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BbPXY JUCEPTALUOHEH TPy

K‘(\ 3a IpuaoOuBane Ha 06pa3oBarTeHa U Hay4Ha CTeleH »»JOKTOp”
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“ABTOp Ha AauceprauroHHus Tpya: bepar Teduk Yiikanu

Tema nHa AMCEPTAlMOHHMUSA TPYA: AJII‘()pl/lTMPl U TE€XHOJIOTUM 32 M3KYCTBEH MHTEJEKT 3a
ITPOrHO3MpaHe Ha e(l)eKTPlBHOCTTa BBB BHCILIETO 06pa3ona}me

OGnact Ha BHcue o6pasoBanue: 5 TexHuueckn Hayku, [Ipodecronanto Hanpaenenue: 5.3
Komynukanmonna n koMnmoThpHa Texunka, Hayuyna cneunannoct: ABToMaTH3upanu cucremu
3a 00paboTka Ha MH(OPMaUMs U ynpaBieHne

Peuensent: npog. a-p Jecucaasa 'eopruesa IlerpoBa-AHTOHOBA

Ceriacno 3anosex Ne OX-5.3-13 ot 19.03.2024 r. Ha Pekrtopa Ha TexHHYECKH yHUBEPCUTET —
Codust cbM onpenienena 3a wieH Ha HAYYHOTO XKYDPH BbB BPB3Ka C MpoLE/Aypa 3a 3alIMTa Ha JUcepTa-
uroHHMA Tpya Ha bepar Teduk Yiikanu Ha Tema ,,ANrOPUTME U TEXHOJIOTHH 33 M3KYCTBEH MHTEJICKT
3a IPOTHO3MPaHE Ha CYECKTUBHOCTTA BbB BUCLICTO 00pa3oBaHue™ 3a NPUIOOUBAHE HA obpasoBaresHa
M Hay4Ha CTereH ,,JlokTop® B 06mact Ha Buciue o6pa3oBanue 5. TeXxHUUECKH HayKH, Ipo(eCcHoHaIHO
Hamnpasnenue 5.3 KoMyHHKalMOHHA W KOMITIOThPHA TEXHHUKA, HAYYHA CIICLHATHOCT ,, ABTOMATH3H-
paHu cucTeMH 3a 00paboTka Ha HH(pOpMalKs U ynpaieHue™. C pEUICHHE Ha HaAYYHOTO XYPH ChbM
ONpE/Ie/ICHa 32 M3rOTBAHE HA CTAHOBHIIE OTHOCHO THCEPTALMOHHHUS TPY/L.

1. AxrtyanHocT Ha paspaGoTBaHusi B AUCEPTALMOHHMA TPya NpoldjeM B HAY4YHO U
HaYYHOINPHJIOKHO OTHOIIEHHE

JcepTallMOHHUSAT TPy U3CIIeBa MOTEHIIMAIA HA U3KycTBeHUs uHTeNeKT (M) 3a monyuaBane
Ha IOMIOMOTHATH OT AaHHH NPOTHO3HM BB BUCLIETO 00pa30BaHME MOCPEACTBOM MPOTHO3UPAHE Ha
TIpHEMa Ha CTyICHTH, TAXHOTO OTHAJaHE H yCIIeX, KAKTO U WACHTHDUIUPAHE HA CTYIEHTHTE B PHCK
OT oTnajzane. C MHMPOKOTO HABIM3AHE HA TEXHONOrMUTE 32 MU, TpaguunoHHOTO obpa3zoBaHue Ipe-
ThpIABA 3HAUTCIHU IPOMEHHU ¥ 10A00peHHs. MHOrocTpaHHUTE NpHIIOKeHHs Ha U Bapupar oT
TMPOTHO3HpaHE Ha TCHACHLMHUTE B NPHEMa Ha CTYIECHTHTE 10 HACHTH()HUMpPAHE HA Te3H B PUCK U
TIPOrHO3MpPAHE Ha MPOLCHTA Ha OTNaaHe. Ype3 H3M0N3BaHETO Ha TEXHONOrUK 32 U MHCTHTYLUUTE
MOTar e()eKTUBHO Ja PasNpeelsT pecypcH, aa IUTAHUPAT TPEUIOKEHUS 32 YYEOHH IUCLUIUIMHU U
Aa MpEeABHXKIAT MOTEHUHAIHY Nipean3BukaTencTsa. Cucremute ¢ UM morar na UAeHTUGULMpAT (ak-
TOPH, CBBP3aHH C MOCTUTAHE HA MOJOKUTEIHU PE3yITaTH, KATO PA3IIO3HABAT MO/IEIIH B TOBEIEHHETO
Ha yHCHULIMTE 1 akaJIeMUTHOTO NPE/ICTABAHE. AJANTHBHATE MIATGOpPMH 3a 06yueHue, GasupaHu Ha
WU, ca npeaMer Ha Bce moBeue u3cieaBanus. Te aanTUpaT y4eOHUTE MaTepUalld Bb3 OCHOBA HA
MHIUBIIYaIIHKsA HAPCABK HA CTY/IEHTA, KaTO NOTCHUMATHO MOBHILABAT CTENEHTA Ha ycreX. Erwu-
HUTE ChOOPAKEHHUsI, CBBP3aHM C TIOBEPUTEITHOCTTA HA JAHHUTE HA CTy[ICHTUTE M T.HAp. AITOPUTMH-
HCH ,,[IPEAPA3CHIBK", Ca pasIIeaHy B QMCEPTALMOHHMS Tpya. Kanamaarst 3a JOKTOpCKa CTereH
MOAHCPTaBa SHAYCHUCTO HA NPO3PAYHOCTTA MPH U3M0I3BaHeTo Ha MU 1 HamansBaHeTo Ha aJrOpHT-
MHUYHHS ,,IPEAPASCHABK ", 33 [a CE OCHUTYPH 4YCCTHA M GE3NPHCTPACTHA NOAKpENa 33 BCUYKH CTY-
JICHTH.

