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cTAHOBTATIIE

Bbpxy Ar4ceprarIuoHeH TpyA sa npu4o6rnaHe ua o6pasosareJrHa r HafrHa crerreH
,,Aorfiop" a o6racr Ha nncure o6pa3oBaHr,re: 5, TexnuqecKu xayxu, no npoQecr4oHaJlHo
HalpaBreHrie: 5.3, KouynuxaquoHHa u KoJnnrumt,pHa mexHuKa, Haf{Ha cfleq]IanHocr:

02.21.05. Cucme.nu c u3rg/cmeeH uHmetenn.

Aerop na 4uceprar{rroHHrrs rpyA: Mar. uxxc Enena Bexqeclarona Arrronosa
Teua aa 4ucepraquoHHns rpy4r,,Mo4eaupaxe Ha cucreMa 3a aAatr"r{Bno o6yverue,
usnomnafixu cpeAcrBa 3a u3KycrBerr ugteaexr'
Hsrotnn a craHoBr.rrlero: npoQ. A-p Eoprxa llerxosa ,(eanficxa-Mano[roBa, qreH

Ea HafrHoro xyplr, yrBrpAeno cr,c 3anoaeA Ne O)K-5.3-68 ot -1,5.12.2025 r. ua Perropa
Ha TY-Co$r.rn.

1. Arryarurocr ra paapa6o'rnaHn, B Ar{ceprar{uoHHrir rpyA npo6aen B Hayqno
H HaJAHO-npnnOXHO OTHOrlleHr{e

fiucepraquoHu,rflT TpyA e [ocBereH Ha arcryarHurl 14 BaxeH npo6.neu 3a ]:ocrl{raHe
Ha aAarrrrBHo e-o6yueuue qpe3 cbBpeMeHHr{Te MeroAH r{ cpeAcrBa Ha H3KycrBeHI,Iq
HHTeTeKT (llll). IIpo6.reu'br xMa cbulecrBeHo Ha)AHo H HafrHo-npxnoxHo 3HaqeHLIe B

cSepara Ha o6pasoaanre'ro.
2, Crenen ua no3uaBaHe Ha cLcroflrrrero ua npo6aeua lr TBopqecKa

[HTeprrpeTarlfifl Ha nrrTepa'rJr'IrHIlfl Mareptlan
,{,ucepraquoHuucr rpyA e B xHTepAncrlllnnlrHapHo Ha[paBneH]re, BK/rloqBarqo

r,rH<popuaqz ouHl4 x KoMyHHKaqHoHHH TexHoJrorHr,r, neAarorlrKa, H3KycrBeH ,IHTereKr Ir
MareMarnqecra crarncrllKa. B rscae4nanero cI4 AoKTopaHTKara noKa3Ba 3agut6oveuu
no3HaHr,tq B HanpaBreHr.rero, Karo ce no3oBaBa Ha Ll.0 cbBpeMeHHu nuTeparypHu
r,r3Tor{Hurlr,r. Toua e nuguo H or HanpaBeHhs a faasa L o6urupen aHaJI}rrHqeH flperneA
Ha MeroAr,rre, MoAenlrre u co<lryepHnre cpeAr 3a aAanrxBHo o6yreulre r,r recrBaHe Ha

3HaHUg,

B cae4nauln're rraBri re3r,r rro3HaHHfl ce norBbpxAaBar c npeAcraBgHero Ha
paspa6oreurre MoAeJrlr, MeroAr,rrx, r,rHoBarnBHH anropHTMH r.r coQryepnu crrcreMlr,
KaKTo u c nogpo6HNR crarrcrl{qecK!r aHaJur3 Ha pe3ynrarr4Te.

3, Crornercrrue xa us6panara MeroAur(a Ha [3creABane H rlocraBeHara qeJr H
3aAaru rra AucepTaqr{orrHnr TpyA c rrocTlrrHaTlfre npl{floctl

L{e.n'ra xa gucepraqr4oHHr,rff rpy4 e paspa6o?BaHe I4 eKctrepI,IMeHTa.,rHo Balrr4Al,tpaHe

Ha MoAen 3a a,qa[Tr4BHo o6yreuue, ocHoBaH Ha MeroAr4 aa LIYI, t<o t:ro [epcoHanr43xpa
yre6no cr4rpxaHue qpe3 u4enruQnqupaHr,r rr,rnoBe rpeuKrl t4 t4r4lz.Bvr4yar.Ha
pe3ynrarr,r aa o6yraer.rrre nplr H3f{aBaHe Ha B'bBexAar{o flporpaM]rpaHe na e:ura C.

Mero4rrara Ha I,I3cJreABaHero, BKJrroqBauIa [3[oJ]3BaHe Ha [I3BecrHlI u co6crseHr
r4HoBarr{BHH MeroAr,r, aJrropaTMr,r n coQryepHr,r [pHJIoxeH[rI, cborBercrBa Ha llenra Ha

A].rcepTarII,loHH]rs TpyA x cB'bp3aHuTe c Heq 3a,q,aqr ]i nocTurHaTn pe3yJITaTlI u npI4HocH.

