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CTAHOBI,TIqE
3a A cepraquoHeH rpyA 3a npucbx1qaHe na OHC ,,AOKTOP"

no npo$ecuoxanHo HanpaBrenue 5.3. ,,KouyrnxaqroHHa r KoMnlortpHa rexHltKa",
HayqHa cnequanxocr ,,Crcreulr c x3t(ycrBeH rxtererr"

Aerop xa AxcepraqxoHHxn rpyA: Mar. Hx. Enexa BexqecflaBoBa Axroxoea
Teua xa AxcepraqlroHHun rpyA: ,,Mo4enupaue Ha c[creMa 3a aAanr BHo o6yvexre,

snonseafxh cpeAcrBa 3a u3KycrBeH hHTeJreKT"

9nex xa HayqHoro xypn: npo$. A-p hHx. larnena Acexoea Foqeea
npo$ecop e xar. Ko r',,r n torbp H ri cl4creMh, Oarynrer Korunrcrupuu cr4creMh
TexHonorHu, TexHu,{ecrh Yxraeepcurer - CoQun

1. Arrvanxocr Ha axcepraqtaoHHxr rpva
Supsoro pa3BHTr4e Ha uxSopuaqrorxo KoMyHuKaquoHHure rexHonoruh ti

HaBnu3aHero Ha rexHonoruhre 3a u3KycrBeH uHreneKr ([414), nocraan o6pasoaarenxun
ceKrop npeA npeAu3B KarencrBoro Aa ce TbpcrT u np[narar noAxoAslLl]4 MeroAt4 tl
cpeAcrBa 3a rexHara uHrerpaqufl. Tosa eo4u Ao cunHa xeo6xoAuuocr or
cb3AaBaHero Ha o4creMh 3a aAanr BHo o6yvexue, Kot4To orroBapsr Ha

HHAllBr4AyanHMre npo$unu xa o6yvaeuure. l-oneuure e3HKoBt4 MoAenu BbBexgar
HOBh Bb3MOXHOCTU 3a CnpaBnHe C Te3U nponycKr, HO BHeApgBaHerO hM B

neAaroruqecKr4 BanuAHr4 cr4cTeMu ocraBa Ao rorflMa creneH He 3cneABaHa.
flocrasexr4cr HayqeH acneKT, a uMeHHo HapacrBau.lara ponn Ha lzl l4 e o6pasoaaxrero
u HapacrBalqoro rbpceHe Ha nepcoHanh3upaHo aAanrhBxo o6yuexne npaBu aKryanHr4
nocraBeHure u peueHh npo6neuu B AucepraquoHHr4c rpyA, f1peAeuA pa3B rhero Ha

cbBpeMeHHure reHAeHquu B Ta3r4 o6nacr aKryanHocrra Ha npeAcraBeHun
AucepraquoHeH rpyA e 6eocnopxa, Koero ce AoKa3Ba u or MHoxecrBoro HayqHh

$opyuu nocBereHu Ha ra3r reMa.
2. Crenex Ha no3HaBaHe Ha ctcJoqlHllero lla npo6neua r reopqecxa

xHTepnpeTaq t4t Ha nHTepaTvpHt4t MaTepran
llpe4craaexunr 3a peqeH3hpaHe AhcepraquoHeH rpyA e c o6eu or 167 crpaxrqu,

Kor4To BKnoqBar yBoA, ner uraBh, 3aKn}oqeHre, npa4Hoch, anpo6aqun, cnucbK c
ny6nnxaqnure, cBbp3aHu c Ar4cepraquoHHr4e rpyA! 14 cnhcbK c u3non3BaHa
nHreparypa, BKntoqBaul 1 10 nureparypHu r43roqHuKa. Kun A[cepraquera 14Ma

npunoxeHr4r, BKnrcqBaqu ro4a e Django, oc rypnBaq ocHoBHure Syxrquoxanxocru
Ha cucreMara, aBroMaru3r4pauo nepuQpa3upaHe, MoAenu, $yxrquoxanxocih oa
npenoprKa, peqHr4K Ha u3non3BaHhre cbKpau.leHus, cnucbqu c r3non3BaH Te $rrypr
(179 Qurypu) u ra6nuqu (44 n6nnty\, no4po6nra BaphaHru ra rpu ra6nnqr n

cnpaBKa 3a BHeApgBaHe.
B nupea enaea e HanpaBeH o6r.uupex nperneA Ha nhreparypara 3a reKyu.loro