B TO31 KOHTEKCT AHCEPTALMOHHMS TPY/ € IOCBETEH Ha NPEU3UKATENIEH H aKTyaJIeH po0eM,
CBBP3aH € IIPHIIOKCHUCTO HA METOUTE Ha MAlIMHHOTO 00ydenue (ML), 16160k0T0 06ydeHue (DL),
obpabotkara Ha ecrectBeH e3uk (NLP) i oGscHuMus U3KyCcTBeH MHTENEKT (XAl) 3a moamomarane



B3EMAHETO Ha PEIICHUS BB BUCIIETO 0OpasoBanue. HeroBure 0CHOBHY Lien Morar aa 6b1at 0606-
IIeHN KakTo ciensa: (1) PaspaboTane Ha Mozen 3a IpOrHO3MpaHe Ha OTMAIAHETO HA CTYJIEHTHUTE;
(2) paspaboTBane Ha MoZen 3a IPOTHO3MpPAHE Ha npuema Ha cryneHture; (3) Unentudunupane u
aHaln3 Ha CTyJCHTH B PUCK OT oTnazaue; (4) Ilpunarane sa XAl 3a ThiKyBaHe Ha MOJIENH, U %)
Ipennoxenne 3a cucrema, Gasupana na NLP 3a yiecHsisane u 10100psiBaHe Ha MPOIECHTE 33 OCHU-
T'ypsIBaHE Ha Ka4eCTBOTO BB BUCILETO 00pa3oBaHue.

2. CremeH Ha NO3HaBaHe CHLCTOSTHMETO Ha npoéiieMa M TBOpPYECKAa MHTEpIpeTANHS Ha
JUTEPATYPHHS MaTepual

3a mocTuraxe Ha UeNTa Ha QMCEPTALMATA € HANPABEH Tperiie] Ha TexHomornuTe 3a UM kato
IBUI0 1 TAXHOTO MPUIIOKEHNE BBB BUCIIETO 00pasosanue. [TbpBo ca n3cinexsany ocHosuTe Ha VM,
Karo ce 3anoyHe ¢ epoymouusta Ha MM u ce3paBanero na mogenn ¢ MU, CrnieumanHo BHUMaHUE €
otaeneHo Ha Ha ML u NLP mozenure. Ipunoxennero va MU BbB BUCLICTO obpazoBanue € uscnea-
BaHO B KOHTCKCTA Ha Mozenute ¢ MU, nsnomssamm baticoBr KiaacuduKkaTopH, MOATbPKAIIA BEK-
TOpHU MaMHK (SVM), K-nait-6mmmsku cecenn (KNN) u ap. TTpoyuenn ca CBIIECTBYBALIMTE METOIH
3a MPOTHO3MPAHE Ha MPHEMA Ha CTYICHTH M TEXHUs YCIIEX, KaKTO ¥ 3a HACHTH(QHUUMPAHETO Ha yye-
HUUMTE B pUCK. M3B1MuaneTo Ha 3HaHME OT 0Opasosarenuy nanHu (EDM) 1 ananutuunuTe METO/IH,
CBbP3aHH ¢ 00yueHueTo (LA), ca u3cieaBaHu B KOHTEKCTA HA TEXHMS MOTEHIMAN 32 HOMNOMATAHE
Ha BHCIIETO oOpasoBaHMe. Pasrmexganu ce u npeau3BHKaTe/ICTBaTa, MOPOJIEHH OT €TUYHH MPOO-
JIEMH.

