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ucepraqxoHeH TpyA sa npugo6uaaxe ra o6paroaarenxa u HayqHa creneH,rqoKrop"

Ha A[cepraq[oHHr4s rpyA: Mar. uxx. Enexa Bexqecnaeoea AHToHoBa

rpys: MOIEII,IPAHE HA C14CTEMA 3A AE/AflTIBH0 OEy'{EH]4E,

ulnex xa nayvroro xypt4: Aoq. A.p nnx. l,lopgaxra Haigetoea Axacracoea

1. Arryanxocr xa paspa6oreaxxn B Ar4cepraq[oHHnr rpyA npo6neu B HayqHo I HayqHo

n prlrroxHo-0THoueHIe.

Bre4pRaarero Ha [3KycrBeHnt IHTeneKr (14lz1) u reo6xo4nuocrra or nepcoHan[3upaHe ra o6yvemrero
r43r4c(Ba cr3AaBaHe Ha c[creMr4, cro6paserr c xHAl4Br4AyanHoro reMno Ha ygeHe Ha acexu crygerr. L]enra
Ha A[cepraqxoHHr4fl TpyA e BHeAprBaHe u BanuAlpaHe Ha Mogen 3a aAanr]tBHo o6yrexre, [3non3Bau.l

r4HcrpyMeHTure Ha W sa nepcoHanu3upaHo reHepupaHe Ha recroBe r,l o6parna BpHKa c o6yraeuure e

yBo4Horo nporpaMl4paHe ua C. fieSuupar[ n [3nbr]HeH[ ca ceAeM ocHoBHr,r 3agaq(,3a q[ero peuaBaHe ca
[3n0n3BaH14 ctBpeMeHH[ noAxoAt4 [ TexHonoryu.

2. Crenex Ha no3HaBaHe crcronHuero xa npo6neua x rBopgecKa xHTepnperaqnn Ha

nxreparypHlrr Marepxafl ,

B 4ucepraquoxrug TpyA aBToprT noxa3Ba MHoTo 4o6po nooxaaane Ha reMarrxara u aAeKBarHa

[HTepnpeTaq[n Ha nlreparypHufl Marepfian. Toga nr,lu ffcHo or HanpaBeHuRT B A[cepraq[nra aHan[3 Ha

Teop[nTa Ha aAanTxBHoro o6yverre, npmoxeHhero xa l4l4 e o6ylelrero I TexHlKure 3a c]3AaBaHe Ha

cbAlpxaHIe B crBpeMeHHure o6yvurenxu nnarQopl,tu.

lucepraqroxxrnr rpyg e a o6elr or 167 crpanrqu r BKnoqBa 179 $rrypn u 44 rulnnqn. L{urrpaxr ca
1'10 veroqHlxa, or rouro 80 % ca ot nocneAxrre 2 roAnxn, Koero noKa3Ba saAun6oqeHo nostagaxe la rafi-
cbBpeMeHHxre reHAeHquI I o6nacrra.

3. Ctoreercrane xa ut6paxara MeroAnxa Ha H3crreABaHe r nocraBeHara qen x 3aAa'{r Ha

A[CepTaqloHHxn TpyA c nocTHrHaT]rTe nprlHocH.

flpu uogenupaxe Ha o4creMara aBToprT ce 6asrpa xa Knac[qecK[Te reoperhqH[ ocHoBr4 -
r(oHcrpyKrr4Br43tM, yqeHe qpe3 oBnaAFBaHe u o6ylexue, 6asupaxo Ha rpeulKh. lrlgexru$nquparu ca rpr
6asosr4 xor\,rnoxeHTa, BuloqeH[ B o4creMara - npo$unupaxe xa o6yvaeuure, cneAeHe Ha ycneBaeMocTTa h

c cTeMa 3a npenopllM.

Cucreuxara apxrreKrypa e u3rpaAeHa Ha MoAyneH npIHr.l[n, Koero ynecHFBa pa3Bur[ero, TecrBaHero I
noggprxKara, xaro ca 3anoxeH[ nphHqhnure Ha npocneAvMocr fi noroBe, npo3paqHocr I ruexagocr. Hoeocr
B apxlTeKrypara e HaqlHa no roiro MoAynrre o6uexsr Aaxu, 6asupax xa rlnoBe rpeuJKr4, ror,r6urrpar c
pasxoo6pasxu MeroAr4 Ha cb3AaBaHe Ha crArpxaHue, emrc,laaqo n k114.

