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npocecroranto HanpasneHue 5.3. KOMyHMKaUMOHHa M KOMMIOTLPHA TeXHMKa

AOKTOPCKa Nporpama ABTOMaTU3MpaHm cucTeMm 3a 06paboTka Ha MH)OpPMaLMA M ynpaBneHue
ABTOp Ha AUCEPTALMOHHMA TPYA: Mar. uHx. Bepat Tedmk YiikaHu

Tema Ha anceptaumnonHus Tpyag: ANTOPUTMU U TEXHONOMAM 3A U3KYCTBEH MHTENEKT 3A
MPOrHO3WPAHE E®EKTUBHOCTTA BbB BUCLUETO OEPA30BAHUE

PeuieH3eHT: aou. a-p k. Mopaanka HaligeHosa AHacTacosa

CvotBetcTBME Ha npouedypaTa CbC 33aKOHOBMTE PasNOpPeAdM M HOPMATUBHUTE
AOKYMEHTH.

[pouenypata 3a 3awmTa Ha AUCEPTALMOHHIS TPYA HA Mar. MHX. Bepat Teduk YitkaHu Ha Tema
"ANropUTMM 1 TEXHONOTM 3a U3KYCTBEH UHTENEKT 3a NPOrHO3NpaHe edeKTUBHOCTTa BB BUCLIETO
obpasosaHie” 3a npunobusaqe Ha obpasosaTenHa i HayyHa cTeneH +10KTOP" B 0BnacT Ha BucLle
obpasosanve 5. TexHuyecku Haykv, npodecvoHanHo HanpasneHve 5.3. KomyHuKaunoHHa u
KOMNIOTbPHA TEXHWKA, HayyHa cneynanHocT ABTOMAaTM3npaHu cucTemu 3a obpabotka Ha
MH(OpMaLMA 1 ynpaBneHue, e uHUuMMpaHa cbe 3anoseq OXK-5.3-13 oT 19.03.2024 r. Ha r-H
Pektopa Ha TY-Cocus. [pemoctaBeH MW € MbneH KOMMMeKT marepuanu, CBbp3aHW C
ANCEPTaLMOHHMA TPYA, CbrmacHo 4n. 26 (1) ot MpasunHuka 3a ycnosusTa 1 peaa 3a NpuaobueaHe
Ha Hay4Hu cTenenmn B TY-Codous.

bepar Yitkanu e 3aBbpLumMn cneuyranHoct MHgopmatuka, OKC .bakanasbp” B YHueepcutera B
rp. Mpuiuna, Kocoso npes 2012 r. v cneunanHocT CodTyepHo WHXEHEPCTBO 1 TeNEKOMYHMKaL K,
OKC ,Marvctbp® B8 YHusepcuteta 8 Weduna, BennkoBpuranms npes 2015 r. bun e 3agoyeH
MOKTOPaHT (CpeLyy 3annalyaHe) B kateapa porpamMmpaHe 1 KOMMIOTbPHW TEXHONOTMMN, OKCT, TY-
Cogwms.

1. AkTyanHoct Ha paspaboTBaHWs B AWCEPTALMOHHMSA TPyA npobnem B Hay4yHO U
Hay4HO-NPUNOXHO OTHOWeHHe. CTeneH U HUBA Ha aKTyanHOCTTa Ha NPo6eMa  KOHKpEeTHUTE
3afjayn, paspaboTeHu B AucepTaumusTa.

finceptaumnorHma Tpya pasrnexaa 0coBeHo akTyanHo cned oTMUHaNUTe Kp13n HanpasneHue
33 pa3BUTHE BbB BUCLIETO 00Pa3oBaHUe, @ IMEeHHO NOTEHLMana 3a NPUIOXEHNETO Ha U3KYCTBEHMS
MHTENEKT NPU AUrUTanHOTO U AUCTaHUMOHHO 0BYyYeHue.

PokyCbT € nocTaBeH BbpXy Hanexawyte Hyxau, Npes KoUTo ce n3npass BUCLIETO
o0pasoBaHMe [HEC, KOUTO OCHOBHO Ca MOBMLIABAHE aHraXxupaHocTTa Ha CTyAeHTuTe,
ONTMMM3NpaHe Ha npouecuTe Ha 3anucBaHe, HamansBaHe Ha MpoOLEHTa Ha OTnajaHe U
OCUTypsiBaHe Ha ka4ecTBo Ha (poHa Ha rnobanHara NpoMsHa KbM OHMaiiH 1 cMeceHa yyebHa cpefa.

WianonsBaiikn MawwmHHO oByyeHMe M YCbBLPLIEHCTBARN anropuTMU 3a AbNGOKO 06yueHme,
AVICEPTALAOHHMAT TPYA U3NON3BaHE Ha TOYHM U pa3bupaemu NPOrHO3M, OCUTypABaIKN NPO3PAYHOTO



MM Npunarake. Bknio4BaHeTo Ha cucTema 3a ocurypsiBaHe Ha KaqecTBoTo, Gasvpana Ha obpabotka
Ha ECTECTBEH €3uK, AOMLMHUTENHO NoAYEpTaBa NPUNOKHOTO My 3HadeHue, KaTo AEMOHCTpUpa
noterumana Ha MM sa paunoHanianpaHe agMUHUCTpaLUmMaTa Ha 0Bpa3oBaHmeTo,

2. CTeneH Ha no3HaBaHe CbLCTOAHMETO Ha Npo6nema u TBOpYecka UHTepnpeTauus Ha
nuTepatypHus matepuan.

B AncepTaunoHHus cv TpyA aBTopLT e pedepupan 174 U3TOYHMKA, BCUYKA HA aHINACKH e3uK,
KaTo npaeu BnedatneHne Ye Hag 50 % OT M3TOUHNLWMTE ca NYBNMKyBaHu Npes NocneaHUTE 3 roanHu.

