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pxy Al4cepraqnoHeH TpyA aa npngo6raare xa o6paroaarenHa HayqHa crenen ,,porrop,,
npoQecnouanHo HanpaBreH e 5.3. KollyxlxaqroHHa r koMnrcrbpHa rexHhKa

A0KropcKa nporpaua AsrouarH3xpaHlr chcreMu sa o6pa6orxa xa rax$opnilaqnn x ynpaBneHxe

Aerop ua A ceprallr4oHHl4fl TpyA: Mar. urx. Eepar Te$ux yrixaxr,r

Tena Ha 4rcepraqroHH q rpyg: ArfoPl4TMt4 t4 TExHoIlor[[ 3A t43KycrBEH 14HTEflEKT 3A
NPOTHO314 PAH E EOEKTl4BHOCTTA BTB BHClX ETO OEPA3OBAH 14E

Peqeusenr: Aoq. A-p tHx. lzlop4aura Harapenoea AHacracoaa

Ctoteetcts e Ha

AOKyMeHTlt.

flpoqegypara sa 3au{hra Ha AncepraqiloHHr4fl rpyA Ha MaT. [Hx. Eepar TeQr,lr yltKaHr Ha rerra
"Arropnrrur rexHonor[r 3a 3KycrBeH IHTeneKT 3a nporHo3rpaHe e$errranocrra BbB Br4cuero
o6pasoeauue" sa npnpo6raare ua o6pasoaarenHa I HayqHa creneH ,,AoKrop" g o6nacr Ha B[cuJe
o6paroaanre 5. Texsrqecxn r.rayru, npoQecroHanHo HanpaBneure 5.3. KouyrrraquoHxa r
KoMnprbpHa rexH[Ka, Hay'{Ha cneq[anHocr Aaro[4ar[3vpaHvt cl4creM ra o6pa6orxa Ha
nn$opnaaqrn r ynpaBneHhe, e nHrq[rlpaHa c]c sanoBeA ox-5.3-13 or 1g.03.2024 r. Ha T-H

Penopa ua TY-co$r,rn. llpegocraaeu MI e nbneH KoMnneffi Marepranr, cBbp3aH!4 c
A[CepraqhoHHr4ff rpyA, cbrnacHo vn. 26 (1) or flpaarnrrxa 3a ycnoB[nra I peAa 3a nprgo6naaHe
Ha HayqHh creneH[ a TY-Co$ran.

Separ YfixaHr,t e 3aBbprurlfl cneq anHocr tzlu$oprvrailaxa, oKC ,,Eaxanaaup" a yHneepcurera a
rp. flpnu|,rua, Kocoao npes 2012r. n cneq anHocr coQryepHo r4HxeHepcrBo n reneKoMyHxKaq h,
oKC,,Marrcrup" a YHr,laepcrrera a lJJe$ranA, Benuro6prraHrn nper 2015 r. Er,ln e 3aAoqeH

AoKropaHr (cpeqy sannaulaHe) s raregpa llporpar,lnpane I KoMnoftpHil rexHonoT[r4, oKCT, ry-
Co$rn.

1. Axryannocr xa paapa6oreaHx, B AxcepraquoHHr,tr rpy4 npo6nen B HayyHo x
HayqHo-npunoxHo orHoueHHe. crenex u HuBa Ha aKTyanHocrra Ha npo6neua x (oHrperHhre
aagavu, paapa6oreHx B AHcepraquRTa.

fircepraqr,loHnrn rpyA pa3rne]qa oco6euo aKryanHo cneA orM Hanrre Kp[3[ HanpaBreHre
3a pa3Br4r[e BbB Br4CUerO O6pasoaaHre, a rMeHHo noreHquana 3a npnnoxeHflero Ha h36ycrBeHhn
I4HTeneffi np[ A]4irranHoTo 14 flt4craHq oHHo o6yvenr,le.

ooxyctr e nocraBeH Brpxy Hanexau.{fiTe HyMr4, npeA Kor4To ce n3npaBn BucuJero
o6pasoeaune AHec, Kot4To ocHoBHo ca noB[uaBaHe aHrax,4paHocrra Ha cryAeHT Te,
0nr[Mr43 paHe Ha npoqechre Ha 3anr4cBaHe, HaManRBaHe Ha npoqeHTa Ha ornaAaHe h
ocilrypflBaHe Ha Ka'lecrBo Ha QoHa xa rno6anuara npoNtnHa rula osnais 14 cMeceHa yve6Ha cpeAa.

