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orHocHo ArcepralllroHeH TpyA sa npra,qo6uaaHe Ha o6pasoearenHa r
HayqHa cTeneH "AoKTop" no HayqHa cneLluanHocT:
Cucreun c u3KycrBeH nHTeneKT
a npo$ecuonanHo HanpaBneHtae:
5.3. KouynnKaqloHHa n KoMnx>rbpHa rexHrKa

Aerop ua AhcepraLliloHHr4F rpyA:
Mar. 14Hx. Enena Bexqecnaeoea AaroHoea

Teua Ha AucepraL{r4oHHr4fl Tpy.q:
MOAEnmpAHE HA CI4CTEMA 34 AAAnThBHO OEyI{EH]4E,
t43 nofl 3BAtt xu c peAcTBA 3A I43KyCTBEH t4 HTEfl EKT

1. Axryanxocr xa paspa6orBaHrfl B AucepraqhoHHr4s rpyA npo6neu e
Hayt{Ho H HayqHo-np14noxHo oTHoueHHe

Tenlara Ha npeAcraBeHr4, AhceprallhoHeH rpy4 "Mo4enupaHe Ha

cr4creMa 3a aAanruBHo o6yvexue, ugnonssafrru cpeAcrBa 3a ta3KycrBeH

uxtenem" e aKryanHa, KaKro orHocHo Heo6xoguri,tocrra or nocrottHHo
o6uosReaHe Ha MeroAure, c qen noBuuaBaHe xa e$exrreHocrra Ha

o6yvenuero, TaKa h orHocHo Bb3MoxHocrra 3a np naraHero B Hacrontll4n
AucepraLlhoHeH TpyA ua oco6euo aKTyanH14Te MeroAr, anropurMt4 v
nporpaMHh cpeAcTBa Ha m3KycrBeHug t4HTeneKT 3a MoAenhpaHe Ha cucreMa
3a aAanruBHo o6yveHre.

lucepraquouHhn rpyA noKa3Ba AocrarbqHa creneH Ha no3HaBaHe
c'bcrosH[ero Ha npo6nenaa 14 TBopLrecKa uHTepnperaqt e Ha ntfieparypHhe
Marephan. Moxe ga ce rBrpAr4, qe B n'bpBa rnaea "flureparypeH nperneA" Ha

Ar4cepraqnoHHr4n Tpy,q ca aHaflm3hpaHu rofleMa Lracr or qurupanure 1 10
HayqHu ny6nraraquu, xa 6aoara Ha Kohro ce apryMeHn4pa reMaruKara, qenra
!4 3aAaqure Ha AucepraqunTa, cBbp3aHu c xeo6xo4urvrocrra or cbsAaBaHe Ha

HoB aAanruBnu u no-eQeKTr4BHr4 MeroAr4 14 anropr4TMu aa o6yveuue vpes
MeTOA[Te U CpeACTBaTa Ha U3KyCTBeH 9 r4HTeneKT.

3. CuoreercrBHe Ha rs6paxara MeroAl,tKa Ha ,t3cneABaHe H nocraBeHara
qefl u 3aAaqH Ha Ar4cepTaquoHHr,r9 TpyA c nocTHrHaTHTe npltHocu

14ua nunso cborBercrBue ue4qy us6pauara MeroAhKa Ha h3cneABaHe,
nocraBeHara qen u 3aAaqn Ha AucepTaL{u1oHHt49 TPYA tt nOcrurHarure
nphHocrl. l4s6paH e npaBr4neH noAXoA sa SopuynupaHe Ha cneAHara qen ,l
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2. Crenex Ha no3HaBaHe cLcronHhero Ha npo6neua u rBopqecxa
HHTepnperaquF Ha nuTepaTypHun MaTepHan



3aAaqu Ha AhcepTaLlurTa, Kol4To noTBbpx(AaBaT TqcHaTa Bpb3Ka c
nocTurHaTuTe np Hoct4:

Aa ce paspa6otu u eKcnepuMeHTanHo BarhArrpa MoAen 3a aAanrhBHo
o6yvexue, ocHoBaH Ha MeroAr4 na VlVl, rofrro nepcoHan.43rrpa yue6Horo
cbA-bpxaHr4e Bb3 ocHoBa Ha r4eHruQuqrpaxure n4noBe rpeuJKr4 A

r4HAr4BurAyanHhre pe3ynraru na o6y,raeuure npu Ll3yqaBaHe Ha BbBex(Aa[rlo
nporpaMupaHe xa eeuxa C.