HanpaseHo e n3yepnatenHo npoydsaHe B 1 rmasa, 03arnaseHa Jlpernes Ha u3kycTBeHus
VUHTENEKT W HETOBOTO MpUMOXeHWe BbB BUCLIETO 0Opa3oBaHWe”, KbAETO aBTOPLT pa3rnexaa
OCHOBWTE, EBOMIOLIMSATA W BUAOBETE U3KYCTBEH UHTENEKT. MpeacTaBeH Ca U OCHOBHITE KOHLIENLMM
Ha MaWWHHOTO 0Oy4eHWe, BbL3MOXHUTE MPUNOXeHe Ha MW BbB BUCLIETO obpasoBaHue 3a
V3BNUYAHE 1 aHanu3 Ha AaHHW 1 0BpaboTkaTa Ha ecTecTBEH e3uk 3a NogobpsBaHe KaYecTBOTO Ha
0by4eHue, kaTo ca 3acerHaTit v eTUYHUTE HOPMY NPV NPUIOXEHIETO UM,

[peacTaBeHoTo npoyyBaHe nokasBa 3aabNBOYEHUTE MO3HAHMA  Ha AOKTOpaHTa B
n3cneaeaHarta obnacr.

3. CboTBeTcTBMe Ha M3bpaHaTa MeTOAMKA Ha M3CNeaBaHe ¢ NOCTAaBeHaTa Len U 3a4au
Ha AMCepTaLMOHHUA TPYA.

OcHoBHaTa Lien Ha npeaCcTaBeHns AUCEPTALMOHEH TPY/ € 1a Ce NPUMOXaT Bb3MOKHOCTMTE Ha
VN B obnactTa Ha BuclueTo 0Bpa3osaHye, KaTo OKYCHT € NOCTaBeH BbPXY BB3MOXHOCTUTE 33
NPOrHO3NpaHe Ha anropuTmuTe 3a MalmMHHO 0Byyerne (ML) u gbnGoko 0byyenme (DL).

B n3nbnHeHne Ha nocraeHaTa Len aBTopbT € hOPMynMpan 6 OCHOBHM 3a;auy, KOUTO
aHanuanpar 1 npeanarat METOANKM 3a NpunoxeHne Ha Al npu:
Cb3paBaHe Ha Moaen 3a NPOrHo3MpaHe OTNafaHETo Ha CTYAEHTU;
Pa3spabotBaHe Ha NpOrHO3HM Moaeny 3a 3an1CBAHETO Ha HOBW CTYAEHTH;
VineHTncbnumpare v aHanu3 Ha pUCKOBU 3a OTNaaaHe CTyACHTH;
WManonasaxe Ha HoB XAl MeTOA C Lien npo3payHocT Ha Al MogenuTe u naeHTUuLmMpaHe
(haKTOpK 3a ycnex Ha CTyOeHTUTE;
Pa3spaboTsaHe Ha cicTema, Gasupata Ha ecTeCTBEH e3uk 3a NofoBpsBaHe Ka4ecTBOTO
Ha 0ByyeHue;

v' [poyysaHe n GUBNMOMETPUYEH aHanM3 Ha CbliecTByBallara nutepatypa 8 Web of
Science OTHOCHO TEOPEeTWYHUS acmekT 3a NPUNOXEeHMeTo Ha Al BbB BMCLIETO
obpasoBaHue.

Cuntam, ye m3bpaHata OT aBTOpa MeToaMKa Ha W3cnegBaHe W peanu3aums i HanbriHoO
CbOTBETCTBAT Ha NOCTaBEHUTE B AUCEPTALMATA LIeN 1 3a4a4n.
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4. KpaTka aHanuTU4Ha XapakTepucTMKa Ha €CTECTBOTO M OLIeHKA Ha AOCTOBEPHOCTTA Ha
MaTtepuana, BbpXy KOWUTO Ce rpagaT NPUHOCHUTE Ha AUCEPTALMOHHNA TPYA.

lpencTaBennaT ot mar uMHX. BepaT YiikaHu AucepTauMoHeH TPYA € CbC CTPYKTypa W
CbAbPXAHNE Ha Hay4HO M3cnesiBaHe, ChCTosLY ce OT BbBeeHe B npobnema v 6ubnnomeTpuyeH
aHann3 Ha TEOPETUYHMS acnekT OTHOCHO npunoxeHueTto Ha Al B Web of Science, Bb3 0CHOBa Ha
KOETO ca iepuHIpaHy LenTa v (hopMyNnpaHy 3afaduTe Ha AUCepTaLMOHHIS TPYA.



BbB BTOpa rnaga, o3arnaseHxa ,bubnmomeTpuyeH aHanms Ha ocHoBaHo Ha Al NPOrHoanpaxe Ha
pesynTati BbB BUCLUETO 0bpasoBaHue” aBTopbT Macneasa 1431 nybnukysaHu AOKyMeHTa ¢ 0610
4250 asTopn 3a nepuoga 2009 - 2023 roauHa, BkniodeHn B Web of Science Core Collection
NOCPEACTBOM MHCTpyMeHTapuyma Ha VOSviewer n R-bibliometrix, kato ananuanpa roguwHoto
NPOM3BOACTBO, Hal-NOAXOASLIMTE aBTOPW, 0BPa30BaTENHI MHCTUTYLMM, AbPXKABH, TEMM 1 KITKYOBM
TepMiHW. PesynTatute OT uM3CnefBaHETO MOKA3BAT PA3KO HapacTBaHe Ha nyénukysaHuTe
uacnensanus ot 2020 rogvHa v TeHAeHUMS 3a MHTerpupare Ha Al B 0bpasoBaTenHus npouec.

