2026 sip— (13) e G ssel] ~ddsealt Gl dlrs

ddpall 38 dlas

Ailaiyly dpddail) aglall (3850 dasls (8 yaual
22026 silg— de G )
alad) i yall
Otasda Gs lasbea 2. ASijh agana duga. 3
BYPENA| LI gy
Jsaia e aaall e, o
sl L el

dgana (e A LA Blaa o saaf ] 2e daaal dgana ..
Gobiad L3 W Lo i do jina . 2
AAl Gl
) iy aleyl. A Gy . |
dLanuy) At
T8 pajllae dana .2 Cuds daaa (S Lo dana Jaa allu. o
Lo o R ae. o asdlp) dgana duad 3 A ) 26 ibaa ]
Sl e tana. 3 celadl) daaa dablad Lo e daaal gagall. ]
Ll duabad

iyl dasa glla. o
gLay)
A Chugs Qb



I
2026 iz - (13) sde M asel) ~ddpall G130 dlas

-1 COlfpall
VI sl e ol B ) aadls DLl FS (o
Sedal) — sl gl — AludYly Lkl o lall 3160 dasls
: 155320 4=
+218914946810: sl
journal@alrefak.edu.ly
info@alrefak.edu.ly
+218913200877
+218913215532
o 1172018 glay &8,
Aab gl gl

bl — (Hlan

o

Aqg

idghunall (psleniy (pdl adang pay il Lglaal sl Ge Lad dlaall A Bjpdiall SilaY)
Al e e (6 e Alggane ol Alaally cagihls an)\S e Ay Ll

e ) oY) 038 dad il 138 (uSan Yy i e g Ay Bypdiall Gilaly)
Agadlsa



I
2026 sisi - (13) sl M ssel) ~diealt Gl dloe

daall oo

e dbadYly duiulal aglall BN dasla (o jaeal (Aelan el dudde Lyen o Abpeall G Alna
B cAsludy) slally Aulall aglall ¥ lae (8 Alual) dualall cilubally Cigadl iy iy cbd — Gl
 dilly ol dulee Aalyig oalall (gginall B2gn (pand Lingiag daanlSl ulas

OmadlSY g Cfinlll ey paiadie ale e s o cilee LeBlail diag (22018 ale dlad) crunls
Aagaiilly dsalell LLiadll ABliag cilaally calyual) Jaling cJpa) oalal) agali] s laslas Lud Jala 0
i) clalials dlall el

Wiy dalal) Cagal) Jiicdy ¢ pranmdy sy o (o cplall (8 (pane ooy Uy Chami Aaall 2
Mash J8 oalad) aaSailly Gandl) cileha dag pill L gl JlaeY) aiads & csadinal) lehalgany Leilubiad
-l )

el ujaty A jmall acine eliad Ll SFLON aal Jher oalall Candl ol ddjaall BLI Aae a3
ABlialy dad @ld Gl i Ao Gfiall) aaiig cgrapl) calall LY acs ) oaed Sllaly ¢dal i)
galal) Cilugally Gfiall) Gn (adlSY) Jualgilly caladl loadl Suiaty cdidyas

S lawsgally cpfinlill e L) DA e aled) bygan Gl auassi Ao ddaall Joans LS
Sl i i ol 3 agen L cialal) S Ll Slanadill 8 psil) maadiy clgaglag Lud J3b Al
bl i) and 3 Laysng Alaal) ASa Jens oAbl Slels

@il daall Jabe gses (A Ldlidlly LDUELY 5 ducsamgally dnalal) LY )5 Lalill (oalae daall g
Lles o gajall aa ¢ oanlSY) Sal b Lple Cajlaiall duigally LAY julaalls a3ilig ¢ ydilly aSally
sdiall alal) dacdl 53sa Glasay (paSaally Guilsall (3gis

O cdailae Bpems fialdly ehall §satiall il dal) i Las czsiball Jyeasl) b Aol acias LS
adinally dfiailly doadailly LiannlSY) Y laall L Lgie Baliay Lghalig dalall ddjeal) L)

Lealialy Abpmall il A8gisn daantlSl dmia (5% of (] Abpaall GBI dlae aed caalall @il DA G
el L) Jasyg (Llong Liadld] oyguan Sodaty claad (8 alel) Coadl jogdan 8 alea) (g cLedalag
el Slglly aaina) cilalaal

daal) 443

e Laally dsbady) aslall C¥lae 8 danadially Aal) dalell ciladpally Cipadd) i 8 53l
pinall 4a33 8 0)535 (calall Cinal) AlSa 3 Las ¢ calell lally Aaliilly Basall wlae el (385 cdimaailly
ety



I
2026 sisi - (13) sl M ssel) ~diealt Gl dloe

daal) Al
Ol (68l alall ZLiY) ae g dibally diva)l dpalell ddpadl)l jis ) Adpaall BLE dlae as
SV dalill ey el Canll jashai (3 aleaily colilly agiall calall Jlsal) moniiy canlSYly
Healas L daly dfad) Gl gally cilealadl o
Al Cilaal
fel) Adpmall 3l dlae Cangs
Alad) alaal claae b 5Sialy Abal) dalall ciluhally Gigadll i e
cailiaaty adinall Llond Aalles 8 pgadt ) Apalel) Abjeall i 2l A alga) o
sl byl iy dneayl) dualad) Cagadl cha) o againdiiy GuanlSYly (fialdl aen o
A dly Donalad) Talug¥) & Linea ) Laanl€Y) Cilajlaally oalall Gindl 3l G505 @
Alsall alaia) clae 3 deacadio duale Lo s2cl8 kil cliy b olgull o
a8y sl Gy by JSE) Jalsy jleall ale yie s
Lo el dfinally & sanlSY) cilasagally cilaalally sl g alall Oslailly Joaalgill 553 o
AESES)
s Lgale Colaiall BaanalSYT uladl (35 03y alel) Z LY Bagn (s5ie pd) B algn) @
add) e
Lyt e aly cdalal) daaa¥ls dpaadl aei il dlea) dnalell Cluylly Cigail) ddjeall (3 Alna in
2yl ey cilaall Glat e g ) Vsl B ellyg oAl S dea o dlaa (o B il Lganis
Agelaally dnlady) aslall o
Aipdail) aglall e
Laalal) bl Ladll Jlae1 2330 o) Ao cdouladyly dal) cpillly cluhally Ggall dlaall Jiiads
L&Y s Gl b sadiaall dungially

Sallly akadl) L
Aaalal)

ot o OB Ao 0l cpaSaa o ¢ il Aia Ul e () panidl) iliin) ey ans (S ayaly
crall Sl ol 3y el Jlae 8 Laalal) 5ol 8a) sl (4o ¢ abliaidy)
gt (e BV juleall (e degana (335 Cigand) anit Suig

oalal) aally ALY e

cadlaaly Ciad) USde Fgung @



I EEEEEEEEEEE———
2026 iz — (13) e M ssel) ~ddseell 51,0 Llns

Coalal) Lagidl A e

o) Asdlieg Jdall 48y o

abaly Gagl Al e

P Caall 88 paal) ALYy dnalall Aail) o

calall Cgluly Aalll Al

Lol ally Gl claal RN e
Ol bl 3y Lelalial g copaSaall i egum A il oli Sleall Lajl et A 22w
o ydall ) slaie) i dialll e e
DYy Aabilly sball (sabiasy ¢ fialally (paSaall cilibug aatl) dodes djuw o Laliall Aaall il
Jalal)
cyoat da o) Adpeall L lae 5l dgay (o Bygpualls dlaall 8 5piiall cilubally Cugadl i Vs
Aalell agidghnes llaal ol e ien Lails
Sadlly Ggaall Jhdinl 1o lga
gt il (e 3ag Clabally Ciganl) A8 jaall ) dlae Jeiind

cstis e 8 23l Jaang (ol 15 () il 15 (e Gisad) Jliiad: (AGY) Byl

omeend g (8 a3l Jaiang ¢ i 15 A saig 15 e Cagadll Juial: 40l Bgall e
ol ddadg Alaal Ao Wy ciaraal)l il myla dadiall Cagadll 8 il 3ay jopanl) dha Ladias,
L Badiaall
ralnl pill (580 dsala dlaa (B L) desbig Cpilgall o))
5t A BSially Ala¥) Lalel) cilaahally Eipadl 5ds ) alad) dill (3B drals ddaa 2
Aladl alaia) eV laa b alad) Gl yghaig Abjaal el b agediy cBacinall Rumgially daanlSY) yuladl)
aadia ale paSat ol Aid G gl pand ) sl Lesiall salall JleeY) aaes aiadiy
Al G sadinall julaally o)) 38y cpalaia¥ s 8pall (593 (o (aSae Ji (e SRy
e (b ABally dnalall ALYl ¢ oSV jilly calall Caaddl Bl agllac] aads vie sdlsall 3l
3 D 5l Dagn ol Belad ey (557 () o La¥lg (Al LSLl (Bgia il qeilially byl
g ) cige 5l 33 @Y e e Ly
Gondl A et Al AU AUSAg Aygrllly Aoy padl) cdlganl) sha) (8 Lghny ot A Jaiiaig
o) gl 3o LS L atlalinind o 4silis juss ol alall disanians DAY (50 cdlaall julas aa 48l
A5 (saag arSailly pandl) il ) 15kl cdady o) aliaes calla o i) Jad olis Gaalial ) 3la)
bl Lgaldaig sl Al pe



-
2026 iz — (13) wde GO dunl) —ddmalt i) 4laa

Cplgall cilaldy) <Yl
Gyl e .1
dal) (a
2elgills oBAN e chaialyy daskes daale il Uigi€a 05 of (e cdoplaty) ol dpal) 3RU0 Ciadd) J&
il AR e Calatiall eV gl g AdlaY s Lsalll
Gal) Gl (b
cladiall Gialsag ¢l selis chanag bdll gt Jadi Loy claal) o dinal) Gautll - 3gais Calsall o3k
bl 3adally JSEYy Jghaad) e Ak ¢opagliall Cibigiusag cctilaiuall i g
JAlie z3saill IS e canll Algal) Al M) vie Alaall sainall zigall Hasial Cilgall e (et
Gadll Y dadall (C
tdady cdinll Ll cllal A daiall e o s
slsine e Dinag Blyg Baly 6% of o el Glsic o
colgall ) Calgall JalSD) o)

cilge I psnszall cLa) o
Oyl e Joguall Calgall 3 pSIYN 2l o
Al Gl (adlally dujell Aalll (adldll e

Aal260 il S S sae jlan VT e

kS G e 05 Yy Gl Gaad e Ji YT e cdujalaiyls dupall el Labiaal LS o

Gl J<a .o (d
e (ol Ol ¢lpaadis Luhal) daul ae ol La e Colaiall alell JSugl) Cand) s of Juas
seleaidy)

Aadidl e

Laaall Calaal e

ila o Gl Al] e

(bl U o dpld) claall e

) Clehals Lngial) o

eldaiy il mye o

) dsdlie o

olabnayl e

CCaag o) c@luagll e

VI



-
2026 iz — (13) wde GO dunl) —ddmalt i) 4laa

bl Al o

ang o) (@l e
paaiusall rgially anadill daylal By Ganal) lisSe i (A digsalls daal) Jagiag

JEily Jglaadl (e
Alle s daaly (5S5 Ofy candl gyumgas Brilie dlia 3 dunaiagill o gully JIKEY) Jolaall G6S o i
Lie IS lia (lgie auiag pa ¢l Al e g <335l
Bale) ol Lgia bl aie Wajaleas Glug cuiadl e (& JIKEYTs dolaall pues ) 5LEY) s LS
RPRECHN

ebally @ (f
APA Usi i) daine i alai (385 Ll 38y Cnall 8 Fariieadll walyally jobeadl) paen i o
et 8 paballs ALIS A 1) iy - (OelS Gandl 3 sl pUasy WIN) 85y pe ¢ 52105 5 MLA
sl dipe il

Gaill aaa (g
Sbad¥ls 483l slebe aa cdalal) 4inealy e gunsay ASanlal Coliall aaall 3aa A Ciadl (05 o
Y Tg Jslanlly aabyal) 46 sl (AalS 8000 cunidl ana jslaty ¥ Jualy . LSl sdall iy
Clld CDA Gl dagds (i o Lo ¢ 3l

Gaal) anali .2
laall o)l g A apdl e g ¢yl s i) A1 3ds Adadl) ) Grgad) an Sy
journal@alrefak.edu.ly

b Lo algall b
Microsoft Word. i Cils Gl Jlyl e
colal) aead Gaalal) @bl JLS) e SBl o
(Asalal) Za g ¢ Jol&l ac) Jadiig ccDladyal) (e Joganal) Cilgalls Lalall Jualgll cilily 3li)) o
~lel) alys ¢ g AT wnlly clgal] e Al dgalls
) 8 \gilalily Aaal) Uil Cand) didllae e SEY 0
el ailalgud s disanly Cinidl Glsie miag age G ek ) (Ka e
co5adinal) a€ailly Gandl) dalye gaend adady Laly ¢ yaill 4l Yo Alaall U8 e Gandl 2l 22 Yy

VII


mailto:journal@alrefak.edu.ly

I
2026 sisi - (13) sl M ssel) ~diealt Gl dloe

ad) i) L

A dalsy)) assy dad) Allal .1
28 ol Laaie 009 Wl g i) o As by (s Uia ol LIS oy Baaas aly sl andll 050 of Lajissy
i il (oAl Hai dga ol Alaa g il i aadl)
oyl ags N1 e A gsuall Jal€ (salgall ol Cilgall Jaatig

daalal) Liagial) A .2
Slehaly Sllal) pes sl G585 ol e pumsal) Aanalal Cruling maly ale geia () Gl S of
cilica g ol ailinfy aad) CalaaY AaDle deaiiieal) cullal g Jalatl)

daalal) dilay)y AlaY) .3
Lo esiasi g ¢ alaie Jalaty (3ans dcguinge el oy cdanaly dubna sl e ALl Caadll oo o i
Al iy dabal clually cilud) ) i

dalel) Lildy)g 43al) .4
slid] o Lganat of Layes of cilibul)l (3R Jlaass cililly Clilally lagleall (e (b d8alL Calsal a3l
Pl =3 (8 e Bgean fik Lo
Byl e ol Bl Bysems lgde dlaeY) & Al Jleel 5l jalias 6l e 7 Ladi) LS

el i) cildaf .5
gl Ao Joamnt) elly 6 Lo o alad) Cand) DAl ddleial) ubaally talaall aans (pilsall il
e A byl dalig elld p3tiad Gaad) daph CulS e Ao PU) Lascally LAY mjloailly
gl o clas o dnadd cilily ) upd (Sl

dalal) 48,y Jaiiy dadlsa .6
sl e Gl g Dpalall A85udly JIV) jalae e lgiad (e SSEU Ganall dadkall Cigall auads
M Gale Gig (A1 lias (e sadinsal) cilaglaally HIS8Y)y Ll mues Gis Calgall e iy
LalidY) dands egn 8 pandll 25 28 Ly (Jlai) agag o Lhals Tuls lasy 4l Ao 248 Y
cAlaall dubis 385 ¢leksh 29 a)2lians