BhIpeku ye nuTepaTypHHUAT Iperien o6XBala pa3IHdHi aceKTH Ha HH, nomoOpenus morar
A2 ObJIaT HaNpPaBeHM 10 OTHOLIEHHE Ha I0-3aIBJI00YEHO U CTPYKTYPHPAHO IPEJCTaBAHE Ha METO-
Aute u anroputmure 3a M. Hanpumep, He e scHo kak ce nedunupar tunosere MU, Kato ce umar
peABH/L pa3HOOOpasHeTo Ha peannuTe npobaemu, UM moske ja ce kiacuduimpa Kato aHAJIMTHYEH,
(yHKIMOHANEH, HHTEPaKTHBEH, TEKCTOB U BU3yaleH. B3 ocHOBa Ha THIIa OTrOBOp, KOMTO CE 0YaKBa
Zia OBJIe [OMyYeH ChIIECTBYBAT YeTUPH BHIA aHAIHM3: OIUCATENEH, JIMarHOCTUYEH, MPEICKa3Ball 1
npenopeyBall. B nonbinenue, Bb3 0CHOBA Ha MPHJIAraHUTE TEXHHUKH, MOXKE J1a Ce HaIpaBH KJacH-
¢ukauus, kakto ceasa: ML MeTonu; HeBpOHHH Mpexu 1 DL; u3BIHYaHe Ha DaHHH U OTKpHMBAHE Ha
3HAHHA; Oa3MPaHO Ha NPaBHIIa MOJEIMPAHE U B3EMAHE Ha PELICHHUS; NpEeACTaBsIHE HAa 3HAHUS, apry-
MCHTHPAHE NP HECUTYPHOCT M MOJIC/IMPAHE Ha CKCIIEPTHU CHCTEMH; apryMeHTHpaHe, 6a3upaHo Ha
Kasyc; aHanu3 Ha TexcT 1 HJITT; Busyanen ananus, KOMIIIOTHPHO 3peHHE U pa3No3HaBaHe HA obpasy;
¥ XMOPHIEH OaX0/, ThPCEHEe M ONTHMU3ALMA. B sakitouenue, aMcepTanusaTa 61 Moria aa ce 060-
'aTH € N3BBPUIBAHE HA NO-CHCTeMaTH4eH nperieq Ha MU B pa3snuyHu acriekTH.

M3ebpuieno e 6ubamnomerpuuno u3cneasane Ha Metoaute ¢ MU 3a NIPOrHO3UpPaHe Ha MPOu3-
BOJMTEIHOCTTa BB BMCIIETO OOpa3soBaHMe, Ype3 Nperie] Ha JMTepaTypaTa B HaydHara 6asa OT
nannn Web of Science (WS) 3a 15-rogumen nepuon. M3eieuenara MH(pOpMaLHs € aHaIu3upaHa
KOJIMYECTBCHO € momMomTa Ha MHCTpyMeHTa R, biblioshiny u VOSviewer. [Togo6Ho u3cnensane He
AaBa HHQOpMalus obaue 3a KAYCCTBEHUTE TEHACHLMK. Hama JaHHM Kak Pa3nMYHUTE aBTOPH MOJ-
XOXNAT KbM NPOONEMHTE BbB BUCIIETO 0Opa3oBaHNe, IPHIIAraiikh TEXHOJIOTHH 1 MeToau ¢ VU, kou
Ca HaH-4eCTO CPEeIIaHHuTe MPOGIEMH H OTPAHHYEHUS H KaK CE PEeOI0IABAT.

3. CnorBercTBHE HA M3GPAHATA METOIMKA HA M3CJIEIBAHE ¢ MOCTABEHATA HeJ M 3a1AYH HA
AMCePTALMOHHUS TPY/

MCTOIIOJIOFI/IHTH Ha U3CJICABAHETO, o6x3amama BCHUYKH 3aJa4U, KOUTO Ca U3IBIHEHHU 3a I1OC-
THI'aHC Ha MIPECACTABEHUTE B AUCEpTaAlUATA PE3YITATH, HE € ABHO IIC(DI/[HI/IpaHa. 3a IIPOTHO3HpaHE Ha




OTIAIAHETO HA YYCHUUMUTE € NMPHJIOXKEH 00 MOAXOJ, BKIIOYBALI ChOUMpaHe Ha JaHHH, CTATHCTH-
HECKH aHaT3, IPEABApUTETHA 06paboTKa Ha IAHHH, peanu3UpaHe Ha MOJIE U NIPEAOCTABIHE Ha pe-
3yaraty. Jletaiiny 3a npeaBapuTenHaTa 06paboTka Ha JaHHM, KATO JTUIICBALIH JIlaHHHU, OTKpPHUBaHE Ha
M3JIMIIHA CTOMHOCTH, y0JMpaHe Ha JaHHH | T.H., HE Ca ONPEICTaBEH. Wnentuduimpanero Ha ar-
puOYTH, IOAXO/IAIM 3a Ch3JaBaHe Ha MOJIE]IN Ga3HpaHy Ha JOTHCTHYHATA perpecus (LR), e pemra-
Ballla CTbIIKa B nponeca Ha TAXHOTO pa3paboTBaHe. B To3u cMHCHII He e SICHO Kak Te ca JeHHHpaHu
3a Lle/IMTE Ha pa3pabOTeHns MOeN (T.€. 3HAHHE 3a AOMEeHHA, HEXKEHePHHT Ha aTpuOyTH, U3CIIeABaHE
Ha arpuOyTH ¥ T.H.). [Ipu mMcKycusTa Ha pesyITaTuTe 61 GHII0 LIEHHO 3 CE MOKAKE KAK MOCTHIHA-
Tara HpCH3HOCT Ha MOJIENIa MOXKE /1a CE M3I10/13Ba 32 OANOMAaraHe Ha CIIPaBSHETO C PEATHHS IPo6-
JIEM, CBBP3aH C OTMAJaHETO Ha CTYAEHTHUTE.