B Tpera rnasa ,MporHosupaHe oTnagaHeTo Ha cTyaeHTV: Moaxod ¢ MOrvcTYHa perpecus’
aBTOP®LT W3CneaBa AaHHW, u3BneyeHn 3a 6 akafemnyHu roguHu ot [IbpxaseH yHUBEpCUTET —
Kocoso 1 Bkniousa 4697 3anvca. MabpaHata 3a asTopa MeToauKa ce CbCToM OT 2 eTana — cbbupaHe
v npeaBapuTenta obpaboTka 1 NpunaraHe Ha NOr1CTYHa PETPECKS 3a NPOTHO3MPaHE U Cb3aaBaHe
Ha MOZen 3a npeasykaaHe oTnaAaHe Wnu yCnewHo 3aBbplusaHe Ha 0byveHneTo. MpennoxeHnsT
OT aBTOpa MoZen e 00y4eH 1 TecTBaH 1 nokaasa TOYHOCT 0T 90 %, KOETO 03Ha4YaBa Ye € AOCTATHYHO
HafeXaeH 1 edeKTUBEH.

HetBbpTa rnasa ,MporHosnpaHe Ha 3anuCBaHETO Ha CTYAEHTYU B YHUBEPCUTETA: CpaBHWTENEH
aHanu3 Ha anropuTMiTe 3a MalMHHO 0ByyeHne" nma 3a Len Aa uarpaay TOMEH M HaLeXaeH
MPOrHO3€H MOAen 4pe3 cpaBHsBaHe Ha pabotara Ha pa3nuyHu anropuTMm, 6aaupaiiki ce Ha AaHHN
OT yHuBepcuteta ,/ca bonetunn* 8 Mutposuua, Kocoso. HanpaseHoTo uacneasaHe ce chcTou ot
2 (asn - CrbmpaHe, NouNCTBaHE W KOMNUNALWMA Ha HABOPK OT AaHHW 1 CpaBHeHWe Ha Moaen.

MpeanoxeHnaT oT aBTopa Mogen e 0by4eH v TeCTBaH C [aHHM OT TPU aKaZeMUYHN roaunHu,
M3NON3BaHW Ca 4 TEXHWUKM 33 KOHTPONMMPAHO MALUMHHO OBy4YEeHME M ca CPaBHEHM TOYHOCTTA,
NPEUNU3HOCTTa M MPOM3BOANTENHOCTTA Ha 12 anroputbma. OBy4YeHUETO U TECTBAHETO HA MOAENUTE
€ peann3anpaHo ¢ nomolyta Ha coptyepa Weka.

MNera rnasa ,MMporHosupaHe ycnexa OT Kypca v paHHO WOEHTUdULMPaHE Ha M3NOXeHNTe Ha
pUCK CTYAEHTU ¢ nomolyta Ha obscHum WM npoyysa 13non3saHeTo Ha MaluMHHO 0ByyeHue U
anroputmu 3a Abnboko obyyeHne 3a MPOrHO3MpaHe MPEACTABAHETO Ha CTYAEHTUTE B OHMAiMH
yyebHara cpega. MscneasaHeTo nonasa n3yepnatenHa METOLONOMS, KOSTO BKIIOYBA n3bop Ha
Habop oT AaHHN v obLnpHaTa UM NpeBapuTentHa 06paboTka, CIOXHO pa3spaboTBaHe Ha mMoaenu,
HacTpoitka Ha xunepnapameTpy, UANOCTHA OLeHKa Ha MOAENa U MHOBATMBHO npunaraqe Ha metoga
SHAP 3a uHTepnpetauus Ha mogenu.

Wacnepsateto manonssa Habop ot gadHu Ha Open University Learning Analytics, koiTo
CbAbPXa NoapobHy 3anuen Ha 32 593 cryneHTv 3a 9-MeceyeH nepuoa Ha 0byyerue ot 2014 go
2015 1. Ot pewasawjo 3HaueHwe e hasarta Ha npeasapuTenHa obpaboTka 3a nogrotoskara Ha
Habopa OT fgaHHM 3a aHanws, BKNtOYBALL nopeauuUa OT CTbNki 3a obeauHsBaHe Ha Tabnuuu,
06paboTka Ha NMNCBALYYM CTORHOCTY, MHKEHEPHM (DYHKLMN 1 edeKTUBHO pasaensHe Ha JaHHuTe.
Mpn peanusaumaTa Ha NPOrHO3HWS MOAEN ca M3cnedsaHM 8 Pa3NUuHM MOAENN 3a MALLUHHO
0byyeHne 1 3agbnboyeHo obydenune (Random Forest Classifier, Gradient Boosting Classifier, k-
Nearest Neighbors, Multi-layer Perceptron, Custom Neural Network Architectures, Convolutional
Neural Network, Long Short-Term Memory, XGBoost), kaTo 3a aa ce nopobpaT npeackasyemure
Bb3MOXHOCTW Ha MoAenNa 3a NPOrHo3upaHe Ha ycrexa e NpunoxeH Noaxof 3a thvHa HacTpolika Ha
XunepnapameTpuTe KbM Hal-e(heKTUBHUTE MOAENW 4pe3 KopurvpaHe Ha 6pos Ha croesere,
enoxuTe n (unTpuTe.

