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,AOKTOP" B 061aCT Ha BUcLIe obpa3oBanHue: 5. TexHuuecku Hayku, no npodpecuoHalHO

Hanpasienue: 5.3. KoMyHukayuoHHa u KOMNIOMBPHA MeXHUKa, Hay4yHa CIel{HalHOCT:
02.21.05. Cucmemu c uskycmeeH unmeiekm.

ABTOp Ha JuMcepTallMOHHUA TPYy/: Mar. HHK. EneHa BeHuecsiaoBa AHTOHOBA

Tema Ha gucepTaunoHHusa TpyA: ,MojennpaHe Ha cucreMa 3a alaliTHBHO 06y4eHue,
M3M0/I3Bali KU Cpe/ICTBa 3a U3KYCTBEH UHTe/IeKT"

HMaroreuna cranosuileto: npod. A-p bopsaua [lerkosa /lenniicka-MaHoH/I0Ba, Y/1eH

Ha HAy4YHOTO 3KYPH, YTBbpAeHO cbc 3anoBea N2 0X-5.3-68 ot 15.12.2025 r. Ha PekTopa
Ha TY-Codwus.

1. AKTya/IHOCT Ha pa3pa6oTBaHHUA B UCEPTALIHOHHMSA TPY L Ipo6GJieM B HAy9IHO
¥ HaYYHO-NPHJIOKHO OTHOIIeHHe

JlicepTallMOHHUAT TPY/ € MOCBETEeH Ha akTya/lHWA Y BaXkeH npo6J/ieM 3a nocTUraHe
Ha aflalITUBHO e-00y4YeHHUe 4Ype3 CbBpeMeHHUTe MeTOAM W Cpe/CTBa Ha U3KYCTBEHHUA
unTenekT (UH). [IpobreMbT MMa chblUleCTBEHO HAYYHO U HAYYHO-NIPUJIOKHO 3HaYeHHWe B
cdepara Ha 06pa30BaHUETO.

2. CreneH Ha Mo3HaBaHe Ha CCTOSTHHETO Ha MpobJ/ieMa M TBOpYecKa
HHTeplnpeTalus Ha JUTepaTypPHHSA MaTepHal

JvcepTayOHHUAT TPYA € B MHTepAMCUMIIMHAPDHO HampaBjieHWe, BK/IKYBallo
MHGOPMaLlMOHHU U KOMYHUKALIMOHHU TEXHOJIOTHH, TeJar0TMKa, U3KYCTBEH HHTEJIEKT U
MaTeMaTHYyecKa CTaTUCTHKA. B n3csiejBaHeTO CM JOKTOPAHTKaTa NoKa3Ba 3a/’bJ1604eHH
No3HaHWA B HamnpaBJIeHHWeTo, KaTo ce mo3oBaBa Ha 110 cbBpeMeHHH JIMHTepaTypHH
u3ToyHULM. ToBa € BUAHO W OT HanpaBeHUs B [1aBa 1 o6lIMpeH aHaJIMTHYEH [perjes
Ha MEeTOJAUTe, MojlesiuTe U copTyepHUTE cpeJiH 3a a/lalTUBHO o6y4yeHHe U TeCTBaHe Ha
3HAHHUA.

B cnepBamuTe riaBM Te3W NO3HAHUA ce MOTBbPXKJABaT C INpejCTaBAHETO Ha
pa3paboTeHUTe MOJEeNH, METOAUKHY, HHOBAaTUBHU AJITOPUTMU U COPTYepHHU CUCTEMH,
KaKTO Y € NOAPOOHUA CTATUCTUYECKU aHA/IU3 Ha pe3y/ITaTuTe.

3. ChoTBeTCTBHE HA H30paHaTa MeTO/IMKa Ha H3C/le/iBaHe H MOCTaBeHaTa 1ieJ1 ¥
3a/la4y Ha AUCepTAlHOHHMUA TPYJ C NIOCTUIHATHTE IPHHOCH

llenTa Ha AMcepTallMOHHUSA TPY/ € pa3paboTBaHe U eKClepUMeHTa/IHO BaJujUpaHe
Ha MoJeJ 3a aJallTUBHO 00y4eHHe, OCHOBaH Ha MeToAM Ha MU, koiTo nepcoHanusupa
y4eGHO CBABpPXKaHUe 4Ype3 HAeHTUPMULUMpAHU THUMOBE Trpellkh U HHAMBUAYaIHH
pe3yATaTH Ha obyyaeMuTe NpH M3yyaBaHe Ha BbBeXJalllo NporpaMupaHe Ha e3vka C.
MeToaukaTa Ha M3CJe[ABAaHETO, BKJIOYBAllA M3M0/I3BaHE HAa MU3BECTHU U COBGCTBEHM
WHOBaTHBHHU METO/JM, AJITOPUTMHU ¥ COPTYepHH NPHUJIOKEHHS, CbOTBETCTBA Ha L{eJITa Ha
JAUCepTalMOHHUA TPYA U CBbP3aHUTe C Hesl 33/la4M U MIOCTUTHATH pe3yITaTH U NPUHOCH.