l4snonseaxxh Mau HHo o6yveHlre h ycbBbpueHcrBaH[ anropr4TMr4 ea grn6oro o6yveuue,
AICepraqh0HHhnr rpyA t43n0n3BaHe Ha roqH14 u pas6r,1paervu,l npotHo3t/, ocnrypnaaIrr npo3paqHoro

npoqeAypara crc 3aroHoBt4re parnopeg6r4 lt HopMar[BH Te
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[M npnnaraHe. BffioqaaHero Ha cucreMa 3a ocrrypqBaHe Ha KaqecrBoro, oasnpana xa o6pa60rxa
Ha ecrecrBeH e3hK, AonbnHhrenHo noAqepraBa np[no)KHoro My 3HaqeHhe, Karo AeMoHcrp[pa
noreHq[aJ]a n W sa paqroHan[3[paHe aAMIH14crpaLl[nra Ha o6pasoaarnero.

2. crenex Ha no3HaBaHe crcroflHrero xa npo6neua ,, TBopqecxa hHTepnperaq[, Ha
IlxreparypHl4fl Marepxan.

B 4racepraqrouxr4r cl4 TpyA aBToprr e peeeprpan 174 vrsroyl,lite, BcrlqK[ Ha aHrnhrlcxh eerax,
Karo npaB[ BneqarneH e qe Hag 50 % or [3lor]H[q re ca ny6nuxyeaur npe3 nocneAHrre 3 rogrnr.

Hanpaeero e h3qepnarenHo npoyqBaHe e 1 rnaga, o3aTnaBeHa ,,flperneg Ha [3KycrBeHhF
I4HTeneKr HeroBoro npunoxeHne BbB Bt4CUJerO O6pasoeaure", KrAero aBToplr pa3tneMa
ocH0BITe, eBOJIloqt4flTa fi B[A0Bere [3KycrBeH nHTeneKT. llpegcraaerir ca I ocHoBHhre KoHqenqilil
Ha MaUJhHHOTO O6y'rexre, Bb3MoxHnre np[noxeH e aa AVl s:ba B[cuero oopasoaanne sa
l43Bflr4qaHe A a{an[3 Ha AaHH r o6pa6orxara Ha ecrecrEeH esrx sa no4o6pnBaHe (a\lecrBoro Ha
o6yveur,te, Karo ca 3acetHar[ h er[qH[Te HopMr npn npr4roxeHhero M.

llpegcraaenoro npoyqBaHe noKa3Ba ea4rn6orenrre no3HaHhfl Ha AoKTopaHTa B

rscne4aauara o6nacr.

3. cuorgercrgme ra us6panara MeroA,lxa Ha h3creABaHe c nocraBeHara qen x 3aAaq[
Ha AucepraqxoHHr4fl rpyA.

OcHograra qen Ha npeAcraBeHufl A cepraqroHeH TpyA e Aa ce np!4noxar Br3MoxHocrhre Ha
ly'l4 e o6nacrra Ha B cuero o6pasoaaHre, xaro Soxyctr e nocraBeH Bbpxy Bb3MoxHocr re 3a
nporHo3fipaHe Ha anropllTMrlre 3a MauirHHo oOyveuue (ML) r,t pu6oxo o6yvenre (DL).

B rgntnnenre Ha nocraBeHara qen aBTopbr e sopnaynr,rpan 6 ocnogrr 3aEaq[, Kor4To

aHanr3r4par r npe4narar Merogt4Ktr 3a nphfloxeH e Ha Al npr:
Ctsgaeare Ha Mo4en 3a nporHo3hpaHe ornaAaHero Ha cryAeHTu;
Paopaboreane Ha nporHo3Htr MoAea 3a 3an[cBaHero Ha HoBt4 cryAeHT]l;
ly'4enrnSnqrapaue h aHarr[3 Ha pncKoBt4 3a ornaAaHe cryAeHT[;
ly':nonssaHe Ha noe XAI [4eroA c qen npo3paqHocr ua Al r,togenrre u r4eurrsraqrpaue
$arropr,t 3a ycnex Ha cryAeHr re;
Paopa6oraaue Ha crcreMa, 6asr,tpara Ha ecrecrBeH esr,tr aa nogo6pnBaHe KaqecrBoro
Ha o6ylerr,re;

flpoyveaue r 6n6nraouerpuveH aHan[3 Ha cbqecrBysau.{ara nrreparypa s Web of
Science ortoclto
o6pasoeaHne.