Mpyu npoyusaHeTo e n3nonssaH metona SHAP, ofsicHMM noaxon Ha W3KYCTBEH WHTENeKT 3a



VIHTEPMPETVPaHe Ha rnobanky v NokanHm thaktopu, BIUSELM BbPXy NPOrHO3NUTE 3 NPEACTABAHETO
Ha obydaemuTe, KkoilTo nomobpsiBa pasbupaHeTo Ha BEpOSITHOCTTA 3a 0TNagaHeTo UM, HO U
MO3BOMNABa NPUNAraHETo Ha rpynoBi UNU WHAMBMAYanHM MHTEPBEHUMM Ype3 paskpuBaHe Ha
OCHOBHUTE haKTOPH, BNUSELLM BBPXY YCrexa unv nposana um.

B lecra masa, osarnaseHa ,Manon3saHe Ha 06paboTka Ha €CTECTBEH e3nK 33
OCUrypsiBaHe Ha Ka4eCTBOTO BBB BMCLIETO 00pa3oBaHWe" w3cneasa WHTErpUpaHeTo Ha
ocurypsaBaHeTo Ha kavectBo (QA) BbB BMCILETO 0BpasoBaHMe C Hanpegbka B 06macTTa Ha
M3KyCTBEHNA MHTENeKT (M) u obpaboTkata Ha ectecTseH eauk (NLP).

Mpeanoxexa e Hosa cuctema, usnonssaila o6paboTka Ha eCTECTBEH €3Nk, KOSTO Ha Basa
y4ebHu nnaHose M nporpami M3BMMYA M OLEHSBA pesynTatuTe oOT 0byyeHneTo cnpsamo
TakcoHomnATa Ha bnym, ocurypssaiiku oBpasosaTenHo ypaBHSBaHe M MOCNENOBAaTENHOCT.
Cuctemara pauvoHanusvpa npoueca Ha ocurypsiBaHe Ha KayecTBoTo, KaTo OCUTYPU ypaBHsiBaHe
Ha y4ebHuTe nnaHoBe no y4eBHW Nporpamy, HO U 0TBAPs MbTMILA 3a NO-HATATBLUHO PA3BUTIE 1
NEepcoHanuanpaxe, 3a fa OTroBOPY Ha CNeUnUIHNTE MHCTUTYLIMOHAMNHM HyXaN.

Cb3nazeHuTe MoAenM v U3NON3BaHUTE METOAM, TEXHUKW W CUCTEMA Ha eCTECTBEH e3vK 3a
nogobpsiBaHe Ka4ecTBoTO Ha 0ByyeHMe ca yCnewHo BHeapeHn B yueBHUS MpoLec Ha CTYAEHTUTE
oT GakynTeTa no KOMMIOTLPHM HaYKV U UHKEHEPCTBO Ha YHMBEPCUTETA B Mwutposuua, Kocoso. Tosa
M A3Ba MBbIHOTO OCHOBaHWE [Aa MpueMa, Ye nomnyyeHWTe pesynTaTW, NpPeacTaBeHn B
ANCEPTALMOHHMA TpyA Ca AOCTOBEPHW M Ype3 TAX MoraT Aa ce hopMynupaT HayuHuTe, Hay4Ho-
NPUNOXHUTE U NPUMOXKHMU NPUHOCH.

5. Hayu4Hu n/unu Hay4HO-NpUNoXHU NPUHOCK Ha AUCEPTALIMOHHMS TPYA

Kato HayyHu npuxocu ougHsBam:

1. Pa3pabotenn ca mopenu Ha UM 3a nporHoampaHe 3anvceaHeTo, oTNaaaHeTo n ycnexa Ha
CTYAEHTW, AONMbrBaliy pasBUTUETO B 0bMacTTa Ha aHanu3a Ha 06pa3oBaTenHn AaHHM U
AONPUHACALLM 33 TEOPETWYHOTO pasbupaHe Ha NMPOrHO3HUS aHanmW3 B KOHTEKCTa Ha
BUCLIETO 0BpasoBaHue.

2. B mogenute Ha MW e uHTerpupaH obsicHium MW, Ypes BbBEXOAHETO Ha CTOMHOCTUTE Ha
SHAP, gonpuHacaiku 3a Hay4HWs ANCKYPC 3@ ThNKYBaHETO Ha MOAENa U npo3pa4HocTTa
Ha W/ B oBpasosatennute cpeau.

lpremam HayyHO-NPUNOXHUME NPUHOCU, NPELNOKEHI OT AUCEPTAHTA, KAKTO CrieMBa:

1. TlpepnoxeH e noaxon 3a MpOrHO3WpaHe Ha OTNAfaHETO Ha CTYAEHTUTE, n3nonsealy
NOTUCTMYHA perpecist Bb3 OCHOBA Ha iemMorpadcku AaHHW, akaaeMiniHo NpeacTaBsHe 1
AaHHW 3a 3anncBaHe.

2. VacregsaHu ca TEXHUKM 33 MalWMHHO 06yyeHue 3a NporHosupaHe npvema B
YHVBEPCUTETH, Ype3 aHanuaupaHe Ha pesyntatute OT NPUEMHWUTE M3NUTM, MaTypute 1
OLiEHKNTE OT CpefHOTO oBpaszosaHue.

3. TlpeanoxeH e MPOrHOCTUYEH aHanu3 3a waeHTUdULUMpaHe Ha obyyaemu B pUCK,
KOMBMHMPaIAKkK Hay4HW 3CNeaBaHNS C NPAKTYECKO NPUMOXEHNE, B NOAKPENa Ha cpeaute
3a obpa3oBaHie B peanHus CBAT W MOBULABAHE HAa MPOLEHTA Ha 3agbpkaHe Ha
CTYEHTUTE.