4 Sl Aslal) (Geis .7
o Jlan of DIl of lily o lge gl alaaia AP @l Ao Joand) Alg5e Caliall Jaay
LAl galadind QIS e (Goiall Aagine yagea
Jof ie Cpilsall aa apsall G5 Alaall sadinall dubicd (3ig Lnalad) s3lall plasial Balely i) (3ga 2aas

VIII



-
2026 iz — (13) wde GO dunl) —ddmalt i) 4laa

ol aatl) .8
Aadll 8 sadina) calell aailly pandll @eln adadan Gl o dale Calgall i i) ani dyaa
Alsall adieal) Sl sa Gll3 (IS e metall ol asatl) olld 8 L
il algd laa V1 Gandll siliial of Cand) misi i Yy

il dlag Cpasaal) i .9
Alaall Ay ally Longially dalad) ulaall Gl it (5205 akailly pandll mil o Had) el
DA 05 ol gnas

odll Gadll Jod e

Oaad eha) da Cindll JoB e

cAan Balefy dapga Ol el Cilall il sale] o

Ll b, e
Alsall Baciaal) Cilulbally w35l 385 Ljle il oli Sl sl A 18 ey

il 10
lasass Al saall D Lgllaall cObaxtll ehals Calgal) a3l ccdbaxt ehalbs Ung e candl Jsd S 13
<ol Lo
claadle o Jualadll AniS miagy Ariaili ale 3 @y b vie cilaeal) A3l 335 o aan LS
- oIl dlag (paSaal)

aaléal s 11
Alad) 6 5adinall @lsaV) (385 4Ll A (il Cigad) auads
O o astll xe %30 sl aslial) dus Gslam VI Juadiy o yaal) e aplial) (e aad) Aaall Cargiad
Leadisi saag (L liany cdgaliiall (aguaill dapla o Ll cladag dpad)l) docal) o adiey ¥ Gl Jod
ool L i
dppailly dgll) dxalall. 12
Oy Lo ol (3008 (e dailly dopopailly Asall) daalyall cdalall die Al giall Gipadd) acads
coalall Z LAY Basas ool (3laly Aalll Al
cOsilsal) L) daags Y il ol daalal) bl jass ) dupatl) deahial) Cangs Vs
Caklgall dalgunal 3.
toe ALl Al ghanall (pgilsal) ol Clsall Jaay
Gl G Bylell Glibully Clagleal) daia o
cola byl il 48y
abally Gagal Al o



I EEEEEEEEEEE———
2026 iz — (13) e M ssel) ~ddseell 51,0 Llns

dally ) cllal N e
alall vie LU Cliilgal) Ao Jpanll o
lad) 8 Jaina ol 6f e zlaly) o
oSall ASL g SN e
olal) Sl Bl daals dae Hlai dgay Ge Byg pally 8ysdiall Cisaall & 52)lsl sy oY) un Vs

dale clliadle -G
it L alall aall BlE)l) daals dlaa yjan A0 Ladias

Agyailly Agalad) lglea of Alaall ldbite iy Y Gany gl i) o

Nglaadsy daall Glai gaa i ¥ Al Gl by e

caSanll Gan ) Alls) U8 AP Dl eha) o clild) Jleiad (ks o

coneSaall ol Gy dugal sl Lingia o dudde cDlaxi il e

GLDIAT f Laall Gl Lopass 2allie 3gag o 13 il ol waall Jle o anill om0

< dally Gl
Lallae (gl o il 8 Aalgnsl ol g3 o Jlam) Galin€) Jla 8 daliall cleal) St o
cgalad) Sl sl

a1y Anaglally Alluallly dpalall Bagad) ) vius daaSailly dunatll ChLAN ases of dlaall 2S5,
el il Al e Bpcsial) ol dpad ) clae¥) e 1he ¢ ddlly dad) clidal
S5 Jalaag Aaall B 5 gdiall Slafl sgiauy) slad,
Lebe 52l Lgad 5sdiall clayall (e e 3Y) o cpfial ) alell iall 3LA)I dasls dlas pais
Sadiaall (3550 ac)sis Aalall Joua) (385 uandl §ouagan Bpdilia dua cld CiilS e gy 2lgdnns
Aaall Clypdise A S ) lilginny) Jane ad) Coags Aaal) 6 5ypiie gade dilial cpiliall H5as Yy
Aiia dgale Ala @3 (S5 Al L sl ciladls slgdnaVU Gulall sl cpaSad) 5l il Agl s Y LS
sl g gudn g
iliy psama anil Aeatiea) cialginnY) (uld Cilyise aal (Impact Factor) SLal) Jalaa - i)
Jazs dale 8ygan ¢ pdall (aSag . dgall 18 cad Al QUL 2el Gaia Laalall COlaall (s
cpeind ) dgall (e saciaall angiall 3y Baaaa die) 558 DS Alsall A §sdiall GlaYL algnnY)
Zipdibag ¢ olil) Jalaag (Lgy Algdind) doudy cdlaall B B gdiall Glafl clalgiu) s o8 ey
Ay jia cilalbiasS Lgaladia) A Y Ailide Clpdde o (SAY) dgdiuly Sl

X



I
2026 sisi - (13) sl M ssel) ~diealt Gl dloe

Doleilly SUlal) el 5 lygams Baliyy alell Wbl gy Lol Ba3a ad) () oandls Al a3l
calall ) b adlaalls dalills sl yuleas AEN) A (e cBBgisall daaulSY)

O Taii alal) Cindl Baga O (5555 cOmanlSYly i) cilelgad alad) il GLE daals Alaa s
_pshailly 52D ALIE disemy Adjre iy gy cAanglally ABally dnalell BLYL AN

idghenall (e Gaaled Noya IS8 d e poill Colliia 3yae Jiar Y ol odgs cpilgal) Al L caley
Agaiilly adinall dead b alguY s ¢ aledl Conall A3lSe Guhatg cABgige daale diy ol 8 ASHA)

A pall (3850 dlaa B L) aolghy ilabm
olal) il saga lewa M Gags Adlidy daaly pdiy et Slab Gulii ddjeall 3850 dlaa o3l
AaanalSY) lasleall Wiy colyilly cpaSaally cailiall Godn dulany cdsalall ALY g LAl Suiais ¢ siial
cgalall S 8 i) AEAY),
Adlidlly Longially sagally ALY o sl cdicsiagey Uit ale i Ay pisd ) dladl) aniy
cIslly (aall gl e lglalag ddjaall jis acxig
Al Db 1Y

gl g ddaal) Uad .1
) 8Saally Al dsalall luhally Cagadl s ) Ciags cialae doale daa oo Adpeall G dlsa
Dubad) 3ds cAiadally Lo LaaY )y Aulad) aslall Vo Gaa cisaal Cld Ldjaag Luale Liad Jslim
caciaall duagially dualal)
Oslailly dualsill 5335 ¢ Cpa)ll Fnll 7 ) auadiy cdnalall ddpadl) puodan (L alg¥) ) dlaal) ey
cslolly Aaal) Gusiad) o ddally duanlSY) ilucally Giald) G oalal)

sl dyjga 2
ple IS a ey gaigs (S B cAugian cual §ygems Alaall jria
oy cadiaal) il ddad (385 Conliall saall 8 Algiall Cigadl Had calall lae e agail) dlaall iy
gAYy soailly el dalye poes JlaSiud

zsikall Jguasll .3
Lee Baliely Lgsel s Laall Jguagll ehill Bypiall Cilady) i Cusmy (g s5Ral) J guaghl z3gai Anall aais
clle e o) @R agey (10
< opdie dae S sadinall pad ll Jag ydg 40Sal) ALl Goia aliial) ae Slls g

XI



I
2026 sisi - (13) sl M ssel) ~diealt Gl dloe

4l ADELY g Al .4
Leaniy Gigad) Juin) Jalye gaoan (A sboally dppasl) LD LY doald) Lol foalaa daal) o340
aylisy lgasans
ey o Baube o Adle ol Dange ol duadd cihlie b sl @bl it ol S Y
AN pasdl) .5
toye SEU gy o ol el dia pathy U e (ol pandl Aaall ) Lesiall Gigadl pian piads
Lgliacadsy dlaall Gl pe Gl 3él55 o
cadtil] Dyl llbiall aflisi) o
oagially Lalall 35l e SV 2al) 2925 @
-4l dagpdy cpalsall L)L AlENT e
dally Gaall LAY salal) el ceoogld o
aSaill ailla) laa of Gl Joi AY) Gandl) Slial e Vs
alidll yaad .6
L) 13gd Aladll laadias digise 8 (1 5l iThenticate el alasiuly (asdll desid) Gisal auads
ddl) Al o Ao 2t pa caabal) @l B e cale (gal&y) 38 20% 40l dowis Alaal) 2
cele Jail dgag o Gl s 28 Y laaag
caliall Jhall Masl U8 Leadis aes Wysliasy dgliiall pageaill depl oy il L a5
sl dboud Uy cuSaal) ) ailla) J8 il iy gns aaly Jaiil 5 pme e 4l 3sa9 Jls
b)) gguns STV dealal)
Gl paadl) .7
Talal) ulaally 4l (g0 danlpal Gaiiall paall ) Jlsd cailinll (andy Jg) Gandll Gl Sl 13)
ceSanll diegBla (S2a cAallly ¢ 3glls (JSaglly cdmgiall clld 8 Loy cdlaall dpjailly

el agatl) .8
Calgall daga (23S Y Cumy « (Double-Blind Peer Review)z sajall (ol anSal) aUai dlaal) adia
LY 3 cCalgall oSaal) Ligs CaiSE Yy ¢aSall
vie Gl aSae Blaia¥) Hemg 8yadlly Galaia¥l 69 (e JAY) o il (paSase ) Gaall Jlady
cilal ale gy A dalall vie o Gpga AT CpeSaall Cdas)

Gad) Sliul iyl .9
i) ilallaia A5l e calpmy als (e Ja pag Pa Calsall Candl Dl 2St ) Al s
gl

XII



I
2026 sisi - (13) sl M ssel) ~diealt Gl dloe

aill Vs Ol (b Jia Yy cdah Cinid) Jgemy Ao 13SE D) el aas
aSailly avdil) 500.10
Y sae DA (guntll Jhal lasaly asailly aniil) clela) JSiad ) cdabieV] Cighll & dladl aus
pSatll i) Alaly aaal) cliliate JLS) gl (o g ol
sl AL (il aSadl Jilss are sl ciadl Al G OV (s b sl Jola a8y
i) akas ) dslal)
daaall Al 11
L aniad ol Lo ol 58 2Dl Go)ls (e Ole gl Lalisil 520 DA Alanal) Aaall Jlessls Cilgall a3l
el e 2l ddla) ae il
iy cpaSaall cllaadle poe dueleil) 430 moagy Glaads 13) Laeall Aaiaill ae Calgall 3y of Juadls
il
Sradll JLal.12
DA 0sS oF (Sas cpSatlly pandll il sgun (& Al LA sl dia dam
dall Gl Jsd e
Al CBlaed eha) ae Gl Jod o

cdaudi Balelg 2\:1_)6_5; s ;\J;}! Gaanll sale]l o

aadl by e
0l Blede g csalall Layulass Alad) o Uy Sl (gynpmal) LAl Sa3) Gay il A Jaiiay
Sl

La.13

By ralie 2o il 8 Ganll ¢ Sl AVl Logalll daanbally suailly Joill Slshia) JleSiad 2y
Sadizall paal) ddas

assaill aupud clilh. 14
e O Blsbeaally Allaall Gias o Liapn il o) aeCanll Al ) aopel ol dlaall 2 aias Y
cAae page ) sae (385 jupaill dia Loy Al cVla (YY) (il sal)

4 ailly dagall) dzalal. 15
Ll Olasa Caagy ¢uaitie J8 (e dalall die dadaaiilly dojnailly ogalll dealyall Algdall Cigadl auads
LSl ZhaY) sy clallad) Gluly cuslul) zsuagy dall
ol dpalall A bEa) ol il s (M dpyadll daabadl @35 O s Y
paSailly QLAY Analpe duabos 1 GilS

X1



-
2026 iz — (13) wde GO dunl) —ddmalt i) 4laa

Bs-diall Gigadll Basa Glaa (] i1 Afise (ale arSan Clelyn) Gy Adyeall 5L Alae o34
lgan dae gn5a
pSatl Ly .1
Ll Slagleall e CadSl 25 Yy canSaill dilee Jlsd cpaSaally coiliall disa Liyus o Aol Lailad
owaily sl ddee 5l (LA Qaliidl V) cillashaall
e oL Lodle Ogallay ) iliginally Slasteal) paen ol Al dyadl e Lliadly (gaSaall ol
Sl
CpaSaall s .2
tole 2l GaeSad) dladl) as
cglal) paasll
Adad 5yall e
el 3T o
Aaegunge Hgea Sl pounge aud e Hadll o
) o Guilsal) ae mllas ol 3ag p3e
pSaal) ddghua .3
Pk L oSl o
cJBiiag (L piage audl adi o
oeSaill sanad) saalls ST e
il sl Sage 5 ol 13) g Aladd) Hlad] e
cJains mllas ol ol e lal)l o
gl dpe o ddailadll o
Ading ol dpadd aheY sysdidl e ml o Glegleall sladiul axe e
e o) Lradd i 61 e g LYy 3eling daaly dude illaadle as o
) LAY dallis o bl e ol Jlaml dgas ol oo £OY) o

il cldyal dab GG

sl il jlaally golaally iy ¢ oalall i) 8 ALYy dalill julae el ddjeall 3L dla o300
ol GldAT b daadiall clgall e gaball toabaal) @lld 6 Lay ¢ oil) LA 8 Ly Cayiadl)
 oalall

XIV



-
2026 iz — (13) wde GO dunl) —ddmalt i) 4laa

Cnilgally CaaSaally upmall Ay AW c sl e ) dalead LAY Al ggunal) asig
el cldgiua .1
feh Lay Al a3l
Agalall Lahlis yaill s ADEW) acy e
ceaSailly il dolee haind AU Dlsally Ll ydsn e
alal) LY Aol Glabue galsi acy o
calall bl pons eV aa Jalaill b opgladl) o
Appsa clillase ol clladl dgag cagh die Bsiiall Mgl i gl pmal Cleha) acs o
Guaally Al i Cllgbus .2
Pl L (g oaally o) A 3
COma 0939 dacgngag dllamy Giganll ae Jalaill e
Glhghidl e e ddadladl o
agidg agilaadd 335 il GuSaall o) e
el LaaaY)s Langially Alally sasadl 13l Loy panll chhall Jas) o
Apadd dadie (3iat Bsdiall e i) B 53))y JISE S Claslen (6l plasial pe e
3gag die Gl ae Jalaill e aiilly mllias b () e Zlalll e
ol el ddlad) golKal g Lany dalaill o
By pall die ) ol amail) @lld 8 Lo cAdllae LS vie daaliall clehaY) HaS e

