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mspky AucepTaLMoHeH TpyA 3a NpugobusaHe Ha obpa3oBaTenHa v Hay4YHa CTeneH ,A0KTop”
ABTOp Ha AMCEPTALMOHHUA TPYA: Mar. WHx. Enena BeHuecnasosa AHTOHOBA

—-Tema Ha auceprauvoHHus Tpya: MOOENWPAHE HA CUCTEMA 3A AJANTUBHO OBYYEHUE,
~H3MON3BAUKM CPEOCTBA 3A U3KYCTBEH UHTENEKT

UneH Ha Hay4HOTO Xypu: Aow. A-p uHX. Wopaanka HalipeHoBa AHacTacoBa

1. AxTyanHocT Ha pa3paboTBaHWA B AWCEPTALUMOHHMA TPYA Npobnem B HAy4YHO U HayuHO
NPUNOXHO-OTHOLLEHKE,

BHeapsBaHeTo Ha uskycTBeHus nHtenekt (MK) n HeobxoaumocTTa OT nepcoHanuavpaHe Ha obyyeHneTo
W3ncKBa Cb3aaBaHe Ha CMCTeMM, Cbobpa3eHn ¢ MHAMBMAYANHOTO TEMNO Ha yYeHe Ha Bceku CTyaeHT. Llenta
Ha AUCEePTaLMOHHUSA TPYA € BHEApsiBaHe W BanuaupaHe Ha Moden 3a aganTMBHO oOyyeHue, M3nonaealy
WHCTpyMeHTUTE Ha MW 3a nepcoHannanpaHo reHepupaHe Ha TecToBe W obpaTHa Bpb3ka ¢ 0byvaemute B
YBOAHOTO NporpamupaHe Ha C. [lechuHnparmi n U3MbAHEHN ca CeeM OCHOBHW 3aady, 3a Y4eTo pellaBaHe ca
W3M0N3BaHK CbBPEMEHHM MOAXOAN U TEXHOMOMMM.

2. CreneH Ha no3HaBaHe CBLCTOAHMETO HAa npobnemMa M TBOpPYECKa WHTEpNpeTauus Ha
NUTepaTypHUs MaTepuan.

B avcepraunoHHMA TPya aBTOPBLT MOKasBa MHOrO A0OpO NO3HaBaHe Ha TemaTtukaTta W adekeaTHa
WHTEpnpeTaUus Ha nuTepaTypHUs martepuan. ToBa NM4M ACHO OT HanpaBeHWAT B QUCepTauusaTa aHanus Ha
TEOpUATa Ha aganTMBHOTO 0OyyeHue, npunoxenneTo Ha WA B obyyeHneTo ¥ TexHUKUTE 3a Cb3aaBaHe Ha
CbbpXaHue B CbBpeMeHH1TE 00y4nTenHu nnatgopmu.

[ucepTaynoHHUAT TpyA e B 0bem ot 167 cTpanuym v Bknkoyea 179 durypy v 44 Tabnuum. Liutupanm ca
110 naToynmka, ot kouto 80 % ca oT nocnegHUTE 2 roAUHM, KOETO NoKa3Ba 3aabnboYeHO No3HABaHe Ha Hail-
CbBPEMEHHUTE TeHaeHUuu B obnacTTa.

3. CvorBercTBMe Ha M3bpaHaTa MeToAMKa Ha M3cneABaHe M MOCTaBeHarTa Len M 3afayn Ha
AUCEepPTaLNOHHUA TPYA C NOCTUIHATUTE NPUHOCH.

Mpn MopenupaHe Ha cuctemata aBTOpbT ce 0asvMpa Ha KNacuyeckuTe TEOPeTWYHM OCHOBM -
KOHCTPYKTMBM3bM, y4eHe 4Ype3 oBnagseaHe W oOyyeHue, OasnpaHo Ha rpelwkn. WgeHTuduumpanu ca Tpu
Da30BM KOMNOHEHTA, BKIKYEHW B cucTeMaTta — npocunupare Ha oby4aemure, cnegeHe Ha ycrnesaemocTTa u
cucTeMa 3a NpenopbKM.