Teoper qHrR acfleffi 3a nphnoxeHuero xa Al sra Brlcuero

cboTBeTcTBaT Ha nocTaBeH[Te B A Cepraq flTa qen 3aAaqn

4. Kparxa aHaflun4qHa xapaKreplcn4Ka Ha ecrecrBoro x oqeHxa Ha AocroBepHocrra Ha
Marepuana, eupxy xoiro ce rpaAer npuHocrre Ha AucepraqlroHHun rpyA.

flpegcraeerrrr or Mar Hx. 6epar yr,traHr A cepraqhoHeH rpyg e cbc crpytfiypa n
cbArpxaH e Ha HayqHo 3cfleflBaHe, cbcronlr] ce or BbBeAeH[e a npo6neua r 6n6nnoraerprveu
aHafl[3 Ha reopernqHxF acneKr orHocHo nphaoxeH[ero xa Al a web of Science, Bb3 ocHoBa Ha
xoero ca 4eQrrrpaH[ qenra r Soprr,rynr,tpaur,r 3aAaq[Te Ha A[ceprallroHHr4e rpyA.

c'r[rai,r, ve re6paxara or aBTopa MeroAr4Ka Ha [3cneABaHe I peanh3aqr4e r,t uanunxo
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Bte aropa rraBa, o3arnaBexa ,,Er,t6nnorr,rerp qeH aHanrg Ha ocHoBaHo xa Al nporgosrpane ra
pe3ynrarh BIB Bilcuero oopasoaaxue" aBToplr t43cneABa '1431 ny6nraxyaanr 4oxyraeura c o614o
4250 aeropn 3a neproAa 2009 - 2023 ToArHa, BrnroqeHl,r e web of Science core collection
nocpeAcrBoM l4HcrpyMeHTapryua sa VOSviewer r,t R-bibliometrix, raro aHan[3t4pa rog4rlHoro
np013BoAcrBO, Xar,r-nopxoAnqr,,lre aBTop14, o6pasoaarenxu rHc14ryqfiil, ArpxaB , TeMn h KnloqoBn
TepMhHt4. Peaynrarrre or 3crreABaHero noKa3Bar pn3Ko HapacrBaxe Ha ny6nuxyaanrre
h3cneABaH[fl or 2020 rogr,1Ha h reHAeHqne 3a [HTerp[paHe ua Al a o6pasoearer]Hfifl npoLlec.

B rpera rnaaa ,,llporuosmpaHe ornaAaHero Ha cryAeHT[: floAxog c nor[cn4qHa perpechn,,
aBTopbr r43cIeflBa AaHHil, r43BIeqeHn sa 6 aKaAet4[r{Ht4 roAhHl4 or fiupxaaen yHnBepc[Ter -
Kocoso h eKnoqaa 4697 sannca. lzle6parara 3a aBTopa MeroA,4Ka ce cbcror4 or 2 erana - cuorpaHe
n npeABapilTenHa o6pa6orxa np[naraHe Ha not crnr]Ha perpecilg 3a np0rHo3npaHe I cb3AaBaHe
Ha MOAen 3a npeAB MaHe oTnanaHe n ycneuiHo SaBrpuJBaHe xa o6yveHrero. flpeAnoxennnr
or aBropa uopen e o6y,leu I TecrBaH noxa3Ba roqHocr or g0 %, Koero o3HaliaBa qe e AocrarrqHo
HaAeMeH n eSerrraeu.

Herarpra rnaea ,,llporxoerpaHe Ha 3an cBaHero Ha cryAeHr[ B yHnBepcflrera: cpaBH TeneH
aHa|h3 Ha anroprlrMrre 3a irauhHHo o6yletrae" [Ma 3a qen Aa il3rpaAil TOqeH r HaAeMeH
npOrHO3eH MOAen qpe3 cpaBHflBaHe Ha paOorara Ha pa3nfitrHrr aflroprrMr4, 6asr,1pailry1 ce Ha AaHH!4
0T yHhBepc rera,,ly'ca Sonerunn" a lMrrpoarqa, Kocoao. HanpaaeHoro r43cneABaHe ce cbcrorl or
2 $azn - cu6rpane, noql4crBaHe r KoMnhnaq[e na ua6opr,r or AaHH!4 n cpaaHeune Ha [4oAen .

llpe4noxeHrnr or aBTopa MoAen e o6yveu u recrBaH c AaHHu or rpfi a(aAeM[qH roA[Hr4,
h3nofl3BaHh ca 4 rexHnxr 3a KoHTponrlpaHo Maut HHo o6yveirue r ca cpaBHeH Tor.tHOCTTa,

npeq[3Hocrra I npo[3BoA[TenHocrra Ha 12 anroprrurrla. O6yveHr,rero I TecrBaHero Ha uoAen re
e peann3r4paHo c noMoulra ua co$ryepa Weka.