4. BbBeaeHa e cucTema 3a OCHTypsiBaHe Ha Ka4ecTBOTO Ha y4eBHaTa Nporpama, n3nonsgatla
0bpaboTka Ha ecTeCTBEH e31K 3a aHanu3 Ha y4ebHITe Nporpamu, N3BMMYaHe pesynratuTte



OT 0DyYeHIMeTO 1 OLieHKaTa UM C nomoLyTa Ha Bloom's TakcoHOMUS Ha rnaronuTe.
MNpuemam cnegHUTE NPUMOMKHU NPUHOCH:

1. AHanuaupaHu ca anroputmu 3a MW 3a NPOrHO3MpaHe Ha NpPeACcTaBAHETO Ha CTYAEHTUTE
BbB BUCLIETO 00pa3oBaHie, JONPUHACALYM 3@ pa3bupaHeTo Ha BL3AENCTBMETO Ha WM
BbPXY akagemnyHus ycnex.

2. [leMOHCTPUpaHO e NPaKTUYECKOTO NPUNOXEHME Ha TexHOMorMuTe 3a VI 3a nosuwaBsaHe
Ka4ecTBOTO Ha 0byueHve BbB BUCLLIETO 06Pa3oBaHKe, KoUTo MoraT Aa Gbaat MPUNOXEHMN,
3a [ia Ce U3Bnekart nonaunTe OT TEXHONOrMsTa ¢ MW,

OueHsiBaM LANOCTHO MPUHOCUTE KaTo MHOBATUBHM, HACOMEHM KbM Cb3aBaHe Ha HOBW
MPOrHOCTN4HI MOAEM NPY NpunoxeHue Ha VI n peannsaunsta M npu BHEAPABAHE TEXHONOMMNTE
Ha W BbB BuCLETO 06pasosaHve.

6. OueHka 3a cTenenTa Ha IMYHOTO y4acTHe Ha ANCEPTAHTa B NPUHOCHTE.

He noaHasam ninyHo JoKTOpaHTa, HO Basupaitki ce Ha MpeaCTaBeHNs MU AVCEpTaLMOHEH TPYA,
Cb3AaneHnTe, BHEAPEH v anpobupari Moaenu, METOAN 1 TEXHUKY U CBBP3AHUTE C TAX Hay4HH
nybnukaumm yGeauTenHo couar, Ye nonyyeHuTe pesynTaTv ca MIKMIONMTENHO AENo Ha Bepar
Tedouk YitkaH1 1 ca NOCTUrHATV NOA PLKOBOACTBOTO HA HayYHUTE My PHKOBOAUTENM.

7. MpeueHka Ha nybnuKayuuTe nO AUCEPTALMOHHMS Tpya: 6poM, xapaktep Ha
W3AaHnATa, B KOMTO ca oTneyatanu. OTpaxeHue B HaykaTa - U3NON3BaHe W LMTUPaHe OT Apyrv
aBTopw, B Apyrv naboparopuu, CTpaxu v np.

[peactasenm ca 7 nybnukaumn, cBbP3aHM C M3CNEABaHNATA OT [UCEPTALMOHHMS Tpya, OT
KOWTO 1 CAaMOCTOATENHa ENEKTPOHHA KHUra, B B CbaBTOPCTBO KaTo AVCcepTaHTa e Mbpeu aBTop BbB
BCUYKW, OT KOUTO 5 C HayuHUTe PLKOBOAUTENM Ha [OKTOpaHTa. CTaTuUTe Ca AOKNadsaku Ha
MEXAYHapPOLAHN Hay4HM KoHdepeHumn B nepuoaa 2020 — 2023 r., kaTo neT oT Tax ca WHOEKCUpaHH
B SCOPUS. CamocrostenHata enekTpoHHa KHura e nybnukysaHa B Research gate. Kbm
HacToOALMA MOMEHT ce OTKpueaT 16 UMTUpaHMsA, KOETO € aTecTaT 3a 3HAYMMOCTTa Ha
WU3CneaBaHNATa Ha JOKTOpaHTa.

[peacTaBennTe cTaTM HAAXBLPIAT MUHUMANHUTE U3UCKBAHWS nybnukauum 3a OHC ,nokrop*
CbInacHo 3aKoHa 3a passuTie Ha akaJeMu4HNA CbeTas B Penybnika Bbnrapusi v MpasunHuka 3a
ycnoeusiTa 1 peaa 3a npuaobuBaHe Ha HayuHy CTenenn B TexHUYeckn yHusepcutet — Cotust B
obnact 5. TexHu4eck Hayki, npOdeCHOHaNHO Hanpasnexue 5.3. KoMyHWKaLMOHHa 1 KOMMKOTbPHA
TEXHWKa.

8. U3nonssaHe Ha pesyntaTuTe OT AWCePTaUMOHHWA TPYA B HayyHaTa u couuanHara
NpakTvka. Hanuime Ha MOCTUHAT Npsk WKOHOMUYECKM ecbekT 1 mp. [lOKYMEHTM, Ha KOWTO ce
0CHOBaBa TBbP/AEHMETO.

Mar. urx. Bepar YiikaHy e yuacTHuK B 5 npoexTa, ot KouTo 4 €BPONEMCKM 1 € NMPOEKT MEHMIKBLP
Ha MPOEKT 3a OHnaitH kypc no Kubepxuruena B yHuBepcuteta 8 Mutposuua, Kocoso.

3a nepuopa 2020-2023 roanHa JOKTOPaHTLT e y4acTean B 18 pa3nuuHi MexayHapoaHN Hay4Hu
dopymm B 9 cTpaHm, Kato B Hakou € BKUn v rocT NEKTOop.