3aAaqu Ha AuceprauxnTa

1. flrareparypeH nperneA Ha aHafloruqHr4 r43cneABaHuq e o6nacrra xa
cr4creMure 3a aAanl4BHo o6yvexue, u3KycrBeH[F r4HTeneKT B

o6paaoeaHmero, r/ HTenhreHTHh cr/creMh sa o6yvexue u nnarQopnau sa
eneKTpoHHo o6yvexue.

2. flpoexrupaHe Ha cucreMa sa o6yveHne c aAanrmBHa apxureKrypa !1

serixoro hMnfleMeHTr4paHe qpe3 cbBpeMeHHu ye6 rexuonoruu.
3. Paopa6oreaHe Ha crpareruu 3a reHepupaHe Ha recroBe, cb3AaAeHh

or npenoAaBarens, qpe3 npe$opuynupaxe 14 qpe3 reHepr4paHe or
h3KycTBeHU9 t4HTeneKT.

4. Paepa6oreaHe Ha aAanr[BH11 anropr4TMrr aa geQrurapaxe, nog6upaxe
!4 noApexAaHe Ha Bbnpocr4 3a recroBere Ha BceKta o6y,]aeM

5. ExcnepuueHTaneH 4neafru nph npoBex(AaHe Ha KoHTponupaHu
eKcnepnMeHrh 3a oLleHKa Ha o6pa3oBarenHoro suageficreue Ha MoAena.

6. Cu6upaue A alant 3 Ha AaHH npm npoBex(AaHe Ha eKcnepr/MeHTh c
peanHu cryAeHr , yqacrBau.l4 B HaqaneH o6yvurenex Kypc no nporpaMupaHe
xa C, or pa3nhqHu cnellhanHocrl4.

7. Onruursaq e u oqeHKa Ha MoAena qpe3 u3non3BaHe Ha cu6paHure
AaHHu, 3a onpeAennxe e$errreuocrra Ha paspa6orexure aAanruBHrrre
afl ropurM14 sa o6yueHue.

B. 3arnpqenun u 6ugeula pa6ora - o6o6r.qeHme Ha u3BoAure 3a

$uuanuara oLleHKa Ha aAann4BHr4q MoAen.

4. Kparxa aHanr4TuqHa xapaKTeplrcrr4xa Ha ecrecrBoro 14 oqeHxa Ha

AocroBepHocrra Ha Marephana, eupxy xoiro ce rpaAqr npuHocure Ha

AhcepraqHoHH14a TpyA

B 4ucepraqroHHr4c rpyA, c o6eM '167 crpauuq , ca peanh3hpaHu
HanbnHo nocraBeHaTa qen t4 3aAaqil Ha AucepTaLluoHHH9 TpyA, KaTo e
nocT[rHaTa npaBunHa nocneAoBaTenHocT B t43noxeHueTo, nor[qecKa Bpb3Ka
u MeTorqhqHocT B npeAcTaBgHe Ha HoBuTe BaxHu, oTHocHo nprlHocuTe Ha

AhcepraquflTa, TeoperuqH14 ta nparruqecKh peueHun s o6nac]-ra Ha
reMaThKaTa Ha AhcepTaqhrTa.
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l-len xa Aucepraquera



5. Hay,{Hr,r 14/rnh HayqHo-npunoxHr,r nprHoctl Ha AxcepraquoHHhe rpyA

Ocxoex re pe3ynraru, nocrhrHarh B Hacroflu.14r Ahcepraqr4oHeH TpyA,
ca o6o6u1euu u npeAcraBeHu B cr4Hre3upaH BhA no4 Qopnaara Ha cneAHure
n phHoc14:

Hayvxr npuHocH:

1. f'lpegnoxeH e MoAen 3a aAanruBHo o6yveuue, 6asupau Ha reoperuqHa
KOHqenL{Ug 3a ThnOBeTe TeOpeTUqHU, Cl4HTaKTUqHh U t43XOAH14 rpeUJKr4 14

rflxHoro $oprvranrasrapaue 3a nepcoHanHa aAanraLlhn Ha yve6no
clAbpxaH ue.
2. Breegexa e Qopuanxa geQuxrqun Ha LlhKln qpe3 anropurM 3a
onrr4Mu3aLlnF h eMnhpr4qHa npoBepKa Ha aAanruBHoro o6yvexue sa
npoQranrapaue xa o6yvaeurn, ne6op Ha cbAbpxaHue, o6parHa Bpb3Ka h

aHaflu3 Ha pe3ynraThTe.

J

Haysxo-npunoxHx npuHocn:

O6err Ha u3cneABaHe B rnaBa 2 na AucepralluoHHr/s rpy4
,,Ooprrilynrapaxe 14 MoAenr4paHe Ha aAanrhBHara cucreMa" ca reoperuqHr4Te
ocHoBr,l r gmeariurr xa o6u1un MoAen Ha npeAnaraHaTa aAanTuBHa cr4cTeMa
sa o6yueHne, cBrp3aHr4Te c Hero MoAeflu 3a aAanruBHocr 14 r-lnJrocrHa
apxrreKTypa, B pesynrar Ha Koero neAaroruqecKure qen14 ce rpaxcQopruupar
eue $opuranxa chcreMHa cneqraSnraqnn.

B rnaea 3 Ha Ar4ceprallhoHHr4e rpyA ,,hunneueHraquR t

aBToMarn3aLlvA" ca npeAcraBeH14 no4po6xo rexHr4qecKure acneKTu Ha
paspa6oreaxug npororun Ha aAanrr4BHara cucreMa, 6asata .qaHHu,
ocHoBHtare cKphnroBe u roneefiepu, rpa$ravex norpe6rarencKr4 uHTep$eilc aa
ynpaBneHue, anroprlrbM 3a reHephpaHe h peuaBaHe Ha TecroBe,
cto6paxeuur, cBbp3aHu c noBepr4TenHocrra u erugHo ctxpaHeHr4e Ha

AaHHl4Te, C qefl 3au.l]4Ta u npeAoTBpaTtBaHe Ha pa3KphBaHeTo Ha
r.{yBcrBr4TenHa u x$opnaaqun n pu u HTerpaLluFTa c rl3KycrBeH us tr HTeneKT.

B rnaea 4 Ha NncepraLluoHHl4e rpy4 ,, ExcneprMeHTaneH pusaia u
eMnuprlqHn pe3ynTaTr4" e onlncaHa eKcnephMeHTanHaTa nocTaHoBKa,
yqacrHuqure B npoBeAeHhre eKcnepuMeHTm, nonyqeHure pe3ynrar oT Tgx 14

,l3BbplueHara gerarinna uHTepnperaqufl Ha nonyqeHure eKcnepuMeHTanHh
pe3yflTaTh, aHanu3br Ha Kouro e AoKyMeHTrlpaH qpe3 clorBerH[ ra6nuqu,
Snrypu h reKcr.