4. HayyHH ¥/H/IM HAyYHO-NPHJI0KHH IPUHOCH HA JUCEPTAllHOHHHUA TPY ],

B aucepTalHOHHUS TPYJ Ce CbhAbpPXKAT Hay4yeH, HAYYHO-MPUIOKHHU M NIPHUJIOKHH
npuHocH. [[pysHaBaM eJUH Hay4yeH NPUHOC - 3a Cb3JaBaHeTO Ha COOCTBEH MoJes 3a
aZlalTUBHO TecTBaHe Ha 3HaHUsA, 6a3MpaHo Ha pa3/JIMYHU THUNOBE IPellKH.

Hay4Ho-npUI0KHUTE MPUHOCH Ce 3aKJII04YaBaT B:

1. PaspaboTBaHe Ha MeTO/IMKa 3a aJaITHBHO TECTBaHe 110 porpaMupaHe, 6asupaHa
Ha dopmasHO fedUHUPAHU TUIIOBE FPELIKH.



2. PazpaboTBaHe Ha cTek (Habop OT pecypcu) 3a ympaBjeHHWe Ha ChAbpXKaHHe,
reHepupaHo ot UM, BxaouBam ¢opMaTH 3a MHCTPYKUMH, GUATPU 3a KayecTBO U
MeXaHU3MHU 3a NpPenopbKu.

3. [IpoBexkaHe Ha cpaBHeHWe Mexy TpHW MOAX0Ja 3a reHepUpaHe Ha TeCTOBe
(ppuYHO, aBTOMATU3MpPAaHO M XUOPHUAHO) C HAAEKAHU W BaJIUJHM HM3MepBaHUATa 3a
OlleHKaTa uM.

4. Cb3gaBaHeTO Ha MHOTOKPATHO M3M0/13BaeM HA0Op OT JaHHM W aHAJIUTHYHU
CKPHUITOBE, NoJie3eH 3a 6'bellu U3cielBaHus B 061acTTa.

3a NpUIoKHU NPUHOCH NMPU3HABAM:

1. PazpaboTeHaTa MeTOAMKA 3a YCKOPEHO Cb3/aBaHe W MpOBepKa Ha BBIPOCH,
reHepupanu ¢ MY, kakTo ¥ nojxoj 3a 6’bp3 aHa/IM3 Ha TUTIOBE FPEIIKH.

2. Cp3paseHaTa cpejia 3a aHa/IM3 M OLleHKa Ha pe3y/ITaTH OT TeCTOBe.

5.IIpeneHka Ha NyOGAMKAIHUTE N0 AUCEPTANHOHHUSA TPYA

JlokTopaHTKaTa € aBTOP W CbAaBTOP Ha IMOCOYEHM TPH MyOJAMKAUMU 1O
JUCEPTALIMOHHUA TPYA, a UMEHHO - AO0KJIagd Ha KOHQEepeHLMH C MeXAYHapoAHO
yyacTtne. U3cneBanunATa, pa3paboTeHUTe MOAXOAH, MOJENM U CUCTEMH, U3JI0KEHH B
TAX, CA OPUTMHAIHM U JeJI0 Ha JOKTOpaHTKaTa ¥ HeiiHMTe PbKOBOAUTE/IH.

[IlpunoxkeH e [AOKYMeHT 3a y4acTHe Ha JOKTOpaHTKaTa B YHMBEPCHUTETCKH
Hay4YHOMW3CJIeJOBAaTE/CKU NNPOEKT, TEeMAaTUYHO CBbP3aH C AUcepTalusTa.

6. MHeHMsA, NpenopPbKH U GeJ1eKKH

CuutaMm, ye EneHa AHTOHOBaA NpPUTEXaBa MHOIro A06bp U3C/Ae10BaTE/ACKH MOAX0] U
CTHJI Ha M3JI0XKeHHe. 3B bplLIeHUTe OT Hesl M3c/leIBAHUS U IOCTUIHATHUTeE pe3yJITaTH ca
JOCTaThbYHU MO 06eM M KayeCcTBO 3a JOKTOpcKa Auceprauus. Bucoko oneHsBam
Ch3AaZleHUTe MOJe/H, TPOBeJeHUTe eKCIepUMEeHTH, CTaTUCTUYECKHUS aHaJu3, KaKTo U
MeTOAMTE U IHOCTUTe 3a BepUdUILIMpaHe Ha pe3yATaTUTE.

