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CraHoruule

I Bbpxy AprceprarlrroHeH rpyA

ta lpugo6uBaHe Ha o6pasonare ilHa vI HayqHa creleH ,,4oKTop',

Ha Ar.rceprarlrroHHr.r, rpyl: Eepar TeSurc yfixanu

Teua sa AI'IcepraIIlIoHHlr.f, TpyA: A.nropurlru u rexHoJrorr{u 3a [3KycrBeH rrHTeJreKT 3a
[porHo3upaHe Ha eQercrnnuocrra BbB Br{curero o6pa:oBaHHe

o6nacr Ha BI4cIIre o6pasoeanue: 5 Texnurrecxfl HayKH, flpo$eczoHir"JrHo HarrpaBneHrae: 5.3
KolrynuxaqrroHHa rI KoMnlorbpHa rexHrrKa, HayuHa cneqlranHocr: Anrorrarlr3rrpaHr{ clrcreMrr
sa o6pa6orrca Ha r.rHQopvraqrq u y[paBJreHHe

Peqeuseur: upoQ. a-p .(ecr.rcr ara reop rr{ eBa lrerpora -AHToHoB a

Ctrlauro 3anoneA Jre OX-5.3-13 or 19.03.2024 r. na Pemopa Ha TexHraqecxa yHr.rBepcr,rrer -co0ur c',M o[peAeJleHa 3a ruleH Ha HayqHoro xypu B68 BpB3Ka c npoueAypa 3a 3arrlrrra Ha rr,rcepra-
IrI4oHHI4t rpyA Ha Eepar TeSux Yfixanr.r Ha reMa ,,Arropurl,rlr r4 TexHoJr otut 3aH3KycrBeH vHTeJreKT
3a [porHo3l4paHe ua e0exruaHocrra BbB BLIc[Iero obpasoa aHrne":la npra4o6uBaHe Ha o6pasoearelua
u Hayr{Ha creneH,,[oKTop" s o6racr Ha B]Icue o6pa-:osaHae 5. Texsur{ecKr.r HayKr4, npo$ecuoHanno
HanpaBneHre 5'3 KouyuurallploHHa 14 KoMnlortpHa rexHHKa, Ha)rqHa cflequirnHocr ,,ABTSMaru3vt-
paH[I cucreMl4 3a o6pa6orxa ua mr$opuau4flu ynpaBneHr{e". C peureHue Ha HayirHoro xypr{ cbM
ONPEAENCHA 3A I,I3TOTBflHE HA CTAHOBHIIIE OTHOCHO II{CCPTAUI,IOHH},Ifl TPYA.

l. Axryaluocr Ha pa:pa6ornaHfiq B Ar{ceprarl[oHHrrfl rpya npo6neu B Hayrrqo u
HayrlHo[prIJI0XH O OTHOIITeHTIe

.{ucepraquoHHl'Irr rpyA I43cneABa [oreHu :aara Ha r.r3KycrBeHz, r,rHTeJreKT (WkI) zalonytraBaHe
Ha rlo.qnoMorHarl'I or AaHHII llporHo3r.r BbB Bucrrrero o6pa:onaHr,re nocpeAcrBoM [porHo3r,rpaHe Ha
flpl'{eMa Ha cryAeHTa, TrxHoro orIIaAaHe r{ ycflex, KaKTo r.r ureHTu$r{u}rpaHe Ha cryAeHTr4Te B pr.rcK
or or[aAaHe. C uupoxoro HaBJIu3aHe Ha rexHoJrorurrre 3a LILI, rpaguurroHHoro o6pasonauue npe-
T'bpnrBa 3HaqI4reJIHI'I npoMeHI{ u no4o6peHuq. MHorocrpaHHure nplznoxe:ovrfl, Ha LIfuI tapupar or
lporHo3t4paHe Ha reHAeHuHHTe B rlplleMa Ha cryAeHTr{Te Ao HAeHTr.rSuqapane Ha re3r.t B pacK r4

trporHo3l4paHe Ha rIpoIIeHTa Ha orna.qaHe. 9pes il3tloJl3BaHero Ha rexHoJroruu zaI4I4 nHcrr.rryrllrr4Te
Morar eQexrunuo Aa pa3[peAen{T pecyp ch, Aa rnaH}rpar npeAnoxeHut ta yue6Hr,r Ar.rcufln ruHvt u
Aa [perBl'IxAar noreHIIuarHV rpeAa3Br.rKarencrBa. Cncretrzre c VILI worat.qa u.qeHrra6zqupar $ax-
Topt{, CBbp3aHI{ C [OCTHraHe Ha IIOIOXITOJIHPI pe3ynTaTLI, KaTO pa3nO3HaBaT MOAenra B nOBeAeHpreTO
Ha yr{eHI'IIIHTe I'I aKaAeMI'IqHoro npeAcraBqHe. A4anrzaHzre nlarQopM}r 3a o6yveHue, 6a:upaHu na
WkI, ca I]pelMer Ha Bce floBeqe il 3cneABaHI{r. Te aganrupar yve6nzre Marepr4 anH Bb3 ocHoBa Ha
krHI.LrBVAyAnHrIf, HarIpeAsK Ha CTyAeHTa, Karo noreHqHanHo rroBr,r[IaBar creneHTa Ha ycnex. Eru.{-
uure cto6pa)KeHt4fl, cBbp3aHI'I c noBepuTeJrHocrra Ha AaHHnre Ha cryAeHTllrTe H T.Hap. ilnroprrrMH-
r{eH ,,[peApa3cb4bK", ca pa3rneAaHl4 B AHcepraII]IoHHI,Ifl rpy4. KaH4v2tar:s"t 3a AoKTopcKa creleH
rloAqepraBa 3HarleHuero Ha npo3par{Hocrra npu r{3rron3BaHero sakIW H HaMirJrrBaHero Ha antoptrr-
MI4qHI'I'f, ,'npeApa3caAbK", 3a Aa ce oczrypz r{ecrHa u 6eanpucrpacrHa noAKpela 3a Bcrrr{Kr4 cry-
.qeHTH.