flera rnaaa ,,llporuosrpane ycnexa or rypca il paHHo ugenrrQrqrapaHe Ha 3noxeH,lTe Ha
pt4cK cryAeHT[ c noMoqra Ha o6RcHr,rN lzll1" npoyvea [3non3BaHero Ha MauJnHHo o6yvenr,1e r
anrop[rMt4 sa 4rn6oro ooyveHne 3a nporHo3 paHe npeAcraBnHero Ha cryAeHr[Te s oHnaiH
yve6Hara cpe6a. lzlscnegaaHero nofl3Ba 3qepnareaHa MeroAonor e, Korro BKnoqBa ns6op xa
Ha6op or gaxrr r o6urpHara [M npeABap[Teflxa o6pa6orra, cnoxHo paspa6orBaHe Ha MoAenn,
Hacrporixa Ha x[nepnapaMerpr, qflflocrHa oqeHKa Ha MoAena !4 14HoBar BHO npfinaraHe Ha MeroAa
SHAP sa [HTepnperaqilfl Ha Mo4eah.

lzlscne4aanero u3norr3Ba ua6op or AaHHI Ha open University Learning Analytics, xoraro
crArpxa no4po6ur 3an[cr4 Ha 32 593 crygeHril sa g-Mece,]eH nepiloA Ha o6yveur,re or 2014 po
2015 r. or peuaBaulo sHaqeH[e e Sasara Ha npeABap renua o6pa6orxa 3a noAroroB(ara Ha
xaoopa or flaHHr 3a aHafl 3, BKfroqBaq nopeAhqa or crbnK sa o6e4rnneaue Ha ra6nr,rqr,
o6pa6orxa Ha nhncBau.{r4 croisocrr, HxeHepH[ Qyurqrra n eQerrueHo pa3AeflflHe Ha AaHH[Te.

pr peanrsaqr,tsra Ha nporHo3Hr,4r r\4oAen ca r3cneABaH[ g paenrvHu MoAer][ 3a Mau[HHo
o6yverne r sagtn6oveuo o6yveure (Random Forest Classifier, Gradient Boosting Classifler, k-
Nearest Neighbors, Multi-layer Perceptron, Custom Neural Network Archrtectures, Convolutional
Neural Network, Long Short-Term Memory, XGBoost), Karo 3a Ea ce no4o6pnr npeAcKa3yeM re
B}3MoXHoCTI4 Ha MoAena 3a nporHo3upaHe Ha ycnexa e np noxeH noAxoA 3a sr.1ua uacrpoixa ta
x[nepnapaMerprre ruu uarl-e$eKT BH[Te MOAen qpe3 Kop[rilpaHe ua 6pon Ha cfloeBere,
enoxure n Qrnrpnre.

llpr npoyvaaxero e h3nor3BaH rr,reroga SHAp, o6qcH [4 noAXoA Ha 3KycrBeH HTeneKr 3a
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IHTepnper[paHe Ha rno6anHh 14 noKanH14 sanopr,l, Bnrgeq Bbpxy nporHo3r/re 3a npeAcraEffHero
ra ooyvaeuure, xoiro nogobpnaa paa6rpanero Ha BepoflrHocrra 3a ornaAaHero hr\r, Ho 14

n03B0n9Ba nphnaraHero Ha rpynoB Vntt vtHAVBttAyanH [HTepBeHq 14 r]pe3 pa3Kpl4BaHe Ha
ocHoBHhre Saxropr, Bn[req Bbpxy ycnexa rnh npoBarra M.

B uecra rnaBa, o3arnaBena ,,!43non3gane Ha o6pa6oTxa Ha ecTecTBeH e3r4K 3a
ocurypfBaHe Ha KaqecrBoro BrB Bt4CUJerO O6paaoaaHre" r43CneABa fiHrerpflpaHero Ha
ochrypFBaHero Ha KaqecrBo (QA) are B cuero o6pasoeaHre c HanpeAr(a g oonacrra Ha
r43KycrBeH e t4HTeneKT (1414) r,t o6pa6orxara Ha ecrecrBeu esux (NLp).

flpe4noxeua e HoBa cncreMa, n3non3Baula o6pa6orxa Ha ecrecrBeH es K, Kosro Ha 6asa
yve6tr nnatoae I npotpaM[ [3Br]r4rta I oqeHFBa pe3ynrarr4Te or o6yveHnero cnpnuo
TaKCoHOMt4era Ha 6nyr',r, ocnrypnaarixr o6pasoearenHo ypaBHgBaHe n nocnefloBarenHocr.
cncreuara paqhoHanfl3fipa npoqeca Ha oc[ryprBaHe Ha KaeecrBoro, Karo oc[ryp ypaBHFBaHe
ua yve6urre nnaHose no y,le6uul nporpaNfl4, HO fi OTBapF nbr qa 3a no-HararbuHo pa3BrlT e rl
nepcoHan 3[paHe, 3a fla orroBopn Ha cneqrQrvnhre Hcn4Tyq[oHaflHn Hp{q .

