanTvBeH Mofen, peanusaupaH ¢ anroputMu Ha WU, we posepe oo
nosulleHa edeKTUBHOCT Ha obyYyeHWeTo, M3Mepuma Ype3 KOHTPONUPaHU EMMUPUYHU
eKcnepuMeHTn ¢ peanHu obyvyaemu. 3a TeCTBAHETO Ha Ta3u XunoTesa € u3nonssaHa
mMeToauKa, CbyeTasalla KoHuenTyanHo mogenupaHe, 6asvpaHo Ha YCTaHOBEHW
obpasoBaTenHu Teopuu, NpoeKTUpaHe U BHeApsABaHe Ha cucTemarta, paspaboTBaHe Ha
afjanTUBHU anropuTMU U eKCnepuMMeHTanHa oueHKa CbC CTyAEeHTW, 3anucaHu BbB
BbBeXJalum Kypcose no nporpamupane Ha C. lNpunoxeHnte MeToam Ha n3cneasaHe ca
NnoaxXoAsilM U AOCTaTbYHM 3a NOCTUraHe Ha nocTtaBeHwuTe uenu u obocHoBaBaHe Ha
NPUHOCUTE Ha AUCEPTaALUOHHUSA TPYA.

4. HayuyHu u/unu Hay4YHO-NPUNOXHU NPUHOCK HA AUCEPTALMOHHUA TPy A

OcHOBHUTE NPUHOCK NPEeACTaBEHM OT aBTOpa B AUCEPTALMOHHUAT Tpya ca nobpe
dopmynupaHn u goctatbyHU. Te moraT Aa ce obobwAT KaTto MPUHOCKU C HaydyeH,
Hay4YHO-NPUNOXEH XapakTep, U NPUHOCK C NPUNOXEH XapakTep:

Hay4Hu npuHocu:

1. MNMpeanoxeH e mogen 3a aganTMBHO oOyyeHue, H6asupaH Ha TUNOBE rpPeLuKn —
TEOpPETUYHA KOHUENUMA, ONWCBalla Kak pasnuMYHUTE BUAOBE  IPELLKM
(TEOPETUYHUN, CUHTAKTUYHKU, W3XOA4HM) MoraT ga 6bpar dopmanuavpaHm u
M3NON3BaHU 332 NEPCOHANM3npaHa aganTauusa Ha y4ebHOTO CbabpXKaHue.

2. BuBegeHa e dopmanHa geduHMUMA Ha UMKbNa Ha aganTUBHOTO ObyyeHue,
BKMOYBaWa npodunupaHe Ha obydaemusi, n3bop Ha cbabpxaHue, obpaTtHa
Bpb3Ka W aHanu3 Ha pesyntatute. To3n UMKbN € peanu3npaH Ypes anroputmu,
nognexaiwiy Ha uamepuma onTUMU3auma U eMnUpuYHa NpoBepkKa.

Hay4Ho-npunoXxHu npuHocu:

1. PaspaboteHa e yHudpuumpaHa MeTodonorvs 3a agantuBHO oby4veHue no
nporpamupaHe, 6asupaHa Ha opmanHo AeVHUPaAHN TUMOBE FPELUKW, C Len
TAXHOTO peayuupaHe 4ypes oNnTUMU3ALNOHHN KPUTEPUN.

2. lNpoBeneHo e eaHO OT NbpBUTE KOHTPONMWPaHU EMMNUPUYHU CPaBHEHURA Ha Tpu
nogxoAa 3a reHepupaHe Ha y4yebHO cbhAabpKaHwe (PbYHO, aBTOMATU3UPaHO U
XMBpPUAHO), C OCUrypeHa HaaeXaHoCT U BanNnUAHOCT Ha U3MepBaHuAaTa.

3. PaspaboteH e neKk TexHONOrMd4eH CTeK 3a ynpaBneHWe Ha CbAbpXaHue,
reHepupano ot W, Bknioyealy opmati 3a MHCTPYKUUKU, PUNTPU 32 KAYECTBO U
MeXaHW3MU1 32 NPEnopPbKMU.