CucteMHaTa apxuTekTypa e u3rpageHa Ha MoayneH NpUHUMN, KOeTO YNecHaBa Pa3BUTMETO, TECTBAHETO W
noAApBXKaTa, KaTo ca 3an0oXeHW NPUHUMNUTE HAa NPOCNeaUMOCT W NOroBe, NPO3paYHoCT W MbBKABOCT. HOBOCT
B apXWUTEKTypaTa e HauyuHa no KOWTO MogynuTe 0BMEHAT AaHHW, 6a3upaH Ha TUNOBE rpeLUKkn, KOMOUHUPaH ¢
pa3Hoobpa3Hu MeTOaM Ha Ch3JaBaHe Ha CbabpPXaHue, BKNYsaLlo 1 V.

Cv3naaenaTa cuctema reHepvpa nocneaosaTenHo u3bop Ha kaTeropus, AnanasoH Ha TPYAHOCT, Habop oT
BbMPOCH W NPEANOXeHN MOLCKA3KK U U34MCNsBaHe Ha Bpos v Tuna Ha rpewkute. CodTyepHo cuctemara ce
Ba3upa Ha yeb-6asnpana koHdurypauus, BrnoyBalla narnea, GusHec noruka 1 6asa AaHHM, KOSTO € NoKa3aHa
c obekTuTe U BpPb3KUTE Mexay TAX. OnucaHu ca JoNyCKaHWSTa W OrpaHN4EHHUATa.

PeanusupaHaTa cucTema e TecTBaHa Ha 74 CTyAeHTa, 3anucanu HadaneH kypc no C. lMNposeaenu ca 3
eKCnepuMeHTa — MbpBOHAYaNHO NpeacTaBsHe, aganTUBHU TECTOBE W YAOBMNETBOPEHOCT HA CTYAEHTUTE W
obpatHa Bpb3ka. [lonyyeHuTe pe3ynTaTin KOPEKTHO ca NpeaCcTaBeHN TabnuyHo 1 rpadnyHo.

PeanuaupaHo e UANOCTHO Npoy4yBaHe, CBLP3BALLO aaanTuBHOTO 0byyeHue ¢ MW, kato mogenvpaxara u
NPaKTUYeCKU BHEAPEHa CUCTEMA € BanuaupaHa eMnUpWUYHO, KaTo TA NoKasea Y& afanTUBHUTE MEXaHU3MK,
WHTErpauusTa Ha CbabpXKaHWe 1 aHanu3a Ha Tuna rpeluku nopgobpsiear ediekTUBHOCTTa Ha 0byyeHue.

Cuuram, Ye n3bpaHata MeTOAVKa Ha u3cneaBaHe W NpeAcTaBeHaTa peanu3auns HambHO CboTBeTCTBaT
Ha nNocTaBeHarta B AMcepTauusaTa uen u hopmynupaHuTe 3agadm.

4. HayuHu u/vnu HayYHO-NPUNOXHU NPUHOCK HA AUCEPTALMOHHKUA TPyA.

B aucepTaunoHHus TpyAa aBTOPLT € hopMynupan CnegH1Te NPUHOCKH, KOUTO NpUEMaM 1 B pesioMe ca:

Hayynu: 1. MpegnoxeH e mogen 3a aganTtueHo obyyenne, BasnpaH Ha Tunose rpelwki. 2. Breeaexa e
opmanHa AeUHULMA Ha UMKbNA HA aganTUBHOTO obyyeHue, BKMOYBaLLA NpodmnupaHe Ha obyvaemus,
u300p Ha cbabpxaHve, obpaTHa Bpb3ka W aHanua Ha pesynTatuTe.



HayyHo-npunoxHu: 1. PaspaboTeHa e yHuuumpaHa MeTogonorus 3a aganTueHo obyyeHue no
nporpamupade, 6asupaHa Ha dopmanHo AeduHMpaHn Tunose rpewwkn. 2. MpoBeaeHO ca KOHTPONMpaHu
eMMNUPUYHM CpPaBHEHUA Ha TPY NOAXoAa 3a reHepupaHe Ha y4ebHO CbAbpXaHUe C OCUrypeHa HafeXaHOCT 1
BanWAHOCT Ha u3mepBaHusTa. 3. Pa3paboTeH e TeXHOMorM4YeH CTeK 3a ynmpaBneHWe Ha CbAbpkaHue,
reHepupano ot W, Bkniousaly, popmaty 3a UHCTPYKUMK, OUNTPX 33 KA4YECTBO U MEXaHU3MK 3a NPEenopbKu. 4.
[eduHupaH e npensnonasaem Habop OT JaHHK U aHaNUTUYHK CKPUNTOBE, NO3BONSABALLM B3NPOM3BOAMMOCT U
CpaBHWUMOCT Ha b6baeLum uacneasaqus B obnactra. 5. iHTerpupaHa e koMGMHaLMS OT HKEHEPHU PELLEHUS U
neaarorMyecky KOHUenuUuu, kato oBnaassaHe, KOrHUTUBHO HaTOBapBaHe M KOHCTPYKTMBHA obpaTHa Bpb3ka B
obw, Mogen 3a aganTauus.