Cusgagenrre MoEen[ h [3nor3BaHhre NreroAr4, TexHLiKl4 rr cr4creMa Ha ecrecrBeH e3 K 3a
nogoopaeare (aqecrBoro Ha o6yvenre ca ycneulHo BHeApeHil a yve6Hrn npoqec Ha cryAeHrhre
or oal(ynrera no KoMnorbpHl4 HayK[ 14 r4HxeHepcrao na yuueepcnrera a l\Irrpoanqa, Kocoao. Toaa
Mr AaBa nrnHoTo ocHoBaH e Aa npile[4a, qe nonyqeHrre pe3ynrar[, npeAcraBeH[ B

A[CepraqroHHr4F rpyA ca AocroBepHn I qpe3 Tflx Motar 4a ce $oprvrynnpar HayqH[Te, HayqHo-
nprnoxHrTe np[noxHt4 np Hoo4.

5. Hayvxu u/unu xayvro-npt4noxHx npxHocx Ha A[cepraqxoHHxn rpyA
Raro xayuuu npuHocu oLleHFBaM:

1. Paspa6orenr ca Moflenfl na vtvl sa nporHo3hpaHe 3an[cBaHero, ornaflaHero r ycnexa Ha

cryAeHTx, AonLnBaul,4 pa3B!4r[ero s oonacrra Ha aHan 3a na o6pasoaaren Hn AaHHA t4

Aonp[Hacflu.ln 3a reoperfiqHoro paeorpate Ha nporHo3H,,tg aHan,43 B KoHTeKcra Ha

B[cuero o6pasoaanre.
2. B r,togenrre s,a w e IHTerprpaH o6scHru k1|y', vpes BbBeMaHero na crorinocl,lre xa

sHAP, gonpr'acn x ga HayqH[F Ar/qrypc 3a ftn]ryBaHero Ha r/oAena h npo3paqHocrra
ra lz'1121 a o6pasoaarenH Te cpeA[.

llprenaarra HaytHo-npunoNHume npuHocu, npeAfloxeHh or AhcepraHra, KaKro creABa:
1. llpegnoxen e noAxofl 3a nporHo3!4paHe Ha ornaAaHero Ha cryAeHTfiTe, n3non3Bau.l

norficn4qHa perpechn Bb3 ocHoBa ua Aeuorpa$cxr AaHHr4, aKaAeM[qHO npeAoraBflHe h

flaHHh 3a 3an[cBaHe.

2. l4scnegaaxn ca rexHhxr4 3a MauuHHo o6yvenre 3a npotHo3,4paHe nprleMa B

yHhBepc[reT , qpe3 aHan 3 paHe Ha pe3yflrarfiTe oT np eMH Te n3nWV, N4aTyp[Te il
oqeHK Te or cpeAHoro o6pasoaaHue.

3. llpegnoxeu e nporHocn4qeH alanv3 3a r.tgeHrll$r,t qltpaue xa obyuaeur a prcx,
xorrl6rtrpararr HayqHr4 r43cneABaHr4H C npaKT[qecKo np noxeHhe, B noAKpena Ha cpeA!4Te
sa o6pasoaaure B peanHhn cBer I noBnuaBaHe Ha npoqeHTa Ha 3agrpxaHe Ha

cryAeHTuTe.

4. BuaegeHa e c,4creMa 3a oc ryprBaHe Ha KaqecrBoro Ha yve6Hara nporpar/a, 3non3Bau.{a
o6pa6orra Ha ecrecrBeH e3[K 3a aHan 3 xa yve6xure nporpaM , r43Bn qaHe pe3ynrarhre
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or o6yqeHuero I oqeHKara [M c noi,rorJ.lra Ha Bloom's raKcoHoMr4g Ha rnaron[re.
[lprerr,tav cneflHITe npuno)KHu npuHoct4:

1. Auanr,tsrpan[ ca anroprrMr4 3a vlvi aa nporHo3fipaHe Ha npeAcraBflHero Ha cryAeHT re
BIB Br4CUJerO O6paeoeanne, Aonp[Hacnq[ ra pas6nparero ra augericrarero rc v1A
Bbpxy aKaAeM qH q ycnex.