Cpdlal) Cldghsa .3
P Lar (silsall a3l
e)A:-\J i el d&-‘di dAs: ?-'-’ﬁ .
i gl Al ge ST ) Canil) i pre
clly bl (me 3 ALY A8l LN .
Aagnia fgea pabally ladll pies 35 o
Ll aeally disall jalias e Zlad)) o
ladl 8 ool 6f e zlaty) o
Al o agiiilss Ao Jouanly ccilieS Callall julas Ishgial ol (el 81 aen zhal o
Lglgl)
cnd) b Glad Jgaaliy ol el slaud z)a) e

XV



-
2026 iz — (13) wde GO dunl) —ddmalt i) 4laa

cadl Gl by o Glapias Gl a8 Alad) g bl o
Mo e ) daan i 8 glally ¢ gdinall Cond) 8 (gaga Uad Galins) pd dladl g3 e

.8y puall
gl qlidal dusbous 1o
lee 8 Liladlly Al leal bl yaic mlladl (il e zlad)) of 4yl G0 das 2S5
el )

laadl ol iy pl
o Jand b ¢ 55 08 dnanisa ol dnanlS ) diga o) dnass o Al ADe 35a pllad) oyl 1uak
el LAl Masl ol Gl il i gl aSaall o paall gl Calgall Lo samge g

Cplgall Clilgiane .1
relly 8 Lo adladl) b Jaine ol () oo 2Ll ciliall e an

S disall o el e

el gl asaall e

Alall cd dpasdll of dugall B o

) Rpeginga A 55 8 A Luasgall Celad) o

o gl Gl # A i5e Lyjlie b lgal) 8 (AT plleas g o
ce LB die (Gl J3N Gacadie aud g il el 3 Glld e 2 L) Sy
A B)laal) alasial (e cllaas oyl 3smg p2e Jla s

«uaal) A oyl L;i 2929 ey O sllGall 7 imann

Guaall cldgiua 2
ool B ady aghig ot (B ik B llan b dgag s B s (ol ae dalaill e paall wiag
Aalall vie oy e ey

CmaSaal) Gldgbua .3
oS Cliall e dale ol Auige ol Anadd o Llle ADke 4] clS 1Y) Cand) a3 () oSl e can
Aanii e gunge A5 O
L aine elleas ol (sb b pall A Ui ey

el 4
Bale) @l 3 Loy cdaliall clelayl Blanl Alaalls caie ~LadY) 2 ol (a5 mllas Coylaal 3say C2iiS) 13)
Ngiebng Allall dagada Caceny ¢ il 2ny Cndl Canas ol 2 Ll s sl Canll anis

XVI



-
2026 iz — (13) wde G dunl) —ddpmalt §li0) 4laa

bl doled) gy Jlaiiy) Al < Laald
c@ally ) sl eon JIE paany alall i) olat dajlia Gl A jmall Gli)1 Alaa i
sl W JE) dae Ao eslll esu Jadg

calall Jlasy) e

callall pe3 e

L) o goll) Dl e

b cedall e

o rad) e Sl ol meaall S e

onilgall Al cedill o

dlad) ol ls) e

cmalia G55 093 AV SISE o Jleel alasin) e

el Jlasy) .1
@3l slas (o Badine by 5l 588 5l (at gl G s ofy clial dasiall Cigadl) s 05S Of oy
NLslic Gale g
sl laadies dfiles 330 liThenticate alasiuly 4l (asdl cilaghidl aadsy
bl g 3 eJlamV) sy W Bl asg dudl) 208 Yy cpandll Gald)) s lhas20%  dus padind
A&d5 Ayhag opliany bl dapls )

Sl U@ clslay) 2
8yile ddashdall () jeas el LAY dijpsa Aillae o maaly Jlaml Gilins) Jla
sl sadiaall =3lsll) (385 Adlia) clehal a3 Aallaal) Aalun s ¢ ypaill Ligl jeasg

Sl ae clelay) L3
&b Lo caliall cleha) Mas) daalls ctindl 8 agn oDl gl g3 sl Jlamil agag il aa i 13)
HEIR

A ) el Hd3 e

)l G o

cndl Alend maaly Janes BlEsY) pe ¢Byg yall die Lig pSIY) Aaial) (e Gand) A1)

Y DA S e e asng vie Cilgal) Led) i Al Aangall i) e

g pall die Al ) Cilgall Hlas] e

Y Rall Gy gl Al 1 Lol
2\3}3}.4} 2.8y 8) gy W\ (‘._.;Alﬁj‘ Jad) ‘_,J:_‘Ll.a;j\ ‘_Al PAPOA| (8

XVII



-
2026 iz — (13) wde G dunl) —ddpmalt §li0) 4laa

|
Gl Al i oF 09 gsinall e ern (A is Uad agag i 1Y) edial) Candl s laaal jeng
GoullY) il

cad) .2
P e e cpanat Sl VA B gdiall Gl s e

cglad) Jlamy) e

bl g5 o sl e

Sl sl el o

o pradl e zeiall il e

Aigise ye lalinuY) of mbull Jead Ljpsa slhaf dsag o

il ) alad) Gl CLBIAY daes dillie

vl o) alas o Uslis cela) Case Ol ae cdiaaly 8ysum conadl gl sl jlad) iy

SolSadly O gaal) dusbpnn  rrlis
Ayug A8lady dble §ysuan (glSally Goadall pe Jalaills dlaall o5k
dpadll chdll Ao ekl .1
25390 oalic] ae 33 Badaag ducgumse i 4l QIS 1Y uaall DA o cavy Gaas il Calgall o
dale e au o sl U
say o e LA Dlial Gl e aWI10 55l Y s Pla il s Gy ) gakall adkis
Algie gl Gl 8y e
coahall dae A e
Aaaly Bygear (i) o o
codall ae Al o Cilaglaa gl o
Aalal) sie AT oSaa e A3 g Seaag cAliivs Bygeas akall (& il L g
sl Slabie 38y Wlgs gadall @lela) e gmlll lall 05,
Gy\&ad .2
il gilles o Llaba ol Aladll Clehals Glati (S8 sk sl ) CaaSaall f cpilgall (e
Alachy Claine (glg Aleall il @l (e Gy daesangag daaalyy dagia (g5<all G5S Of nay
Al 530 Pla uuliall el Aasly led laill ) candis cdpnr (9lSAl ae dadll Jalaiy

XVII



-
2026 iz — (13) wde G dunl) —ddpmalt §li0) 4laa

gsiall Jgagl) dubia :Ualh
s ehAll dabia Bypiall A asen (19S5 s Jalsl z el J guagh) Ll A paall 3 dlaa aia
clle Qilie o 58 o g,
f) Al 220 i
Aalal) Adpaal) jLEm j3a e
) ) COUally sl Jgemg digass o
el Jolsg alell bl aes o
sl galell Y (e 5ol A0S B0L) e
Allad) e Gahad) (a1l dag yal sl Jlael) alasia) sale] auadis

A Sal) daslally Hail) (8 gha dubaan 1 lails

B L) Gsaall Claial aa cpilpall ol g ¢uilsall A0Sl LSl Bsin ddjaall G dlaa oy
e Jpanall milsllly Guilsall g pgllec]

duaial) e Adialily da)giy Juerd) il Uilia Liand 5 dlaall Calgall e ¢ puall cuaill Jgd dic
sl laas ) Gt ) dag b (385 cAlaall aciaall (GAY) Jiluglly duig Sy

g chaall Gatyill ag i (3 ety dudle (mhel agllact alasial sale] (4 agdsiag (ypdlgall aiinsg
el BB Alaa B w3 JgY) S of ) BLaY) 85

Gis V) eellh g ad) e alad) Gaetall GLS 1Y) Uplat Wadtiad sdidl goind) alasial jsan Y

<O Gand il 03Y)

) o gty sl 3
tdilie Gudlgal) (Ao Uagay () Yy e Alaall (alal) jail) 3gas 339 A8 pnall B Alae Jaxd
all 0E e
LY pandll e
Sl
Gaadl) dalls e
el ae il e
) s disal HradS Al ableY) e dladll ades Y LS
pellee] i Jilie dlle slied sl Juead ()90 A jmall dalily mgidall (alal) &l aed N Alsall oy

XIX



-
2026 iz — (13) wde G dunl) —ddpmalt §li0) 4laa

Syinal) Badag A4S Aad ) b 1 pde salal)
Jag i 3 pellacl 2it)l cuilgal ey g ) lgiamia soe Byp-diall GladY) dall dlaal) 233
cAdieall (and il
toa il Jag sl 33y ¢ cpalsall Hmag
pagall Sleagina) 8 gy zgaca) Lanall ol 5ypdial) A3l glul e
panlSY) laidly duaddl) adlsall je Gl ASLEe e
Adingg duadad (a2 Gaadll aladnad e
Aladl 8 I Ll ) 5LaY) e cpad il Lagph 385 Janll (s slial pladiul sale]
4aady)) dad Yl syinal) ks
Ay Ao Jalially aba¥) suill dulia Celia) Saly Gy i) Wiginag balael Jaia Ao dladll ot
- osdial) gginall A Jguasl

siaal) dalily clibul) AL b : e ALY
anlSY) cilaially Goledlly duadl ilSae e Leialily Bpdial) culady) L) jujes ) sl and
Al
b e cilall 3 Aol liaially cilgall Lgalily Laiasll Leslibuy el il doseds dlaall joang
aie JSU 4l collliall 339 ¢daad )l dad Yy slgdia g duedl) cileas @l
el Lghagios of a1 @lesally cleatd) Al e

Google Scholar.

Crossref. o

e—Marefa. o

Scilit. e

Semantic Scholar.

R-Discovery. o

Apbiall daalall Goledlly GlLall 2ol (e s o
cowgd gl iy 518 US clillaial il (3hy oy algine doued (3L st () Alaall ansiy
St o Adyee Cladd o lguansd tasin inally dusygd 2058 550l Cilgall paen 225 Y daga Adiadla
s clasdy claialy Gaslgdl): «33Y) mllaiadll Alaall aasios Gl gl BLESI 5 40l uld jaall
».ealal) algdiu g

XX



-
2026 iz — (13) wde G dunl) —ddpmalt §li0) 4laa

Sl ol dubi @ jde EIA
(i) dlag) b Ableal) s gl gl e ldaia¥) KA sl ot e 2 laly) cuilall o
Jaall Slig€e a Lape o) jpuall ol i) dadlaa f Julaill §f i) L) 8 g Lgaladind oS e
el
il 81808 o Wa el olSA ol lael eaa Y
10e ALalS ddghuse (algsun Opdliall hag
cgginally Cilagladl) 23y o
oy bl daa o
clalgdia s aaball Al
odall dalylly ALY e
Lo il oS s (gpsall aladnl) e Flaly) e
Aalal) die gVl sda alasiad iy claacag (illa (3a dlaall Jagian

DUy el a2 dalnn  pde 2ol

syl gl dall o Geiall golad Ao gaaSadll of cailall aia il anas Ldjeall 3L Alas a3l
Aale) 535ally 8oUSIL dasiye e liiel (gl ol AN Lalall ) ssssall

Ui ga Giad) (3315 (srag dnalell Anaaly daaglally Basally ALl ) aSaslly yojasll )3 i,

-

Alaal)

s84ial) (gginal) dalghuna : pde (ualdd)

s clally bl @i 3 Ly cagiladd (3 odiall alall (gginad) e ALISH A ghendl siliall Jany
abally cilatinay)

L o Ajeall 3L Aae HIi dgag e Byg palls Bsdiall lal) 8 53l cilalinaYly elY) i3 Vs
Majpals ol laynyas

CLOLY clillae ol Ljass eladl Gl vie dauliall duppaill SlelaY) Aasl (il & cdlad) o5,
< dally Gl

s sl il e UYL Guilsall o Calgal (on D) Abpmall (31 dne ) ol s e}
ez AN el

XXI



I
2026 sisi— (13) e M ssel) ~dpealt Gl dloe

bl Sl Jlae (& i) e 3850 La Layshaiy il claslis Cpaal 3o jojanll A Jadian,
Alaall Gaan )l @il e il ge el m of e castadlaly
dipall 3l daa il dia clalalily alga
Pl laway cdladl) o alaiilly (65ailly alall QALY Alg5un A yeall BN dlaa yujan din 5T
Jaily Asalal) ALY Al ulens dlaal) il Uiy ¢ jodiall alell (gind) 53sas il dolee
L&Y Ll sadieall il jladll
pac s Alidlls dac gungalls Al e cduyiyanll bl Masl 8 ey daclan Bygan poaill da Jasts
ilsrs Glae ZaalSY) Lgmie ujats dlaall daalal) daecdl Ao Asbladll oy Lasg ¢ il
Lyly dpaill algall oYl
1Y) duplaYly aadail algall pyaill dia g
Slaaiilly ysladly o il liglsly cigadl Juial Aba Jedy Lo cdlaall Ligicdl 2baall dae] o
e laa) aclgag cdualal)
pSally el @l 8 L Aol ddasyall ladlly clasgll Catide G deanl) Goasiip palati o
s A yaally Sl z hAY)s dagalll danlyall
cllaly caSanlly pall Ll oy 3 Lo cAaall 0800 clilsdly sl piokiis daalyeg dlac) o
<Opally GolSally ccmdly manailly crlleaall jlualy JlamiV) dadlay ¢ il
Dnlaally alall il Jlase 8 csdaill ae (38155 Loy Loty 40)90 By Aaall Glisbis daalia @
Ll gall Cilesslaallg daanlsY)
Appailly dualel) Mgall djals dailiag cadinall (a3l Joaall 3ds dlaall jsra pllawl o CBLEY) o
L JS Al
ghng agiliaads xe bty Lo sl s sbiacl Gu Sllggually slgall a0
Ay Loalally 4yl Wloadll 2ddling Janll e danlyad jopmill Al peal) clelaiay) 2ie o
aliall @) 3
JAlaal) 3 Ayl el dupyaill chhally clelaay) jualas Jisg dlacl o
gl O MAS) g adliad die Cang US Bl 550 Anlies (3550 mcaly sl dgag Glaun
-0yl
Laalally draalsY) algal) : Ll
Hlgalee dadip ¢ Hlilly aSatll jlse B)lals Cigand) auis e dnalall didggnall yijaill i A
gilaaly Lgtbeaadss dlaall Gl aae Ll e Gaaill dasiall Cigall JV1 (andll clia) o
peSanll Lgalla) U8 dungially AN Jagpally danlid) cliliiall Cagad) lisul (o R e
Apalal) ailaizio ol asilis & Jaxd) (gn canall A6V dalell dapdlall paii o