B rosH KoHTeKcr AHceprauHoHHH, Tpya e nocBereH Ha [peAr.r3]rKareJreH r.r aKTyaneH npo6rena,
cBbp3aH c rlpunoxeHHero Ha MeroAlrre Ha MarxhHHoro o6yvenue (ML), gu6oxoro o6yveuue (DL),
o6pa6orxara Ha ecrecrBeH e3I4K (NLP) u o6qcH[N,rr4, H3KycrBeH r,rHreJreKr (XAI) 3a noArroMaraHe
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B3eMaHero Ha peureHl'It BbB BI'IcIuero o6pasonaHlre. Herosure ocHoBHr,r qenrd Morar 4a 6rgar o6o6-
IrreHI'I KaKTo cneABa: (l) Paspa6orBaHe Ha MoAen 3a nporHo3r.rpaHe Ha or[araHero Ha cry.qeHTr4Te;
(2) pa:pa6orBaHe Ha MoAen 3a rporHo3lrpaHe Ha uprreMa Ha cryAeHrrre; (3) Llgeuru$urrr4paHe r{
aHurvt3 Ha cryAeHTI'I B pI'IcK or orrlaAaHe; (4) flpnlaraue sa XAI 3a rbnKyBaHe Ha rr,ro4enu; u (5)
flpegloxeuue 3a cl'Icreua,lazupaHa Ha NLP sa ynecHrBaHe r,r rroAo6prBaHe Ha rrpouecure 3a ocn-
ryprBaHe Ha KarrecrBoro BbB Bl,Icruero o6pasonanue.

2. CreneH Ha rIo3HaBaHe cbcroflHl{ero ua npo6neMa H TBopqecKa rHTeprrperau1aq Ha
JrrrTepaTypHr.rfl MaTepr.raJr

3a locruraHe Ha llenra Ha Al,IceprarJwsra e HarrpaBeH nperneA Ha rexHonorur,rre za VIW xa7;o
u'no tr T,xHoro npunoxeHl4e BbB BHcluero o6pasoeanue. Ilnpno ca H3cneABaHr,r ocHoBHre uaklLI,
Karo ce 3anoqHe c eBonlolll4flTaHaklLI n cb3AaBaHero Ha Mo.qenn cVIVI. Cneqna-nso BHr4MaHr,re e
orAeJIeHo Ha Ha ML u NLP rraoaenzre. flpuloxeHl,rero saVILl BbB Bncurero o6pasonaHHe e H3cneA-
BaHo B KoHTeKcra Ha MoAenl4Te c WI4,I43non3BaIIIH Eaftcosn xnacuQzxaropt4, noAlbpxaqr.r BeK-
TopHrI MaIII'IHI4 (SVM), K-uafr-6tu3Kll cr,ceAr (KI.IN) u 4p. flpoyqeHu ca cBrIecrByBarrIHTe MeroAr,r
3a [porHo3l'IpaHe Ha IIpHeMa Ha cryAeHTV w rexnptfl, ycflex, KaKTo r,r 3a r{.qeHTu$lrqrpaHero Ha yqe-
HI4UI'Ire B pI'IcK' I'Igsr[qaHero Ha 3HaHLIe or o6paroaareJrHrl AaHHr,r (EDM) u alanvrr4ttHr4Te MeroAr.r,
cBbp3aHl'l c o6yveHuero (LA), ca LI3cneABaHr,r B KoHTeKcra Ha rexHrl, roreHuuirrr 3a noA[oMaraHe
Ha BI'Ic[Iero o6pa:onaHue. PasmexAaHu ce I,r npeA]r3BzKareJrcrBara, nopoAeHu or err.rrrHr,I npo6-
NEMI,I.

Btnpexlr qe nureparypHl{flT rperneA o6xeaula pa3nurrur,r acneKTr,r uaklVI,no4o6penufl Morar
.qa 6rAar HarIpaBeHH IIo orHoIrIeHI4e Ha no-sarrr6oqeHo r4 crpyKTypr{paHo npeAcraBrHe Ha Mero-
AYTe Y anropl'IrMllre za I4I4. Haupzuep, He e flcuo KaK ce 4e$nuupar rnrroBere yIVI. Karo ce uuar
npeABIrA pa:Hoo6paaplero Ha peiLnHLITe npo6rerrau, I4I4 iraoxe Aa ce KJracu$nuupu Karo aHaJrr{Tr.rqeH,

$ynrquoHaneH, I4HTepaKTIaBeH, TeKcroB LI Blr3yilneH. Bts ocnosa Ha rlrla orroBop, xofiro ce oqaKBa
Aa 6t[e flonyqeH cblllecrByBar qerl,Iprd BuLa alurlu3: olrr4careJreH, AllarHocrr,IrreH, [peAcKa3BaIrI rI
[pelopbtlBaul' B AoIIbnHeHI'Ie, Bb3 ocHoBa Ha npflnaraHr.ITe rexHr,rK]r, Moxe La ce Ha[paBu KJracu-

Qurcaqu-fi, KaKTo cneABa: ML lreroll{; HeBpoHHr.r Mpexu uDL; H3BJrr,rrraHe Ha raHHr4 r.r orKpprBaHe Ha
sHaH]lA;6aszpauo Ha npaBl4na MoAeJIIrpaHe v B3eMaHe Ha perxeHr4r; rrpeAcraBrHe Ha sHaHug, apry-
MeHTHpaHe npl4 Hecl{rypHocr H MoAenupaHe Ha eKcrreprHr4 c}rcreM}r; apryMeHTr4pane, 6a:zpaHo Ha
Ka3yc; aHaJIH3 Ha reKcr u HJIII; BI'I3yaneH aHailvt3, KoMlrorbpHo 3peHlre n pa3[o3HaBaHe Ha o6pasu;
n xu6pugeH [oAxo.q, TbpceHe h oIITI,IM]r3awrs,. B sarrroqeH]re, Ar4ceprally$Ta 6u rrorna Aa ce o6o-
rarl'I c I'I3BbpIIrBaHe Ha flo-cucreMarr,rqeH rtpeuleA saWI4 B pa3nr,rirHr4 acrreKTg.