B rnasa 5 na gucepral{r1oHHr4n rpyg ,,Oqenxa t4 onrhMt43aLlun Ha

a.qanTuBHaTa chcTeMa" ce h3non3BaT nonyqeHr4Te eMnuprlqHr4 pe3ynTaTu c
Llefl peanHa oLleHKa Ha norhKaTa Ha aAanraLlue npoyqBaHe Ha HaquHn 3a
nogo6pneaue u onrhMh3allun Ha MoAefla Ha npeAnoxeHara aAanruBHa
c creMa oa o6yveuue.



llpunoxxn:
'l . Paspa6oreHa e MeroAr4Ka 3a ycKopeHo cb3AaBaHe u npoBepKa Ha Bbnpoo4,
reHepupaHh c hlzl, vpes H3non3BaHe Ha scHo Ae$uHupaHh Kp rephh 3a
KaqecrBo - npunox[Ma or npenoAaBarenn u nnar$opuru.
2. Br,eegeu e noAxoA sa 6ups aHanu3 Ha runoBe rpeluKu, rofiro curpaulaea
BpeMero 3a AuarHocl4ra ua o6yuaeMure u noBu[uaBa eSerruauocrra ua
o6yvrrenxun npoqec.
3. OoprraynrapaHh ca HacoKr4 3a uHcrpyKqn , BlBex(Aaulu [z1h e o6paaoeaHuero,
c aKqeHT Bbpxy M14Hr4Mrl3upaHe xa cu6rapauure AaHHh 14 ochrypFBaHe Ha

npo3paqHocr sa o6yvaenlture orHocHo afl ropurMr4qHure peueHue.

7. [lperlexra xa ny6nuxaquure no ArcepraquoHHhe rpyA

[lpeqeHxara
npeAcTaBeHhTe I

ua ny6nuraqunre
At4CepTa qroH H r49

B Ahcepraqurra e Bb3
rpyA rpr,1 ny6nuraquu

ocHoBa Ha
B HayqHh

I

1. Paapa6orena e ynraSraqtapaHa MeroAonorr4s 3a aAanrhBHo o6yvexue no
nporpaMupaHe, 6asupaHa na Qopnaanno 4eSunupauu rpeu.rKt4, c qen rnxHoro
peAyqupaHe qpe3 onrhMr43aLlhoHH14 KpuTepuh.
2. IpoaegeHo e eAHo or nbpBr4Te KoHTponhpaHu eMn pr4qHu cpaBHeHus Ha

rpu noAxoAa 3a reHephpaHe xa yve6xo cbAbpxaHue (puvno, aBroMarh3upaHo
u xu6pu4xo), c ochrypeHa HaAex(AHocr u BafluAHocr Ha h3MepBaHuera.
3. Paspa6oreH e neK TexHonorhqeH creK 3a ynpaBneHue Ha crAbpxaHr4e,
reHepupaHo or lz114, eKnrcqeaul $opruarm 3a hHcrpyKl-14u, Sunrpu 3a KaqecrBo
u MexaHu3Mtl 3a npenopbKt4.
4. leSuxupaH e npeu3noneaaeria ua6op or AaHH aHarr4n4qHr4 cKpunroBe,
no3BoflqBau.1l Bb3npou3BoAt4Mocr t4 cpaBHhMocr xa 6r4eu1u r43cneABaHuq B

o6nacrra.
5. l4xrerpupaxa e rou6uxaLlue or HHxeHepHta pelxeHus h neAarorr4qecKh
r{oHLlenLlmrl, KaTo oBnaA9BaHe, KofHrlTr4BHo HaToBapBaHe u KoHcTpyKruBHa
o6parxa Bp-b3Ka e o6u1 rvo4en 3a aAanraqus.

6. Oqexxa Ha creneHTa Ha nhqHoro yqacrr,re Ha AoKTopaHTa B npuHoct4Te

Hayvuure, HayqHo-npunoxHrlTe h npunoxHr/ nphHocr4 npucbcrBar B

ny6nrxaquoxxara gefixocr no Ar4cepraquAta v ca npeAcraBeH B noAxoAFlqr4
14 yrBbp.qeHn e o6nacrra Ha Ahcepralluera HayqHu Qopyuu. Toea gorasaa, ve
pe3ynrarure or AucepraqrigTa ca npugo6unu cborBerHara nonynflpHocr 14

nph3HaHue B HayqHure cpegu. B npeAcraBeHr4re 3 ny6nuxaqur4 ce oqepraBa B

AocrarbqHa creneH flhqHoro yqacrhe Ha AoKTopaHTa B np[Hoct4Te. E4Ha or
TflX e CaMOCTO9TenHa, ABe Ca B CLaBTOpCTBO C pIKOBOA[TenhTe Ha

AoKropaHra. E4xa ny6nraraLlr4q e hHAeKcr4paHa B Scopus.