MpunoxHu: 1. PaspaboTeHa € MeToAuMKa 3a YCKOPeHO Cb3aaBaHe 1 NPoBEepKa Ha BbNPOCH, reHepupaHm ¢
W, 4pe3 nanonasaHe Ha ACHO AedUHMPaHK KpUTEPUN 3a Ka4yecTBo. 2. BbeeaeH e nogxop 3a 6bp3 aHanua Ha
TUNOBE rPELLKK, CbKpalyaBall, BPEMETO 3a AuarHocTuka Ha obyyaemute U NoBMLABALY edeKTUBHOCTTA Ha
0byuuTenHusa npouec. 3. PopmynupaHm ca HacokM 3a UHCTPYKLMK, BbBEXAaLM WA B 0bpa3oBaHNeTo, C aKLeHT
BbPXy MWHMUMU3MPAHe Ha CbOMpaHUTE AaHHW W OCUrypsBaHe Ha Npo3payHocT 3a obyyaemuTe OTHOCHO
W3MNON3BaHUTE anrOPUTMUYHUTE PeLUEHUS.

5. [peueHka Ha nybnukauuuTe No AMCEepPTaLMOHHUA TPYA: OPON, XapaKkTep Ha M3AAHWUATA, B KOUTO
ca oTnevyaTaHu.

Pesyntatute 0T u3cneasaHuaTa Ha MHX. EneHa AHToHOBa ca ny©nukyBaHu B Tpu cTaTiu. Bevudkn cratum
ca NpeaCTaBeHN Ha NPECTWXHU MEXAYHAPOAHM KOHGEepeHLMn 1 ca HanpaeeHu B nepuoaa 2022-2024 roguHa,
kaTo 0Tpa3sBaT NOCTUrHATK Pe3ynTaTi B AUCEPTALMOHHNA TPYA.

Bcwyku cTaTum ca B CbaBTOPCTBO C HayyHUTE pbkoBoauTenu. [le ot cratuuTe ca uHaekcupan B SCOPUS
n ca nybnukysanu B |EEE. Otkputo € 1 uuTupaHe Ha cTaTuv B M3aaHua, uHaekcupann B8 SCOPUS.
MyBnukauMoHHaTa AEAHOCT Ha AOKTOpPaHTa NOKpUBA W3WCKBaHMATA 3a npupgobueane Ha OHC ,pokTop” w
cyutam, ye nybnukauuute ca npuaobunm goctaTbyHo NyBNMYHOCT B HayyHaTa 0bLYHOCT.

Oryutaitkm Bpos M Ka4ecTBOTO Ha NyBnukauuuTe cyuTam, Ye NONyYeHUTe pesynTaTth ca U3KNKYUTENHO
AEN0 Ha aBTopa NoA PbKOBOACTBOTO HA HAYYHUTE i PbKOBOAWTENM, KATO HE CbM YCTAHOBMUNA HELOCTOBEPHOCT
Ha AaHHUTE WNK NNarMaTcTeo.

6. MHeHus, npenopbKKU U benexku.

[lucepTaumMoHHUAT TPYA e U3roTBeH B MHoro Aobpa noryecka nocnegoearenHocT. BbamoxHo e fobassHe
Ha CMWUCHK HA W3MON3BaHUTE CbKPALLEHWA, HO TOBA He Ce 0Tpa3sBa BbpXY KAaYeCTBOTO M AOCTOMHCTBATA Ha
AncepTaunoHHNA TpyA.

MpenopbyBam Ha mar. uHX. EneHa AHTOHOBa ga npoabmxu paboTata cv no cb3gaaeHarta v anpobupaxa
obyunTenHa cuctema, kato St AOMbAHW U NPEANOXN 3a NPUNOXEHUE W NO APYrv ANCLMNNVHA.