2. fieuoricrprpaHo e npaKr[qecKoro npr4noxeHre Ha rexHonorn rc sa V1Vj 3a noBrrlJaBaHe
KaqecrBoro ta o6yveHue BbB Bt4CUerO O6paeoaaHre, Kot4To tvlorar fla 6r4ar npunoxerr,
3a Aa ce 3BneKar nonsnre or rexHonoruRra c l4lz,l.

oqeHnaala qflnocrHo npnHoc[Te Karo ,rHoBar BHr, HacoqeHh KbM c]3AaBaHe Ha HoBrj
nporHocrr4rtHr4 MoAenh np[ np noxeHhe aavtvt tr, peanmaqfinra nNt npr BHeApflBaHe rexHonotr re
Ha 1414 ers Bhcuero o6paooaauue.

6. Oqerxa 3a creneHra Ha nuqHoro yi{acr}1e Ha AxcepraHra B np Hoc!{re.
He nogHaear\4 nhqHo AoKTopaHra, Ho 6aeupar,trr ce Ha npeAcraBeHilfl r\414 Aficepraq[oHeH TpyA,

cb3AaAeHnre, BHeApeHil lr anpo6rpaHu N4oAen , [,leroAt4 14 TeXHhK!4 14 CBbp3aHhre c rFx HayL.tH14

ny6nrxaqrau ybegrrenHo coLrar, qe nonyqeHxre pe3ynraril ca !43Knoq[TenHo 4eno na Eepar
TeQnx Yfirarr, h ca nocr4THar noA pbKoBoAcrBoro Ha HayqHr4re Nry pr*oBoArren[.

7. Ilpeqexra xa ny6nuraqur4re no AlrcepraqlroHHl,tn rpyA: 6poi, xapaxrep na
x3AaH[RTa, B KO]4TO Ca OTneqaraH[. orpaxetr,le B HayKara - h3non3BaHe I Lll4TilpaHe or Apyft4
aBTopr4, B Apyrl4 na6oparopran, crpaHil il np.

flpegcraaexr,,' ca 7 ny6nrxaqu[, cBbp3aH!,r c r43cneABaHhFTa or A[cepraqiloHHr4' TpyA, or
ronro 1 canaocroflTeflHa efleKTpoHHa KH ta, 6 a craaropcreo Karo ArcepraHTa e nlpBfi aBTop BbB
BCt4' (4, OT XOrrO 5 c HayqHrTe prKoBoA[Ten[ Ha AoKrOpaHTa. crarurre ca AoKnaABaH[ Ha
MeMyHapoAHr4 HayvHr xoHQepeHqnfi B nepiloAa 2020 -2023 T., Karo ner or rflx ca [HAeKcrpaH
e scOPUS. cauocrosrenuara enexTpoHHa KHrTa e ny6nrxyeaHa e Research gate. Krrr,r
Hacroflu.I4fl MoMeHT Ce OTKphBar 16 qrrrpanr,1n, (oero e arecrar 3a 3Haq MOCrra Ha
r,|3creABaHhfl Ta Ha A0KropaHTa.

llpegcraaenrre crarfl HaAxBbpnflr MilHt,4ManH[re [3[cKBaH[F ny6nr,txaqrr,l ra oHC,,Aoxrop,'
cbrnacHo 3axoxa sa pa3Brr!4e Ha aKaAeM[qHt4R CTCTaB B penyonrxa Sunraprn n flpaerrurxa sa
ycnoBfiflTa ,1 pefla 3a nprgo6naane Ha HayqH creneH[ s TexH qecxti yHr4Bepcnrer - cosr.1n e
o6nacr 5. Texuuvecxr nayrr,t, npoeecroHanHo HanpaBneHr,te 5.3. Korr,rynrraql4oHHa I KoMnorbpHa
TexHIKa.

8. l4snonseaxe Ha pe3ynrarxre or Auceprau[oHHr.r, rpyA B HayqHara I coqnanHara
npaKrrKa. Hanuqre Ha nocr/tHar npfK l4KoHor\4[qecxr esexr r,1 np. floxyureHrfi, Ha Korro ce
0cH0BaBa TBrpAeHheTo.

[,4ar. rsx. 6epar Yrlxanr,t e yqacrHr/K B 5 npoerra, or xorro 4 eepone cxurenpoeKrMeH Axbp
Ha npoeKr sa oHna u rypc no Kra6epxrr[eHa B yH[Bepcr,trera a Mrrpoarqa, Kocoeo.

3a nepnoga 2020-2023 roflr,tHa gorropaHrlr e yqacraan e 1 g paenuvHh MeMyHapoAH HayqHn

Qopyun e 9 crpaHr,t, Karo B HrKo,l e 6un r rocr nerrop.
ctt4agerrre MoAen[ 3a nporHo3 paHe 3an[cBaHero, ycnexa I ornaAaHero Ha cryAeHl4 14
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r3non3BaH[Te [4er0At4, TexH[Kl4 ,1 Cl4CTeMa Ha ecrecrBeH e3nK 3a noAoopflBaHe KaqecrBoro Ha
o6y9eHr4e ca ycneuHo BHeApeH[ B yqe6HilF npoqec Ha cryAeHTrre or oaKynrera no (oMnrcTrpHr4
Hayxr 14 [HxeHepcreo Ha Yuraepcrrera e Mrrpoenqa, Kocoeo.