Hesaeuchlro, qe He ca npeAcraBeHu AaHHU 3a u3non3BaHe Ha
pe3yflrarure or AucepraquoHHr4e rpyA, Moxe Aa ce TBbpAl4, qe usnon3BaHero
Ha TeopeTuqHHTe h npaKTHqecK[ nocTl,lxeHuF B HayqHaTa cor-luanHa
npaKTuKa e peanHo u nprKo nphfloxr4Mo s yve6xun npoLlec no AucllunnhHu B

o6nacrra Ha u3yqaBaHero Ha nporpaMH[ e3hLu4. Ho e gantnuo Bb3MoxHo
npeAnoxeHunT MoAen u cucreMa 3a aAanrrlBHo o6yveHre, t43non3BatiKr4
cpeAcTBa 3a 3KycTBeH hHTeneKT, Aa ce aAanThpa u ycneuHo Aa ce npuJloxh
h B MHoro 4pyru yve6uu nporpaMu e o6nacrra na unQopuaq oHHure
TexHonorut4.

9. Or{enxa Ha cLorBercrB}rero xa aerope$epara c r3}rcKBaHrBTa 3a
H3rOTBflHerO My, XaKrO !t Ha aAeKBaTHOCTTa Ha OTpa39BaHe Ha OCHOBHI4Te

norroxeHHfl h npuHocxre Ha AhcepraqlroHHl,lfl TpyA
OQopn,tnHero ua aeropeQepara e B cborBercrBrle c h3ucKBaHtAAra v1

FianbnHo cbA-bpxa Hati-gaxHure u cbulecrBeHu reopernqHu u npaKThqecKn
nocTuxeH[f B AHcepTaLluFTa, KoeTo noKa3Ba HeroBaTa aAeKBaTHocT cbc
crArpxaHhero Ha A[cepTaquoHHr4fl TpyA.

10. Mnenran, npenoprKl4 u 6enexru
flpegcraeeuuer AucepraquoHeH rpyA ce xapaKrepusupa c uHoro go6po

oSopnanexue. Morar 4a ce nocoqar caMo cneAHure HecbulecrBeHu
peAaKqhoHH14 sa6enexru :

- B 3aAaqhre Ha A ceprallunTa He e xeo6xoguruo Aa ce parcHnBa KaKBo
npeAcror4 Aa 6uAe peanu3upaHo qpe3 Tex;

- npeAcraBeHhre B aBTopeSepara 3aAaqu Ha AxcepraLlhsra ca B no-
xparra Sopua B cpaBHeHue c npeAcraBeHure 3aAaqh B caMara Auceprallhs,
a 6u cne4aano rrxHoro npeAcraBrHe Aa 6uAe eAHaKBo,

- Qopruynure B Ailcepraqhflra cneABa Aa ce HoMepupar u Aa ce qurupa
r43ToqH14K, axo e Heo6xo4nuo;

- HoMepaLlrera Ha naparpaSure rpn6aa Aa 3anoqBa c HoMepa Ha

c'r,orBerHaTa rnaBa Ha AucepTaLlHFTa, 3a Aa He ce AonycKa gy6nupaxero mn/l,

Koero B MoMeHTa cbqecrByBa, HanpuMep HoMepaLlulra na naparpa$ 3.1 a

\

xonQepexquu. Cu4upxanuero Ha Bc qKh ny6nuxaquu e no.qqepraHo
Teoper[qHo u npunoxHo. Csupsaxo e npflKo c AhcepraLlhsra u c
npoQecr,roranHoro HanpaBnexue 5.3. KouyxnxaquoHHa r KoMnprr,pHa
TexHlrKa. Toea 4aea ocHoBaH e sa npeLleHKa, .re ny6nuraqnoHHara 4efttocr
e AocrarbqHa no o6ena h cbAbpxaHue h e nonyquna AocrarbqHa u3BecrHocr
B HaquoHaflHure r Mex(AyHapoAHu HayqHh cpeAh.