I4snrprueno e 6z6lpIoMerpprqHo H3cneABaHe Ha MeroAHrc cLIhI3a [porHo3r.rpaHe Ha 11po113-

BoAltrenHocrra BbB Bptc[Iero o6pa:onaHne, qpe3 rrpetneA Ha nr,rreparypara B HayqHara 6asa or
AaHHH Web of Science (WS):a l5-roAurueH repaoA. I4ggreqeHara rlHQoplaa\ilfl e aHanu3lrpaHa
KoJILqecrBeHo c IIoMoIrIra Ha vHcrpyMeHra R, biblioshiny pr VOSviewer. flo.qo6no r.r3cneABaHe He
gana uuQopMallu, o6a're 3a KaqecrBeHure reHAeHrIr{Lr. HqMa LaHHu KaK pa3nuqHr4Te aBTopkt rroA-
xoxAar xru npo6leMHTe BbB Bl,Ictrrero o6pason aHue, upruarafixr4 TexHoJrorHH pr MeroA *r c VI\I, xou
ca Haft-.recro cperuaHure npo6leMH H OrpaHvtqe]H]?rfl H KaK Ce flpeoAon.qBar.

3. CrornercrBl{e Ha u:6pauara MeroAI{Ka Ha Ir3cJreABaHe c rrocraBeHara rleJr [I 3aAarllr Ha
ArrcepTaurroHHHs TpyA

Mero4oloruflTa Ha I,I3cJIerBaHero, o6xnauaqa Bcr.rr{Kr4 zaraqv, Koaro ca l,r3rrbJrHeHr, 3a rroc-
TVraHe Ha npeAcraBeHI.ITe B Auceprallurra pe3ynrarlr, He e ,BHo 4er[uuzpaHa. 3a nporHo3r.rpage Ha
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orlla.4aHero Ha yqeHI4III'ITe e [punoxeH o6IrI noAxoA, BKJIIoqBauI cs6upaHe Ha AaHHra, crarilcrvt-
qecKl4 aHiuII{3, IIpeABapI'ITenua o6pa6orxa Ha IlaHHvt, peurultllapaHe Ha MoAen r{ npeAocraBrHe Ha pe-
3ynrarH. [eruimu 3a npeABapHTeJIHara o6pa6orxa Ha AaHHH, Karo Jrr{flcBar{r,r AaHHr.r, orKpr.rBaHe Ha
vt3IwtruHu crofinocru , r!1rrwpaue Ha .qaHHI,I vt r.H.) He ca o[peAcraBeHr4. Irl4eHru$uqupaHero Ha ar-
pu6yru, rIoAxoAf,uIH 3a cs3AaBaHe Ha MoAeJrr{ lazvpauu Ha Jrorr4crtrqHara perpecuq (LR), e peua-
BaIIIa crGIIKa B npoueca Ha rrxHoro paspa6orBaHe. B ro:lr cMr.rcbn He e ,cHo KaK Te ca AeQr,rHupaHr.r
3a ITeJII'ITe ua paspa6oreHu, MoAen (t.e. suaHue :a 4ouefiHa, r,rHxeHepr,rHr Ha atpu6ywt,t43cjleABaHe
na arpu6yrz n r.u.). flpn gucxycuflTaHa pe3ynrarute 6u 6nro qeuuo Aa ce rroKaxe KaK rrocrr.rrHa-
Tara npeq[3Hocr Ha MoAena Moxe Ia ce I43nOn3Ba 3a rroAloMaraHe Ha cnpaBflHero c peanHr4r npo6-
JreM, cBbp3aH c oTnaAaHeTo Ha cTyAeHTUTe.

MeroAolorl,,Te 3a nporHo3lrpaHe Ha flp,eMa Ha cryAeHTLrre vt ycnexa krM, KaKTo ]r paHHoro
z4eHrnQraqnpaHe Ha yqeHI4II[Te B pr,IcK, ca Ao6pe oflucaHrz r,r B nocne.qcrBz e aAeKBarHo [pr4noxeHH.
flpone4euu ca eKcnepuMeHTI'I, 3a Aa ce HaMepflT nafi-go6pure ML u DL MoAeJrra 3a perxaBaHe Ha
rrocraBeHur npo6leu.

MeroAolorvIflTa, ilpvtr,oxeHa ea pa:pa6orBaHe Ha cr{creMa 3a rrpoBexAaHe Ha oqeHKr,r Ha Ka-
rlecrBoro KaKTo Ha yue6Hure IIJIaHoBe, TaKa n Ha yve6nr4Te flporpaMl,I, [oKpr,IBa ABe or rurur{Hr4Te
Qasz ua rpoqeca na co0ryepHara pa3pa6orxa, a r,rMeHHo aHarr,r3 na QynrcqraoHirnHr.r z ne(pynnqzo-
HaJIHI'i I43I'ICKBaHH, I'I npoeKTHpaHe ua co$tyepHara apxr,rreKTypa. Jluncna o6a.{e orrucaHr4e Ha pea-
nu3arrytflTa Ha cHcreMara h Banurr4paHe Ha [peAnoxeHoro pemeHl,re.

4. Kparrca aHaJrltrrrqua xapaxTeplrcrrrKa Ha ecrecrBoro rr orIeHKa Ha AocroBepHocrra Ha
MATEPIIAJIA, BbPXY T<OftrO CE fPAAqT TIPHHOCI{TC HA AI{CEPTAUI,IOHHIIfl TPYA

flucepraqr'roHHlrrr rpyA e crpyKTypLlpaH Karo Ha6op or caMocroflTeJrHlr Hayr{HLr ny1tuxaqnu,
BCrKa OT KOI'ITO I'IMa OTAeIHH 0eKIII,IU C BsBeAeHIAe, MeroAoJlorl4ff, peanil3a\Hs.u pe3ynrarz. Tofi ce
cbcrot4 or yBoA, I{3JIoxeHLIe B Irlecr DraBr{, 3aKJIIoqeHr.re, aupo6aqu.,I, crpaBKa 3a HayqHl,rre rrpI,IHocH
u nylwtxauul'I Ha roKTopaHTa, crucaK c IrpoeKTr.r, crrplcbK Ha r,I3non3BaHara nr,rreparypa, crrr4cbK c
r\urilpaH[s, u crlrcbula c a6pennatypu, dlzrypunta6tw\r{, rpeAcraBeHr,r Ha o6qo 176 crpanuqu.
Bxrroqeuu ca 70 Qnrypuu26 ra6luqn. CrgrpNanuero r{ crpyKTypnpaHero HaAr.rceprauuoHHr.rs
TPYA Ce onpeAenrT oT nocTaBeHr.rTe 3aAarrr4.