Merozonorunte 3a mporHosupane Ha NpuemMa Ha CTYACHTHTE U ycrnexa um, KakTo ¥ paHHOTO
MICHTH(HLMPAHE HA YUEHULIUTE B PUCK, ca 100pe OIMCAHH 1 B IOCECTBHE aNeKBATHO IPUIIOKEHH.
IIpoBenenn ca excriepuMeHTH, 3a 1a ce HaMepsT Haii-100pute ML u DL moznenu 3a pemapane Ha
IIOCTAaBEHHSI IPOOIIEM.

Metononorusra, npunokena 3a paspaboTBaHe Ha cucTeMa 3a NPOBEX/JaHE HA OLEHKH Ha Ka-
HECTBOTO KAaKTO Ha YYCOHHTE IIIAHOBE, TaKa U Ha y4eOHUTE MPOrpam, NOKPUBA [IBE OT TUIIUYHUTE
(hasu na nponeca Ha copryepHara pazpaboTKa, a UMEHHO aHAIH3 HA (QyHKUMOHANHK U HEPYHKLMO-
HaJIHM U3NCKBAHUA M [IPOCKTUPAHE Ha codTyepHara apxuTekTypa. Jluncsa o6aue onucanue Ha pea-
TM3alUATa HA CHCTEMATa U BaJIMIMpaHE Ha MPE/IOKEHOTO pelIeHHUe.

4. Kparka anaJMTHYHA XapaKTepUCTHKA HA eCTeCTBOTO M OIEHKa HA JAOCTOBEPHOCTTA HA
MaTepHaJia, BbPXy KOHTO ce rpajsiT HPHHOCHTE HA JHCePTAUMOHHUS TPY/

JMCepTaMOHHHAT TPy € CTPYKTYpPUPaH KaTo HabOp OT CaMOCTOSATETHY HAYYHHU MyOIMKAIINH,
BCSIK@ OT KOWTO MMa OTACTIHU CEKLIMH C BbBE/ICHUE, METOIOJIOTHS, peau3alus 1 pe3yinrari. Toii ce
CBCTON OT YBOJL, U3II0XKCHHE B LUECT IVIABH, 3aKII0YCHHE, anpoallus, CIIpaBKa 3a HayYHHTE HPHHOCH
¥ MyOJIMKalkK Ha TOKTOPAHTa, CIMCHK C IPOEKTH, CIMCHK Ha H3IOI3BaHATa JIMTEPATypa, CIIUCHK C
LUTUPAaHKA U CIUCHLM ¢ abpeBUaTypH, QUIypH U TaGIMIM, PEACTaBEeHH Ha 06mo 176 CTPAaHHUIIH.
Bxunioyenu ca 70 ¢purypu u 26 Tabuuun. ChaspxaHuero u CTPYKTYPHPAHETO HA JUCEPTAIMOHHMUS
TPYA C€ ONPENENAT OT IOCTABEHHUTE 3a1aYH.

ITspBa rnaea npencrass riaBHata M cienHbUIHATE 1ETH Ha AMCEPTaLMOHHUSA TPYH, 000CHO-
BaBalKyi HCOOXOIMMOCTTa OT H3clleBaHuATa. BTopa riasa BkIiousa 0030p Ha MU u HerosoTo npu-
JIOXKEHAE BBB BUCILETO oOpazopanue. Tpera IiaBa e cBbp3aHa ¢ OuOIMOMETPHYEH aHAIIN3 Ha JIHTe-
parypara B obnactra Ha Metoaute ¢ MM 3a npenckassane Ha e(eKTUBHOCTTa BBB BUCILETO 06Pa30-
Banue. YeTBbpTa riasa npezncraes mMeron, 6a3upan Ha LR 3a Npe/CKa3BaHe Ha OTNAJAHETO Ha CTy-
nentute. [Tera rnasa onvcea Mozesnu, nsnonspamy ML, 3a TIPOTHO3MpPaHe Ha IpUeMa Ha CTYIEHTHTE
B yHuBepcuter. Illecra riiaBa npescTaBs mporHosupane Ha ycrexa u MICHTH(UIMPAHETO Ha CTY-
ACHTH B PUCK OT oTnaxane ¢ npuiarane Ha XAl Cexma riasa npoyusa npunoskernero na NLP 3a
OCHUIypsIBAHE HA Ka4YECTBO BbB BUCILETO 0Opa3oBaHHe.