8. hsnonseaxe Ha pe3ynraruTe or AhcepraqroHHlre rpyA B HayqHara ur

coqhanHa npaKTxKa.



nrpBa rnaBa ce Ay6nupa c HoMepaL{r4era Ha naparpa$uTe 3.1 BbB BTopa h
neTa rnaBu,

- HeKor4 Srrypu ca c MHoro Ape6es upn$r c ManbK KoHrpacr, HanpuMep
Qur.3.2:

- npaBUnHO e Aa Ce nOCOqaT KOHKpeTHUTe nphHOCl4 KlrM BCCKa fnaBa V

cneA roBa Aa ce o6o6u{nr e o6ulure npuHocrl rGM A cepraLlhflTa.

Y6e4ex clM, qe nocoqeHhre sa6enexrh r4Mar cMr4cbn Ha npenopbKu KbM

.qoKTopaHTa B HeroBaTa 6u4eu1ara HayqHa AefrHocT.

11.3axntoqexue

Cqurarril, Lle Moxe Aa ce oLleHflT nofloxureflHo nocrurHar re, KaKTo

TeopeTuqHh, TaKa h npaKT qecK pe3ynTarv npv pa3pa6oTKaTa Ha HacToflu.lhf
AucepraUuoHeH rpyA. Te ca ge$uxupaHu HanbnHo ocHoBarenHo Karo HayqHh,
HayqHo-npunoxHrr !4 n pr4lroxHh nphHocrl. [lpe4craaexrre HayqHh ny6nuxaqur
ca AocrarbqHu xa 6pori u ca ny6nnKyBaHu B noAxoAeu1u HayqH cnvcaHt+ t

rorSepeuquu. Toea noKa3Ba HeABycMhcneHo KBan OuKaLlunra Ha

AoKTopaHTa Karo nepcneKTuBeH y\reH B cborBerHara HayqHa o6nacr Ha

AhcepraqhFTa. 3aroBa npenop'bqBaM Ha Yaaxaefiiroro HayqHo xypr4 Aa
nphcbAr4 o6pa3oBaTenHaTa h HayqHa cTeneH ,,Aorfiop" Ha Mar. unx. Enexa
Benqecnaeoea AHroxosa a npo$ecuoHaflHo HanpaBneHue 5.3.
Kotr,tyttrxaquonna u KoMntorrpHa rexHuKa no HayqHa cneLl anHocr
Cucteuu c r,r3KycrBeH HHTereKT.

.Qara: 06.02.2026 r. Peqeusexr
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REVIEW

by Prof. Dr. Eng Alexander Bogdanov Bekyarski
regarding the dissertation for the acquisition of the educational and

scientific degree "Doctor" in the scientific specialty:
Artificial lntelligence Systems in the professional field:
5.3. Communication and Computer Engineering

Author of the dissertation: lVl.Sc. eng. Elena Ventseslavova Antonova

Topic of the dissertation:

IVIODELIZATION OF AN ADAPTIVE TRAINING SYSTEIM USING
ARTIFICIAL I NTELLIGENCE TOOLS

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

The topic of the presented dissertation "Modeling of an adaptive training system

using artificial intelligence tools" is relevant, both in terms of the need for
constant updating of methods in order to increase the effectiveness of training,
and in terms of the possibility of applying in the current dissertation particularly

current methods, algorithms and software tools of artificial intelligence for
modeling an adaptive training system.

2. Degree of knowledge of the state of the problem and creative
interpretation of the literary material

The dissertation shows a sufficient degree of knowledge of the state of the
problem and creative interpretation of the literary material. lt can be argued that
in the first chapter "Literature Review" of the dissertation work, a large part of
the cited 1'10 scientific publications are analyzed, on the basis of which the
topic, goal and objectives of the dissertation are argued, related to the need to
create new adaptive and more effective methods and algorithms for training
through the methods and tools of artificial intelligence.