4. Hayrnn uf utll taytuo-npfinoxurr [pr{Hocrr Ha Ancepraquorrn}r, TpyA
B 4ncepraqnonHr,rq rpyA ce ctAapxar HayqeH, Ha] {Ho-rrpanoxHr4 H [pxJloxHx

npuHocx, flpusnaaau eAHH HafieH npr,rHoc - 3a c'b3AaBaHero xa co6crseH MoAeJI 3a

aAatrTHBHo recrBaHe Ha 3HaHHq, 6asrpano Ha pa3JrHr{HH TrrroBe rpeuKI,I.
Hayruo-npuaoxuure rrpHHocH ce 3aK.flrcqaBar B:

1. Paspa6o'rnaue Ha MeroAuKa 3a aAanrr4BHo recrBaHe no nporpaMI,IpaHe ,6aztpata
ua Qopr',ra;rHo 4eQunrpaHu rl.rrroBe rperrrKr.r.
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2. Pa:pa6orrane Ha crek (Ha6op or pecypcr) 3a y[paBneHne Ha cbA'bpxaHne,
reHepr4paHo or LlH, BKroqeaq iloprurarr.r 3a uHcrpyKllul,t, t[uarpra 3a KaqecrBo r,r

MexaHu3MH 3a flpeIlopbKlr.
3. Ilponex4aue Ha cpaBHeHne Mex(Ay rpr4 floAxoAa 3a reHepxpaHe Ha recroBe

{prvno, aBToMarr,r3}.rpaHo lt xr,r6pr,rguo) c uagex,guu A Bar,LtAHu u3MepBaHr.rcra 3a

oqeHKaTa r,rM.

4, Cta4aaanero Ha MHorokparHo [3noJl3Baelr na6op or AaHHH t{ aHaJII{TnqHu
cKpr{[ToBer noJre3eH 3a 6t4erqn H3creABaHr,rfl B o6aac, ra.

3a npuaoxHl,r nprlHocu npu3HaBaM:

1. Paapa6orenara MeroAHKa 3a ycxopeHo cb3AaBaHe r,r npoBepKa Ha Bbrlpoclr,
reHepr,rpaxr,r c LIH, KaKTo 14 noAxoA sa 6tpa aHaJrIr3 Ha rrnoBe rpeurt,t.

2, Crs4ageHara cpeAa 3a aral.us u oqeHKa Ha pe3ynrarn or recroBe.
5, Ilpeqexxa na uy6arxaqaure rro Ancepraquonx[fl TpyA
.{orropanrrara e aBTop H sbaBTop Ha nocot{eHr,r rpu ny6ruxarlnx no

Alrceprar{fioHHnf, TpyA, a rMeHHo - AoKrraAH Ha roHQepeHqr.rr c MexAyHapoAHo

)Aacrue. I,l:c.ne4na nrlrra, paspa6oreuure noAxoAH, MoAenu u cncteun, n3Jroxeur,r B

Trrx, ca oplrrriHa./rHr4 r{ AeJro Ha AokropaHTr{ara u uefrHure prxoBoA[Te.[u,
Ilpluoxen e /qo(FMeHT 3a yqacrne Ha rqoKropaHTxara B yur,rBepcr,rrercxn

Hal/l{HOH3CneAOBaTeJrCKlr IIpOeKr, TeMaT'lqHO CB'bp3aH C AXCepTar{vsTa.
5. Mnenue, npetroprxfi u 6eaenncu
C.{}rraM, qe Eaena AgroHoBa [pr,rrexaBa MHoro 4o6rp nacae4oBareJlclo,r [oAxoA t4

c'ruJr Ha r43rox€Hse. liantpureurre or Hefl I43cJIeABaH[q 14 flocrl,ttHarr4Te pe3yrrar]I ca

AocrarbqHr,r no o6eu r,r KaqecrBo 3a AoKTopcKa Anceprarlur. BNcoxo oqeunnau
c63.qaAeHHTe MOAenU, npOBeAeHUTe eKCIIepUMeHTII, C?aTI,rCTt{geCI(ng aHa. V13, KaKTO H

MeroAnre n 4efrHocrnre sa nepu<frqrpaHe Ha pe3yrrarr4Te.
OcHosHNte uu aa6eaexru rcbM .qr4ceprar.lr4oHHr,rfl TpyA Kacasr crpyroyp paHero Ha

nbpBt{Te ABe fnaBr,r oT TeKc?a H Bpl,3KaTa uex4y yve6no c'bA'bpxaH]te 14 TecToBeTe B

MoAera. B Lflasa 1. aureparypnuflT nperreA e cMeceH c o6ocronrara lt flpoeKrrrpaHero
Ha co6crnen MoAen 3a aAarrrnBHo o6yrenne. B naqaroto na laasa 2 e sKaroqeH
Teoper[qeH Marepr,rar 3a MeroAn Ha o6yreure, vlero Mqcro e B fraBa 1. B onncaH]rero
Ha MoAera 3a aAanrr.rBHo o6yrenue r,r coQryepHara My pea/ru3aqxs n laana 2 lytr.caa
r,r3pnqHo MoAy.[ Ha yre6uo cr4rpxanre {na 3HaHr,rs B rrpeAMerHa'r? o6aacr). Taxa,
MoAerlr lr paapa6orennar co{ryep ca [o-Tor{Ho 3a aAa[THBHo recrBaHe Ha sHaHHr.