XXII



I
2026 sisi— (13) e M ssel) ~dpealt Gl dloe

Aanadiy ) goagal By (plitay Guacadio (ueSae ) b giall Gigadll Als) o
cadl gaumge sl Cpilally aaSaall G mllan ol 35as p3e e OISQY) L8 St o
sl aeloall (8 )l Jeay Glacay aSaill dae daalia o
Sadinall Zaalal) juladl) pe WL (520 aSatll ol Bagn puii o
i sl paSaall il cp (s CDEAD pag vie il aSaa AlauY) ol L] pas Gl e
Lpaadia ale gl N dalal
~Aliiiay doc ginse Byean (pilgall 2539 (paSaall )l Al e
s ol ol ) elld Jading ¢ aally aniil) il Gy cund) lis auliall (gl Il izl o
combl o dasa Bl Glla sl ¢ el
+Atigas daaly Bygean GaaSaall Cllaadleg duyyaill ChLAll ey Gudlsall ae Jualsill o
Ll ol LA laca) U Ay pailly dsalell cilbbiial) asantd Asiall Cigadl elisin) (o SB o
) gl Jgaall Blaca akanill canl Alla) o AY) Gandll Slial liel pxe o
aieal) Gaeanilly Bagad) Glea GG
relld Jadg ¢ spiiall alad) (gl B3ga lasal Jlad allas puagy el A3 o3
CeSadlly Ergadl il Basgag daialy ules Gulsi e
ealad) gl lg ngially mabally gl Al dadia o
sl sl sadieall @l alasial 4l Gasdl Gisad) plad] e
pous JISAT (e UK (oly Ll bl 505555 Analall 385l JamiY) cVs ae alad) Jaleill o

il gl

o o2 elaly agilis agpemiadt W lae el ¢ preacadiall raaall Clily sacls Cuaaty oL
Sl

By oI5y e gumgaly crlsally a5y i) B35n G (ha Anygd Sypmms cpaSaall ol i o
Sl

caSatll ABAY) o dugall uleddls agaliil aae iy Al GueSaall e Jaleill il ol slagiad o

Gsinal) Grend A ageds o oS A Slaadl da g ¢dyen Bypear Hpdiall JacY) Basa danlie @
Nl

cealal) gl () Jgeaslly ()Wl Canlill dujad Gawaty dlaall dpadl) Al pipkis o Jaall o

Aalgally ddadl daalall Clilall ao)sis 4885V 15 dunyedll Clillia slitial ) and) o

i) duygally Capail) Clgal e laye PDOI Y aall Lol il jadl) slaiel e Jaall o

Aaadiall Gl ae)iy LaalSY) Claidly i) Gl b daall jgias G5 e

XXIII



I
2026 sisi— (13) e M ssel) ~dpealt Gl dloe

dalal) cilBblally ddandil) algal) @l
DA e Alaall ainlSY )y dnalell B puglii yupail) A g
] shlly Gaalel) Lleadll 8 Lgihd (pe 5alia)s dlaall Aslinal) Agl) pa il o
Laanl&Y) lisnsgally dnalall D laally Afindl 38Dally cilaalall aa slailly lBlall (o 40 oy @
lealas Lad Jals
Alaall 8haally anlSY) gsill e e degiia dnale Ciliabay (il (e Cigas bl o
Sgiuae ad)g Lalging gotiy Alaall AL aoay Las cdaslall Z)la (e il AS)Lde pa i @
L galal) la)guan
Lo Yls Losedlly alell il A8 @l langally Gallaally ligh) aa doalsill o
cAaalal) 5l ae Gawtlly dpalall llladlly Clgailly Chaigall A Al Jia o
Aalaiag diga §gum L2anlSY) Cilicigally GuaSaally (il ga alall Jualgill upai o
A 1A Ladl i Lals
Hgllgnn Jadig c3lacY) Y ddlgdll Jabal) o et 2 iyl
A giall Eygadl Lynailly Lgalll Zanlpal) Jlec] daia o
LSS il Sl Z)AY) meail) (Josee pe aaiill o
el Gaim aab] i Gmo S A0l Aail) Aaalye o
aalital GlalSlg ¢ padldlly ccpilsall elands (olsiad) @l 8 Lo eV lia) by JLS) e B o
g vie dpadll Glbyaally caalyally
coaldic) J daall Gliginag Giganl) i daalpe @
Badiaall eyl Gy Aysll sl gAY Hll saell bl dail) slac) e
LAaaly dalaia §ygemn Ledaing §ygdiall Cagadly alact) dad )l e XU o
Aaliag dainia Bgea Bsdiall ClaiY) dalily Lug 5] Laially Alaal alge Caa dadie o
LAYy A gl algal) : Ll
Hlgalgn o eilaall alSY) Jacdl Aadlag daalal) Aaf3ill o ddadlaalls yupaill 24 a3l
cealall Hall DAl Glab Guls e
O Ly s modiall H-dlly bl (Baaly o 5illy dpalell 48 udly Jlamil) Yl e Jalaill o
Lalalladl
Aalad) die clgnll laal 5l cand) ol sl cleha) Guls e
Alall Glacal Lulidl) clela) Masly mllad) (il cls ae Jalaill o
LSl Gadlally Gigadly daleiall Glludly Dlagleall dp doles o
Apadd dade (iad Bpiall e Gigadl 8 8)lsl) ilogled) Aladial pre e o

XXIV




-
2026 iz — (13) wde G dunl) —ddpmalt §li0) 4laa

Abley daaly Sleha) 385 Whahay Osadally (IS8l Juiaud o
Ayl Sl cBlabally a€atll ol b 8 La cisadly Adlaiall 355505 cOland) s o
g Ayl liaailly Caall ol i) cibladly 8sdial) Gladl Al daud) o dlilaall o
calall Sl il cleally dnalall b Ly Jsanall Ladailly 230500 QIENT o
rial) aghailly ) : b
PR e Byaican By Aaall sk e il dia Jass
coalal Walging Bagas Alad) oY (Jali (5)50 auili cha] @
dally poailly aSall dplac 3elS ulE o
tlgiag eyl oY) Cilyiige dadlia o
Al Giganll dae
cSaill dlls el ESgad) 2o
oadlly Joill dacs
blls DAY G 5aall hagia
aally el o ) Jagia
copbdal) eSSl dae
»elgally A (ggiene
bl g vie o8ysdiall Gla YL slgiia) Jaa v
Al cilgall ) Lgadys dlaall olaf e duysn ol dlae] e
Agiadlaal dolee Labad aiagy (el halgag 85l Lol s e
g Aas Y1y ypailly cillagladdl By 8 Eaal) Al oY) aladil e
) e Baliall ae cdyatl) ldeall pe s 8 el oS @lolY Jojen) aladia) dulps o
SAaplly 4D
bl Loy dusygdl) it elainds Alaall ok e saiad) Jesll o

NS NEE N N N NN

Al Ala udy il alga
Jaal) e e plall GhaY) e Yogane 15Ky cdllaall Apspailly Lnalell 83Ul el £ Gty s
raill ghene Jodiy cAlaall lubie gada Gl

Al (lYls (guailly calall LLidl) o alall alay) e

Ally ol SLBIATy calall Sl uleas Wilabs Al Q5 Glaca

gdg pgiliaads iy Ll algally Cllgsanall gy spaill L 52LE

ol A ae il ae ) o) Aadg digid) Jeall Al slacl o

XXV



I
2026 sisi— (13) e M ssel) ~dpealt Gl dloe

ol Al akailly Haal clulus Euaaty pela e Cahay) e
il LDy Sl )l Blelye pe dilgill dupatl) AN JATy Gisad) st & AS LA
el
cladd) oyl s ae el e Sl ¢cpliinally Cplagal) CpeSad) Hlidl Glaa e
Agialyip gipas aSaill el Al e hAY) o
adiaall Glabid) 33y D baxlly (b g Joill il ))d slac) o
Mgl Bnlia) clehaY) dasly calas Gl Al ABIAY) of daalad) gl Lyt Wil s o
ol Aalgl) daal alaiely JacY) o) Je by e
AL ) clgally dfiadly 2al&Y) ilasgally Claalally daalal) 5l ol dlall Jii o
e Yls 42V duygdll ililliia slagindg dlaall jiskai dgen 5208 o
il clgall ) Lgadys Alaall elaly dalaiall duysall Holal) dael e Gihayl e
Wbl JiSs Las canly pasdn dpadll loblee Lali)) axes dlaall cwcgall daall dphyaial laa o
cdushll gl e by
Al Ao pliae clilgjuag alga
tagillgsene dadlis cagilid agiliaads (385 Wayskis Alaall B3] (& il L cliac] agew
Alaal) 3Uai ae giilsi (530 aniiy Gigaall GV pandl) 8 AS LA e
paall Allaall Gigall A6V Lpupailly dungially palal) Clgal) danlye o
llas Gl 3sag axe Blebie pe cCanall goiage (305 Galitnay (peanadie uaSae 13l e
saanall el il D) e SHlly A€ol Cela] datie o
vl B Gady () dpail) Gluagill wdys GaeSaall ol sags an e
oSl Blaadle e Gadliall 253) Ay (B AL e
gl ool ladlall (385 &upatl) )l Sa3l b dealuall e
Bpally panadill s Aladll B 2ame ale dlase ol joma o calay) e
ool s ety (e Gl gl e GuaSaally (pdlgall pe Jualgll o
ANl Lgadlsly Alad) il Gunat slae) 8 AS)LA
) 8 Sae Yy Gigadl Adlgil Geaill danlye b dealuall
Alaall pe Oglaill B dpale Clusgag Glinbiy (eSaa 78 o
Alaall Gaalally GaalSY) G A pans b Aaalinll @
Alad) Jis ) dualall dlaidly chyaigally Cllladll &AL e
cCpenl) Talad 15y Alaall elof Cige daglie 8 dealiall e
Ayl Gllally Gisaally laglaall Ly JolSI AIEN) o

XXVI



I
2026 sisi— (13) e M ssel) ~dpealt Gl dloe

3ng vie Gy (gl e daladll e aiilly pllan ol () e Zlaly) o

el ASoall plgall maen (8 Lo gumgally DYy aailly il LAk AEN)
dpall (3o Ao b alal) asatl) A
Aaadal) :‘jj
i) aglell (3l0))) daala o Haeml Ligius Cuat Aene D50 Al dlas ag cAbjrall 3l dlaa o5
lallaly 8ysatiall Cagadl Basa Ol N gy «lidy agiag Siise gale mSad aUas Gulaiy cAgiludYly
oaal) Wgingia Adlug
AINELN g Joaaall) pae g Ayl dus guagally ALy ALY f5alie () Aaal) b waSanl ddee sty
iy ¢ anlSY) alaieVls Bagall yulaas cdloall @ld &bl miollly clasy ol aa 33051 Loy cAsalal)
aSatll Ay el il Jlae 8 A gall clsladl
sl bl oy pdiall (gginall 83sn Glacal L) G aal Jia calal) 4ol o Aladl) S5
3l izl LD Ll (e cidaall Gl 4%iesDle (5205 Aingiag 4illaly Cuaall Laalal) ol )
ade pe el gl g Gainl) ol duaall

aSatl) Ao Cilaaf 2 LG
Pl A yrall (31 Al (8 Sl dlis aagS
Bysdiall Cugandl Aadlaany Allals Basa Glaa .1
Ngailing Lebdas 2855 Grganll Lualal) dungiall Adla (o 3aail) .2
Aalady Utisss Able ale vt Llee yds .3
cagin el aac g uiliall pea (g gyl BS placa 4
il Gand) 8 daalal) ALY 1g Aa e .5
098l Lganty A Lnalall CllasDlall DA e Sisadl B35 (pasd A algal) .6
Alaall canlSY) slae¥ly sasall illliia pes .7
caSatl) Dlee ol Alglnnal) llully Clesbeall Aoy (Jlacay CeSaally cpalial Goia dilea .8
Alaall A sdiall alall gginall Baga (A shilly Gdialll 48 i3 L9
Glaally il Gulad) ;GG
tlald dicars cdliall b daalally duigal) Cluansally milsllly cplsall ) il Al aiis
eV iy alell Ganlly el aleil] daliiall dpll) il dilly cpslsdl 1
I3 Ay @layds o et e dnle Dy Lo e ) aletll liy 22010 Liul(18) 23, sl .2
Al

XXVII



I
2026 sisi— (13) e M ssel) ~dpealt Gl dloe

Lo oy AaSaall Zaalall CDadl) jlanal Tasag Jagyd A8V olis 22020 4uy(264) a5, 5 .3
Al e gilay
Euadly Jial) arledl) s (e Bpalaall Aol Apalell cBladl Y Labaid) cihhally 2l .4
Al clgally el
(COPE). ,éil) culdaf diad (e 50ball dugal) ol Yl gsalad) .5
AaalSY) Bagall lasay alell afaill Jlae (8 Badinall Cilujladlls uledll .6
QY 8 L edgmanyal) Al laalaly Lalell claall Avscs gl s laally sl e 52liny) .7
calal) Sl Jlae 58 @l Slasla)
Aige sl Laalani of A s (gl ae Aol Aubies (38155 Slaal Ao Bygeay ilmayall 038 aalii
ainal] auSat) allas :lay),
S Y ¢uas ¢ (Double-Blind Peer Review)z sajal) (Spul) anSal) alai 4 jeall (3Ll dlas adiad
LOSSY) 53 aSail ddee Jlgh Guilsall (paSaall dugs a3SE Yy ¢ paSaall Cpilgall duga
Uglae Cipla (Y Jean ¥ LS chlY) paen Aogs Ly o Laleall iuliall cilelyaY) SLAsl dlad) o3l
caSatll 2 Gl Glis 5l Bsean dae dualsill 5 AT Giylall diga (e Caisl)
8yally paluaid¥l (g9d (ra JHY) (oo Ol (aSaa ) (AgY) Ganidll cilallaial Cagine iny JS Jlady
coilaal ale gy Y dalall vie S aead) Gn (gass CIEAN dsag vie G aSaa B3] Gsas
asadl) ddee Jalpe :Loald
23V Jabpall dladll ) desial) Crgadll
S gaadd) .1
tpe SH il &a JE e gl pandl Gisadl pues gads
Ngilaadty Aladll Gl ge Gl Gilgs o
Gl sl bl lagul e
adiaall ol g el JEN) o
all agially palall olid) mgag o
cAalal) Bagad) e calia ‘gj Goiue Jgng @
dlly Gl GLDIAY daaly wldlie agag e e
Al clllial g Y ol sl U zyla S 13 Aayall s3a (& Candl iady ol diagd Sea
cSatl) ) aslls) 090

XXVIII



I
2026 sisi— (13) e M ssel) ~dpealt Gl dloe

LopeSaal ) adlay Glaa of Gndll Yol oY) Gandll Slaal 2 Vs
Jlaiiyy 4Laal (asd .2
Alaall adias digise 8 gl sliThenticate alaiiuly 5 5€Y) Gasdl Gisadl pads
o Bals Sy Laang duad )l Local) 2ad Yy cbailly Gandl) o tins Wl iga Lehea gy aslinll Lo pasidy
Jlami) agag
Clalladly aaball ge 1336 05 28 L elifin) g cadliall ole ald) 1a820%  dowy sl adjd,
can ) Aadal Wy oAy peall dungiall cilylually dailil) daalal)
Gindll Gady e (oA (gyinad Bise s a5l e s 4l sl eaaly Jlasl GLES) Jls by
oalall skl pgung JaiY) Aubias 3 Ll ageaiall leha) Mas
CpaSaall L) .3

)l 3gag ares LD Blelie pn dpalall agipay ) Ganads 3y (paSaall ol dap Hlas
e
el iy Al lgadly lassgall aosti (Ao aands o (B drala )la e GieSaa Ailaiudl) G5
ceSanll dilee DG e Lay (saSadll

anSaill Gl Jly) .4
adinall pasiil) 35019 Sl ol Bye ¢ QISaY) 38 Algae Bygem agall Cinall S paSaall Lodl 2
sl sl

axSadl) Ll e} L5
ol Lo caSatl dage U )3 (o gobial A6 laliadl 500 DA Jenie ale )8 aial sSae IS (e k)
Baall s e pnanll L i)
Aflgd Lyn3 Luuagy daaly duale cillaaSleg unall e guinga Lot jujiall Ganaiy o canag