Cb3naneHute Mofieni 3a NporHosupaHe 3anucBaHeTo, yCnexa 1 oTNaaaHeTo Ha CTYAEHTU W



M3NON3BaHNTE METOAM, TEXHUKA W CUCTEMA Ha ECTECTBEH e3WK 3a NofobpsBaHe KayecTBOTO Ha
0By4eHue ca ycnelHo BHeApeHi B y4ebHIA NPOLEC Ha CTYAEHTUTE oT DaKynTeTa no KOMMHTLPHHU
Hayku 1 MHXeHepcTBO Ha YHuBepcuTeTa B MuTposuua, Kocoso.

9. OueHka Ha CHLOTBETCTBMETO Ha aBTopediepaTa C UIMCKBAHMATA 3@ UTOTBAHETO My,
KaKTO ¥ Ha afeKBaTHOCTTa HAa OTpa3siBaHe HAa OCHOBHUTE MOMOXEHWA M NMPUHOCUTE Ha
ANCepTaLMOHHMA TpyA.

B aBTopedreparta ca BKMIOYeHM LENTa W 3a4auuTe Ha ANCEPTALMOHHWA Tpyd, MeToguTe,
TEXHUKATE WM MOLEenuTe 3a NPOrHo3MpaHe 3anicBaHETo, YCrexa W OTNagaHeTo M KaYecTBOTO Ha
06yueHue ¢ nomowyta Ha Al v cnuchk Ha NyBn1kauuMTe, 0TpassiBaLM NPOBEAEHUTE M3CTENBaHNS,
B cuHTE3MpaH BMA ca NPEeACTaBEHU CHLIECTBEHM YacTi OT ChObPKAHMETO HA [MABMTE, KaTo €
3anasexa opurMHanHara Homepauus Ha Tabnuuute 1 durypute OT gUcepTaLMOHHNS TPYA.

MpeAcTasaHeTo Ha pesynTatuTe B TaBNUYeEH W rpaduyeH BUA ynecHsBaT Bb3NPUEMAHETO W
Cb3A3BaT ONTMManHa npeAcTaBa 3a MOCTUTHATOTO OT aBTOpa npu pa3paboTBaHe Ha
AUCEPTALMOHHNS TPy,

10. MHeHwus, npenopbKK 1 Genexku.

AINCepTauUMOHHNAT TpyA e M3TrOTBEH MPELM3HO W B CTPOIHA NMOrMYEcka MOCHeaoBaTenHoCT.
MNpaBu Bneyarnenme MHHOPMUPAHOCTTa HA AaBTOPA OTHOCHO Hali-HOBMTE 1 MHOBATUBHI TEXHONOMMU
B 00M1acTTa, KOMTO Ca NPUNOXeH Npu pa3paboTaaHe Ha ACepTaLMOHHNS TPYA.

Cuntam ye [OKTOpaHTLT MOXe Aa NPOALMKM YCrewWwHo pabotata Cu Mo TemaTvkara, Kato
pasLWpK 1 AONMBIHU U3CNeaBaHUATA CH.

11. 3aknoueHne ¢ ACHa NONOXMTENHA UMK oTpuuaTenHa oueHKa Ha AUCepPTauUOHHWA
TpyA.

OuersBaM NONOXMTENHO ANCEPTALMOHHIS TPy ,ANrOPUTMM W TEXHONOTMN 3a M3KYCTBEH
WHTENEKT 3a NPOrHo3upaHe eheKTMBHOCTTa BLB BUCLIETO 06pa3oBaHue” ¢ aBTop Mar. MHX.
Bepat Tedonk Yiikanu v cuntam, Ye e U3roTBEH NPELM3HO U Ha BUCOKO NPOECUOHANHO HUBO, KaTo
HaY4YHUTE, HaYYHO-NPUNOXHWTE W NPUIOXKHU NPUHOCK Ca 3HAYUMM U CLOTBETCTBAT Ha U3UCKBAHMATA
3a npunobveaHe Ha Hay4Ho-0Gpa3osarenHara cTeneH ,JOKTOP* ChrMacHo 3akoHa 3a pa3BuTVe Ha
akaaemn4Hms cbetas B Penybnvka Bbnrapus, MpasunHuka 3a npunoxeHneTo my v MpasunHuka 3a
ycnosuaTa 11 peaa 3a npuaobuBaHe Ha HayyHy CTeneHn B TeXHUYECKM yHBepeuTeT — Codus.

Npeanaram Ha ysaxaemoto HaydyHo Xypu 4a mpuckau oBpasoBaTenHa M HayyHa CTeneH
nAOKTOP™ Ha Mar. nHx. bepar Tedmk Yitkaun B obnact 5. TeXHUHeckn Hayku, NpotecHoHanHo
HanpasneHne 5.3. KomyHukalMoHHa 1 KOMMIOTbPHA TexXHWKa, [IOKTOPCKA nporpama
ABTOMaTU3NPaHK cUCTEMU 3a 06paboTka Ha MHGOPMALS 1 YripaBeHHe.

Dara: 25.04.2024 r. PELEH3EHT:

(nou. a-p wHx. V. AHactacosa)
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Compliance of the procedure with the legal provisions and regulations.

The procedure for the defense of the PhD thesis of MSc. Eng. Berat Tefik Ujkani on the topic
"Artificial Intelligence Algorithms and Technologies for Performance Prediction in Higher Education"
for the acquisition of an educational and scientific degree "doctor" in the higher education field 5.
Technical Sciences, Professional field 5.3. Communication and Computer Technology, Doctoral
Program: Automated systems for information processing and management, was initiated by order
0X-5.3-13 of 19.03.2024 of the Rector of the Technical University (TU) - Sofia. | have been provided
with a complete set of materials related to the dissertation, according to Art. 26 (1) of the Regulations
on the Terms and Conditions for Acquiring Scientific Degrees at TU-Sofia.