CtgAaAexara cucreMa reHeplpa nocneAoBarenHo rs6op xa xareropnn, Axana3oH Ha rpygxocr, xa6op or
Blnpoo4 14 npeAnoxeHr,r noAcKa3Kr4 14 h3r+4creBaHe ta 6pon r,t Thna Ha rpeuJKure. CoSryepxo o4creMara ce

6asupa na ye6-6asupaxa xox$urypaqrn, BKnrcqBauia [arneA, 6usxec norura u 6aoa gaxrr, KoflTo e floKa3aHa

c o6enure u Bpr3Kure MeMy rnx. Onucagu ca AonycKaH[qra u orpaH[qeHhRTa.

Peanusupaxara c[creMa e recrBaHa xa 74 crygexra, 3afl[can[ HaqaneH Kypc no C. f'lpoaegexr ca 3
eKcnepfiMeHTa - nbpBoHaqanHo npeAcTaBnHe, aAanTl4BHr4 TecToBe I yAoBneTBopeHocT Ha cTyAeHTuTe I
o6parxa aprsxa. llonyrexure pe3ynrar[ KopeKrHo ca npeAcraBeHu ra6n[,]xo 14 rpaQravxo.

Peanu:rpauo e qf,nocrHo npoyqBaHe, cBrp3Baqo aAanr[BHoro o6yvexue c l4[4, xaro MoAenupaHara u

npaKruqecKr4 BHeApeHa c cTeMa e BanuAlpaHa eMnhpxr{Ho, KaTo TF no(a3Ba qe aAanruBHlTe MexaH[3Mr4,

[Hrerpaq era Ha crArpxaHle !4 aHan[3a Ha r[na rpeuJKr4 nopo6pnear eSemuBHocTTa xa o6yvexue.

Cvrral,t,,re u:6panara MeroArKa Ha h3cneABaHe I npeAcraBeHara peanusaq[F HanrrHo crorBercrBar
Ha nocraBeHara B Ahcepraq[nra qen u QopruynnpaH[Te 3aAaq[.

4. Hayvxn dnnn xayuo-npxnoxH[ npxHocx Ha At,tcepraqroHHrn rpyA.
B gucepraqlloHnraf, rpyA aBroplr e $opr,rynrapan creAHure npuHocr4, Kor4ro npueMaM u B pe3oMe ca:

Haywu:1. flpegroxex e MoAen 3a aAanr[BHo o6yqeHue, 6aarpax xa runoBe rpeuxl4. 2. Braepeua e

$oprrlanna ge$unuqun Ha ql4Kbna Ha aAanruBHoro o6y,reHre, BKnoqBaqa npo$rannpaxe Ha o6yqaeMur,
ua6op xa $ArpxaHIe, 06parHa Bpr3Ka u aHant,t3 Ha pe3ynrarxTe.
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Hayvao.npunoxxul 1. Paspa6oreua e yru$uqupaHa MeroAonoffe 3a aAanrfiBHo o6yrexue no

nporpaMr4paHe, 6asrpaxa xa Sopruanxo ge$nxuparu rxnoBe rpeuKh.2. flpoeegero ca KoHTponxpaHl

eMnup[riHl4 cpaBHeH]4n Ha rpu noAxoAa 3a reHeplpaHe xa yve6ro crArpxaHle c oc[rypeHa HaAeMHocr 14

Ban[AHocr Ha r3MepBaH[rra. 3. Pa3pa6oreH e rexHonon4qeH creK 3a ynpaBneHhe Ha GAbpxaH[e,
rexeprpaxo or l,'llr1, axnnvaaq Sopr,,la 4 3a hHcrpyKqllr, Srnrpu 3a KallecrBo 14 MexaHr3Mh sa npenoprxn.4.