7. 3aknyeHue C ACHa NONOXWUTENHA UNK OTPULIATENHA OLIEHKA Ha AUCEPTALMOHHMA TPYA.

OueHsBaM NONOXMTENHO AUCEPTaLMOHHUA Tpya ,MoaenupaHe Ha cucTema 3a aaanTMBHO obyyeHue,
“3NON3BaNKu CPeAcTBa 3a U3KYCTBEH MHTENeKT" ¢ aBTop Mar. nHX. EneHa BeHuecnaBoBa AHTOHOBA ¥
CYMTaM, Y€ € W3roTBEH NPELM3HO 1 Ha BUCOKO NPOdECOHANHO HUBO, KATO aBTOPLT € NOCTUrHaN NocTaBeHuTe
Lenu 1 3agauu B AUCEpPTaLMOHHUA Tpya. Pesyntatute v NpUHOCUTE Ha AUCEPTaLMOHHWUA TPYA Ca OTPa3eHu B
HayyHu nyOGnuKauuu, KOUTO Ca NPeACTaBeHM Ha HayyHaTa OBLWHOCT Ha MeXAYHapoaHU KOH(EpeHUun
nybnukyBaHM M WHOEKCUpaHW B CBETOBHM Oa3n AaHHW. Peanusupanute OT aBTOpa mogen Ha obyyeHue w
aBTOMaTM3MpaHa cuctema ca anpobupaHu yCnewHo CbC CTYAEHTM OT ABa hakynteta. HayuHute, Hay4Ho-
NPUMOXHNA W NPUIOXKHM NMPUHOCK Ca 3HAYMMKM M CbOTBETCTBAT Ha M3NCKBAHWATA 3a NpuaoOvBaHe Ha Hay4HO-
obpasosarenHara cTeneH ,JOKTOpP" CbIMACHO 3aKkoHa 3a pa3BMTWE Ha akafemuyHusa cbetas B Penybnuka
Bvnrapus, MNpaBunH1ka 3a NpUNOXEHUETO My 1 MNpaBunHWKa 3a yCnoeusTa U peaa 3a npuaobusaHe Ha Hay4HU
cTenenu B TexHuyecku yHusepcutet — Cous.

Mpegnaram Ha yBaxaeMoTo HayyHo Xypy aa npucbav 0bpasoBaTenHa u HayyHa CTeneH ,,A0KTOp™ Ha Mmar.
nhx. Enexa BeHuecnasosa AHTOHOBa B npodecnoHanHo Hanpasnexue 5.3. KoMyHWKaLWMOHHa M KOMNIOTHPHA
TEXHWKA, Hay4Ha cneyuanHocT ,CMCTeMN C U3KyCTBEH MHTENeKT".

fara: 05.02.2026 r. YNEH HA )KYPMTO:U
(Aou. a-p uHx. Moppanka AHactacoBa)



STATEMENT

on a PhD thesis for obtaining an educational and scientific degree "doctor"
Author:  MSc. Eng. Elena Ventseslavova Antonova

Title:  MODELING AN ADAPTIVE LEARNING SYSTEM USING ARTIFICIAL INTELLIGENCE TOOLS
Member of the scientific jury: Assoc. Prof. Eng. Yordanka Naydenova Anastasova, PhD

1. Relevance of the issue studied in the PhD thesis from a scientific and applied research point of
view
The implementation of artificial intelligence (Al) and the need to personalize learning requires the creation
of systems tailored to the individual pace of leaming of each student. The aim of the dissertation is to implement
and validate an adaptive learning model using Al tools for personalized test generation and feedback to learners
in introductory C programming language. Seven main tasks have been defined and implemented, for the solution
of which modern approaches and technologies have been used.
2. Degree of knowledge of the issue and creative interpretation of the reference material
The author demonstrates very good knowledge of the topic and an adequate interpretation of the reference
material in the PhD thesis,. This is evident from the analysis of the adaptive learning theory, the application of
Al in learning and the techniques for creating content in modern learning platforms.
The dissertation is 167 pages long and includes 179 figures and 44 tables. 110 sources are cited, 80 % of
them are from the last 2 years, which shows a thorough knowledge of the most contemporary trends in the field.
3. Correspondence of the chosen research methodology and the set goal and tasks of the PhD
dissertation with the contributions achieved

When modeling the system, the author uses classical theoretical foundations — constructivism, learning by
doing and error-based learning. Three basic components included in the system have been identified - learners’
profiling, performance monitoring and a recommendation system.