Ilpunaranero Ha pasmmanm monenu, 6asupanu na ML u XAl nokassar HAay4YHHUTE U HAYYHO-
TPHUIOKHUTE MPUHOCH HA AMCEPTALMOHHMs TPYA. JOKTOPAHTBT 110Ka3Ba 3HAUMTENHH YMEHHs M
SHAHWS B IPUJIAraHETO HA METOIM M MHCTPYMEHTH, CBbP3aHH C HayKaTa 3a JJAHHH NPH PEIIaBaHe Ha
MPAKTHYECKU NPOOICMH M IOINOMAraHe Ha B3CMAHETO Ha PEUICHHS BLB BUCIIETO obpazoBanue. 3Ha-
UMMOCTTa  Ha M3BBPIICHOTO HM3CJICABAHC M IOCTUTHATHTE pPE3YJNTaTH ca O0COBEHO nobpe
AOKyMEHTHpaHH B I'1aBa 5 u ['1aBa 6, KbAETO Ce M3MO3BAT PA3INYHU TEXHUKH OT HayKara 3a JIaHHH
Y anroput™Mu u Moaenu ¢ MU, kaTo KopelalinoHHM aHaIU3H, Pa3InYHN TEXHUKH 33 TOYUCTBAHE Ha
Ml2HHM  (IpekIacHuKalyd, MpeMaxBaHe Ha AyOmupamym ce CTOMHOCTH, HOpMaJIM3HpaHe,



KaTeropusupane u T.H.), pa3paboTsane Ha Monenn ¢ UM, TpeHnpaHe Ha MOJIEINTE U TecTBaHe. 3a
TIpOTHO3MpAHE Ha NPUEMA Ha CTYAEHTH Ca NMPHIOKEeHH 4 ML TeXHUKH, OpUAPYXKEHH OT 06mo 12
AIIrOPUTHMA, KaTo € M3Mon3BaH copryepsT Weka. TaxHaTa NPOU3BOAMTENHOCT € aHANM3MpaHA H
CpaBHEHA C IIOMOLITA HA pasIM4YHH METpUKH (true positive and false positive rates are considered
along with precision, recall and F-score). JIOrHCTHYHMAT MOIeN ITOKa3Ba 3HAYMTEIHA TOYHOCT C
pesyirar 95,72%, neMoHCTpHUpaiikK cBOATA e(eKTHBHOCT Ha nporsosupane. O6parHo, MoaensT Na-
iveBayesMultinomialText mokasBa Haif-HMCKa TOYHOCT, npu pesyiarat 65,18%, orOensa3paiiku
3HAYMTCIHA pas3iuKa B [POMU3BOAMTENHOCTTAa. Bb3 OCHOBa Ha OOmMA AMana3oH Ha
TIPOM3BOJMTETHOCT HA MOJENUTE MPOrHO3aTa MOXE Ja CE CYMTa 3a HamexaHa. Paspaborenure
MOZIC/I 33 TIPOTHO3MPAHE Ha yCrieXa W PaHHOTO MAEHTU(HIMPAHEe Ha CTYIEHTH B PHCK Ca OLEHEHH
B3 OCHOBa Ha mpeuusHoct, recall u Fl-score, karo cneumanen ¢okyc e mocrasen BBPXY
CIOCOOHOCTTA MM 11 KJIACH(PUUMPAT CIyd4auTe Kato ,,YCremHu’ um »2Heycnemnun“. Te nokassar
3HAYMTEIIHA TOYHOCT Mexay 81% u 93%. 3a ThiIKyBaHe Ha NPOTHO3UTE HA MOJEIMTE € M3MON3BAH
noaxoxbt SHapley Additive exPlanations (SHAP).

S. Hay4nu v HAyYHONPHJIOXKHY NPHHOCH HA IMCEPTAUMOHHHAS TPY]

IIpunocure, Gopmynupanyu OT LOKTOPAHTA, OGOTATABAT ChHLICCTBYBAILOTO HAy4YHO 3HAHHC W
Hay4HH [IOCTHXXCHHS B IPAKTHKATA, KATO HAJIrPAXKAAT CLUIECTBYBAIMTE METOAM, OAXOM, MOZCIIH
W aJITOPHTMH 32 TIOCTHT'aHE Ha IIOCTaBeHaTa Le/l Ha AMCePTallHOHHMS TpyA. Te Morar aa ObaaT 0600-
IIEHH, KaKTO CJIe/Ba.