cbcronHue Ha aAanruBHoro o6yveuue ra [414 a o6pasoBaHhero. Buaegexn ca Kntoi{oBr4
noHqrus r ge$uxuquru, aHan[3 paHu ca ocHoBHr,ire KoMnoHeHTr4 Ha aAanruBH]lTe
o6yvrrenxu o4creMh v ca pa3rneAaHu TexHlrx re 3a W, u3non3BaHu B

o6paaoeareneH KoHTeKcr. Cpaexexu ca pa3fluLrH14 noAxoAr4 3a reHeplrpaHe Ha

cbAlpxaHr4e, HanpaBeH e nperneA Ha crulecrByBaqu nnarQopMh 3a aAanrr,rBHo
o6yueHue. Pasrnegaxu ca neAarorut{ecKr,1 Qarropr, craHAapr}r, u eruqHr4



cbo6paxeHHt, u ca hAeHThQr4qr4paHu nponycKrl B Hacroqulr4Te v3cneABa{ufl yt

npaKT[Ka, Kol4ro ra3H Ahcepraqhe uMa 3a qen Aa aApecupa.

3. Cuoreelcrere xa rt6patara Merogrxa Ha lr3cne.qBaHe x nocraBeHara uen
1,l 3aaaq1,l Ha a[cepTaqloHHHr Tpy.q c nocTlrHaThTe pe3yrTaTI

Kounnexcxara qen Ha AxcepraqroHHl4R TpyA e Aa ce pa3pa6oru v
eKcneprlMeHTanHo BanHA pa MoAen 3a aAanrHBHo o6yvexre, ocHoBaH Ha MeroAr4 Ha
VlV1, xoiro nepcoHafllr3upa yve6xoro cbArpxaHue Bb3 ocHoBa Ha r4AeHrrSHqlrpaHure
ThnoBe rpeujKtt A uHAnBAAyar H t4Te pe3ynrarr't Ha o6yr{aeMure nph h3yqaBaHe Ha
BbBe4qau.lo nporpaM paHe xa estaxa C.

Hayvxoro n3cneABaHe ce ocHoBaBa Ha x nore3ara, qe nprraraHero Ha SopManHo
AeSLrHhpaH aAanruBeH MoAen, peanu3HpaH c anrophrMh Ha lAlA, u]e AoBeAe Ao
noBuureHa eSeKrHBHocr Ha o6y.reHuero, h3MepuMa qpe3 KoHTponhpaHH eMnl'tpr4qHr1

eKcnep[MeHTu c peanHr o6yr{aeMu. 3a recrgareTo Ha ra3H xr4nore3a e H3non3BaHa
MeTOAhKa, CbqeTaBaula KoHqenryanHo MoAenupaHe, 6asupaxo Ha ycTaHoBeHu
o6paaoearenxu reoprt4, npoeKrr4paHe 14 BHeApFBaHe Ha cucreMara, paspa6oraaxe xa
aAanTl4BHl4 anrop TMt4 !4 eKcnep MeHTanHa oqeHKa clrC CTAeHTl,l, 3anucaHu BbB
BbBe4aulu rrypcoBe no nporpaM!4pane xa C. [lpunoxexrre MeroAh Ha u3cneABaHe ca
noAxoAF rJ.l4 14 AocrarbqHu 3a nocrr4raHe Ha nocraBeHhre qenr x o6ocHoBaBaHe Ha

npHHocl4Te Ha AucepTaqr4oHHl4r TpyA.

4. Hay.rxr [/unu xayqxo-nprnoxHl,r nptaHocl,r Ha AxceprauxoHHxs rl)yA
Ocxoexrre npuHoo4 npe4craBeH or aBropa B Ar4cepraquoHHunr rpyA ca Ao6pe

$opuynupanr u AocrarbqHr4. Te uorar Aa ce o6o6u.lflr Karo np Hocr,l c HayqeH,
HayqHo-npHnoxeH xapaKrep, npyrHocr4 c npl4noxeH xapafiep:

Hayquu npuHocu:
1. flpe4noxex e MoAen 3a aAanruBHo o6yqeHr.1e, 6asupax Ha runoBe rpeuxu -

TeopeTHqHa KoHqenquc, onHcBau.la KaK pa3nuqH[Te B AoBe rpeuJKr4

(reoperrvxr, cuHraKruqHl!, usxogxu) Morar Aa 6tgar Qopua nusttpaHl v
r43non3BaHr 3a nepcoHanu3upaHa aAanTaLu, Ha yqe6Horo cbAbpxaH e.