leQurupau e npeu3non3BaeM Ha6op or AaHH!l4 aHanurr!rtHr4 ct(punroBe, no3BonBBau.{r4 B}3npo[3BoAr4Mocr 14

cpaBH[irocr Ha 6bAeq[ [3cneABaHug B o6nacTTa.5. klrrerpupaua e KoM6[Haqxn oT [HxeHepHu peueH[n u

neAa[orlqecx].i xoHqenq[[, Karo oBnaAgBaHe, KorHln4BHo HaroBapBaHe x KoHcrpyrfihBHa o6paua eprsxa e

o6q uogen 3a aAanraqhe.
llpunoxnu:'1 . Paspa6orexa e MeroAhKa 3a ycKopeHo clsAaBaHe u npoBepKa Ha Brnpocrl, reHepupaHu c

l4H, vpes rl3nor3BaHe Ha ncHo AeS[HlpaHr4 Kpr4Tep[[ 3a Kaqecrso.2. Braeger e noAxog 3a 6]p3 aHan[3 Ha

TunoBe rpeuK[, cbKpalqaBau{ BpeMero 3a Ar4arHocr}rKa xa o6yraeuure h noB[uaBaq eQenusxocrra xa

obywrenrrn npoqec.3. OopMynupaH[ ca Hacox[ 3a IHcrpyKqufl, B]Be4aqrl hh e o6paooaaruero, c aKqeHT

Brpxy Mr4HuMr43upaxe xa cr6npaHhre AaHHI x oc[rypflBaHe Ha npo3paqHocr 3a o6yvaeMure orHocHo

13non3BaHrTe arropllTMrqH[Te peuJeHu9.

5. flpeqexra ra ny6nrxaquure no Arlcepraquoxxun rpyg: 6poi, xapaKrep Ha h3AaHlnra, B [or4ro
ca orneqaTaHh.

Peeynrarure or ,l3cfleABaHrnTa Ba l4Hx. Enexa Axroxoea ca ny6nnryeaxr B Tpx cTaru[. Bcrqxr crarun
ca npeAcraBeH[ Ha npecrlxHl4 MeMyHapoAHx xox$eperqnu x ca HanpaBeH[ B nep[oAa 2022-2024 roAnsa,

KaTO oTpa3nBaT nocTr4rHaTh pe3ynlaTh B AlceplaqnoBHr.'r9 TpyA.

Borqxu crarur ca g cbaBTopcrBo c HayqHlTe pbKoBoAxrenh. ABe or crarh[Te ca IHAeKc[paxI e SC0PUS
n ca ny6nrxysaxr e IEEE. Orxpuro e 1 qnrupaxe Ha cTarru B r43AaH[fl, r4HAeKcxpaHx e SCOPUS.
l'ly6nuxaquoxrara gerirocr ua AoKropaHTa noKp[Ba xs[cKBaH[nra sa npngo6usaxe Ha OHC ,"qoKrop" 14

cqr4Tat4, qe ny6nuraqrure ca nprgo6unu 4ocrarurxo ny6nurxoct B Hayr{Hara o6qnocr.
Orquraixu 6pon n xavecraoro ra ny6nuxaqurre cqfiraM, qe nonyqeHlre pe3ynraT[ ca !43Knor.1r,4TenHo

Aeno Ha aBTopa noA prxoBoAcTBoro xa nayrxure r,4 plKoBoA[Tenu, KaTo He cbM ycTaHoBr4na HeAocToBepHocT

Ha AaHH[Te UnI nnaruaTfiBo.
6, Mxexun, npenoprrol x 6enexrx,
fircepraquorxurr rpyA e [3rorBeH B l,txoro go6pa nonqecKa nocfleAoBarenxocr. Brsiroxr.ro e Ao6aerHe

Ha cnucbx Ha r43nofl3BaHrre cbKpalqeHxn, Ho roBa He ce orpa3nBa B]pxy KaqecrBoro lr gocroixcreara ra
AlcepTaquoHHr49 TpyA.

llpenoptreau Ha Mar. uHx. Enexa Auroroea ga npoAbnxu pa6orara cx no cb3AaAeHara n anpo6npaxa
o6y.rurenxa c[creMa, Karo R AonbnHh I npeAnox[ 3a np[noxeHr4e t,i no Apyr[ A[cqunnuHu.

7. 3axnpqexue c rcHa noroxr4TerHa xnx orplqarenHa oqeHxa Ha AlcepraqroHHr4r rpyA.