Texnuqecxn sa6eaexrn: 1J ,Ilnncnar crrHcbrlu Ha cbrparqeHusra, Onrypxre r.r

ra6.nlrqure, Koero 3arpyAHnna pa:6upa:rero Ha rexcra. 2) Tepnnnrr ,,reHepnpaHe Ha

cl4rpncauue" e [oABex4ar{, 3arqoro BcirrlHocr ce Kacae 3a reHeprpaHe Ha B'brrpoc}l },r

TecroBe, a ue ua yre6no gbA'bpxaHue, Koero He HaBcflKbAe B TeKcra e nogcHeHo.
I{urupanero B TpyAa e KopeKTHo, c r,r3rsnor{eHr,re Ha HsKor rlrrypn.
flpenopr.rnau Ha AoroopaHTKara Aa npoAbJrxr,r t,t pa3urnpr,r ],r3cJreABaHxqra cq B

o6.nacrra, Karo ru ty6ttuxyaa B npecrxlnHn HafrHlr r{3iqaHur.
T.3ax.nroqeure
Kpurrvunre 6e.rexxr,t ca HecrqecrBertu u He BJIussr Ha MHeHHero MH 3a MHoro

4o6poro KaqecrBo, axTyarHocrra x npr.rHoclrre Ha AHceprarlxoHHr.rfl TpyA.
IlocraseHr,rre IIe, u 3aAaqu ca peureHH ycne[rHo, a nosrHrHarr,rre pe3ynrarn HMar
roJrsM [oreHrlr,ral aa 6t4eqn HayqHn x3creABaHrlfl n npaKTr,rrrecku rtprroxeHu.s B

o6pasosaHuero.
Karo qs.no, cr.rr,rraM, qe [peAcraBeHnrr Ar4cepraquoHeH TpyA orroBapf, Ha

fi3r,lcKBaHr,rqra na llpannannka 3a nprnoxeHue Ha 3aroHa sa pa3B]rrr,te Ha
akaAeMr,rrrHr{s cbcraB Ha PE n TY-Corfua. Ilopagr,r roBa rqe rnacyBaM noroxltre;rHo x



npe[oplqBaM Ha yBaKaeMr.rTe qreHoBe Ha HarrHoTo xcyp]r Aa noAKperr.FT

rrpr4c'bxAaHeTo Ha o6pa3oBaTerHa n HayqHa cTeneH ,,AoxTop" Ha Mar. HH)IG EneHa
Benqeorarora AnroHora s s o6aacr Ha Brlcrle o6paaooanne: 5. Texuuuecxu uayxu,
npo<|ecuouaauo HanpaBneHr,re : 5.3. Kor*,ryuuxaqr4oHHa r.r KoMnrorr,pHa rexnrKa HayqHa

cnequaJrHocr: 02.21,05, Cr,rcrenn c lr3r(ycrBeH ]rHTereKT.

fiara:06.02.2026 9reu ua HafrHoro xypra:
(upo0. A-p E. .{e.nr.l.rcral



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 | 02.2I.05. Artificial intellig ence 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 iury approved by Order Ne OX-5.3-68 / t5.L2.2025 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 ofachieving adaptive e-learning
through modern methods and tools of artificial intelligence [AD. lt is of significant
scientific and scientific-applied meaning.

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

The dissertation is in an interdisciplinary field, including information and
communication technologies, pedagogr, artificial intelligence and mathematical statistics.
ln 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 softvvare systems as well as with the
detailed statistical analysis of the results.

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

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

The research methodologr, including the use of known and own innovative methods,
algorithms and software applications, corresponds to the goal ofthe 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. I

admit one scientific contribution - the created model for adaptive knowledge testing
based on different error types.

The scientifi c-applied contributions include:
1. Development of a methodolory 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 I recogrize:
1.. The developed methodology for accelerated creation and verification of AI-

generated questions, as well as an approach for rapid analysis of error types.
2. The created software environment for analysis and evaluation oftest 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 ofthe doctoral studert
and her supervisors.

A document is attached regarding the doctoral student's participation in a university
research proiect thematically related to tle 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 conducte4 the statistical analysis, as well as the methods
and activities for veriffing the results.

My principal remarks on the dissertation concern the structuring of the first tlvo
chapters ofthe text and the relationship between the learning content and the tests in the
model. ln Chapter 1, the literature review is mixed with the design of owa 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 iownals.
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 benefis 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 iury 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 technolory, Scientific specialty
02.2 1.05. Artifi cial intelligence systems.

06.02.2026
Sofia

lury member:
(Prof. Dr. B. Deliyska)