flrpra rnaBa npeAcraB, rJIaBHara u cneqvtsurrHure rrerz Ha Ar.rceprarr[oHHr.r, TpyA, o6ocuo-
sasafixu neo6xorlEtrtocr"ra or I43cneABal:aflTa. Bropa uraBa BKJroqBa o6sop sav4l4r4 HeroBoro npu-
noxeHl'Ie BbB Bl'Iclxero o6pasonaHue. Tpera ulaBa e cBbp3aHa c lultuoyrerplrqeH aHiurr43 Ha Jrr4Te-
parypara s o6aacrra Ha MeToAI'Ire c klll3a npeAcKa3BaHe Ha eQexrueuocrra 868 Br4crxero o6pa:o-
BaHI'Ie. qerntpra ruIaBa npeAcraBfl MeroA, Oasnpan na LR 3a rrpeAcr(a3BaHe Ha ornaAaHero Ha cry-
AeHTI'IT9. flera uaga oflplcBa MoAeJI]I, I,I3rlon3Barqu ML, 3a nporHo3ilpaHe Ha npraeMa Ha cryAeHTr.rre
B yHl'rBepcurer. IIIecra rJIaBa npeAcraBs nporHo3lrpaHe Ha ycnexa u ra4enrzQnuvpaHero Ha cry-
AeHTI'I B pI'IcK or orrlaAaHe c npunaraHe Ha XAI. Cearr,ra rJraBa rtpoyqBa npanoxeHr,rero Ha NLp :a
ocr4ryprBaHe Ha KaqecrBo BbB Btrcuero o6pa:osauue.

flpularanero Ha pa3nprqH, Mo.qeJrkt, 6aznpauu na ML a XAI roKi*Bar Hayr{HHTe r.r HayqHo-
npnnoxHl4Te ilpHHocv Ha IVcepraIIhoHHI'L rpyl. lorropanmr noKa3Ba 3HaqHTeJrH:a y.y1eH1fl vr

3HaHI'L B [pl4naraHero Ha MeroAH I,I I,rHCTpyMeHTlr, cBbp3aHr.r c HayKara 3a AaHHvr [pr.r peuaBaHe Ha
npaKTl'Iqecru npo6lelru I'I noAnoMataHe Ha B3eMaHero Ha peueHr,rr BbB Br4cruero o6pasonanne. 3Ha-
qLIMOCTTa Ha I'I3BbpIXeHOTO I'I3CneABaHe u [ocrr.IfHarr,rre pe3ynrarr4 ca oco6eno 4o6pe
AoKyMeHTpIpaHH B frasa 5 u frasa 6, xt4ero ce u3noJr3Bar pa3nr,IrrHl,I TexHr4KH or HayKara 3a AaHHr.r
u anropHTMI4 H MOA€JII{ cI4kI, Karo KopenauIIoHHH a*arpr3pr, pa3nprrrHu TexHr,IKr4 3a noqucrBaHe Ha
.qaHHH (npernacr'rSuKa\rt., [peMaxBaHe Ha lylilupau]ia ce croftuocru, HopMirJrr43]rpaHe,
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Kareropl'I3l'IpaHe I'I T.H.), pa3pa6oreane Ha MoAenr.r cVIVI, TpeHHpaHe Ha MoAenHTe r.r recrBaue. 3a
[porHo3l'IpaHe Ha rpueMa Ha cryAeHTV ca flpunoxeHrr 4 ML rexH]rKH, rrpr{ApyxeHu or o6uto 12
anropl'ITbMa, Karo e I'I3noJI3Bau co$tyeptt Weka. T.sxHara npora3BoAr.rreJrHocr e a1a;1;gl31rpaHa vt
cpaBHeHa c rIoMoIrITa Ha pa3nLIr{HI4 MerpHKr,r (true positive and false positive rates are considered
along with precision, recall and F-score). JlorucrurrHr4rr MoAen noKa3Ba 3Haqr.rrenHa rorrHocr c
pe3ynrar 95,72o/o,.qeMoHcrpl'Ipafiru cBo.,ITa eQexrnnuocr Ha nporuo3r.rpaHe. O6parno, noAelrr Na-
iveBayesMultinomialText noxagsa sait-uucKa ror{Hocr, rrpu pe3yJrrar 65,180 , or6erqseafixn
3HatlurenHa pa3nI'IKa B npoI43BoALITeJrHocrra. Brs ocHoBa Ha o6rqzx Arra[a3oH Ha
npoLI3BoAI'ITeJIHocr Ha MoAenvre nporHo3ara Moxe Aa ce cqvtra 3a Ha.qexAHa. Paspa6oreHr4Te
MoAenI{ 3a nporHo3l'Ipaue Ha ycnexa la paHHoro N.qeHrn$uq}rpaHe Ha cryAeHTH B pucr( ca orIeHeHH
Bb3 ocHoBa Ha Ilpeqlr3Hocr, recall n Fl-score, Karo cflequaJreH Qoryc e rocraBeH Bbpxy
cnoco6Hocrra uM 4a xnacu$h\lapar cnyqarzre xaro ,,YcneulHl{" nln ,,HeycneurHr4". Te noxassar
3HaqI{TeJIHa roqHocr Mexly SlYo w 93Yo. 3a rbnKyBaHe Ha rrporHo3ure Ha MoAenure e r43[oJr3BaH
noAxoAbr SHapley Additive exPlanations (SHAp).

5. HayvHn u HayrrHo[plrJroxHrr ,,p,'Hoc, Ha AficeprarrrroHH,fl TpyA

flpuuoczre, QoprraynrapaHu or AoKTopaHTa, o6orarxBar cbulecrByBarqoro HayqHo 3HaHr4e u
HayqHI4 [IOCTI4XeH}I, B rIpaKTI4Kara, Karo HaArpaxAar cbqecrByBarur,rre MeroAr,r, [oAxoAI,r, MoAenr4
u anroplITMI'I 3a nocrilraHe Ha nocraBeHara ueJr Ha AuceprarluoHHr.r.rr rpyA. Te uorar Aa6rnar o6o6-
IqeHI,I, KaKTO CJIeABa.