4. [JecduHupaH e npewusnonssaem Habop OT AaHHW U AHANUTUYHW CKPUNTOBE,
Nno3BOMABaLLM Bb3NPOU3BOAUMOCT U CPaABHUMOCT Ha Obaewum v3cnensaHusa B
obnacrTa.

5. WHTerpupaHa e KOMOMHAUMS OT WHXEHEePHU peLeHua WU negarormyecku
KOHLUENuUWUW, KaTto oOBnagsBaHe, KOrHUTMBHO HATOBapBaHE WU KOHCTPYKTUBHA
obpaTHa Bpb3ka B 00| Moaen 3a aganTauus.

[1punoXHu NnpuHocu:

1. PaspaboreHa e meToaMka 3a YCKOpPEHO Cb3faBaHe W NpoBepka Ha BbNPOCH,
reHepupaun ¢ UMW, 4ypes un3nonssaHe Ha SCHO AedWHUPaAHU KpUTepun 3a
Ka4yecTBO — NPUNoXuWma oT npenogasaTteny u nnatgopmu.

2. BvBegeH e noaxog 3a O6bp3 aHanua Ha TUNOBE IPeLlKkW, KOWTO CbKpallasa
BPEMETO 3a AuarHoCcTUKa Ha obydaemute U noBuwaea egEKTUBHOCTTA Ha
oby4ntenHus npouec.

3. ®opmynupaHu ca Hacoku 3a UHCTpykuuu, Bbeexaawm W B obpasosaHuneTo, C
aKUEeHT BbpXYy MUHUMU3UpaHe Ha CbOupaHuTe [aHHW W ocurypsBaHe Ha
NPO3paYyHOCT 3a 0by4aeMuUTe OTHOCHO anropUTMUYHUTE peLUEHUS.

5. MNpeueHka Ha Ny6NUMKaUuUTe NO AMCEPTALMOHHUA TPyA

Bbe Bpb3ka ¢ paspaboTBaHeTo Ha AWCEPTAUMOHHUA Tpyd [AOKTOPaHTBLT €
npeacTasun 3 Hay4yHU Tpyaa, OT KOUTO 2 B CbABTOPCTBO U €QUH CaMOCTOATENEH TPYA,
2 OT TAX HA aHIMUINCKUW e3uK. Te ca NpPeAcCTaBeHU Ha MNPECTWKHU MeXAyHapoaHW
KOH(bepeHUMKn, KaTo efHa OT TAX € B MHAEeKCUMpaHa B MexayHapoaHata 6asu oT AaHHu
SCOPUS 1 Web of Science.

6. MHeHuAa, npenopbLKU U Benexku

KaTo uAno, MHEHWETO MK 3a NPEeACTaBEeHWs AuCepTauuMOHEH Tpyad €, 4Ye Toh e
pa3paboTeH NPeLu3HO U MMa BUCOKO HUBO Ha HayyHu uscneasaHus. Kato 3abenexku
bux otbenssana gakta, 4e Ha MecTa uanoxeHueto 6u morno ga Bvae no-cterHaTo
ypes3 HamansBaHe Ha e3UKOBWU NOBTOPEHUS U onucaTenHu nacaxu. PopmanusnpaHarta
yacT Ha Moaena cblio 6u morna ga 6vae AONBNHUTENHO 3aabnboYeHa Ypes No-CTporu
MaTemMaTU4ecku NpeacTaBAHMA Ha aganTuBHaTta noruka. OT ekcnepuMeHTanHa rnegHa
Touyka, Obaewwu wuscneasaHus Ouxa MOrMM [a pas3WUpAT NpoyyYyBaHETO C MNo-
OBNrOCPOYHU NOKasaTenu 3a 3adbpXaHe Ha 3HaHuMATa W C NPUNOoXeHue Ha
npeanoXeHua noaxon B Apyru y4ebHu gucumnivHu.

Bbnpeku HanpaBeHuTe 3abenexku, cuyutam, Ye aBTopkaTa nokasea aobpo
no3HaBaHe Ha npeameTHaTa obnact. bux npenopb4ana Ha AgucepTaHTa Aa NPoAbLITKY C
Pa3NPOCTPaAHEHMETO W MPUNOXEHWETO Ha Cb3fafeHUTEe MoAen WM aBTOMAaTU3MpaHu
CUCTEMW W B OpYrK NnpegMeTHu obnactu.