A. ITpuHOCH ¢ Hay4YeH XapakTep

* PaspaGorenn ca momemn ¢ MM 3a mporsosmpane Ha NpueMa, yciexa H pHCKA OT
OTIa/laHe Ha CTYJEHTHTE.

e Paspaborenu ca mogenu e obscuuM UMY ¢ men TAXHOTO TBJIKYBaHE U OCUTYpsiBaHE Ha
npo3payHocT Ha M BB0 BuciieTo oOpa3osanue.
b. IIpnnocu ¢ HayYHO-NPUII0KEHO XapaKTep

* PaspaGoren moznen, 6asupan Ha LR 3a nporHosupasxe Ha OTHagaHeTo Ha CTYJCHTHUTE.
* Paspaborsane Ha ML Mozeinn 3a IporHo3upane Ha mpueMa B YHHUBEPCUTETH.
* Paspaborsane na XAl Monenu 3a uueHTMdULMPaHE Ha CTYIACHTH B PHUCK OT OTIaJaHe.

* Ilpennoxena e apXuTeKTypa Ha cucTeMma, 6asupana a NLP, 3a OCHUTYpsIBaHE Ha
Ka4eCTBO BbB BUCLIETO 00pa30BaHMue.
B. [Ipunocu ¢ npuiioxen xapakrep

L4 AHanmnpaHn Ca AJITOPAUTMHUTE U METOAMUTE 3a INPOTHO3UPAHE HA TPEJACTABAHETO Ha
CTYACHTHUTE BbB BHUCIIETO 06pa30BaHI/IC.

® HGMOHCTpHpaHO C¢ TIPAKTHYECKOTO MPHIJIOKEHWE Ha TexHoyJoruute 3a HMU 3a
IIOBUIIABAHE KAa4Y€CTBOTO Ha 06y'~I€HI/l€ BBbB BUCLLICTO O6paBOBaHI/IC.

6. Ouenka 32 cTeNnenTa HA IMYHOTO Y4ACTHE HA IMCEPTAHTA B MPUHOCHTE

JImanoTo y4acTHe Ha mcepTanTa B npuHOCHTE € GescropHo. ToBa ce 0Ka3Ba HEe caMo OT I1O-
Ka3aHaTa aHATUTHIHOCT, 3aI00YCHOCT U MOCJIE0BATENIHOCT [IPH pa3paboTBAHETO HA HCCPTALH-
OHHHA TPYJ, HO M OT 3HAYUTEIIHUS IPOPECHOHAIICH OIUT B COPTyepHaTa MHIYCTPHUS M aKaJACMHUSITA.
Hsima 1oKxa3aHo no 3aK0HOYCTAHOBEHUS Pe/l IIATHATCTBO B [IPEACTABEHHUS JMCEPTALIMOHEH TPYA
U HAay4YHU TPYJIOBE 110 Ta3K IpoLeaypa.



7. IlpeneHka Ha myGJMKALMATE MO AUCEPTAUMOHHHUS TPYI

Io Tematnkara Ha [UCepTalMOHHMS TPy ca nyOiuKyBaHH 7 HAyYHH MyOIMKALUN Ha auT-
nuickn e3uk. OT TAX 6 ca myGaMKyBaHH B cGOPHMUM HA MEeXIYHapoAHU KoH(pepenuuu u 1 e
ny0JIMKyBaHa OT JOKTOPAHTA B H3CIIEI0BATENICKATA mpexa ResearchGate. Ha enna ot my6imka-
LMATE TOKTOPAHTBT € €IMHCTBEH aBTOP, a OCTAHAIMTE 6 ca B ChaBTOPCTBO. 4 0T MyGJIHKALMKTE ca
MH/IeKCHPaHu B Scopus. Bposit Ha umTupanusta B Scopus e 14 (10 kaTo ce u3KIIOYAT CAMOLH-
TUPAHUATA U UUTHPAHHUATA OT ChaBTOPH).

Tpsi6Ba na ce orbernexu, e OCBEH MPEICTABEHHTE 110 JUCEPTALMOHHHUS TPY MyOJHKALUH, TU-
CCPTAHTBT € CHABTOP HA OLIe 2 myOnuKamus. 3HaYUMO MOCTHKEHHE B H3CIIeN0BaTeNcKaTa Kapuepa
Ha NI0KTOpaHTa ¢ 10CTUrHaTHAT h-index 2 B Scopus. Tosa noTBbpkAaBa BUCOKATa My6INKALMOHHA
aKTUBHOCT, 100pPOTO Ka4€CTBO ¥ 3HAYMMOCT Ha IOCTUTHATUTE Pe3yJITATH.