A.Ilpunocfi c HayrreH xapaKTep

t Paspa6oreHh ca MoAenIa c LII4 3a nporHo3npaHe Ha [pr4eMa, yclexa H pr.rcKa or
oT[aAaHe Ha cTyAeHTr4Te.

t Pa:pa6oreHpl ca MoAeJII{ e o6qcHHNa kII4 c qen rflxHoro rlnKyBaHe r4 ocr{ryp.rrBaHe Ha
flpo3parrHocr r,aVILI sr6 sucurero o6pa:onauue.

E. llpnuocu c HayqHo-[pr.rJroxeHo xapar$ep

t Pa:pa6oreH MoAeJI,lazupau na LR 3a [porHo3r.rpaHe Ha ornaAaHero Ha cryAeHTr{Te.

t Paspa6orBaHe ua ML MoAenv 3a rlporHo3r{paHe Ha rrpueMa B yHr4Bepcr,rrer}r.

t Paspa6orBaHe na XAI MoAenH:a ugeHru$uuupaHe Ha cryAeuTr4 B pr.rc6 or ornaAaHe.
o flpeAloxeHa e apxLITeKTypa Ha cr.rcreMa, lazupaua ua NLP, 3a ocurypflBaHe Ha

KaqecrBo BbB Br4crrrero o6pasonanue.
B.Ilpunocrr c flpr{JroxeH xapaxTep

o Analn3laparr ca iLnropI,ITMIare r4 MeroAprre 3a rrporHo3r,rpaHe Ha npercraBf,Hero Ha
cryAeHTktre BBB Bncrrrero o6pasoBaHr,re.

o leuoHcrpHpaHo e npaloHqecKoro npunoxeHze Ha rexHoJrorur.rre 3a l4W 3a
rIoBI4IrIaBaHe KaqecrBoTo Ha o6yvenne BbB Blrctuero o6pa:oeaHlre.

6. ouenma 3a crerreHTa Ha rr.rrrHoro yqacrue Ha Ar{cepraHTa B rrpxHocr{Te

Jluqsoro yqacrue Ha rllcepraHTa B rrpzHocuTe e 6escnopHo. Toea ce AoKa3Ba He caMo or no-
Ka3aHara aHiuII'ITIrrIHocr, sa4tl6or{eHocr Ir [ocneAoBareJrHocr npn paspa6orBaHero Ha Ar4cepraqr4-
OHHI'L TPYA, Ho I'I or 3Haq[TerHur upoQechoHaJleH onI4T B coQryepnara r{HAycrpytfl, v aKa1enilflTa.
HqMa nona3aHo rro 3aKoHoycrauoBeHuq peA rrJrarr{arcrBo B [peAcraBeHr4s Ar,rceprarluoHeH TpyA
r4 HayqHH TpyAoBe no Ta3r.r rporleAypa.
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7. IlpeqeHxa na ny6.nurcaq[lrre rro ArcepraurroHHr{s rpyA

flo reltarzKara Ha AuceprauuoHHl4, TpyA ca uy6luryeauu 7 uayunu ny6nuxaq[[ Ha aHr-
ttuitcxu esrx. or rqx 6 ca uy6lnxyBaHl{ n c6opuuq[r Ha MexAyHapoAHr{ rcousepenqun u 1 e
ny6luxynaHa or AoI$opaHTa B Ll3cne,qoBareJrcKara Mpexa ResearchGate. Ha eAHa or ny6lnra-
IIHI'ITe AoKTopaHTbr e eAlrHcrBeH aBTop, a ocraHaJrr4re 6 ca B cbaBTopcrno. 4 or ny6,rurau[I{Te ca
HHAeKcI{pauu n Scopus. Epoxr Ha urrrlrpaHl,Iqra n Scopus e 14 (10 raro ce il3KJrror{ar caMour4-
Tllpaulr.frTa I{ qr4THpaHr,IrTa oT craeropu).

Tpx6aa 1a ce or6elexu, t{e ocBeH npeAcraBeHr.rre ro Auceprau}.roHHr.r, rpy4 ny6nv Karrytu, ru-
cepraHTtT e cbaBTop Ha oIIe 2 ty6tuxaqur. 3HaunMo nocrlrxeHkre B u3cneAoBarencKara Kapr4epa
Ha AoKTopaHTa e Aocrl'{rHaruflT h-index 2 n Scopus. Tosa norBbpxAaBa Br.rcoKara ny6nuxaquoHHa
AKTHBHOCT, .UO6POTO KAqECTBO H 3HAq14MOCT HA TIOCTHTHATI,ITE PE3YNTATH.

8. llrnorssaHe Ha pe3yJrrarure or Al{ceprarlr{oHHr{fl TpyA B HayqHara y couuaJrHara
rrpaKTrrKa

loxropanrrr e npeAcraBl,In cnHcBK Ha HayqHara u o6pa3oBareJlHara cu 4efiHocr, BKJrlorrH-
TenHo rocr neKur4vt, yqacrve B HayqHr4 ceMlaHap:a, pa60ruu cpeurn, JrerHr,r yrrunr4ura u o6yveuux.
Tofi e HocureJl Ha MexryHapoAHH crurreHArru no rporpaMa:a xu6epcr4rypHocr Balkans Z0ZZ, $u-
HaHcI4paHa or flrpxasHla, IerapraMeHT na CAI{, anpun 2022 r.,JLo6:r.ana, CroseHn.s. Tofi e qlen
Ha [porpaMHH, KoMI'ITer ua 5-rata MexAyHapoAHa r<on$epenqr.lx, Recent Trends and Applications
in Computer Science RTA-CSIT,Tupa*a, At6auun, ailpwn2023 r.