OcHOBHHTe MM 3abe/IeXKH KbM JHUCepPTallMOHHUA TPY/ KacadaT CTPYKTYpHpaHeTo Ha
MbPBUTE JIBe IJIaBU OT TEKCTa M Bpb3KaTa MeX/y y4yeOHO ChAbpXaHHEe U TeCTOBETE B
mozena. B [n1aBa 1 aMTepaTypHMAT nperiej e cMeceH ¢ 060CHOBKATa U MPOEeKTHPAHEeTOo
Ha coGCTBeH MoJes 3a afjanTUBHO o6yyeHue. B HawanoTo Ha ['n1aBa 2 e BKJWYeH
TeopeTH4YeH MaTepuasl 3a MeTOAU Ha 06ydyeHue, yueTo MAcTO e B [1aBa 1. B onucanueTo
Ha MoJ/ies1a 3a aflanTHBHO obyuyeHue U copTyepHaTa My peanusauus B [1aBa 2 nuncea
M3PUYHO MOAYJ Ha y4eOHO chbAbpkaHUe (Ha 3HAHUS B npegMeTHaTa obJact). Taka,
MOJenbT U pa3paboTeHUAT codTyep ca NO-TOYHO 3a aJaTUBHO TeCTBaHe Ha 3HAHUA.

TexHuuecku 3abenexku: 1) JIMncBaT CNUCBIUM Ha CbKpalleHUATa, QUTYpUTe U
TabIUIUTE, KOETO 3aTPyAHSABA pa3bupaHeTo Ha TekcTa. 2) TepMUHBT ,reHepUpaHe Ha
ChAbpXaHUe" e MoABe}Aalll, 3alll0TO BCBIIHOCT ce Kacae 3a reHepHpaHe Ha BBIPOCH U
TECTOBE, a He Ha Yy4e6HO ChbpiKaHKe, KOeTO He HaBCAKb/e B TEKCTAa € MOSICHEHO.

LluTupaHeTo B TPyAa € KOPEKTHO, C U3K/II0YeHWe Ha HAKOU OUTYPH.

[Ipenopb4YBaM Ha JOKTOpPaHTKaTa JAa MPOAB/KHA M Pa3mIMpH U3C/IeJBaHUATA CH B
061aCcTTa, KaTo ' My6AMKYBa B IPECTWXXHU HAYYHU U3JaHUA.

7. 3ak04yeHue

KpuTHuHuTe OeneXKu ca HecbllleCTBEHH M He BJAMAAT Ha MHEHHMETO MM 3a MHOIO
J06pOTO KayecTBO, AaKTyaJIHOCTTa M T[PMHOCUTE Ha JUCEepTallMOHHHUS TPYA.
[loctaBeHuTE 1€/ U 33jlayy Ca pellieHH YCMellHo, a MOCTUrHAaTUTe pe3yaTaTH MMaT
ronsiM moTeHuuaa 3a O'bJeld HayYHW W3C/AeJBaHUA U NMPAKTHYECKU NPHU/IOXKEHHUS B
o6pa3oBaHUETO.

Kato usno, cyuTaM, 4e npejAcTaBeHMAT AUCepTallMOHEH TPyA OTroBaps Ha
u3uckBaHuATa Ha [IpaBMAHMKA 3a MNpuUIOXKeHWe Ha 3akKoHA 3a pa3BUTHE Ha
akageMuyHusl cbetaB Ha PB B TY-Codus. [lopagu ToBa uie riacyBaM MoOJOXHUTENHO U



npenopbYBaM Ha yBaKaeMUTe 4YJIeHOBE Ha HAay4yHOTO JXypd Ja TNOJAKpenarT
NPUCHXK/IaHeTO Ha 06pa3oBaTe/IHA M HaydyHa CTeneH ,JOKTOp"“ Ha mar. HHK. Enena
BennecsiaBoBa AHTOHOBa B B 06s1acT Ha BHUclle ob6pasoBanue: 5. TexHuvyecku Hayku,
npodecrHoHasHO HanpasJjeHue: 5.3. KoMyHUKallMOHHA U KOMITIOTbpPHA TeXHUKA, Hay4YyHa
cneuuanHoct: 02.21.05. CucTeMu ¢ U3KYCTBEH HHTEJIEKT.

Jara: 06.02.2026 YsieH Ha HAYYHOTO XKYpH:
(npod. a-p B. lenuucka)



OPINION

on dissertation for obtaining the educational and scientific degree "Doctor" in
Higher education field: 5. Technical sciences,
Professional field: 5.3. Communication and Computer Technique,
Scientific specialty: 02.21.05. Artificial intelligence systems.
Author of the dissertation: M. Eng. Elena Ventseslavova Antonova
Dissertation title: "Modeling system for adaptive learning using artificial intelligence
tools"
The opinion is prepared by: Prof. Dr. Boryana Petkova Deliyska-Manoilova, member
of the scientific jury approved by Order Ne 02K-5.3-68 / 15.12.2025 of the Rector of TU-
Sofia.