8. M3moa3Banme Ha pesyiaraTuTe OT AMCEPTALMOHHHUS TPYA B HAy4yHaTa M CONHMAIHATA
NpaKTHKAa

JIOKTOPaHTBT € TPEACTABHII CIMCHK HA HAaydHATA oOpa3oBarenHarTa CH JeHHOCT, BKIFOYUH-
TCHO TOCT JICKLMHK, y4aCTHC B HAY4YHH CEMMHAPH, PAOOTHH CPELIM, JICTHU Y4YMJIMILA U OOYYCHHMS.
Toi e HocuTen Ha MEX1yHAPOJHHU CTUNICHINHM 110 nporpama 3a kubepcurypaoct Balkans 2022, ¢u-
HaHcHpaHa oT [IbpxxaBHus nenapramedt Ha CAILL, anpun 2022 r., JIrobnsua, Cnosenust. Toil e wien
Ha NIPOrpaMHUs KOMUTET Ha 5-Tata MeXIyHapoaHa koHpepenuus, Recent Trends and Applications
in Computer Science RTA-CSIT, Tupana, An6anus, anpui 2023 r.

9. Ounenka na CbOTBETCTBHETO HA aBTope(I)epaTa C H3BUCKBAHUSATA 3a U3rOTBAHETO MYy, KaKTO
M Ha aJeKBaTHOCTTA Ha OTpa3siBaHe HAa OCHOBHHUTE II0JIOJKEHHUS M IIPUHOCHUTE Ha
AMCEPTALMOHHHUSA TPYA

ABTOpe(EpaThT € IpecTaBeH Ha 33 CTPAaHHIM W BKIIOYBA 22 ¢urypu. Toil oTroBaps Ha
BCHYKH U3HCKBAHMUS 32 U3rOTBSIHETO MY, KaTO OTPa3siBa aleKBaTHO ChABPIKAHMETO HA JHCEPTAIH-
oHHuA TPy . IIpeacrass oba XapakTepucTuKa, ChabPKAHHETO 1 CTPYKTypaTa, OCHOBHHTE aKIIEHTH,
PE3YJITATUTE M U3BOMUTE OT U3JI0XKEHHETO. [Ipuiiokenu ca CIUChK Ha MyOIMKALMUTE IO TEMATHKATa

Ha JUCEPTAITMOHHUA TPy, CIUCHK HA IIPUHOCUTE HaA AUCEPTALTMOHHUS TPY U pE3IOME Ha AHIIMHACKH
C3HK.

10. Muenusi, npenopbKu H 3a6eJ1eKKH

Pesynrature ot nucepranmsita v MeTOIMTE, IPHIIOKEHH 3a TAXHOTO MIOCTHIaHe, 10Ka3BaT Mpo-
(ecroHaNTHNTE KOMITETEHIIMN U 3aXbI60YCHNTE O3HAHUS Ha JIOKTOpaHTa B npuiaranero Ha U B
obJiacTra Ha BHCIIeTo 06pazoBanue. OCHOBEH HEIOCTATHK Ha JUCEepTaLUsATa € JTUTICAaTa Ha ISJIOCTHA
MCTOIONIOTHA, BbPXY KOATO ca ce 6azupa M3C/IeBAHETO, KOETO BOIH 110 HEKOHCHCTEHTHOCT M THCOa-
JIaHC MEXKIy OTACTHHUTE riiaBu. Hama j0Kka3aTescTsa, ye NnpeaokeHaTa CHCTEMA € pa3paboTeHa u
BHC/IPCHA 32 LIC/IMTE HA OCHT'YPsIBAHE HA KAYECTBOTO BbB BMCIIETO oOpa3oBanue. [IpenoppunTenHo
€ OMOIMOMETPHYHUAT aHANN3 33 IPOTHO3UPAHETO HA eDEKTUBHOCTTA BbB BHCIIETO oOpasoBaHue ¢
TeXHOJOrHH 3a MU, n1a ce chueTae ¢ KaueCTBEHN M3BO/IM UpE3 M3BHPIUIBAHE HA CHCTEMATHUYCH nper-
JIC/l Ha TMTepaTypata, CIICIBAHKHU YeCTO U3MOJI3BAaHU MeTO0 10rK KaTo PRISMA (Preferred Report-
ing Items for Systematic Reviews and Meta-Analyses) mwim npejyioxenara ot Kitchenham B o6macrra
Ha CO(PTYEPHOTO HHXKEHEPCTBO.