9. oqesma Ha cborBercrBuero Ha aBTopeQepara c r{3rrcKBanr.rflTa 3a il3rorBqHero My, KaKTo
ll Ha aAeKBarHocrra Ha orpa3flBaHe Ha ocHoBHrrre floroxeHl,Iq u [plrHocHTe Ha
ArrcepTaunoHHrrf rpyA

Antope0epar6r e npeAcraBeH sa 33 crpaHr4ur,r z BKnroqBa 22 Surypu. Tofi orroBapr Ha
BCITTTKI{ rr3I{CKBaHI{fl 3a I'r3forBflHero My, Karo orpa3rBa aAeKBarHo cbAbpxaHHero Ha Ar.rceprarlu-
oHHI4.f, Tpyr. IpeAcraBs o6ua xapaKTepl4crllKa, cr,rbpxaHrrero rr crpyKrypara, ocHoBHr4Te aKueHTrr,
pe3ynrarplre u H3BoAI{Te or I't3JloxeHuero. flpuloxeuv ca crc'bx ua ny6luKarlr,rvre rro reMar}rKara
Ha AI4ceprauI'IoHHI4' TPYI, CIIIICT)K Ha npr4Hoclrre Ha Ar4ceprarlproHHu' rpya u pe3roMe ua asmuficxz
e3I4K.

10. Mnenr.u, rrpeflopbxu u labelexKrr

Pesylrarnre or A,cepra\krflTa [r MeToAHTe, np,JroxeH, 3a rf,xHoro rrocruraHe, AoKa3Bar [po-
$ecnoua-uHl'ITe KoMrIereHuI4r, u sagrr6oveHnTe rro3HaHr.r, Ha AoKTopaHTa B flpnnaraHero Ha kIW s
o6lacrra Ha BHcIrIero o6pa:oraHue. ocHoseH HeAocrartK Ha rllcepraulr{Ta e J]Hrrc ara HarlrnocrHa
MeroAonoru.fl, Bbpxy Kof,To ca ce 6asupa H3cneABaHero, Koero BoAt4 Ao HexoHcr,rcreHTHocr u Anc6a-
naHc MexAy orAenHHTe rJIaBV. Hsua loKa3arencrBa, qe npelnoxeHara cr.rcreMa e paspafioreHa r.r

BHeApeHa 3a uenHre Ha ocHryprBaHe Ha Kar{ecrBoro BbB BHcrrrero o6pasonauue. IlpenopbrrurenHo
e 6n6nuorraerpl'Ir{Huf,T aHaJIH3 3a nporHo3apaHero ua eSerrunHocrra Br,B Bacrxero o6pasonaHr4e c
TeXHOJIOIHUZakIkI, Aa Ce CbqeTae C KaqeCTBeHI'I I{3BOAH qpe3 H3BT,pIIIBaHe Ha qI,ICTeMaTLIT{9H lrpet-
ne.q Ha ntreparypara, cJleABaixz qecro II3rIon3BaHfl MeroAonorilH Karo PRISMA (Preferred Report-
ing Items for Systematic Reviews and Meta-Analyses) hnr4 rrpeAnoxeHara or Kitchenham e o6racrra
ua coSryepHoro HHxeHepcrBo.
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11. 3ax.rlroqeHr{e

CleA rato ce 3arlo3Hax c [peAcraBeHlare B npoqerypara Ar{ceprarlzoHeH Tpya rz [prrApyxa-
BaITII'ITe ro HayqHI,I TpyAoBe v Bb3 ocHoBa Ha HanpaBeHvrfl. aHarn3 Ha rflxHara 3HarrvMocr I{ c6Abp-
xalqu ce B Trx HayqHI'I, HayqHo-rIpI,IJrOXHlr r4 npr{noxHvttrpw]Hocvt, rlorBbpxIaBaw, qe npeAcraBe-
HI'IflT IlrcepralluoHeH rPyl, u HayrIHI,ITe ny6rutxaqul,I KbM Hero, KaKTo r,r KagecrBoro r4 opr,Irr,rHaJr-
HOCTTa Ha npeIcraBeHI'ITe B TtX pe3yJITATVIkt nOCTr4)I(eHr.rt, orroBaprr Ha u3r,rcKBaH?tflTAUa 3PACpE,
flpaeulnura 3a nprlnoxeHllero My I4 cborB e'rlzrr,flpaerErurar Ha TexHra.{ecKr.r yHr,rBepcprrer - Co$nr
sa upu4o6uBaHe or KaHAHAara ua o6pa:orareJrHara r.r HayqHa creleH ,,4oKTop" B HayqHara o6lacr
5. TexuuqecKlI HayKu 5.3. Korraynl,IKarlvtoHHa H KoMrrlorbpHa rexHuxa. B qacruocr KaHAr,rAar6T
yAoBnerBoprBa MITHI4MIIJIHLITe HarI?roHanHH r,r3r4cxBaHzx e npoQecr4oHaJrHoro HanpaBneHr.re [r He e
ycraHoBeHo [JrarilarcrBo B npeAcraBeHr4Te no r(oHKypca HayqHr.r rpyAoBe.

Br: ocHosa Ha ropel43noxeHoro, [perropr,qBaM Ha HayqHoro xypr4 Aa npr4c6ru ua Eepar
Te0ux Yfrxanu o6pasonarelt*auHayrrHa crerreH ,,AoKTop" B HayqHa o6nacr 5. TexH[.recKr4 HayKr,r
5.3' KorrayHlnKauuoHHa Lr KoMn]ortpHarexH].rxa, HayqHa cneur4anHocr: AeroN,{arvr3vtpal.zc}rcreMpr
aa o6pa6orKa Ha rzHQoptraqvfl 14 yilpaBlreHne.

22.04.2024 r. Z:rotszr craHoBr,rrlero :

(npo0. A-p Aecucnana fletpora-Aurouona)
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Statement report

on PhD dissertation

for obtaining the educational and scientific degree ..Doctor,,

Author of the dissertation: Berat Ujkani

Title of thesis: Artificial Intelligence Algorithms and Technologies for Performance pre-
diction in Higher Education

Scientific field: 5. Technical sciences, professional field: 5.3. Communication and computer
technology, scientific specialty: Automated Systems for Information Processing and Manage-
ment

Reviewer: prot. Dr. Dessislava Georgieva petrova-Antonova

According to Order No. OX-5.3-13119,03.2024 issued by the Rector of the Technical University
of Sofia, I have been appointed as a member of the scientific jury in connection with the procedure for
the defence of the dissertation work of Berat Ujkani on the topic "Artificial Intelligence Algorithms
and Technologies for Performance Prediction in Higher Education" for the acquisition of the educa-
tional and scientific degree "Doctor", in the Scientific field 5. Technical sciences, professional field
5.3. Communication and computer technology, scientific specialty ,,Automation systems for infor-
mation processing and management". By the decision of the scientit-rc jury, I have been appointed to
prepare a review of this dissertation thesis.