7. 3aknwuyeHue

KpailHata MW oOueHKa 3a [UCepTauMOHHMAT Tpya Ha Mar. uHX. EneHa
BeHuecnaBoBa AHTOHOBA € nosioumenHa. /3BbplieHa e 3HauuTenHa no obem wu
CbAbpXaHue uscneposartencka pabora. [JucepTaunoOHHUAT TPYA HanbIHO OTroBapsa Ha
M3UCKBaAHWATA Ha 3akoHa 3a pas3BUTUE Ha akageMUYHWs cbcTaB Ha Penybnuka




Bwvnrapus, Ha lMpaBunHuka 3a HEroBoTO NpUNOXeHne u Ha MNpaBunHUkKa 3a yCnoBuATa U
pena 3a npugobuBaHe Ha Hay4HU cTeneHn B TexHnyeckn YHueepcutet — Codus.

ToBa MM paBa OCHOBaHME [a OUEHA BWCOKO AUCEepTauuOHHWS Tpya WM Aa
npenopbY4am Ha Hay4HOTO Xypu Aa NpMcbAM Ha Mmar. uHX. EneHa BeHuecnaeoBa
AHTOHOBa o6pasoBaTenHaTta M Hay4yHa cTeneH ,AOKTop“ no HanpasneHue 5.3.
,KOMYHMKALMOHHA W KOMMIOTbPHA TexHuKa“, Hay4yHa cneuunanHoct ,Cuctemun c
W3KYCTBEH UHTENEeKT"

Codpus, 09.02.2026 . MPEACEOATEN HA HAYYHOTO XXYPW:
/npod. a-p Nauvena MNouesa/
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regarding a doctoral dissertation for the award of the educational and scientific degree
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in Professional Field 5.3. Communication and Computer Engineering,
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Author of the dissertation: MSc Eng. Elena Ventseslavova Antonova

Title of the dissertation: “Modeling an Adaptive Learning System Using Artificial
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1. Relevance of the Dissertation

The rapid development of information and communication technologies, together with
the widespread adoption of artificial intelligence (Al) technologies, places the
educational sector before the challenge of identifying and implementing appropriate
methods and tools for their integration. This has led to a pronounced need for the
development of adaptive learning systems that respond to the individual profiles of
learners. Large language models introduce new opportunities for addressing these

gaps; however, their implementation within pedagogically valid systems remains largely
unexplored.

The scientific focus of the dissertation—namely, the increasing role of Al in education
and the growing demand for personalized adaptive learning—renders the addressed
and resolved problems highly relevant. In view of contemporary developments in this
field, the relevance of the presented dissertation is indisputable, as evidenced by the
numerous scientific forums dedicated to this topic.

2. Degree of Familiarity with the State of the Problem and Creative
Interpretation of the Literature

The dissertation submitted for review comprises 167 pages, including an introduction,
five chapters, a conclusion, contributions, dissemination activities, a list of publications
related to the dissertation, and a bibliography containing 110 references. The
dissertation is supplemented by appendices that include Django-based code
implementing the core system functionalities, automated paraphrasing modules,



models, recommendation functionalities, a glossary of abbreviations, lists of figures (179
figures) and tables (44 tables), extended versions of three tables, and documentation
regarding system implementation.

Chapter One presents an extensive literature review on the current state of adaptive
learning and artificial intelligence in education. Key concepts and definitions are
introduced, the main components of adaptive learning systems are analyzed, and Al
techniques applied in educational contexts are examined. Various approaches to
content generation are compared, and existing adaptive learning platforms are
reviewed. Pedagogical factors, standards, and ethical considerations are discussed,
and research and practical gaps that the dissertation aims to address are clearly
identified.

3. Correspondence Between the Selected Research Methodology, the
Stated Objectives and Tasks of the Dissertation, and the Achieved
Results

The overarching objective of the dissertation is to develop and experimentally validate
an adaptive learning model based on Al methods that personalizes educational content
according to identified error types and individual learner performance in introductory C
programming.