Berat Ujkani graduated in Informatics, Bachelor's degree at the University of Pristina, Kosovo,
in 2012 and acquired a Master's degree in Software Engineering and Telecommunications at the
University of Sheffield, Great Britain, in 2015. He was a part-time doctoral student (paid) at the
Department of Programming and Computer Technologies, Computer Systems and Technologies
Faculty, TU-Sofia.

1. Relevance of the topic discussed in the thesis paper in scientific and scientific-applied
terms. Degree and levels of relevance of the topic and specific tasks developed in the
dissertation.

The dissertation examines a development trend in higher education that is especially relevant
after the past crises, namely the potential for the application of artificial intelligence in digital and
distance learning.

The focus is on the pressing needs facing higher education today, which are primarily related to
increasing the student engagement, optimizing the enrollment processes, reducing the dropout rates,
and ensuring the quality amid the global shift to online and blended learning environments.

Using machine learning and advanced deep learning algorithms, the thesis uses accurate and
understandable predictions, ensuring their transparent application. The inclusion of a quality
assurance system based on natural language processing further highlights its applied importance,
demonstrating the potential of Al to improve education administration.



2. Degree of knowledge of the topic and creative interpretation of the reference material.

In his dissertation, the author has referenced 174 sources, all in English.

A comprehensive study has been done in chapter | titled “Overview of Artificial Intelligence and
its Application in Higher Education” where the author examines the basics, evolution and types of
artificial intelligence. The basic concepts of machine learning, the possible applications of Al in higher
education for data mining and analysis, and natural language processing for improving the quality of
learning are also presented, and the ethical norms in their application are also discussed.

The research presented demonstrates the in-depth knowledge of the PhD student in the
research area.

3. Correspondence of the chosen research methodology with the set objective and tasks
of the thesis paper.

The main goal of the presented dissertation is to apply the capabilities of Al in the field of higher
education, focusing on the predictive capabilities of machine learning (ML) and deep learning (DL)
algorithms.

To fulfil the set goal, the author has formulated 6 main tasks, which analyze and propose
methods for the application of Al in:

Creation of a model for predicting student dropout;

Development of predictive models for the enroliment of new students;

|dentification and analysis of students at risk of dropping out;

Use of a new XAl method with the aim of transparency of Al models and identification of
success factors for students;

Development of a system based on natural language to improve the quality of training;
Survey and bibliometric analysis of the existing literature in Web of Science on the
theoretical aspect of Al application in higher education.

S
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| believe that the chosen methodology of research and implementation fully correspond to the
aim of the thesis paper.

4. A brief analytical description of the nature and assessment of the credibility of the

material on which the contributions of the dissertation are based.

The dissertation presented by Eng. Berat Ujkani, has the structure and content of a scientific
study, consisting of an introduction to the problem and a bibliometric analysis of the theoretical aspect
regarding the Al application in the Web of Science, on the basis of which the purpose and the tasks
of dissertation work are defined.

In the second chapter, entitied "A Bibliometric Analysis of Al-based Performance Prediction of
Results in Higher Education", the author examines 1431 published documents with a total of 4250
authors for the period 2009 - 2023 included in the Web of Science Core Collection using the
VOSviewer and R-bibliometrix toolkit, analyzing annual production, most relevant authors,
educational institutions, countries, topics and key terms. The research results show a sharp increase
in published research as of 2020 and a trend towards integrating Al into the educational process.



In the third chapter, "Predicting Student Dropout: A Logistic Regression Approach", the author
examines data extracted over 6 academic years from the State University - Kosovo and includes
4,697 records. The methodology chosen by the author consists of 2 stages - collection and pre-
processing and application of logistic regression for forecasting and creation of a model for predicting
dropout or successful completion of training. The model proposed by the author has been trained
and tested and shows an accuracy of 90%, which means that it is sufficiently reliable and effective.

The fourth chapter "Predicting Student Enroliment in the University: A Comparative Analysis of
Machine Learning Algorithms" aims to build an accurate and reliable forecasting model by comparing
the performance of different algorithms, based on data from Isa Boletini University in Mitrovica,
Kosovo. The research done consists of 2 phases, (i) dataset collection, cleaning and compilation
and (ii) model comparison.

The model proposed by the author has been trained and tested with data from three academic
years, four supervised machine learning techniques are used, and the accuracy, precision, and
performance of twelve algorithms are compared. The training and testing of the models were
implemented using the Weka software.

Chapter Five, “Course Success Predicting and Early Identification of At-Risk Students Using
Explainable Al,” explores the use of machine learmning and deep leamning algorithms to predict student
performance in online learning environments. The study employs a comprehensive methodology that
includes data set selection and extensive pre-processing, sophisticated model development,
hyperparameter tuning, comprehensive model evaluation, and innovative application of the SHAP
method for model interpretation.

The research uses the Open University Learning Analytics dataset, which contains detailed
records of 32,593 students over a 9-month study period from 2014 to 2015. The pre-processing
phase for the preparation of the dataset for analysis, including a series of steps to join tables, handle
missing values, engineer functions, and efficiently partition data, is crucial. In the implementation of
the predictive model, 8 different models for machine learning and deep learning have been studied
(Random Forest Classifier, Gradient Boosting Classifier, k-Nearest Neighbors, Multi-layer
Perceptron, Custom Neural Network Architectures, Convolutional Neural Network, Long Short-Term
Memory, XGBoost). To improve the model's predictive capabilities for predicting success, a
hyperparameter fine-tuning approach was applied to the best-performing models by adjusting the
number of layers, epochs, and filters.

The SHAP method is used in the study - an explanatory artificial intelligence approach to interpret
global and local factors influencing student performance predictions, which improves understanding
of the likelihood of dropping out, but also enables the implementation of a group or individual
interventions by uncovering the underlying factors affecting their success or failure.