1. Scientific and scientific-applied relevance of the problem developed in the dissertation

The dissertation explores the potential of AI for gaining data-driven insights in higher education
by predicting student enrolment, student dropout and success and identifying students at risk of drop-
ping out. With the emergence ofAI technologies, traditional education undergoes significant changes
and improvements. The multifaceted applications of AI range from predicting student enrolment
trends to identifying at-risk students and forecasting dropout rates. By leveraging Al, institutions can
effectively allocate resources, plan course offerings, and anticipate potential challenges. AI systems
can identifz factors associated with positive outcomes by recognising patterns in student behaviour
and academic performance. The exploration of adaptive learning platforms powered by AI is a nota-
ble highlight. These platforms adjust learning materials based on individual progress, potentially en-
hancing student success rates. Ethical considerations surrounding student data privacy and algorith-
mic bias are also addressed throughout the thesis. The PhD candidate emphasises the importance of
transparency in AI usage and the mitigation of biases to ensure fair and equitable support for all
students.

In such a context, the dissertation is devoted to a challenging topic related to the application of
Machine Learning (ML), Deep Learning (DL), Natural Language Processing (NLP) and Explainable
AI (XAD for decision-making in higher education. Its main objectives can be summarised as follows:
(l) Building a student dropottt prediction model; (2) Development of predictive models for student
enrolment; (3) Identification and analysis of at-risk sflrdents; and (4) Implementation of explainable
AI for model interpretability; and (5) Nlp-based system proposition.

2. Degree of knowledge of the state-of-the-art and creative interpretation of the literature
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To achieve the goal of the dissertation, an overview is performed on AI as a whole and its
application in higher education. First, the fundamentals ofAI are explored, starting with the evolution
of AI and AI modelling techniques. Special attention is given to ML and NLP. The application of AI
in higher education is studied by exploring Al-based predictive models using Bayesian classifiers,
Support Vector Machines (SVM), K-nearest neighbours (KNN), Random Forest algorithms, etc. The
existing methods for prediction of sfudent enrollment and success and identification of at-risk stu-
dents are examined' Educational data mining (EDM) and learning analytics (LA) are explored in the
context of their potential to advance higher education goals and achievements. Challenges posed by
ethical issues are also considered.

Although the overview covers various aspects of AI, improvements can be made regarding a
more deep and structured presentation of the AI methods and algorithms. For instance, it is not clear
Itow the AI types are defined. Considering the variations of real-world problems, the AI can be ana-
lytical, functional, interactive, textual and visual. Based on the questions answered, four types of
analytics exist: descriptive, diagnostic, predictive, and prescriptive. In addition, based on the applied
techniques, classification can be made as follows: ML methods; neural networks and DL; data mining
and knowledge discovery; rule-based rnodelling and decision-rnaking; knowledge representation, un-
certainty reasoning, and expert system modelling; case-based reasoning; text mining and NLp; visual
analytics, computer vision and pattern recognition; and hybrid approach, searching, and optimisation.
In conclusion, the dissertation will benefit from a more systematic review of AI from different per-
spectives.

Bibliometric analysis is performed on Al-driven performance prediction in higher education by
collecting information for Web of Science (WS) over a l5-year period. The extracted information is
quantitatively analysed using the R tool, biblioshiny, and VOSviewer. Unfortunately, qualitative in-
sights are missed. There is no evidence of how different authors handle the problems in higher edu-
cation with AI technologies and methods, what the most commonly appearing problems and limita-
tions are, and how they are overcome.

3. Correspondence of the chosen research methodology with the goal and tasks of the
dissertation

The research methodology, covering alt tasks performed to achieve the results presented in the
dissertation, is not explicitly def,rned. A general approach is followed to predict student dropout, in-
cluding data gathering, statistical analysis, data pre-processing, model implementation, and delivery
of results. Details about data pre-processing, such as missing data, outlier detection, data redundancy,
etc., are not discussed. In logistic regression (LR), feature identification is a cnrcial step in the model-
building process. It is not clear how they are defined for the purpose of the LR model developed (i.e.,
domain knowledge, feature engineering, feature exploration, etc.). In the discussion section, it will be
valuable to show how the achieved precision of the LR model can be used to support solving the real-
world problem of student dropout.

The methodologies followed for predicting student enrolment and course success, as well as
early identification of at-risk students, are well described and further implemented. Experiments are
conducted to find the best ML and DL models for solving the problem under question.

The methodology applied for developing a system for conducting quality assessments on both
syllabuses and program curricula covers two of the typical phases of the software development pro-
cess, including functional and non-functional requirement analysis and software architecture design.
Unfortunately, the actual implementation is not covered, and validation of the proposed solution is
missing.
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4. Brief analytical description and assessment of the credibility of the material on which the
contributions of the dissertation are based

The dissertation is structured as a collection of scientific papers, with an almost all-inclusive
introduction, methodology, implementation, and results sections. It consists of an introduction, six
chapters, a conclusion, an approbation, a summary of the main scientific contributions, a list of pub-
lications, a list of scientific and research activities, a list of projects, a list of citations, a bibliography
and lists of abbreviations, figures and tables, presented in176 pages. The dissertation contains 70
figures and26 tables. The set of tasks determines its content and structure.

Chapter I presents the aim and objectives of the research work, highlighting the rationale be-
hind it and outlining the structure of the dissertation. Chapter 2 overviews AI and its application in
higher education. Chapter 3 presents a bibliometric analysis of Al-driven performance prediction in
higher education' Chapter 4 describes an LR-based model fbr the prediction of dropout students.
Chapter 5 is devoted to a comparative analysis of ML algorithms applied to predict student enroll-
ment. Chapter 6 applies XAI for course success prediction and early identification of at-risk students.
Chapter 7 explores the application of NLP for quality assurance in higher education.