11. 3axkaroyenue

Crent kato ce 3am03Hax C IPEACTABEHHTE B NPOIETYpaTa ANCePTAHOHEH TPYA U NpUAPYKa-
BalllATE I'0 HayYHH TPYAOBE U Bb3 OCHOBA HA HAIIPABEHMs aHAIU3 Ha TAXHATA 3HAYUMOCT M ChIBP-
KAl €€ B TAX HAYYHH, HAYYHO-TIPHIIOKHH U IIPHIOKHUIPUHOCH, IIOTBBPKIABAM, Y€ IIpeICcTaBe-
HUAT TUCCPTALMOHCH TPY/l M HAYYHHTE MyOIMKALMH KbM HETO, KAKTO M Ka4eCTBOTO M OpPUIHHAI-
HOCTTA Ha IIPEACTaBCHUTE B TAX PE3YJITATU U MIOCTYKEHHUS, OTTOBAPAT Ha 3McKBanuaTa Ha 3PACPB,
IIpaBriHKKa 32 IPUIIOKEHHETO MY U ChOTBeTHHU IIpaBriHiK Ha TeXHUUeCKH yHusepcureT — Codust
33 IpUA0OMBaHe OT KaHIUIAaTa Ha 00pa3oBaTeHaTa H HAYYHA CTENEH ,»JIOKTOp* B Hay4HaTa obnact
5. Texunueckn Hayku 5.3. KoOMyHUKAIMOHHA W KOMITIOTbpHA TEXHHMKA. B 9yacTHOCT KaHaMmaTsbT
YAOBJICTBOPABA MUHUMAIIHUTE HALMOHAIHN W3MCKBAHMA B MPO(ECHOHATHOTO HANpaBJIeHHE U HE €
YCTaHOBCHO NJIATMATCTBO B NPEACTABEHUTE 110 KOHKYpCa HAyYHH TPYIOBE.

Bb3 0CHOBa Ha rOpPEN3I0KEHOTO, PENOPHLYBAM Ha HAYYHOTO XKypu na npucsau Ha Bepar
Te¢pux Viikanu oOpa3oBaTenHa u Hay4YHa CTeneH »d0KTOP“ B Hay4YHa o06nacT 5. TeXHUYECKH HAayKH
5.3. KoMyHHKalMOHHA M KOMITIOTbPHA TEXHHKA, HAyYHA CTIELHATHOCT: ABTOMAaTH3NPaHH CUCTEMH
3a 00paboTka Ha MH(OPMALKs U yIIpaBJICHHE.

22.04.2024 . M3roTBua CTAaHOBUIIIETO:

. o

(npod. x-p Jlecucnasa I[letpoBa-AHTOHOBA)
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According to Order No. OX-5.3-13/19.03.2024 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 scientific 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 Al 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 of Al technologies, traditional education undergoes significant changes
and improvements. The multifaceted applications of Al 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. Al systems
can identify factors associated with positive outcomes by recognising patterns in student behaviour
and academic performance. The exploration of adaptive learning platforms powered by Al 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 Al 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
AT (XAI) for decision-making in higher education. Its main objectives can be summarised as follows:
(1) Building a student dropout prediction model; (2) Development of predictive models for student
enrolment; (3) Identification and analysis of at-risk students; and (4) Implementation of explainable
Al 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



To achieve the goal of the dissertation, an overview is performed on Al as a whole and its
application in higher education. First, the fundamentals of Al are explored, starting with the evolution
of Al and Al modelling techniques. Special attention is given to ML and NLP. The application of Al
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 student 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 Al improvements can be made regarding a
more deep and structured presentation of the Al methods and algorithms. For instance, it is not clear
how the Al types are defined. Considering the variations of real-world problems, the Al 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 modelling and decision-making; 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 Al 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 15-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 Al 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 all tasks performed to achieve the results presented in the
dissertation, is not explicitly defined. 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 crucial 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.



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 in 176 pages. The dissertation contains 70
figures and 26 tables. The set of tasks determines its content and structure.

Chapter 1 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 Al 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 for 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 XAl 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 Al algorithms and models are used, such as exploratory and correlation analyses, a variety
of data cleaning techniques (reclassification, duplicate removal, normalisation, categorisation, etc.),
Al 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 95.72%, showcasing its prediction effectiveness. Conversely, the
NaiveBayesMultinomialText model exhibited the lowest accuracy, at 65.18%, 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 81% and 93%.
A SHapley Additive exPlanations (SHAP) is employed to interpret the models' prediction.

5. Scientific and scientific-applied contributions of the dissertation

The contributions formulated 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

* Almodels for predicting student enrolment, dropout, and success.

* Scientific discourse on AI model interpretability and transparency based on the
employment of SHAP.
B. Scientific-applied contributions

* A prediction model based on LR to forecast student dropout.



® ML models for predicting university admissions.
e XAl models for identification of at-risk students.

* An architecture of a system for quality assurance purposes in higher education using
NLP.
B. Applied contributions

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

* Demonstrate the practical application of Al technologies in enhancing quality assurance
within higher 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 1 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 2022 International Cybersecurity Fellowship Program, funded by the U.S. Department of
State and implemented by CRDF Global and Purdue University, April 2022, Ljubljana, Slovenia. It
was a member of the program committee of the Sth International Conference, Recent Trends and
Applications in Computer Science RTA-CSIT, Tirana, Albania, April 2023.

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 structure, 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 profes-
sional competencies and deep knowledge of the PhD candidate in applying Al in the higher education



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-
ing.

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 Development 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
field 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 scientific 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 Sys-
tems for Information Processing and Management”.

22.04.2024 Member of the Scientific jury: o —— 55 im e

(prof. Dessislava Petrova-Antonova)