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

The dissertation is dedicated to the current problem of achieving adaptive e-learning
through modern methods and tools of artificial intelligence (AI). It is of significant
scientific and scientific-applied meaning.

2. Knowledge degree of the problem state and creative interpretation of
literary material

The dissertation is in an interdisciplinary field, including information and
communication technologies, pedagogy, artificial intelligence and mathematical statistics.
In his research, the doctoral student demonstrates in-depth knowledge in the field, citing
110 contemporary literary sources. This is also evident from the extensive analytical
review of methods, models and software environments for adaptive learning and
knowledge testing made in Chapter 1.

In the following chapters, this is confirmed by the presentation of the developed
methodologies, models, innovative algorithms and software systems as well as with the
detailed statistical analysis of the results.

3. Correspondence of the developed research methodology to the definite goal
and tasks of the dissertation work with the contributions achieved

The goal of the dissertation is to develop and experimentally validate an adaptive
learning model based on Al methods that personalizes learning content through identified
error types and individual learner outcomes when learning introductory C programming.

The research methodology, including the use of known and own innovative methods,
algorithms and software applications, corresponds to the goal of the dissertation and the
related tasks and achieved results and contributions.

4. Scientific and scientific-applied contributions of the dissertation thesis

The dissertation contains scientific, scientific-applied and applied contributions. |
admit one scientific contribution - the created model for adaptive knowledge testing
based on different error types.

The scientific-applied contributions include:

1. Development of a methodology for adaptive testing of programming based on
formally defined error types.

2. Development of a stack (set of resources) for managing Al-generated content,
including instruction formats, quality filters, and recommendation mechanisms.

3. Conducting a comparison between three approaches to test generation (manual,
automated and hybrid) with reliable and valid measurements for their evaluation.

4. Creating a reusable dataset and analytical scripts useful for future research in the
field.



For applied contributions | recognize:

1. The developed methodology for accelerated creation and verification of Al-
generated questions, as well as an approach for rapid analysis of error types.

2. The created software environment for analysis and evaluation of test results.

5. Evaluation of the publications on the dissertation

The doctoral student is author and co-author of three publications on the dissertation,
namely - reports at international conferences. The research, developed approaches,
models and systems presented in them are original and the work of the doctoral student
and her supervisors.

A document is attached regarding the doctoral student’s participation in a university
research project thematically related to the dissertation.

6. Opinion, recommendations and notes

I consider that Elena Antonova has a very good research approach and presentation
style. The research she has conducted and the results she has achieved are sufficient in
volume and quality for a doctoral dissertation. I highly appreciate the models she has
created, the experiments she has conducted, the statistical analysis, as well as the methods
and activities for verifying the results.

My principal remarks on the dissertation concern the structuring of the first two
chapters of the text and the relationship between the learning content and the tests in the
model. In Chapter 1, the literature review is mixed with the design of own adaptive
learning model. At the beginning of Chapter 2, theoretical material on learning methods
is included, the place of which is in Chapter 1. The description of the adaptive learning
model in Chapter 2 and its software implementation lacks learning content module (of
knowledge area). Then, the model is more for adaptive testing of knowledge.

Some technical remarks are: 1) Lists of abbreviations, figures and tables are missing,
which complicates text understanding. 2) The term "content generation" is misleading
because it actually refers to the generation of questions and tests, not learning content,
which is not explained everywhere in the text.

Citation in the work is correct, except for some figures.

I recommend the doctoral student to continue and expand her research in the field by
publishing it in prestigious referred scientific journals.

7. Conclusion

The critical remarks are non-essential and do not affect my opinion of the very good
quality, relevance and contributions of the dissertation work. The set goal and related
tasks have been solved successfully, the benefits and guidelines for future research in the
field have been clearly and logically argued. The results achieved have great potential for
future scientific research and practical applications in education.

In general, my assessment about the presented dissertation is positive. I consider that the
work meets the requirements of the Regulations for the implementation of the Law on the
Development of the Academic Staff of the Republic of Bulgaria at TU of Sofia.

The aforementioned gives me a reason to vote positively and to recommend the members
of the respected jury to give the educational and scientific degree “doctor” of M. Eng.
Elena Ventseslavova Antonova in Higher education field 5. Technical sciences,
Professional field 5.3. Communication and computer technology, Scientific specialty
02.21.05. Artificial intelligence systems.

06.02.2026 Jury member:
Sofia (Prof. Dr. B. Deliyska)