2. Buee4exa e $opuanna AeQilHilr.14e Ha qr4Kbna Ha aAanruBHoro o6yvenue,
BKnpqBau.la nposunr4paHe Ha o6yqaeM[F, r436op Ha cbAbpxaHr4e, ooparHa
Bpb3Ka u alanvs Ha pe3ynraruTe. Tosr4 quKbn e peanh3upaH qpe3 anrop!4TMr4,
noAnexau.lt4 Ha H3MephMa onT M 3aqHr u eMnhpuqHa npoBepKa.

Havquo-npunoxuu npuuocu:
1. Paspa6orexa e ynu$uqnpaHa MeroAonor H 3a aAanrllBHo o6yvexue no

nporpaMr4paHe, 6asrpana Ha SopManHo 4e$uxrpanu TunoBe rpeuJKr4, c qen
rexHoro peAyqHpaHe qpe3 onruMH3aqhoHHH Kphrephu.

2. llpoaegeno e eAHo or nbpBure KoHTponupaHu eMntapuqHr cpaBHeHuq Ha rph
noAxoAa 3a reHepupaHe xa yve6xo cbAbpxaHue (puvno, aBToMaru3r4paHo 14

xu6puAxo), c ocurypeHa HaAeMHocr u BanuAHocr Ha n3MepBaHr4rra.
3. Paopa6orex e neK TexHonoruqeH creK 3a ynpaBneHlre Ha cbAbpxaHue,

reHep paHo or hh, sKntoqeau.l SopMaru 3a HcrpyKr.luh, Qunrpu 3a KaqecrBo r
MexaHh3M14 3a npenopbKl4.



4. fleSuxupax e npe 3nofl3Baeu xa6op or AaHHU u aHarurr4qHr4 cKpr4nroBe,
nooBonnBaqr Bb3npo[3BoAt4Mocr t1 cpaBHr4Mocr Ha 6uger4r,r u3cne4BaH s B

o6nacrra.
5. l,lxrerpupaxa e KoM6!4Harl r or r4HxeHepHrl peuJeH , u neAarorrecKu

KOHqenqh,r, KaTo oBnaArBaHe, KorHHTl4BHo HaToBapBaHe u KoHcTpyKTt4EHa

o6parna BpbsKa B o6q uogen 3a aAanraqi4r.

llpunoxuu npusocu:
1. Paspa6orexa e MeroAr4Ka 3a ycKopeHo cb3AaBaHe u npoBepKa Ha Bbnpoct4,

reHephpaHu c Lll4, qpe3 r3nofl3BaHe Ha ecHo geQrxrpaxu Kpurepr4u 3a
KaqecrBo - npunoxuMa or npeno4aBarenu ut nnar$optuu.

2. Bree4en e noAxoA sa 6rps aHanr3 Ha rhnoBe rpeuKu, xo ro cbKpau.laBa
BpeMero 3a ArarHocr4Ka xa o6yraervrure I noB uJasa eQerruenocrra Ha

o6yvurennun npoqec.
3. OopuynrapaHu ca HacoKr4 sa uHcrpyKr.lr4rl, BbBexAaullr l4l4 a o6pasoaaHuero, c

aKqeHT Bbpxy Ml,rHr,rMu3upaHe na cr6upaxure AaHHh 14 ocurypFBaHe Ha

npo3paqHocr sa o6yvaeuure orHocHo anrop rMr4qHure peuJeHrt.

5, FlpeqeNxa xa nv6nrxauurre no rrceprauvoxxnn rpvq
Bra epuaxa c paspa6oraaHero Ha AhcepraqhoHHrn rpyA AoKropaHrbr e

npeAcraBr,rn 3 nayvnu rpy4a, or xouto 2 B cbaBTopcrBo eA H caMocroflTeneH TpyA,
2 ot tnx na aurnuficru e3uK. Te ca npeAcraBeHh Ha npecrhxH MeXqyHapoAHh
rox$epenquu, Karo eAHa or rtx e B hHAeKo4paHa B MexAyHapoAxara 6asu or AaHHU
SCOPUS u Web of Science.