9. oqexra Ha cborBercrBuero Ha aerope$epara c u3r4c[BaHhsTa 3a u3rorBflHero My,
KAKTO 14 HA AAEKBATHOCTTA HA OTPA3RBAHE HA OCHOBHTTE NOTO)KEHUR h NPXHOCUTE HA

A14cepraqxoHHl4n rpyA.
B aerope$epara ca BKnpqeHr4 qenra fl 3aAaq[re Ha Arcepraq[oHHl/F rpyA, rreroA re,

TexHfiKrre I MoAefl[Te 3a npotHo3[paHe 3anr4cBaHero, ycnexa r ornaAaHero 14 KaqecrBoro Ha

obyveure c noMor.qra ra Al r cnncrx ua ny6nrxaqrarre, orpa3ffBaq[ npoBeAeH Te 3cneABaHhfl.
B crrresrpar BilA ca npeAcraBeH crqecrBeH qacru or crEbpxaHfiero Ha rflaBrre, Karo e
3ana3eHa ophihHanHara HoMepaq[fl ua ra6nuqrre r Qltrypr,tre or A[cepraqhoHHiln rpyg.

[ipegcraanHero Ha pe3ynrar!4Te s ra6nu,]eH r rpaQrven Bl4A ynecHnBar Bb3npfieN4aHero I
cb3AaBar onr MaflHa npeAcraBa 3a nocrfirHaroro or aBTopa npr,l paapa6oraaHe Ha

AIcepTaq140H H14fl TpyA.

'10. Mxexrn, npenoplrx u 6enexrn.
flrcepraqroHnrnr rpyA e 3rorBeH npeq[3Ho r a crponHa nor qecKa nocneAoBarenHocr.

flpasr enevarneHre nH$oprvrrpaHocrra Ha aBropa orHocHo Hah-Hogure nHoBarhBH!4 TexHonor[11
e o6nacrra, Kohro ca npfinoxeHh npr paspa6oraaHe Ha A[cepraq[oHHt4n TpyA.

c'rhra[4 qe AoKTopaHTbr Moxe Aa npoAbnx[ ycneuHo pa6orara cr no reMarflKara, Karo
pa3urr4pr4 14 AonrnHh 3cneflBaH[flTa c[.

'11. 3auro.{exre c ncHa nonox}lTenHa hrr orpxuarenHa oueHxa Ha A}rcepraquoHH}rr
rpyn.

oqeunaarr,r noroxurenHo AficepraqhoHHr4fl rpyg ,,Anropnrrr,tlr h rexHororrl14 3a 3KycrBeH
lHrereKT 3a nporHo3upaHe e$erruetocrra BrB Bl4cUerO O6paeOeaxre,,c aBTop Mai. t,tHx.
Eepar TeSrar Yfi[aHu h cri[TaM, 9e e [3rorBeH npeq[3Ho u Ha B,4co(o npoQecronanro Hr4Bo, Karo
HayqH[Te, Hay\]Ho-np noxH Te h np aoxHfi np Hoct4 ca 3Haq[N4t4 t4 C]OTBerCTBar Ha 3 CKBaHrlFTa
sa nprpo6reaHe na uayvno-o6pasoBarerrHara creneH,,AoKrop" cbffracHo 3axoHa ea pa3B,lTre Ha

aKaAeM[qH'4fl CbCTaB B Peny6nrra Sunrapun, llpaernHrxa sa npnnoxeH ero rily r llpaaunHr,lxa sa
ycnoBhrra I pefla 3a npngo6uaaHe Ha HayqH creneH s TexHhqecxfi ynr,taepcrrer _ CoQun.

flpegnarav Ha yBaxaeMoro Hayvno xypra Aa nphcbAr/ o6pasoaarenna fi HayqHa creneH
,,Aorrop" Ha Mar. Hx. Separ TeQr,rx Vixanr,l e o6nacr 5. Texsrqecxr uayrr, npoQecuoHanxo
HanpaBneH[e 5.3 Kor"rynu xaqrotua I KoMrnloT'bpHa rexH Ka, AOKTOpCKa nporpaMa
Aaronarnsupaur c[cTeM]4 oa o6pa6orxa na rHsopraaqrn I ynpaBneHfle.