The models created and the natural language methods, techniques and system used to improve
the quality of learning have been successfully implemented in the learning process of the students
at the Faculty of Computer Science and Engineering in the University of Mitrovica, Kosovo. This
gives me full reason to assume that the obtained results presented in the dissertation work are
reliable and based on them, the scientific, scientific-applied and applied contributions can be
formulated.



5. Scientific and/or scientific-applied contributions of the thesis paper
As scientific contributions, | appreciate:

1. The development of Al models for predicting student enrollment, dropout, and success, which
complements developments in the field of educational data analytics and contributes to the
theoretical understanding of predictive analytics in the context of higher education.

2. The integration of explainable Al into Al models through the introduction of SHAP values,
which contributes to the scientific discourse on model interpretation and transparency of Al in
educational settings.

I accept the scientific and applied contributions proposed by the dissertation student as follows:

1. An approach is proposed to predict student dropout using logistic regression based on
demographics, academic performance, and enrollment data.

2. Machine learning techniques have been explored for predicting university admissions by
analyzing the results of entrance exams, matriculation exams and high school grades.

3. Prognostic analysis is proposed to identify at-risk learners, combining research with practical
application, to support real-world learning environments and increase student retention rates.

4. A curriculum quality assurance system has been introduced using natural language
processing to analyze syllabi, extract learning outcomes and assess them using Bloom's taxonomy
of verbs.

I accept the following applied contributions:

1. Al algorithms for predicting student performance in higher education are analyzed,
contributing to the understanding of the impact of Al on academic success.

2. The practical application of Al technologies to enhance the quality of higher education learning
that can be applied to reap the benefits of Al technology is demonstrated.

Overall, | assess the contributions as innovative, aimed at the creation of new prognostic models
in the application of Al and their use in the implementation of Al technologies in higher education.

6. Evaluation of the degree of personal participation of the PhD student in the
contributions.

| do not know the PhD student personally, but the presented dissertation, the elaborated,
implemented and tested models, methods and techniques and related scientific publications strongly
indicate that the results obtained are the exclusive work of Berat Tefik Uykani and have been
achieved under the guidance of his scientific supervisors.

7. Evaluation of the publications related to the thesis paper: number, nature of the
journals in which they were published. Reflection in science - use and citation by other authors,
in other laboratories, countries, etc.

Seven publications related to the research from the dissertation, of which 1 is an independent e-
book, 6 are co-authorship (with the dissertation student being the first author in all of them), and five
of them include the PhD student's supervisors. The articles were reported at international scientific
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conferences in the period 2020 - 2023, five of which were indexed in SCOPUS. The self-published
e-book was published in Research gate. Currently, 16 citations are found, which certifies the
significance of the doctoral student's research.

The presented papers exceed the minimum publication requirements for the educational and
scientific degree “doctor” according to the Law on the Development of the Academic Staff in the
Republic of Bulgaria and the Regulations on the Terms and Procedures for Acquiring Scientific
Degrees at the Technical University - Sofia in the higher educational field 5. Technical Sciences,
professional field 5.3. Communication and Computer Technology.

8. Use of the results of the thesis paper in scientific and social practice. Existence of

achieved direct economic effect, etc. Documents on which the statement is based.

Mag. Eng. Berat Ujkani is a participant in five projects, four of them are European and he is the
project manager of a project for an online Cyber Hygiene course at the University of Mitrovica,
Kosovo.

During the period 2020-2023, the doctoral student participated in 18 different international
scientific fora in 9 countries, in some of them he was also a guest lecturer.

The created models for predicting student enrollment, academic scores and dropout and the used
natural language methods, techniques and system to improve the quality of learning have been
successfully implemented in the learning process of the students at the Faculty of Computer Science
and Engineering in the University of Mitrovica, Kosovo.

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

The abstract includes the aim and tasks of the dissertation, methods, techniques, and models
for predicting enroliment, academic scores and dropout, and quality of Al-assisted learning, and a
list of publications reflecting the research conducted. Essential parts of the content of the chapters
are presented in a synthesized form, while the original numbering of the tables and figures from the
dissertation work has been preserved.

The presentation of the results in tabular and graphic form facilitates perception and create an
optimal idea of the author's achievements during the elaboration of the dissertation.

10. Opinions, recommendations and notes.

The dissertation is prepared precisely and in a neat logical sequence. The awareness of the
author regarding the latest and innovative technologies in the field, applied in the development of the
dissertation work, is impressive.

| believe that the doctoral student can successfully continue his work on the subject by
expanding and supplementing his research.

11. Conclusion with a clear positive or negative assessment of the dissertation.

| positively assess the thesis paper " Artificial Intelligence Algorithms and Technologies for

"



Performance Prediction in Higher Education " with author MSc. Eng. Berat Tefik Ujkani and |
believe that it was prepared precisely and at a high professional level, with the scientific, scientific-
applied and applied contributions being significant and corresponding to the requirements for
obtaining the educational and scientific degree "doctor" according to the Law on the Development of
Academic Staff in the Republic of Bulgaria, the Regulations for its application and the Regulations
for the Terms and Procedures for Acquiring Scientific Degrees at the Technical University - Sofia.

I propose to the respected Scientific Jury to award the educational and scientific degree "Doctor"
to M.Sc. Eng. Berat Tefik Ujkani in the higher educational field 5. Technical Sciences, Professional
field 5.3. Communication and Computer Engineering, Doctoral Program: Automated Information
Processing and Management Systems.

25.04.2024 REVIEWER:
(Assoc.Prof. Eng. Yordanka Anastasova, PhD)
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