6. Mmexun. npenoprxlr r 6enexxr
Karo qnno, MHeHuero Mh 3a npeAcraBeHhq Aucepraqr4oHeH rpy4 e, qe rofi e

paepa6oren npeqr43Ho H uMa Br.lcoKo Hr4Bo Ha HayqHh u3cneAaaxus. Karo sa6enexxr
6Hx or6ensaana Qarra, qe Ha Mecra u3floxeHhero 6u tuorno ga 6t4e no-crerHaro
qpe3 HaMaflrBaHe Ha e3t4KoBr4 noBTopeHr4q 14 onhcarenHu nacaxu. Oopuanusrpaxara
qacr Ha MoAena cuqo 6u Morna Aa 6uge gontnxurenxo saAtn6oqeHa qpe3 no-crportt
MareMar qecKu npeAcraBnHuq Ha aAanruBHara noruKa. Or excneprueHTanHa rneAHa
rovra, 6ugeul r43cneABaH s 6nxa Mornu Aa pa3uripnT npoyr{BaHero c no-

AbnrocpoqHl.t noKa3aTen 3a 3aAlpxaHe Ha 3HaHh9Ta u c nprnoxeHHe Ha

npeAfioxeHue noAxoA B Apyrh yve6xu 4ucqunnuxn.
Btnperr HanpaBeHHTe ea6enexxur, cquraM, qe aBTopKara norasea go6po

no3HaBaHe Ha npeAMerHara o6nacr. Eux npenoptvana Ha AucepraHTa Aa npoAbnxu c
pa3npocTpaHeHr4eTo 1,r nphnoxeHueTo Ha cb3AaAeH Te MoAen H aBToMaTu3upaHLl
cHcreMH il B Apyru npeAMerHlr o6nacru.

7. 3axnpqexue
Kpariuara M oqeHKa 3a AucepraquoHHrlrr rpyA Ha Mar. uHx. Enera

Bexqecnaaoea Axroxoea e nononumenra. lzlaeupu:exa e 3Haq renHa no o6eu r
cbAbpxaHue r43cneAoBarercxa pa6ora. flrcepraqroHnr4rr rpyA HanbnHo orroBapf, Ha

r43HcKBaHtaFTa xa 3aroxa 3a pa3BHThe Ha aKaAeM qHhr cbcraB xa Peny6nuxa



Srnrapun, na flpaeunxuxa 3a HeroBoro npr.lnoxeHue u xa flpasunxuxa 3a ycnoBunra u
peAa 3a npu4o6raare Ha HayqHH creneHu e Texxh,{ecxu Vxusepcurer - Co$rn.

Toea [iH AaBa ocHoBaHue Aa oqeHf, Br,rcoKo ArcepraquoHHr4s rpy.q u Aa
npenopbqaM Ha HayqHoro )rrypil Aa npxctAx Ha Mar. urx. Enexa Bexqecnaaoea
AxroHoaa o6paroearenxara x HayqHa creneH ,,Aorcrop" no HanpaBneHue 5.3.
,,KorvryxuraquonHa u KoMnlorbpHa rexHrlKa", HayqHa cneq[anHocr ,,Crcreuu c
143KyCTBeH HTefleKT"

Co$ra, 09.02.2026 r NPEACEEATEfl HA HAYL{HOTO ){(YPh:
/npo$. 4-p lauuena Foqeaa/



regarding a doctoral dissertation for the award of the educational and scientific degree
PhD

in Professional Field 5.3. Communication and Computer Engineering,
Scientific Specialty Artificial lntelligence Systems

Author of the dissertation: MSc Eng. Elena Ventseslavova Antonova

Title of the dissertation: "Modeling an Adaptive Learning System Using Artificial
lntelligence Tools"

Member of the Scientific Jury: Prof. Daniela Asenova Gotseva, PhD, Eng.
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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. ln 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. DeEree of Familiaritv with the State of the Problem and Creative
lnterpretation 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 1 10 references. The
dissertation is supplemented by appendices that include Django-based code
implementing the core system functionalities, automated paraphrasing modules,

STATEMENT



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 Methodoloqy, the
Stated Obiectives 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 conkibutions 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.

S c i e ntifi c Co nt i b uti on s
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.



Sci entific- Applie d Contri b ution s
1. A unified methodology for adaptive programming inshuction 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 inshuction 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 Contibutions
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

ln 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, I 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, I consider that the author demonstrates a strong
command of the subject area. I 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 lntelligence Systems.

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