OsaSaal) i a6
ol ulae ga Lgldly lgagng (o 2SHI GuaSaal) pulin juatll A sl
il gl Heae cluagll Ga (Srse BEAN dgag Jls (s

LOpaSaall aa e Ldlal Clasiag b e

Ll Saa ) Alla] e

i) Loagl) JAY aadie jma BlalY) e

cilgall L) cliadial) Jlay) .7

Lisp Ao Ao Abilaall e cdaliia Bygum Clgall ) CpeSaad) cllaadle Jussd ccdlass elya) calla aie
aeSadl

XXIX



-
2026 iz — (13) wde G dunl) —ddpmalt §li0) 4laa

2Ly Ldlia) 5ae ppail) A dsiad ol Lo clagal 5 laliadl 500 (DA Alaeall Aiall s Calgall (e il
e b e
aail) Bale) .8
I Eadl sale) Sean eilall ol dolaill o dagiall 8 daen it dglladl) cObaaall i 13
claa Ml Calgal) Aulaiad (30 o 33l (AT aeSae sl alia) aead)
A L .9
) 1t el LAl el A 3w
opeSadl )l e
ol e calgall 25y e
Canll e Aaadl 23l e
cAlaall &y pailly danglially daalell juleall Gl clisin) 520 @
gilabg dlaal) Bl pe Cand) 31155 o

asal) ) Gl : Ll

HAsY) chlal) sl aSal dilee e @ @) DB 05 of oS
LA ciuagl)
COaxt ) g ling Yy dpuyailly daalall ulaall Casie Cunl)

Gl Jod
AR

s o) (goad mana Jia (Bagaae caed ) Candl ling

ddphls DT 2y (g8

pads 25 cdaga dungie sl duade CBlaad ) iaddl 2 liag
Sl saley

il o dagiall g dalal) sulad) Coadl A5
ol P Laalall ALyl oy ¥l cdgllall

dag CBlad sy aadll Sale)

) b

Grosall Dl Saaly Ul Jase L)y sl s JJow 3 Uilgs B3 135k cpeaall asl 13 aed Y
sl b (384

XXX



-
2026 iz — (13) wde G dunl) —ddpmalt §li0) 4laa

CpaSaall LA julea tlala
A el CpaSad) jlad die i) Lia o5
Al ailgn 2l o Gl ponage 8 Liaadie aSad) S o o
lia dfing 53y CUage 4l JAGE o e
G pasadie by Al AlKa) a clglibey Lo sl (Aol of aolona S 45 050 of Juad @
Aalad)l xie Bhaic de 3US
aad’ Jlae b alie Jag das 4l S o o
Aali ducsiage S5 8 Al ol drige of Faads ADle A1 YT
ladl (ol ) (535 By coilialls tadye sl il 3 E5lae s YT o
oSl Al due gumsally dnpudls ail o
ol sl sadaall Badll a3l of o
Cailsall Sl g OISRY) 58 degiia oSaall L) iy A sl 055 (o
)3 By Cuaailly daaall ueSaall Jaws it of o
pae cif o allan bt jels of dagal) Al anle 305 13 aSadll Jlasial 8 Lginy juail) i Lagiatg
A T PORON
aaSatl) )& Gyl Gl
V) Clgall Ul cduanadty Candl Annd s cpSaall i ety of ity
alall iy Giaill g sumga Alal
cadlaaly Cind) Ao g
Azl cludally cluaVl Gl bls)l s
celaBy) die canlidl o @l Y Aok
alailly UL aes Calludy dangiall dunlia
Moy bl (e 28
) pe Lgaludly Alall dsalaie
Slagilly Glaliin) zguay
lildly JIKEY )y Jglaal) saga
Ngiasdhas Lgilang aalyally sl 4. 10
cealall gy dall) Al 11
oalall 2L Gaad) 3aiat (53012
bl Aol ol mlladll Culian 5 Gand) cladaly glan sl @l 2529.13

RS B N R N

XXXI



-
2026 iz — (13) wde G dunl) —ddpmalt §li0) 4laa

) olas Al duagill. 14
cilgall e ol Auads cilidad (o (panas Vs cBasaag Boling dusgage oSadd) cllaadle ()58 o camng
duigally ABNAY) clafiE) @ lhuwls
aSaal) clafi .1
Pk L oSl ol
cadl 4all Lyl e dlsilad) o
Jsde e Cijh gl e Wisine ol ddaghiall AS)Lie a2
Afing ol Apadd dedie Gaiadl §yedidl e ml o Glesleal pladiad axe e
L Easay Jliwe aull aadi e
USSP SV, S PP UG R
cJains mllas ol ol e lal)l o
ol saally AT adde H3et ol Gl il Sage (K ol 13 At e e o
cllall e 5 g5 ol Jlal dgad of e EOGY)
Sl a8l Gliy (gl e Saludl Jalsill axe e
algal) clafil) L2
b Lo Gl o3l
Aale s Ariga Bygems CpeSaall Gillaadla po Jalaill
sl Je habag maaly ) mdis o
aale Alaadle sb 38 xe Qld macag o Lslhaal) el cla) o
oeSaall pe alad) Jealgil) Aglas pae o
oSl ddee Ly alial e
Alsad) 2l JlayY saasdl) nelsddl AN
Al A bl .3
:L_Aa Ly uyaall L a3l
copeSadd) L) Lo pagdly Alaadl Glaca o
Sl dglee Calhl aras dusp Aipu dglas o
COQY) 538 Banga ulee B85 Gaganll pien ze Jaladll e
e e Gl agan il ) aeaal) 8 il e e
Sadiaall el 3y lallaaly ¢galally golKal po Jalaill

XXXII



I
2026 sisi— (13) e M ssel) ~dpealt Gl dloe

cOpSaally ailsall Bgis Llas o
ol LAY Aallas asag die Llidl Cilelall das e
asatl) b llaal) ol : il
ducginge b ik o) OSa daine gl Aad ellian bt s s (8 ans s 1o () S e
i)
t B e e eoellaall Gyl Jadug
cilgd) pe Alle ADle 35n5 o
iy duadd Al a5y o
Bl anlsl Galyd) ADle a5ay o
g Bylea @l (<5 Lovie Lgeuds Buscsgall (8 Janll
csie gl o) Bpilie Aiins Audlic agag @
citl) Jae gyl of Gl 8 ARl AS)LaA) e
A oS allaal B el dupatll duglly (Jaine ooyl gl o bz Laly) oSadll e Can
Omasaal) )l CDUA) aee Jaladl) : e (alad)
33 M dajasn Bygaas dajlaia ylal) culS o (il AV cagl Lt Joadlls aaSaal) aaf aasl 13
AT Bygam Slgill
onadll gl s
oS JS @) e danlye
Aalal) vie peSadl e ila) madag cilla
e Gl oSaa ) ) Al
cpasadia )y dlaauy)
Aalal) cilagilly AN Jana o 3l Sledll LA M)
Alsall Sl ga liadiag s Sl JUal 68 o oy
asadll Baa 1 de S
pondil g IAY) (50 Ai€an 520 sl 8 ol ddae Slas) ) sl and
Sl Faga s ) (pe pobaad A5 Saall o il ddagiendll Baall (5S5
il gl sarne ddlia) sae A il calla 5l 5S35 Jlig) sl Augl Jea caSaall Al s oy
coaliall gl bl e Jgemall 53313 sy oS

2N OO R

XXXIII



I
2026 sisi— (13) e M ssel) ~dpealt Gl dloe

CmaSaal) GlBlKa ¢ pde EIEY
aalall 8 sadinal) AylaYly Al moll) (38 mrSanl) cilard Jolie aSaall Adla sLEKG Caym J5a
~Alally
Al A J<s b s 5 o Jean Yy 828U x5y ClISRY) (385 Lo ya Al SIS dad aaasy
cAanii duc gunga gl aSadll
pSalll Ol Badag (38 1 pde gl
sAalal) oy cJad caanll Abenl Ajueg daliie CDlawe Alaall Jadias
cad) Dl Fols e
LAY pandl) il e
Al pasd &N e
copeSaadl il e
Lty o Loy aSatll Clges o
peSadl plE e
Oalgall CDlye e
Al gl o
Aol ahlall e
- dlly akatll dalie fls e
Llen g laglaall Ly 2B pe calaie Vg 3dailly (38505 8agall 5la) (e el sda aadnidy
L)
paSailly dllaiall (golSadly O gadall @ pde ualdl)
sl 8 Badixall (glSally Goadall dusbis 385 (Gl LA o Gaday aal) Cilgall 3o
@b e calsall Liblga pre 3yaal Galall Qi Yy a2ane At sl daade Sl () alall st of sy
oSl
e Ala] aSaa gl yae Blaal) Led Gyaag dlaay Al Syem Gsabll aa il i Jalai
Aalal)
pSail) Ak ity draafpe 1 pde Gualudd)
tee Lgiilss Olacal celld ) dalad) caes WIS (JBY) e i IS Basly e el A aalsh
338U Lada gl A3lells lasyiall o
LSV slae¥l sasal) il o

XXXIV



I
2026 sisi— (13) e M ssel) ~dpealt Gl dloe

USRS RCP: EN g QEN WA

kel COladl) 3ylaly Akl dalail 8 bl e

adiaall Adsall Cilisslaalls yuledl o
Al e dleY) pg cdlaally Laalall & sl Y] Slehal) Gy dubudl o Dl (gl
claall daanl) CilgiEll e daal)
gsital) Jguas) dnalsns
Sy Lgaliil) (e Wil ¢ (Full Open Access)Julsl) zgidall J guasll Al 4djpall ) Ao ism
el SYs cfialil) G A8 jmall Jaliny (alall Jualgill me g e 3L pan) (Ao Lgialily doalal) ddjaall s
el bl dals dfiadlly Loalanl) s gally DAl
Llle 3gd of AN gy 0939 Ulaa g 5y Lgiaia i §ypiall Cagadlly iV laal) paes Aladll i
e g ILYL Laalal) laacsially Guail) A slimely COUAllg Gdiallly ehall mans Lo <lgal) gl e
cadinal) Gapd il Jag ph (385 4te 5alinn ]y alais alell (ggindl)
t ) Alaall J mgiall Jgamsll duabis Cargis

o) (o oSae 230 SY gialily dalall dbpeall calall L) e e

Adle Bloe ()90 Agige duale jilias ) Jguasl) (3 DUl uanlSYls il aey o

cgalal) Slissgally Gfiald) G Ldabiy dpalell Giganll =3 Jgls iyl @

s Holly (Aaall ugical o dlall Jualgilly glaill 3a5 o

Aalell SUL) ae)is danlSY) clatally Gl S 8 la)limls 5sdiall Sla) sek Bl e

Clahall 3 Lgalasialy Lgy dlgdial) (asd 53e3s Ssdiall Gisadl cra alia) 5215 3 alg) o
gl
Aalaieg dagide ygemy oalell (gginall Aaly DA (o galall Gindly aleilly ailal) e
AT (Gshag gand il Nl
(Creative 4isul) 4.0 i) :elay) g liall duady Cinge dbjrall Gl Aaa b CV G pues i
b Aala b (BIA Y L1 L «Commons Attribution 4.0 International — CC BY 4.0)
BAFA

tomedieall Hean dadjl) 30 aagang
Lo Lgbiaaty Wiel s Alall ) Jsasll o
A sl Al (sh Lanysi salels Aaal s o
(AY) g il AL o
Aadll Jagyd 3y Aulat ol @l e cadde oLl of 425 ol (ggimall pladial ale] e
Al Ay o Daadas o dale Jlael B gt 33ld) ol Jaall e el 1) o

XXXV



I
2026 sisi— (13) e M ssel) ~dpealt Gl dloe

i) Vs paen b g

Aaaa by g 4pilie ol Allha ) Jaad) s .1

Adpall 3 dlaa (B opdi juaag Jaddl s 3.2

CC BY 4.0.4a3, 1) say) .3

) Jaal) e i o Qo o gl B 1) L ol 4

Y e dasyin Aidge angi ol Lo gidall Jandl sl 2la3iiV) ng Aladd) of Calgal) ol slaY) a2 .5
Gl Lebedn ¥ 3l (sin (o e ol il L) Bsiall e Bloadl e ekl seuds jeaa Yy
PR F AR

Osdliall §sda < Ll

Ala) Lalall JleeY) Claial agiass pgr e Vls Gailsall (3ois Llass Asall o330
Jandl il 2O Bal) dladll mie pe eddaall (o (padinal) Gandjilly BN (385 agdsing (ilsall Jatins
el Jyeasll b (35 4y 4 dad g Lg S giaaia e 4ialily
t s leelaly sl agllact A Lia laall il s il dag yil Wy ¢ cpilall 3o

Al 3Shaly Cilaalall Lovengall Cledgindl o

panlSY) adlsally clesgied) o

Ol dugdly Lnad ) Cilaiall o

) Al ent Al dalel) Cilaidl e
Aaliall slgna) by zhls Adprall 3 Ao A G5V HA ) 5LEY) 55 g
Al i Bale )y gginall dall) :EIG
VG ) Jyeagll agey s ASIRE (g (0 oy sh sganll jodiall (gginall dladl)
Jag i g il e elaju g dfinlly Lpabeilly daadlSY dualall Gl (8 sdiall (gginall alaiul jsaay

g Jgarall (1ilsallSCC BY 4.0

Cada areg oalall LY AL Ao Aliladl Al 8 5ypdie sale pladial du aadie g Ao g
ol Cilaglaa o yal jaae o Calgdl cilily
Osdlsall zgidall Jguagl) Atlgh 1))
t G cuilsall Sl (e degana Ajnall B s oliifi 3 giaall Jyeaghl zigai s

& el Cilasnssally Oy cfialdl U (e S ) Dl IS gl alle Jguay o

calladl elad] Calia
L) 3L st (8 aged Al Salsa (o0 VWA Aalif: oalad) jgglal) Bl o
Aealag L JA13 magl ale adinal (gginall dalif: BaEEANYg Bel@ aj Bl