PEUEH3EHT:

(Aoq.a-p r,rxx. |y'. Auacracoea)

b

fiar'a 25.04.2024 r
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of a PhD thesis for the acquisition of an educational and scientific degree 
,,doctor,'

Professional field 5.3. Communication and Computer Technology
Doctoral program: Automated lnformation processing and Management Systems
Author of the PhD thesis: MSc. Eng. Berat Tefik Ujkani
Topic of PhD thesis: ARTIFIGIAL |NTELL|GENCE ALGOR|THMS AND TECHNOLOGIES FoR
PERFORMANCE PREDICTION IN HIGHER EDUCATION

Reviewer: Assoc. Prof. Eng. Yordanka Naydenova Anastasova, phD

Compliance of the procedure with the legal provisions and regulations.

The procedure for the defense of the PhD thesis of MSc. Eng. Berat refik Ujkani on the topic
"Artificial lntelligence 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
OX-5.3-13 of 19.03.2024 of the Rector of the Technical University (TU) - Sofia. I have been provided

with a complete set of materials related to the dissertation, according to Art. 26 ( l ) of the Regulations
on the Terms and Conditions for Acquiring Scientific Degrees at TU-Sofia.

Berat Ujkani graduated in lnformatics, Bachelor's degree at the University of Pristina, Kosovo,
in2012and acquired a Master's degree in Software Engineering and Telecommunications at the
University of sheffield, Great Britain, in 2015. He was a part{ime doctoral student (paid) at the
Department of Programming and computer Technologies, computer Systems and rechnologies
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 hend 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 predictlons, 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.
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2. Degree of knowledge of the topic and creative interpretation of the reference material.
ln his dissertation, the author has referenced 174 sources, all in English.
A comprehensive study has been done in chapter I titled "Overview of Artificial lntelligence and

its Application in Higher Education" where the author examines the basics, evolution an-d types of
artificial intelligence. The basic concepts of machine learning, the possible applications of Al in higher
educatron 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 discusied.

The research presented demonslrates 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
ol the thesis paper.

The main goal of the presented dissertation is to apply the capabilities of Al in the fleld 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 enrollment of new students;
ldentification and analysis of students at risk of dropping out;
use of a new )(Al 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 kaining;
survey and bibliometric analysis of the existing literature in web of science on the
theoretical aspect of Al application in higher education.

I 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 skucture and content of a scientific
study, consisting of an introduction to the problem and a bibliomekic 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.

ln the second chapter, entitled "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
V0sviewer 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 0f2020 and a trend towards integrating Al into the educational process.
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ln 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 consrsts 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 kaining. The model proposed by the author has been trained
and tested and shows an accuracy of g0%, which means that it is sufficiently reliable and effective.

The fourth chapter "Predicting Student Enrollment in the University: A Comparative Analysis of
lilachine Learning Algorithms" aims to build an accurate and reilable forecasting model by comparing
the performance of different algorithms, based on data from lsa 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 supervlsed 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 ldentification of At-Risk Students Using
Explainable Al," explores the use of machine learning and deep learning 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 g-month study period fron 2oj4 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. ln the implementation of
the predictive model, I 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{uning 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.
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5. Scientific and/or scientific.applied contributions ofthe thesis paper

As scientific conhibutions, I appreciate:

1. The development ofAl 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. [/achine 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 atrisk 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 ofAl technology is demonstrated.

Overall, I assess the conkibutions 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.

I 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 lhe 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, ofwhich 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 seltpublished
e-book was published in Research gate. currenfly, 16 citations are found, which certifles the
significance of the doctoral student's research.

The presented papers exceed the minimum publication requirements for the educational and
sctentific degree "docto/' 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 Acqurring Scientific
Degrees at the Technical University - Sofia in the higher educational field 5. Technical Sciences,
professional fleld 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.

lvag. Eng. Berat Ujkani is a participant in five projects, fourof them are European and he isthe
project manager of a project for an online Cyber Hygiene course at the University of lVitrovica,
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 Engineerrng in the University of Mikovica, 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 ofthe
thesis paper.

The abstract includes the aim and tasks of the dissertation, methods, techniques, and models
for predicting enrollment, 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 rn a neat logical sequence. The awareness of the

author regarding the latest and innovatlve technologies in the field, applied in the development of the
dissertation work, is impressive.

lbelieve 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.

I positively assess the thesis paper " Arlificial lntelligence Algorithms and Technologies for
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Performance Prediction in Higher Education " with author MSc. Eng. Berat Teflk Ujkani and I

believe that it was prepared precisely and at a high professional level, with the scientific, scientific-
applied and applied contributions being significant and conesponding 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, Docloral Program: Automated lnformation
Processing and Management Systems.

25.04.2024 REVIEWER:

(Assoc.Prof. Eng. Yordanka Anastasova, PhD)

12