The system's architecture is built on a modular principle, which facilitates development, testing and
maintenance, and the principles of traceability and logs, transparency and flexibility are laid down. The way in
which the modules exchange data, based on the types of errors, combined with various methods of content
creation, including Al is a new approach in the architecture.

The created system generates a sequential selection of a category, a range of difficulty, a set of questions
and suggested hints and calculates the number and type of errors. The software system is based on a web-
based configuration, including a view, business logic and a database, which is shown with the objects and the
relationships between them. The assumptions and limitations are described.

The implemented system has been tested on 74 students enrolled in an introductory course in C
programming language. Three experiments have been conducted - initial presentation, adaptive tests and
student satisfaction and feedback. The results obtained are correctly presented in tables and graphs.

A comprehensive study has been implemented, connecting adaptive learning with Al, and the modeled and
practically implemented system has been validated empirically, showing that adaptive mechanisms, content
integration and error type analysis improve learning efficiency.

| believe that the chosen research methodology and the presented implementation fully correspond to the
goal set in the dissertation and the formulated tasks.

4. Scientific and/or applied research contributions of the PhD dissertation

| accept the following contributions in the dissertation as formulated by the author:

Scientific: 1. A model for adaptive leaming based on the types of errors is proposed. 2. A formal definition
of the adaptive learning cycle is introduced, including learner’s profiling, content selection, feedback, and results
analysis.

Applied Research: 1. A unified methodology for adaptive programming training based on formally defined
error types has been developed. 2. Controlled empirical comparisons of three approaches to generating learning



content have been conducted with ensured reliability and validity of measurements. 3. A 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 for the accelerated creation and verification of Al-generated questions using
clearly defined quality criteria has been developed. 2. An approach for rapid analysis of error types has been
introduced, reducing the time for diagnosing learners and increasing the efficiency of the learning process. 3.
Guidelines for instructions introducing Al in education have been formulated, with an emphasis on minimizing
data collection and ensuring transparency for learners regarding the algorithmic solutions used.

5. Assessment of PhD dissertation publications: number and type of journals where they have

been published.

The results of the research of Eng. Elena Antonova have been published in three articles. All of them have
been presented at prestigious international conferences and were made in the period 2022-2024, reflecting the
results achieved in the dissertation work.

All articles are co-authored with the scientific supervisors. Two of them are indexed in SCOPUS and
published in IEEE. One citation of the articles has been found in publications indexed in SCOPUS. The
publication activity of the PhD student covers the requirements for acquiring the PhD and | believe that the
publications have gained sufficient publicity in the scientific community.

Considering the number and quality of the publications, | believe that the results obtained are exclusively
the work of the author under the guidance of her scientific supervisors, and | have not established any
unreliability of the data or plagiarism.

6. Opinions, recommendations and notes

The PhD dissertation is prepared in a very good logical sequence. It is possible to add a list of abbreviations
used, but this does not affect the quality and merits of the dissertation.

| recommend that MSc. Eng. Elena Antonova continue her work on the created and tested training system,
supplementing it and proposing it for application in other disciplines.

7. Conclusion with a clear positive or negative evaluation of the PhD dissertation.

| assess positively the dissertation "Modeling an adaptive learning system using artificial intelligence
tools" by MSc. Eng. Elena Ventseslavova Antonova. | believe that it has been prepared precisely and at a high
professional level, and the author has achieved the goals and tasks set in the dissertation. The results and
contributions of the dissertation are reflected in scientific publications that are presented to the scientific
community at international conferences, published and indexed in global databases. The learning model and
automated system implemented by the author have been successfully tested with students from two faculties.
The scientific, applied research and applied contributions are significant and comply with the requirements for
acquiring the scientific and educational degree “doctor” under the Law on the Development of Academic Staff in
the Republic of Bulgaria, the Regulations for its application and the Regulations on the Terms and Conditions
for Acquiring Scientific Degrees at the Technical University of Sofia.

| propose to the esteemed Scientific Jury to award the educational and scientific degree “doctor” to the MSc.
Eng. Elena Ventseslavova Antonova in the professional field 5.3. Communication and Computer Engineering,
scientific specialty "Artificial Intelligence Systems ".

Date: 05.02.2026 MEMBER OF THE JURY:
(Assoc. Prof. Eng. Yordanka Anastasova, PhD)