XXXVI



-
2026 iz — (13) wde G dunl) —ddpmalt §li0) 4laa

b L leinally Lgaadial (s 8al) & VA malgll LN agay 380 AgEEN) @ il e
LA Egall
o il dagyd (385 lgasysi dalely i laal) AS)Lae AuISa): Agalal) AL Alggas
Dasd 8 Leb 5ol ly Bygiall claahall il ) bl Joumy dugeit (miand) Ggladl) asd o
s dilad
Afiailly Aaadetl) iliscgally ilaalall alad) Candl il daly:  aaiaally alall SY) jujas e
gousl By gainally uaigally
pandll Sleha adads Giladl] auead tdaalall Bagal) oo J3UE s ¥ zidall Jgagl) of dad) Sy
My U Alaall 8 sadiea) lubsd) (335 alell aSailly il
dad Yy Lalmay) s Lwld
Jsmasl) dnhaind ey Las ¢ pgiall (gyinall Ay Jaial dacliall Clshal) Aash ddjmall (B30 dlas o3l
o gpaadl g ) SR (e dileny 4]
o)y Al i jaally iV Uial) Ty Aaed )l duspgilly dig A ALi)Y) Ll sl e dlaall Jos LS
skl gadl e 4] Jgensl) A€l (ggimall Lalsiad ey Loy cAlall ol Lpalel) cliaially L)
oasi sl Al Ll
Ll gy a5 e 4315CC BY 4.0 ase djaall 350 dlae 8 )sdie (s5ine (5] aladinl aad
< Badizall
Jaall Jran of Calgall bl 1iaxia i cana®s gl st il dag yd CAAS §ypems (ggimall plasiad Jla g
A dsanall lsllly (uilsall Gy agdsins (sl ally Aol Jafint et Selad]
Adladlly daliy) o aghi duale A ol ) myitall Joemgll Tl Pl G Ldpaall GO dlaa 2
ISE g Gaadly aabeill gty adinall Laxd & alall Gnall 50 5a Ley cdjaall Jaliiy AS kel

XXXVII



2026 iy — (13) e G ssel) ~dsall 51,0 Llne
alal) Cipial) dals

Y Lald B J8 el ) ol dslasyly Akl aslell BB dasls Olad e B
ol o W SAY) o Laaaal 2 Y OalelSie (e Leajlielyy caadatl) Tolanl) (o Juais
o5 ) Al dgalel) Aaall 03 ¢ galall ll 3B Alaa (e waall saall U Ganllly g5lal
D DA (e daalall aed ) D) leaiall (san) asdy cAulcY) aglally Ldadaill o lally

pinal & agiall HSally Gl 0l zawgig cdaalal) A8

b e S e al L laplanly ae¥) adin i aal aal sl Alle ¢ alall Gad) il sl
aed b aged LS LoVl Cibise b dejlaall csaill AIsas ¢ LAl delicay ol i) daail)
ol leanlsh s aay o) dacy el Gl L) i Us ey o dyea) alaY)

« pandl Cldlaie Lgalat daasi)yi) 89 yua
skt b yenall oysn Lgie Uley) c aball Ganlly Lals Lalaial 36501 dasls g ¢ HUaYl 13 dg

Ly Giall) peadn e daalall gapad cdagll oda (e WUily 4aeaSY1 chadll elisy A yedl)
caalag hsll Jals Lualell el 8 Aol AS L)y Laalell Gisadl Slas) o Llel) el

Al 55ais Luidagll AaCall o)) B pgen o Joli Lgild ¢ laal) 138 Alaall e & aa 3
Al LS anlag ohasl) Jals (e (a8 LAl cuaigaly Ginlll Ladls Lasye (05 s ¢ galed)

LS cfing Al ol duale 38y50 aaed) 138 8 agud e JSI pailly SN Gl ani aliall
Giady Adjaall BN Aaer olo DU Lawe 5ol dualall s gy ol ¥y claadlal 28 Caa s
i) dngll e B jaally Zaalall gl

XXXVIII



I
2026 sis — (13) side Gl ssal) ~djeall Gl dlsa

daal) cilagisa
Ganl) o\gie cladal)

.

oabibh Ay s ot Ol (it B (SRTM) b))l ¢ W) 7 dgail doud )l ABal) ands

. .. 13-1
dbal) ol Ay Adalud)
Llia dilipd b Gl B (shagad) Jaliill) 3 Sial) Etjsall ablga Julady diyg yal) dadlodd) ansl -
(Arasn) — il (n ual) Gub Ao duilase A b B
Gl daals dulla (oul Lsluy) cldlal) Ju<is Balely o laial) Jualsill Jlug 44-22
Jelal) aladiil cal) da Le dulSal) el G dlita (B (Gpanl) Jaijillg A gaall Al c4as
(Axial Analysis )¢ gaall
Adaiy 1984 ddad (11) ad) ¢ gilal A daali 368 @ Guabailly gaill cp all) Hgsal) Ol 82-65
Aol Ablas g Al ALY Bylenl) Aaldind (Bafad b Ao lBal) ualinll (glarall cpgSill g0 0183
A sy uadl)
el Cgiall bl b Juad) z Uy Lbgudl) 5oligt) du 118-102
dp At Ao dgddal Ay liliadl) jhalda (e aall (Spaal) Jauhisl)
138-119
doadanl) Caally 05l Gl Cuy pualeal) aracall) s (e dlaal) 4jlanal) Liggll Ao Silaad)
Al Galibh Buals b (glara 7 igals 153-139

XXXIX



1 E——
Dbl Glué Ly dubalead) (udifbs Ay :opibliin (ulseanlidai ity A (SRTM) o) £ DY) g dpail Lucalyl) 404 i

bbb A (il (oLl (i (B (SRTM) a8 g Y ¢ dgail Laa)l) ABa) ansds
dalall ol Aoy dlalud)
Cha gy daaa (gagall olds
othman.yousuf@uoz.edu.ly
basd — LY daaly — digh A8 — Auaal) duig) aud

oaliiual)

(Global Open-Access Digital Elevation Models da giall duallall duad )l culela¥) o dlai 2a
Cangs - Lgiilaes ALlall Lgndaatd Tl Al duiglly £0lSasuad) lipladl) 3 digea 513 — DEMS)
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Abstract

Global Open-Access Digital Elevation Models (DEMs) represent a vital tool in geospatial
applications and civil engineering due to their comprehensive coverage and free
availability. This research aims to assess the vertical accuracy of the global digital
elevation model derived from the Shuttle Radar Topography Mission (SRTM) at a spatial
resolution of 1 arc-second (approximately 30 meters) and to determine its suitability for
generating topographic and contour maps in Libya. The study adopted a comparative
descriptive-analytical approach by evaluating the model's performance in two distinct
topographic environments: the Tripoli region (a coastal environment with moderate
terrain) and the Gharyan region (a rugged mountainous environment with steep slopes).
This evaluation relied on a sample of twenty-seven (27) high-accuracy, real Ground
Control Points (GCPs) surveyed via Global Navigation Satellite System (GNSS)
techniques. Statistical results based on the calculation of the Root Mean Square Error
(RMSE) revealed a sharp, directly proportional impact of surface ruggedness on the
spaceborne model's accuracy. From an engineering perspective, the study concluded that
the SRTM DEM is unsuitable for generating contour lines with a contour interval of less
than 10 meters in topographic maps for moderate terrain at scales of 1:25,000 or larger.
Similarly, it is unsuitable for contour intervals of less than 10 meters in rugged
mountainous regions at scales of 1:50,000 or larger. Furthermore, the research
demonstrated aclear deficiency in the reliability of the spaceborne model when deriving
short terrain profiles of less than 30 kilometers in mountainous environments due to the
accumulation of vertical errors. The study strongly recommends restricting the use of free
spaceborne models to exploratory regional studies at small scales (1:100,000 or smaller)
and relying on terrestrial surveying for sensitive engineering projects.

Keywords: Contour Lines, Vertical Accuracy, Tripoli, Gharyan, Libya Shuttle Radar
Topography Mission (SRTM) DEM.

duanl) daada . 1

Gl 4S8 dpulld 555, (Digital Elevation Models — DEM) il cilelin 1 # 3l aed
o palew ) il Ll gsla Luady St a3 ¢dumlaaally Aansigl) cililailly 410l
(Ahmad et al., 245iash)sally Lnll DL 5LS Balyy (sl cumdgaall a8l CallSs (med
(Shuttle Radar 4| gsshall 4aliadl) )l Fiey z3gad fin ¢ galel painall Llas dagidall dpallal
doadyll cale iy gwj\j\ e p oS dumye z3gaig < TOpography  Mission - SRTM)
sbadlly () yakall 83 z3s419 «(Copernicus Digital Elevation Model — Copernicus DEM)
(National Aeronautics and Space Administration .l el E\_JS:DA{X\ dnkgl)
LAl Ay geladnul 8 ofalill awg Digital - Elevation  Model - NASADEM)
(Bhardwaj et al., 2021, p. 543; Meadows, zlaudl Lasls nng ddbiaall 4ud)e sishal)
Jones and Reinke, 2024, p. 1).
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(Verticaldudll gy (saal gy Llae Lasd bty Lalaall Zuallall 23l 028 e slaie¥) of VI
Lgale I HAT ) z3gad (re calisty cplim Liliad daad) cilelayY) a8 oY Tl ¢Accuracy)
Ashmawy, 2022, p. 89; (El- )V eladll ¢35 L paall dalaiall Gyl danda o 2l
Lae ccbanially cdadl 55050 yatbaa < z3lalll 020 483 jilug Li et al., 2022, p. 1149).
iy de gyl (Ground Control Points — GCPS) s V) aSaill Jalis Ay Lgaii Jas
all o (Global Navigation Satellite System — GNSS) lladl Sl D) ol

(Esetlili dawial) Lil,all 486 g5k g drnvigl 2laail] ke lacal L Dol 28300 e (g5l

et al., 2018, p. 301; Aziz et al., 2023, p. 65).

duanl) A& .2

Ldgige (2l 3839 Jald o andli 3929 ade o Al b jeall Boadll 3 Canall 100 Al (4aSS
aie Tagaaty ol dlgy 8 Aokl 251 e Ll sie Blas daliall Gpallal) Ayl el ¥ 7 3l
Lobal) slalially (el yde) Aiae Jie Gunylail) Aasegio of Aawoial) acd ghliall G o2V 45l
O Ailaal) Lia 1 s e alae¥) o) (olog) Lie L sie sy Auall (anlail) el
O A)lad) luhall condl i cdpaia ylalae Jha 7 3laill s2gl 539 jall A dgall diladll ciligl)
Al st ol mhacdl jlasl ol LS Lgias olaf dadiiie e Loy elhadl e Jlad dladl 23
(Mughal et al., 2023, p. 12; Aziz et al., 2023, p. 65). V! sl

4adhe gaghall Aoliadl) oyl diey 353 d82g daadlia (S2e p2a 8 AICAD) el celld e 2l
i Baaxie ay Gatlias A5y 4 gaglall LA 7 1) A (gAY dabiall #3laills (SRTM)
s ) (555 28 Z3lail) G Al SBEAY) Y s claal) Lucigl) cilialsally juled) aa
(Riaz et al., 2021, p. 76; Li dyliall Galaill 3 Ll gsha Lgia aae g dndall Hgusll Jaghad
z3galll 138 il Ajlhay pand s Seadll oda 3lal Gaall 3a awwset al., 2022, p. 1149).

Al gilie & Aadl) bl Uadl) laie sl 384 dlle g dgiiia duca)l oS Jalisy Sliad
Gl Gilaal.3

Ulae daliall dallell 408l e lin V) 7 3l Ayl 483 it ) il <0 Cand) 130 ey
(e degane il Caaglh 138 e godtg cdopll) dand) 8 daalisall ilandaill Lgieedle (500 u0ag
13 saasall due @l Calaaly)
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Ll due Jeiii(Ground Control Points asail) hldi) a ) oaluall gl ciliby o
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s¢) (Orthometric Heights) 2yiasi)s¥) clela¥) Ao Joaanll a3 .4l dalodl)
iall wsgall adjlly (GNSS) bl Sleadll dadlall alkai 5jgal aladnuls L)
. (Reference Data).aadal 4y V) duas jall (S



13-1, 2026 s — (13) sde Gl dsad) -4 jmall 14 1) Ulna

(Survey : juaall) asadll  (Department of Libya)

blds wlilaa) :(1) Je

£ U y) Gl i Jshll bi i) o
195.173 32.55 13.441 1
325.039 32.46 13.913 2
406.867 32.58 13.883 3
368.513 32.597 13.857 4
197.476 32.552 13.434 5
408.296 32.332 13.477 6
400.052 32.332 13.483 7
427.475 32.443 13.638 8

413.89 32.434 13.627 9
403.36 32.431 13.634 10
239.422 32.322 13.044 11
730.036 32.172 13.031 12
764.477 32.158 13.005 13
729.504 32.169 13.006 14
754.744 32.169 13.015 15
737.33 32.176 13.024 16
678.928 32.137 13.041 17
691.258 32.158 13.066 18
718.110 32.148 13.024 19
775.171 32.146 12.999 20
23.007 32.887 13.285 21
20.597 32.878 13.303 22
14.540 32.898 13.302 23
21.678 32.882 13.341 24
14.304 32.882 13.346 25
17.068 32.881 13.358 26
21.324 32.877 13.305 27
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genall drabl) iy Al Clane awgial sl J3al hasul cueads dad)l) g lal
LAk 27 lasae il Auhal) dne dalss aseal
Aadlially m3G1 .6
Lyl eV 7 3sad (e dapdieall cile iV o LK) @ljlaaly 4alasy) bt ¢yl
o Bl 2331 3 Wssale Tl (27) ) daca)¥) oSal) aliad 4zdal) clelis Vg (SRTM) allal)
Aagidall iladll Gl sasa o apliaill daglal a0 3 Lae bl Jilaie
Claalsally 390l Lgilaes Lsain Aaiall 4,50 Lashall 835 dasdle (520 il
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(Federal Geographic Data Committee — FGDC, 1998, p. 3-4):
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(FGDC, 1998, p. 3-4)aul) (ubiie comn 4o si€l) cally dsal) 484 julaa :(2) Jooa

() Lansliall dygui€ll 55l | (i) RMSE il dssllaall Zuayl) 480 | syl sulsia
1.25 +0.4 1:500

5.0 52.0 1.7+ §+0.7 1:1000

10.0 51 8.0 45.0 3.3+ 4 2.61% J+1.7 1:25000
10.0 +3.3  1:50000

20.0 5110.0 6.7+ J+3.3 | 1:100000

50.0 425.0 16.7+ J+8.3 | 1:250000

(ol Adacgia dihaie) Gabiph Ak 8 Luafll 481 (a3 ||
(bbb duae b dejsall Llal (RMSE) ladll cilasje Jacsgia jing Gaufyll cilig il Gl xie
el ey Adacoially dulald) mlacdl Aagdal Tl Taoess 8yfine daad) 383 poy Slindll 2 3gail) o
(2) san b dncagal) Tl al) 2 1Y Gpwrigh uleadl Csenall ladll ol Uadll j)ake 43)lass
Pk Lo G ) caals
DL Einy 2 3sa1 of AilanY) chagell casl 1Ay sl Jaghdlly avl) (uulia 4adla
Ly Ji ) )gsl) Jaghad 2 Y mleas ¥ (SRTM) i) gkall diliadl)
Gl Guplail) dlasssiag Al shliall ) oishall Jaihall & 5l 10 ge du)gusl
Ssbay Adleadll LAY 8 ol Wadl) jlaie of ) s spans ST 51 1:25000 ans)
(8 ol 5 F3.3) Wic Lumal) Ebuadilly 5l anlall Lglaall Lanigl doalawdl 350a
(bl duraa dihia) LS ddhia A daafl) A84) Julas .
Cilasye Tausgie Hia Ao 8 daaly 50l Al s ) aud 8 Tals Teli)) le dakaie i
salad) bl bl Asloadl) Anjlahl) chedid) 3l Lale 5odi Lo 585« (RMSE)Uaal
fok Lo dilaiall gl didl) il ABlia cajglily cmlacdl Giguia B Aialiall il puaally
z Y z3sall dadla e bl cuyglil 1A giisl) agladly au)l) (unlia 4l
el Ganlial Gyl Bl slaliall o3 8 3050 553 Ul 10 cre JAY) 5l Laglad
bl dedall 3508 335 LT 1 1:50000
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U