3. Correspondence ofthe selected research methodology and the set goal
and tasks of the dissertation with the achieved contributions

There is a full correspondence between the selected research methodology,
the set goal and tasks of the dissertation and the achieved contributions. A
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Tasks of the dissertation

1. Literature review of similar studies in the field of adaptive learning systems,
artificial intelligence in education, intelligent learning systems and e-learning
platforms.

2. Design of a learning system with adaptive architecture and its implementation
using modern web technologies.

3. Development of strategies for generating teacher-created tests through
reformulation and through generation by artificial intelligence.
4. Development of adaptive algorithms for defining, selecting and arranging
questions for each student's tests

5. Experimental design when conducting controlled experiments to assess the
educational impact of the model.

6. Data collection and analysis when conducting experiments with real students
participating in an introductory C programming course from different majors.
7. Optimization and evaluation of the model using the collected data to
determine the effectiveness of the developed adaptive learning algorithms.
8. Conclusions and future work - summary of the conclusions for the final
evaluation of the adaptive model.

4. Brief analytical characterization of the nature and assessment of the
reliability of the material on which the contributions of the dissertation are
bu ilt

ln the dissertation, with a volume of 167 pages, the set goal and objectives of
the dissertation have been fully realized, achieving correct consistency in the
presentation, logical connection and methodicality in presenting the new
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correct approach has been chosen to formulate the following goal and tasks of
the dissertation, which confirm the close connection with the achieved
contributions:

Purpose of the dissertation

To develop and experimentally validate an adaptive learning model based on
Al methods that personalizes the learning content based on the identified types
of errors and the individual results of learners when studying introductory
programming in the C language.



important, regarding the contributions of the dissertation, theoretical and
practical solutions in the field of the dissertation's topic.

The object of research in Chapter 2 of the dissertation "Formulation and
Modeling of the Adaptive System" is the theoretical foundations and design of
the general model of the proposed adaptive training system, the related models
for adaptability and overall architecture, as a result of which the pedagogical
goals are transformed into a formal system specification.
Chapter 3 of the dissertation "lmplementation and Automation" presents in

detail the technical aspects of the developed prototype of the adaptive system,
the database, the main scripts and pipelines, a graphical user interface for
management, an algorithm for generating and solving tests, considerations
related to confidentiality and ethical storage of data, in order to protect and
prevent the disclosure of sensitive information during integration with artificial
intelligence.
Chapter 4 of the dissertation "Experimental Design and Empirical Results"
describes the experimental setup, the participants in the experiments, the
results obtained from them and the detailed interpretation of the experimental
results obtained, the analysis of which is documented through relevant tables,
figures and text.

5. Scientific and/or scientific-applied contributions of the dissertation
work

The main results achieved in this dissertation work are summarized and
presented in a synthesized form in the form of the following contributions:

1. A model for adaptive learning is proposed, based on a theoretical concept for
the types of theoretical, syntactic and output errors and their formalization for
personal adaptation of learning content.
2 A formal definition of a cycle is introduced through optimization algorithms
and empirical verification of adaptive learning for profiling the learner, selection
of content, feedback and analysis of results.
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ln Chapter 5 of the dissertation "Evaluation and Optimization of the Adaptive
System", the obtained empirical results are used for the purpose of a real
evaluation of the logic of adaptation and the study of ways to improve and
optimize the model of the proposed adaptive training system.

Scientific contributions:



the contributions of the dissertation, theoretical and practical solutions in the
field of the dissertation topic.

1. A unified methodology for adaptive programming training has been
developed, based on formally defined errors, with the aim of reducing them
through optimization criteria.