The implementation of a variety of ML models and handling the potential of XAI prove the
scientific and application contributions of the dissertation. The PhD candidate shows significant skill
and knowledge in applying data science methods and tools to solve practical issues and provide in-
sights into problems in higher education. The significance of the performed research and achieved
results are especially well documented in Section 5 and Section 6, where different data science tech-
niques and AI algorithms and models are used, such as exploratory and correlation analyses, a variety
of data cleaning techniques (reclassification, duplicate removal, normalisation, categorisation, etc.),
AI model implementation, training and testing. For the prediction of student enrolment, 4 machine
learning techniques with a total of 12 algorithms are applied using Weka software and their perfor-
mance is analysed and compared using a confusion matrix; in particular, true positive and false pos-
itive rates are considered along with precision, recall and F-score. The logistic model demonstrated
superior accuracy with a score of 95.72o/o, showcasing its prediction effectiveness. Conversely, the
NaiveBayesMultinomialText model exhibited the lowest accuracy, at 65.180%, marking a significant
variance in model performance. The overall performance range of the models can be considered as a
reliable prediction. The implemented models for course success prediction and early identification of
at-risk students are evaluated based on precision, recall, and F1-score, specifically focusing on their
ability to classify instances as 'Pass' or 'Fail'. They show significant accuracy between 8lo/o and 93oh.
A SHapley Additive exPlanations (SHAP) is employed to interpret the models'prediction.

5. Scientific and scientific-applied contributions of the dissertation

The contributions forrnulated by the PhD candidate enrich the existing scientific knowledge
and scientific achievements in practice by utilising state-of-the-art methods, approaches, models and
algorithms to achieve the goal of the dissertation work. They can be summarised as follows.

A. Scientific contributions

' AI models for predicting student enrolment, dropout, and success.

o Scientific discourse on AI model interpretability and transparency based on the
employment of SHAP.

B. Scientific-applied contributions

o d prediction model based on LR to forecast student dropout.
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. ML models for predicting university admissions.

o XAI models for identification of at-risk studenrs.

o An architecture of a system for quality assurance purposes in higher education using
NLP.

B. Applied contributions

' Analysis of AI algorithms and methods for predicting student performance in higher
education have been analysed.

o Demonstrate the practical application of AI technologies in enhancing quality assurance
within hi gher education.

6, Evaluation of the degree of personal participation of the PhD candidate in the contributions

The personal involvement of the PhD candidate in the contributions is indisputable. This is
proven not only by the analytical, thoroughness, and consistency shown in the development of the
dissertation but also by the considerable professional experience of the PhD candidate in the software
industry and academia. The obtained results are original, and there is no proven plagiarism.

7. Evaluation of publications on the dissertation

The results of the dissertation are published in 7 articles in English.6 are published in con-
ference proceedings, and I is self-published in the ResearchGate community network. The phD
candidate is a single author of 1 article and co-authors of the rest. 4 articles are indexed in Scopus.
The number of citations in Scopus is 14 (10, excluding self-citations and co-author citations).

It should be noted that besides the articles in the dissertation, the PhD candidate is a co-author
of two additional publications. Thus, the total number of publications is 9. A proof of the significant
achievements of the PhD candidate is his h-index 2 in Scopus. This confirms the high publishing
activity, the good quality, and the significance of the results achieved.

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

The PhD candidate provided a list of the scientific and educational activities, including guest
lectures, participation in research seminars, workshops, summer schools and trainings. He won the
Balkans 2022Intemational Cybersecurity Fellowship Program, funded by the U.S. Department of
State and implemented by CRDF Global and Purdue University, April2022, Ljubljana, Slovenia. It
was a member of the program committee of the 5th International Conference, Recent Trends and
Applications in computer Science RTA-CSIT, Tirana, Albania, April2023.

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

The abstract is 33 pages long and includes 22 figures. It is prepared according to all require-
ments and correctly reflects the content of the dissertation. The abstract presents a common char-
acteristic of the dissertation, its content and stnrctnre, main topics, results, and conclusions. It includes
a list of articles on the dissertation topic, a list of scientific and scientific-applied contributions and a
resume in English.

10. Opinions, recommendations and remarks

The results of the dissertation and the methods applied for their achievement prove the profbs-
sional competencies and deep knowledge of the PhD candidate in applying AI in the higher education
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domain. The main drawback of the dissertation is the lack of overall methodology to be followed,
which leads to inconsistency and imbalance between the different chapters. There is no evidence that
the proposed system is implemented and deployed for quality assurance purposes in higher education.
In addition, the bibliometric analysis of Al-driven performance prediction in higher education is rec-
ommended to provide more qualitative insights through conducting a systematic literature review,
following commonly used methodologies such as PRISMA (Preferred Reporting Items for System-
atic Reviews and Meta-Analyses) or that proposed by Kitchenham in the field of software engineer-
mg.

11. Conclusion

Having become acquainted with the dissertation presented in the procedure and the accompa-
nying research articles and based on the analysis of their importance and the scientific, scientific-
applied and applied contributions contained therein, I confirm that the dissertation presented and the
research articles to it, as well as the quality and originality of the results and achievements presented
in them, meet the requirements of the Act on Developrnent of the Academic Staff in the Republic of
Bulgaria as well as the Regulations for its application and the conditions and rules of the Technical
University of Sofia for acquisition by the candidate of the scientific degree "Doctor,'in the Scientific
fleld 5. Technical sciences, professional field 5.3. Communication and computer technology, scien-
tific specialty ,,Artificial Intelligence Algorithms and Technologies for performance prediction in
Higher Education". In particular, the PhD candidate meets the minimal national requirements in the
professional field, and no plagiarism has been detected in the scientit-rc papers submitted for the com-
petition.

Based on the above, I strongly recommend the scientific jury to award Berat Ujkani the sci-
entific degree ,,Doctor" (educational and scientific) in the Scientific field 5. Technical sciences, pro-
fessional field: 5.3. Communication and computer technology, scientific specialty "Automated Syr-
tems for Information Processing and Management,,.

22.04.2024 Member of the Scientific jury: ...!..........,t\'. ,/'

(prof. Dessislava Petrova-Antonova)
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