HSRTM . )l 7 3saill (50 zpiinall g WY1 :

HRef. Akl (sl xasall g lsY) :

N.laall 8 dexiil) Ll aae :

A Y alaall (385 g 2l (g)lemall il (o) Jansgiall s o5 LS

fleal) Jagial)

X =% (HSRTM — HRef) / n
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il | Gilasy) | agiall | sa—c (ulual) Alaia
(8) | @lanal | obusal) | Ll
(#) @
10.624 | +4.015 | 10.560 11| (Resie) ik
35.224 | £9.488 | 16.035 16 (ans) Sl

Ralaia (pe i Gead (e Ao Ao LaR) 23 clipny (g)linal) Cibal¥) 2ad liea S povasd]

(4) dsa>
(oudibl) cle i) By b (e dis :(4) Jgan
(%) G & | (p) G | (p) SRTM (pa LY | (p) (grasall gUELN) | AR
28.378 | +5.327 200.500 195.173 | 1
21.381 | +4.624 202.100 197.476 | 5
26.626 | -5.160 398.200 403.360 | 10
2.229 | +1.493 24.500 23.007 | 21
4.853 | +2.203 22.800 20.597 | 22

iad) o3 e (gluaall CaladY) Al sl

RMSE = [(28.378 + 21.381 + 26.626 + 2.229 + 4.853) / 5]

m+4.086RMSE =

il Blaa) a5 Lae o yie 4.015%) Galyla dabaidd 20K RMSE Zad (e Tas 408 2ol o2
ol A gige 5ag ALelSH Ll de gana (o Lealiiosdll Ailasy)
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Abstract

Road traffic accidents represent one of the most prominent challenges facing traffic
safety and sustainable development due to the catastrophic human and economic losses
they incur. This research aims to assess traffic safety and identify recurring accident
locations, geographically and engineeringly known as accident black spots, along the
arterial road connecting the areas of Qasr bin Ghashir and Esbiaa within the municipality
of Qasr bin Ghashir in Libya, while evaluating its suitability for safe transit. The study
adopted a comparative descriptive-analytical approach by examining the causes of
accidents in two distinct topographic and urban environments along the corridor: high-
density commercial zones, and minor roads and open arterial intersections. This was
achieved through a field questionnaire targeted at a sample of traffic officers and
specialized engineers, supplemented by the analysis of official statistical data issued by
traffic departments.

The statistical results, based on the analysis of expert opinions, revealed a sharp, directly
proportional impact on accident rates resulting from deficient infrastructure, lack of
engineering planning for lane alignment, excessive driver speeding, and underage
driving. From an engineering perspective, the study concluded by identifying "Al-
Twaisha Intersections" and "The Road Adjacent to Al-Afiya Clinic" as the most critical
black spots requiring urgent engineering intervention. Furthermore, the research
demonstrated that head-on and rear-end collisions are the most prevalent accident
patterns due to the absence of median barriers and night lighting. The study strongly
recommends the necessity of engineering redesign for critical road sections, activating
traffic enforcement checkpoints, and implementing stringent regulations to mitigate
drivers' behavioral violations.

Keywords: Traffic Safety, Road Accidents, Qasr bin Ghashir, Esbiaa, Libya, Accident
Black Spots.
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Abstract

This study aims to analyze the role of social media in reshaping human relationships
among students at the University of Benghazi. It measures the level of social media
usage, identifies the dimensions of its positive and negative impacts, and explores
statistically significant differences based on demographic variables (gender,
specialization, and academic level).

The study adopted a descriptive-analytical approach, applied to an equal stratified
random sample of (320) male and female students from various university faculties. Data
were collected via an electronic questionnaire, with verified validity and reliability. The
results indicated a high level of social media usage among students, with positive effects
outweighing the negative ones. Furthermore, statistically significant differences in impact
were found attributed to gender and academic level, while no significant differences were
observed regarding specialization. The findings are discussed in light of the theoretical
framework and previous literature. The study concludes with practical recommendations
for university administrations, families, and students, alongside suggestions for future
research.

Keywords: social media, Human Relationships, University Students, University of
Benghazi, Digital Transformation.
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Abstract:

Libyan cities, including Sirte City, have undergone profound urban transformations due
to successive periods of armed conflict followed by reconstruction and urban renewal
interventions. These processes have significantly influenced the structure of urban
networks and patterns of spatial connectivity. In the absence of detailed spatial analyses
addressing these transformations, this study aims to investigate the axial structure of Sirte
in its current state, considering it as a composite outcome of war impacts and post-
conflict reconstruction.

The study employs the Space Syntax methodology through Axial Analysis, based on the
development of a comprehensive axial map of the city’s street network, analyzed using
DepthmapX software. Key spatial measures include Global Integration, Local
Integration, Connectivity, and Choice. These indicators are interpreted as reflections of
the current spatial condition of the urban network, aiming to identify levels of cohesion
or fragmentation shaped by conflict and reconstruction processes.

The findings reveal noticeable variations in spatial integration across the network, with
potential movement concentrated along a limited number of primary axes, while large
portions of the urban fabric exhibit lower levels of connectivity. These patterns can be
understood as outcomes of war-related disruptions, including the fragmentation of key
urban routes, as well as reconstruction efforts that have not sufficiently addressed the
restoration of spatial continuity.

The study argues that post-conflict reconstruction should extend beyond physical
rebuilding to include the reconfiguration of spatial connectivity, as a fundamental
component for achieving urban efficiency and reinforcing social cohesion.

Keywords: Post-Conflict, Space Syntax, Axial Analysis, Urban Connectivity,
Reconstruction, Sirte.
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: Global Integration = 0.793849 4 ycaall .20 JSI) JolSall 4o caly

1(2) < Al el psen (e Adball joladll ) Jsaashl g Aayn dgall 1aa GuSas
e el Jalitl) JalSal) aasa

e ¥ dopanl) 3K of e o Lo aliai) ) doer Jaasia (s () Asasall Lol i
e B gladll e 353aa 230 dgass A iy (JSS Al Gginn Ao Ll e dlle day
A pealie Ay 4jlke Addal Anaa)l el oy,
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Jaliadl Jalsil) ddas i3 2(2) J<i

(Local Integration)  Asall Jalsil) Julas

Al JalSall 8 caly

R3. Asall Jalsil) ddasja :(3) U< Integration R3 = 1.55808

RS. sl Jalsill ddasja :(4) J<a Integration RS = 1.33125
Sns Lo sty ciglaall shbially sladf) 21 Tl fl) (o G daifie Cilisiano 35mg 1) il o3 s
oSain ¥ Aad) oY) 13 oY) 6ygladl) lilaill pea Jelitly ASal acs o A<l 53
A0l Aala) dilly Al Al (s S92 dyn ) s Lo ISS Apaall (g5iane Lo Ablas 50
A yeaal)
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(Connectivity) 4ulaiy) Julas

Py A lla¥) ddasjd 1(5) J<a: Connectivity = 3.11416 ddlasy) Jawgie gl

d9daae aae jied (A pudiy cdopand) AS0Al daly Heae JSI il Jalgyl) aae dadll 028 (eSS
Bale] sl Ay el ¥l Clafiad) (8 2K g pe (e da 38 (53 Y Al i) (e G
bR sl G ASHal as

P /\u\" E el
S
1t

£ FFL

> ~
/h/; / fé/ i =) g =

= -

=~ =1l Lir‘i%

llaiy) Ay A :(5) J<&
(Choice) ,Liay) Julas
e Ada laa¥) ddasja 3(6) JS& : Choice = 47613 jloa¥) dad casly

Al iy A glad) e ASAN g pe Adlainl e A cyasal sl e a3 13 ae)
Aol slaie) eSar Loy ciantiyll slaal) (e d93aa sie Jab ASAl 35S0 ) Gaasi dniiyall
gn LS Ghlas e dyyanll
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JLEAY) A A 1(6) J<a
(Intelligibility)  Jl<al) agill AL\3Y) Jalas
Global 5 Connectivity . a8all :(7) J<a @ Intelligibility = 0.14153 agall 200 dad casly
.Integration
DY) o Al Cia ) i W« Space Syntaxculudl (sag dolall dabdia el ol ax
Y Ulae L) ehal agh b8 AT iaary cdyiant) A0 3ISN Al Cpoy Gperdiasal] )
calal) lgadats agh e )5 yually 2ol
o) b LSy lailly (gpdal) YD AW sl ) bl ae Al oda aa
paly Al<all 5ol dll Aggwn (o puSaiy dpimnl) i) g g Ciaa o Cainy il Al
(Agael, 2017a; Agael, 2017b). duaall fperdill
Ssiasas Aisall Ll (ailiad oy 3285 ADMe 3sms Lanll) () 3 il oY) bl gl LS
Clahyall e S agdll AL Cydse Lpatl Sia Lo s c(gpamall sliail] Grariiod) ly)
(Agael, 2017a; Agael, 2017b). &yalaall LS5l
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Intelligibility: (7) J<&
(Synergy) A\<all LY Jalas
= Global Integration ise :(8) J<i: Synergy R3 = 0.4483 Ul ad cusly o
Aally ddaall bigiial) G Jasgia Jali ) agag ) gilall sda yadiy ¢ Integration R3.

AUt pogi die alally Asall i) o @AY (A ol uead eday Cua (ASAI 2K
L Sl Jalail

223839 R*=04483
y = 0.185369 x + 0.505029

Integration [HH]

0210897 - -«

T 1
0210897 Integration [HH] R3 41892

Synergy: (8) J<&
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(Results) gzl
fok Lo oy Aaey Lojuasll ASAN (1) Jgan Sl dalanl) il N
Sl Jalatl) il o(1) s
dautl) asall

0.793849 Global Integration
1.55808 Integration R3
1.33125 Integration R5

3.11416 Connectivity
47613 Choice
0.14153 Intelligibility
0.4483 Synergy R3
0.630971 Synergy R5

1o Chdsal sda (aiSig
ASEN aladl JalSall (ggine palidl) .
cela¥) Jaly el Jadal) 8 e g sl
ASED Ja)y ASHad) Blad) dagasa

1
2
3
glaall e g 2o (B A all maaly et 4
LSS agall AL 8 aad (a5

Al Aalally Adadll Sligiosd) G i dlald 29ns .6
(Discussion) 4&alial)
Grinnn o Ly ASeall Al elY) o el (uls g Sads s laai (e peilil) (i
OB ¢Blals Jaall o eladl Bam 5508 pelal sl JalSal) ciydie of (e a2l (lad ¢SS Al
Al duyeanl) Ll e cla¥) oda cp Jalill Ciea ) s QU el i)
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alall alasilly sl @Yl oy Al Cania Intelligibility el 13s dcatiiall dadl) (S5 LS
8 e Lgagds Aaal) 5eh3 e pailly Jailly A5al Alggu Ao Gl gy a8 (621 ey cdipnall
O cyell g Aull) Al 6 Baiall clahall e e aae daill sda 3dlsTy  ¢eddial
alasialy SIS delal) Blal 3 5pilie 5o 555 Aiaall L5ll A 80N e Liin) (ailadl)
(Agael, 2017c; Agael, 2023).4 paal) Luagadl) Cilbiginag dalall @l liadl)
) (5350 28 Al (gine Ao SR Tl Glie o () Al Lsheal) Ll claly el LS
slal) Lad wiam A el lall 6 s cddlidal clal) G daelialy dudla sl cliglill jajen
(Agael, 2017c; Agael, 2023). Jalll clulall fe sas A
Gl olaall (e dgama 220 G ASall S50 Jasyy Choice e ¢ Lyl o Gl maaiyg
b)) Wiy pe e 2oy cdbiied) CBLEAY Y ()5 pall aicall Limpe ST AN Jeny Lea
A Laa i Sy 8 ) LKA daail) o i ciaalad) sVl ilaal) sda day) s
o Ay sl i Cus ¢ (Fragmented Urbanism) (Siall (gpaasll elSal) o ggta culadyall
(Hillier, 1996; Batty, Lelh duaall (s5imn (Ao Jladll Jashill ) i La€l ¢ Jalal) elulal
((9) Ui ) astladdl z3saill 385 el G AN i (e LS ¢ 2013).
(Al Jalsal) glis )
(Y Sl in s
Intc!ligihflitxp-‘atiﬂ
As Al 3 3
Az g a@.;s.n IS el
(& _pcanl) me‘ Z i sals)
salaa) z3saill 1(9) J<a
(Conclusion) 4l
adliy cela) ks g (Aae TS 39 pai Capas intal dyimal) Al of daal) )y gl
AL 8 s (mledl e a3l i€ LSyl AGal Hle) JalSH (goinn (b maaly Conia
Al Hglaall e dg0me 230 Gain ASall Bgale 3<5ag ¢ SIS agall
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1984 4w (11) A& o slal L..A duali Bl : gukailly Galll i) gl Ogie
LASDLaeT g
ale 5 o 363 Aiali — clasdus dlas 7 Ajsh ]
GO daalas Cglate Guipli Al guas
hfas(06018@gmail.com : .
toaldiugl)
Byadll aialy cadlnaiy 1984 Lad (11) &8y alll g pall (5538 21y Judas ) Achall o8 aags
gl bl mgidl Auhall Caagiily Ladbal 3@a3 Gs0 Jead ) dkaln Cligeay ¢ gl
Lal) Caladiy dgaliall Colaall (e 5l G)laal) zgially cclilasd iiagll zeialls ¢ guaill
e Auhall cliagis .2024-2015 lgiad doa)l) clilaasilg Ayl o lally ddlasl) elséz\
ClalS Jiaiy cxa)ll 8 Lpaad) @bl ity (gl Alald dealie Cuagly - igall Jall
S Aahall palddy Basge lily saeld eliily ¢(5)9 pall Javall Jla ) dan ) el pghailg dudlyall
Gasllly Gl ¢y Aunias ol 82l iy €55l gyl Junii o
\__.u:\] ‘Qjﬂﬁ\ Jbul c:\.f”ﬂ\ Dy WA| ‘3.315),4]\
Abstract:

This study aims to analyze and critically examine Libyan Traffic Law No. (11) of 1984
and its amendments, and to identify the gap between its provisions and their practical
application. The research problem lies in assessing the effectiveness of the legislation in
reducing traffic accidents and identifying the obstacles to its implementation that hinder
the achievement of its objectives. The study adopts a critical analytical approach to the
legal provisions, a descriptive approach to statistics, and a comparative approach to
benefit from similar experiences. The sample included judicial rulings, administrative
reports, and official statistics for the years 2015-2024. The study found legislative
shortcomings in keeping pace with recent developments, weak monitoring mechanisms,
overlapping jurisdictions, and a lack of professional training programs. It recommends a
comprehensive review of the law, strengthening modern monitoring technologies,
activating surveillance cameras, developing training programs for traffic enforcement
officers, and establishing a unified database. The study concludes that effective
enforcement of traffic legislation requires political and institutional will to bridge the gap

between legal provisions and their practical application.