2. One of the first controlled empirical comparisons of three approaches to
generating learning content (manual, automated and hybrid) has been
conducted, with reliability and validity of the measurements ensured.
3. A lightweight technology stack for managing Al-generated content has been
developed, including instruction formats, quality filters and recommendation
m echa n isms.
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 has been developed for the accelerated creation and
verification of questions generated with Al, using clearly defined quality criteria
- applicable by teachers and platforms.
2. An approach for rapid analysis of error types has been introduced, which
reduces the time for diagnosing learners and increases the efficiency of the
learning process.

3. Guidelines for instructions introducing Al in education have been formulated,
with an emphasis on minimizing the data collected and ensuring transparency

for learners regarding algorithmic solutions.

6. Assessment of the degree of personal participation of the doctoral
student in the contributions

The scientific, scientific-applied and applied contributions are present in the
publication activity of the dissertation and are presented in appropriate and
established scientific forums in the field of the dissertation. This proves that the
results of the dissertation have gained the appropriate popularity and
recognition in scientific circles. The 3 publications presented sufficiently outline
the personal participation of the doctoral student in the contributions. One of
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them is independent,
supervisors. One

two are co-authored
publication is

with the
indexed

doctoral
in

student's
Scopus.

T.Assessment of publications in the dissertation

The assessment of publications in the dissertation is based on the three
publications presented in the dissertation at scientific conferences. The content
of all publications is emphasized theoretically and applied. lt is directly related
to the dissertation and the professional field 5.3. Communication and computer
technology. This gives grounds for assessing that the publication activity is

sufficient in volume and content and has received sufficient fame in national
and international scientific circles.

8. Use of the results of the dissertation in scientific and social practice

Despite the fact that no data are presented on the use of the results of the
dissertation, it can be argued that the use of theoretical and practical
achievements in scientific and social practice is real and directly applicable in
the educational process in disciplines in the field of studying programming
languages. But it is entirely possible that the proposed model and system for
adaptive learning, using artificial intelligence tools, can be adapted and

successfully applied in many other curricula in the field of information
technology.

9. Assessment of the compliance of the abstract with the requirements for
its preparation, as well as the adequacy of reflecting the main points and
contributions of the dissertation work

The design of the abstract is in accordance with the requirements and fully
contains the most important and essential theoretical and practical
achievements in the dissertation, which indicates its adequacy with the content
of the dissertation work.

10.Opinions, recommendations and notes

The presented dissertation work is characterized by a very good layout. Only
the following non-essential editorial notes can be indicated:
- in the tasks of the dissertation it is not necessary to explain what is to be
implemented through them;
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- the tasks of the dissertation presented in the abstract are in a shorter form
compared to the tasks presented in the dissertation itself, and their presentation

should be the same;

- the formulas in the dissertation should be numbered and the source should be

cited, if necessary;

- the numbering of the paragraphs should begin with the number of the
corresponding chapter of the dissertation, in order to avoid their duplication,
which currently exists, for example, the numbering of paragraph 3.1 in the first
chapter is duplicated with the numbering of paragraphs 3.1 in the second and
fifth chapters;

- some figures are in very small font with low contrast, for example Fig. 3.2;

- it is correct to indicate the specific contributions to each chapter and then
summarize them in the general contributions to the dissertation.
I am convinced that the above remarks have the meaning of recommendations
to the doctoral student in his future scientific activity.

l l.Conclusion

I believe that the achieved, both theoretical and practical results in the
development of this dissertation work can be positively assessed. They are

defined quite reasonably as scientific, scientifically applied and applied
contributions. The scientific publications presented are sufficient in number and
have been published in appropriate scientific journals and conferences. This
clearly shows the qualification of the doctoral student as a promising scientist
in the relevant scientific field of the dissertation. Therefore, I recommend to the
Honorable Scientific Jury to award the educational and scientific degree
"doctor" to M.Eng. Elena Ventseslavova Antonova in the professional field 5.3.

Communication and Computer Engineering in the scientific specialty Artificial
lntelligence Systems.

Date: 06.02.2026 Reviewer

(Prof. Dr. Alexander Bogdanov Bekyarski)
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