The research is grounded in the hypothesis that the application of a formally defined
adaptive model, implemented through Al algorithms, will result in increased learning
effectiveness measurable through controlled empirical experiments involving real
learners. To test this hypothesis, a methodology combining conceptual modeling based
on established educational theories, system design and implementation, development
of adaptive algorithms, and experimental evaluation with students enrolled in
introductory C programming courses has been employed. The applied research
methods are appropriate and sufficient for achieving the stated objectives and
substantiating the contributions of the dissertation.

4. Scientific and/or Scientific-Applied Contributions of the Dissertation

The principal contributions presented by the author are well formulated and sufficient.
They may be summarized as scientific, scientific-applied, and applied contributions.

Scientific Contributions

1. An adaptive learning model based on error types is proposed—a theoretical
concept describing how different categories of errors (theoretical, syntactic, and
output-related) can be formalized and utilized for personalized adaptation of
learning content.

2. A formal definition of the adaptive learning cycle is introduced, encompassing
learner profiling, content selection, feedback provision, and performance
analysis. This cycle is implemented through algorithms subject to measurable
optimization and empirical validation.




Scientific-Applied Contributions

1. A unified methodology for adaptive programming instruction has been developed,
based on formally defined error types aimed at their reduction through
optimization criteria.

2. One of the first controlled empirical comparisons of three approaches to
educational content generation (manual, automated, and hybrid) has been
conducted, ensuring reliability and validity of the measurements.

3. A lightweight technological 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, enabling
reproducibility and comparability in future research within the field.

5. A combination of engineering solutions and pedagogical concepts—such as
mastery learning, cognitive load, and constructive feedback—has been
integrated into a unified adaptive model.

Applied Contributions

1. A methodology for the accelerated creation and validation of Al-generated
questions has been developed using clearly defined quality criteria, applicable to
educators and educational platforms.

2. An approach for rapid analysis of error types has been introduced, reducing
diagnostic time and increasing the efficiency of the learning process.

3. Guidelines for the integration of Al in education have been formulated,
emphasizing minimal data collection and transparency toward learners regarding
algorithmic decision-making.

5. Evaluation of the Publications Related to the Dissertation

In connection with the development of the dissertation, the doctoral candidate has
presented three scientific publications, two of which are co-authored and one single-
authored; two of the publications are in English. These works have been presented at
prestigious international conferences, one of which is indexed in the international
databases SCOPUS and Web of Science.

6. Opinions, Recommendations, and Remarks

Overall, my assessment of the presented dissertation is positive. The work has been
developed with precision and demonstrates a high level of scientific research. As
remarks, | would note that in certain sections the exposition could be more concise
through the reduction of linguistic repetitions and descriptive passages. The formalized
component of the model could also be further elaborated through more rigorous
mathematical representations of the adaptive logic.



From an experimental perspective, future research could expand the study by
incorporating longer-term indicators of knowledge retention and by applying the
proposed approach to other academic disciplines.

Notwithstanding the above remarks, | consider that the author demonstrates a strong
command of the subject area. | would recommend that the doctoral candidate continue
the dissemination and application of the developed model and automated systems in
additional subject domains.

7. Conclusion

My final evaluation of the dissertation of MSc Eng. Elena Ventseslavova Antonova is
positive. A substantial research effort has been carried out, both in scope and in
content. The dissertation fully complies with the requirements of the Law on the
Development of the Academic Staff in the Republic of Bulgaria, its implementing
regulations, and the Regulations for the Conditions and Procedures for Acquiring
Academic Degrees at the Technical University of Sofia.

This provides sufficient grounds for me to highly evaluate the dissertation and to
recommend that the Scientific Jury award MSc Eng. Elena Ventseslavova Antonova the
educational and scientific degree “Doctor” in Professional Field 5.3. Communication and
Computer Engineering, Scientific Specialty Artificial Intelligence Systems.

Sofia, 09.02.2026 CHAIR OF THE SCIENTIFIC JURY:
/Prof. Daniela Gotseva, PhD/