Oqexrealr nonoxrlTeflHo Ar4cepraqxoHHr4s rpyA ,,MoAenlrpaHe Ha crcreMa 3a aAanr BHo o6yt{eH[e,
rtnongaaixu cpeAcrBa 3a x3xycrBeH nxrenerr" c aBTop Mar. uxx. Enexa BeHqecnagoea Axroxoea u

cq[TaM, qe e M3rorBeH npequ3Ho u Ha BhcoKo npoQecroranro Hr4Bo, Karo aBTopbr e nocl4[Han nocraBeH]lre
qen[ v 3agaq[ B AxcepraqhoHHhn rpy4. Pe:ynrarure u np[HocfiTe Ha A[ceprallxoHHr4r rpyA ca oTpa3eH[ B

xay,rxu ny6nuraqru, Kor4To ca npeAcTaeeH[ Ha HayqHara o6qxocr Ha MeMyHapoAHn xox$epexqun r
ny6nrxyeaxu x xHAeKc[paHx B cBeroBHr4 6asu paur. Peanuanparlrre or aBTopa MoAen Ha o6yqeH[e 14

aBroMarll3upaHa clcreMa ca anpo6upaHn ycneuHo cbc cryAeHT[ or ABa SaKynrera. Hay,lH[Te, Hay.iHo-

npr4noxHr4 u nphnoxHx npxHoc[ ca 3HaqrMr4 h c]orBercrBaT Ha h3ficKBaH[flTa 3a npr4Ao6[BaHe Ha HayqHo-

o6pa3oBarenHara creneH ,,Aorfiop' crrnacHo 3axora ga pa3Br'rr[e Ha axaAeM[qH[n crcraB B Peny6nraxa

Ernrapun, flpaaunxrxa sa nphroxeHlero My h flpaaunrrxa sa ycnoBlnra I pega oa npugo6naaHe Ha Hay.]Hr4

creneru g TexsuqecKu yH14Bepc[rer - Co$rn,
flpegnarau ra yaaxaeMoro HayqHo xyph Aa np[cbAr4 o6patoaarenxa n rayqHa creneH ,,Aorrop" ra l,lar.

urx. Enera Berqecnaaosa AHroHoea a npoQecroranro HanpaBreHr4e 5.3. Korr,ryxuxaqroHHa u KoMnorrpHa
TexHuKa! HayqHa cneqnantocr ,,CrcreMh c 143KycrBeu rsrenerr".

IIIEH HA XYPITITO:Aara: 05.02.2026 r.
([oq. n-p rxx. fiop4axxa Axacracoea)
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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 ofthe 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 inkoductory C programming language. Seven main tasks have been deflned 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 ofthe 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 leaming and the techniques for creatlng content in modern learning platforms.

The dissertation is 167 pages long and includes 179 flgures 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. Conespondence 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 syslem have been identilied - 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 enors. 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 assumptlons 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 conectly 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

inlegration and error type analysis improve learning efiiciency.

I believe that the chosen research methodology and the presenled 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
I accept the following contributions in the dissertation as formulated by the author:

Scienfific: 1. A model for adaptive learning based on the types of enors is proposed. 2. A formal definition

of the adaptive leaming 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

enortypes has been developed.2. Controlled empirical comparisons ofthree approaches to generating learning
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content have been conducled with ensured reliability and validity of measurements. 3. A technology stack for

managing Algenerated content has been developed, including instruction formats, quality filters, and

recommendalion mechanisms.4. A reusable dataset and analytical scripts have been deflned, 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 leamers 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 leamers 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 intemational 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 I believe that the

publications have gained sufficient publicity in the scientific community.

Considering the number and quality of the publications, I believe that the results obtained are exclusively

the work of the author under the guidance of her scientific supervisors, and I have not established any

unreliability of the data or plagiarism.

6. Opinions, recommendalions and notes
The PhD dissertation is prepared in a very good logical sequence. lt is possible to add a list of abbreviations

used, but this does not affect the quality and merits of the dissertation.

I 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.

I assess positively the dissertation "Modeling an adaptive learning system using artificial intelligence

tools" by MSc, Eng. Elena Ventseslavova Antonova. I 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 ln 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 mmply 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.

I 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 lntelligence Systems ".