Keywords: Libyan Traffic Law, Traffic Accidents, Traffic Legislation, Law
Enforcement, Traffic Control, Road Safety, Legal Enforcement, Libya.
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Abstract

Historical citadels represent some of the most significant architectural evidence reflecting
the evolution of defensive and administrative architecture in traditional societies. They
successfully integrated the requirements of protection and security with the organization
of administrative and social activities. Al-Qasr Citadel in the Qasr Al-Khyar region
stands as a crucial architectural model that retains a substantial portion of its urban and
structural characteristics, despite exposure to factors of deterioration and aging.

The research problem lies in the scarcity of architectural studies addressing the citadel
from an analytical perspective that connects spatial configuration, defensive and
administrative elements, and architectural sustainability. This gap has resulted in
inadequate documentation of the building's urban value and limited its potential
utilization in contemporary studies.

This study aims to analyze the architectural characteristics of the citadel, identify its
defensive and administrative functions, and highlight the role of local materials and
traditional elements in achieving environmental sustainability. The research adopts
historical and descriptive-analytical approaches by documenting field photographs and
historical references, alongside analyzing the architectural elements and interior spaces of
the citadel.

The results demonstrate that the citadel represents an integrated model of traditional
defensive architecture, successfully achieving a balance among security, administration,
and environmental adaptation. This was accomplished through the utilization of interior
courtyards, thick walls, local materials, and hierarchical spatial organization.
Furthermore, the study confirms that numerous design principles applied within the
citadel align with contemporary sustainability concepts, positioning it as a vital reference
for leveraging heritage architecture in the development of modern architecture.
Keywords: Al-Qasr Citadel; Qasr Al-Khyar; Libya; Defensive Architecture;
Administrative Architecture; Architectural Composition; Architectural Sustainability;
Urban Heritage.
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Abstract

The study aimed to assess the marketing efficiency of honey production in the
municipalities of southern Libya during the 2023-2024 production season. It employed
both descriptive and quantitative economic analysis based on primary data collected to
achieve the objectives of the study. The results showed that fixed costs accounted for
87.76% of the total production costs, while variable costs represented 12.24% during the
study period. The average net return from honey production was 68.7 Libyan dinars per
hive, whereas the average production cost reached 109.6 Libyan dinars per hive. The
findings also indicated that the relative profitability of honey production was
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approximately 19.5%, while the return on the invested dinar (i.e., the return generated
from each Libyan dinar spent on honey production) was about 0.63 Libyan dinars during
the 2023-2024 season. Based on these findings, the researchers recommended
strengthening support for beekeepers' associations in the region and organizing training
programs aimed at diversifying honey products and improving their quality. They also
emphasized the importance of supporting honey exports and encouraging participation in
local and international exhibitions to promote honey production in southern Libya.
Furthermore, the study recommended supporting local markets by providing suitable
transportation for beekeepers, thereby improving the marketing efficiency of their
products and enhancing their access to markets.

Keywords: Marketing Efficiency, Honey Production, Beekeeping, Production Costs, Net
Return, Relative Profitability.
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Abstract

Urban flooding has become one of the most significant challenges facing cities due to
climate change and unplanned urban expansion, highlighting the need to integrate
disaster risk reduction into urban planning policies. The catastrophic impacts of Storm
Daniel on the city of Derna, Libya, in September 2023 exposed critical deficiencies in
land-use planning, infrastructure performance, and disaster risk management.

This study aims to evaluate the role of urban planning in reducing flood risk in Derna by
integrating spatial analysis using Geographic Information Systems (GIS) with the
Analytic Hierarchy Process (AHP), based on spatial data and a field survey involving

200 participants. The findings revealed that urban expansion along Wadi
Derna and the inadequate performance of stormwater drainage systems were among the
main factors contributing to the severity of the disaster. The AHP analysis identified early
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warning and emergency preparedness systems as the highest-priority planning
intervention, followed by the rehabilitation of the wadi and bridges, and land-use
planning measures.

The study concludes that integrating spatial analysis with multi-criteria decision-making
provides a practical framework for supporting post-disaster reconstruction, enhancing the
effectiveness of urban planning, and reducing flood risk in Derna and other cities with
similar geographical and environmental characteristics.

Keywords: Urban Planning; Flood Risk; Derna; Geographic Information Systems (GIS);
Analytic Hierarchy Process (AHP); Post-Disaster Reconstruction.
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Abstract

The erosion of local architectural identity in Greater Tripoli under the pressures of
globalization and rapid urban expansion represents a significant challenge to the
preservation of architectural cultural heritage. This paper explores a design-based
methodology for reviving traditional crafts within a contemporary architectural
framework that reinforces local identity. The city of Tripoli in Libya was selected for the
study due to its rich architectural history across various eras, with many buildings still
bearing witness to this heritage through distinct architectural details and elements. The
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Al-Ghairan district was chosen as the project site, and the project was named "Bayt
al-Fann" (House of Art) for traditional arts and crafts industries.
The study adopted a descriptive-analytical approach to analyze the current state of
traditional industries and three reference architectural models (local, Arab, and
international), in addition to an applied approach in developing the design. Research tools
included: site analysis (area: 35,500 m?), studying user needs, and extracting design
criteria according to seven main dimensions.
The results demonstrated the possibility of employing elements of traditional Libyan
architecture—such as courtyards, arches, and mashrabiyas—within a contemporary
framework that achieves functional efficiency. This paper concludes that the strategic
integration of local elements with modern construction techniques can produce a
contemporary local architecture that preserves the city's architectural heritage, is
environmentally responsive, and is closely aligned with the project's function. Thus, the
"Bayt al-Fann" architectural design serves as an important model for protecting Libya's
tangible heritage.
Keywords: Local Architectural Identity, Libyan Architectural Heritage, Local
Architectural Elements, Architecture and Sustainability, Local Architectural Design.
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Abstract

Oil well workover projects are critical operations in the petroleum industry, as they restore
well productivity, extend asset life, and maintain production efficiency. However, these
projects are subject to operational uncertainties, equipment-related risks, and unexpected
subsurface conditions that may affect cost and schedule performance. This study evaluates
the time and cost performance of an oil well workover project by integrating Analogous
Estimation during planning with Earned Value Management (EVM) during execution.

A case study was conducted using data from a real workover project with a planned duration
of 30 days and a Budget at Completion (BAC) of USD 1,956,000. Historical data from
similar workover operations were used to establish the initial project baseline. During
execution, performance was assessed using EVM indicators, including PV, EV, AC, CV, SV,
CPI, SPI, EAC, and VAC.

The results showed that an equipment-related delay reduced SPI to 0.83 and CPI to 0.74,
indicating significant schedule delay and cost inefficiency. Following corrective actions, both
SPI and CPI improved to 0.99 by Day 18, demonstrating substantial recovery in project
performance. The findings indicate that integrating Analogous Estimation with EVM
provides an effective framework for project estimation, early detection of performance
deviations, and timely corrective decision-making throughout the project lifecycle.
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Introduction

Oil well workover projects play a fundamental role in maintaining and enhancing
hydrocarbon production by restoring well integrity, improving production performance, and
extending the operational life of mature oil fields. Unlike routine drilling operations,
workover projects are characterized by high operational uncertainty due to changing well
conditions, equipment availability, reservoir behavior, and unforeseen technical challenges.
These uncertainties can result in deviations from the planned project schedule and budget,
making effective project planning, estimation, and performance control essential for
successful project execution.

In the petroleum industry, project success is commonly assessed based on the ability to
achieve planned objectives within the approved budget and schedule while maintaining safety
and operational quality. Consequently, project managers require reliable estimation
techniques during the planning phase and effective performance monitoring tools during
project execution to identify deviations, manage risks, and support timely decision-making.

Among the various project estimation techniques, Analogous Estimation is widely used
during the early planning stage because it utilizes historical information from previously
completed projects to estimate similar project duration and cost. Although this technique is
practical and time-efficient, its accuracy depends largely on the similarity between historical
and current projects.

For project monitoring and control, Earned Value Management (EVM) has become one of
the most widely recognized performance measurement techniques. EVM integrates project
scope, schedule, and cost into a single management framework, allowing project managers to
evaluate current performance, identify deviations, and forecast future project outcomes using
quantitative performance indicators.
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Although both Analogous Estimation and Earned Value Management have been extensively
discussed in project management literature, limited research has investigated their combined
application in oil well workover projects. Integrating these two approaches may provide a
more comprehensive framework that improves both planning accuracy and project
performance control throughout the project lifecycle.

Therefore, this study investigates the integration of Analogous Estimation and Earned Value
Management to evaluate the time and cost performance of a real oil well workover project.
The study also analyzes project deviations and demonstrates how combining historical
estimation with performance measurement can support more effective project management
decisions in petroleum operations.

1. Research Problem

Oil well workover projects frequently experience cost overruns and schedule delays due to
technical uncertainties, equipment failures, changing well conditions, and unforeseen
operational risks. Although many petroleum companies rely on historical experience for
project planning, project performance is often monitored using conventional cost reports that
fail to integrate schedule progress with actual expenditures. As a result, project managers
may not detect performance deviations until they become significant, reducing their ability to
implement timely corrective actions.

Furthermore, while Analogous Estimation is widely used for preliminary cost and duration
estimation, and Earned Value Management (EVM) is recognized as an effective project
performance measurement technique, limited studies have investigated the integration of
these two approaches in oil well workover projects.

Accordingly, the research problem addressed in this study is the lack of an integrated
framework that combines historical project estimation with quantitative project performance
measurement to improve cost and schedule control in oil well workover operations.

2. Research Objectives

The primary objective of this study is to evaluate the effectiveness of integrating Analogous
Estimation and Earned Value Management (EVM) in improving cost and schedule
performance evaluation for oil well workover projects.
The specific objectives are:
1. To estimate the project cost and duration using Analogous Estimation based on
historical workover projects.
To evaluate project cost performance using Earned Value Management indicators.
To assess project schedule performance throughout project execution.
To identify the main causes of cost and schedule deviations.
To forecast the final project cost using Earned Value Management forecasting
techniques.
6. To recommend corrective actions that improve project performance and support
decision-making in future workover projects.

Nk
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Research Methodology

This study adopted a descriptive analytical approach using a case study methodology to
evaluate the performance of a real oil well workover project. The research integrates
Analogous Estimation during the planning stage with Earned Value Management during
project execution to provide a comprehensive assessment of project cost and schedule
performance.

Historical information obtained from previously completed workover projects was used to
estimate the project's baseline cost and duration through Analogous Estimation.
Subsequently, actual project execution data were collected and analyzed using Earned Value
Management performance indicators.

The project performance assessment was based on the calculation of Planned Value (PV),
Earned Value (EV), Actual Cost (AC), Cost Variance (CV), Schedule Variance (SV), Cost
Performance Index (CPI), Schedule Performance Index (SPI), Estimate at Completion
(EAC), Estimate to Complete (ETC), and Variance at Completion (VAC). The results were
interpreted to identify project deviations, evaluate management performance, and develop
practical recommendations for improving future workover project planning and execution.

3. Literature Review

3.1 Project Cost Management

Project Cost Management is one of the fundamental knowledge areas in project management
and aims to ensure that projects are completed within the approved budget while achieving
their technical and operational objectives. According to the Project Management Institute
(PMI, 2021), project cost management includes the processes required to plan, estimate,
budget, finance, fund, manage, and control project costs throughout the project life cycle.
Effective cost management involves four principal processes:

e Plan Cost Management

o Estimate Costs

e Determine Budget

o Control Costs
These processes establish the project cost baseline and provide the necessary framework for
monitoring expenditures, controlling budget deviations, and supporting informed managerial
decisions during project execution.
In oil and gas projects, particularly oil well workover operations, cost management is
especially challenging due to operational uncertainties, fluctuating service costs, equipment
availability, and unexpected subsurface conditions. Consequently, accurate cost estimation
and continuous cost control are essential for minimizing financial risks and ensuring
successful project delivery.

3.2 Analogous Estimation

Analogous Estimation is one of the most commonly used estimation techniques during the
early stages of project planning. It estimates the expected project cost, duration, or required
resources by comparing the current project with previously completed projects that share
similar technical, operational, and environmental characteristics. According to the Project
Management Institute (PMI, 2021), this technique relies on expert judgment supported by
historical project data and is particularly valuable when detailed project information is
limited.
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The primary advantage of Analogous Estimation is its speed and practicality, allowing
project managers to establish an initial project baseline with relatively little effort. However,
its accuracy depends on the quality and relevance of historical data, as well as the degree of
similarity between the reference projects and the project being estimated. Consequently,
organizations with comprehensive project databases generally achieve more reliable
estimates than those relying solely on expert opinion.

Analogous Estimation can be particularly useful in oil well workover projects because many
workover operations involve recurring activities such as rig mobilization, tubing replacement,
well stimulation, completion repairs, and testing. Historical information from previous
workover campaigns provides a practical basis for estimating project cost and duration while
reducing planning time and improving budgeting accuracy.

3.3 Earned Value Management (EVM)

Earned Value Management (EVM) is an integrated project performance measurement
methodology that combines project scope, schedule, and cost into a single management
framework. Unlike traditional cost monitoring methods, which compare actual expenditures
with the project budget, EVM evaluates the value of work actually completed against both
the planned schedule and the actual cost incurred.

According to Fleming and Koppelman (2010), Earned Value Management enables project
managers to measure current project performance objectively while forecasting future cost
and schedule outcomes before project completion. This capability allows organizations to
detect performance deviations early and implement corrective actions before they
significantly affect project objectives.

EVM is a well-established project performance measurement and control methodology and is
discussed within the project management standards and literature associated with PMI. (PMI,
2021) for monitoring project performance. It has been successfully implemented across
various industries, including construction, manufacturing, defense, information technology,
and petroleum engineering, due to its ability to provide reliable quantitative indicators for
project control and decision-making.

For oil well workover projects, where operational conditions can change rapidly because of
equipment failures, well integrity issues, or unexpected subsurface conditions, EVM provides
an effective mechanism for continuously evaluating project performance and identifying
deviations that require immediate management attention.

3.4 EVM Performance Indicators

The effectiveness of Earned Value Management depends on several key performance
indicators that measure project progress from both financial and scheduling perspectives.
» Planned Value (PV)

Planned Value represents the authorized budget assigned to the work scheduled to be
completed by a specific reporting date. It serves as the project's planned performance
baseline.

» Earned Value (EV)
Earned Value represents the budgeted value of the work that has actually been completed. It
measures project progress in monetary terms using the original project budget rather than
actual expenditures.

> Actual Cost (AC)
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Actual Cost is the total expenditure incurred for the work performed during the reporting
period. It reflects the real financial resources consumed by the project.
+» Cost Variance (CV)
Cost Variance measures the difference between Earned Value and Actual Cost.
» CV > 0: Project is under budget.
» CV =0: Project is on budget.
» CV <0: Project is over budget.

+* Schedule Variance (SV)
Schedule Variance measures the difference between Earned Value and Planned Value.
» SV > 0: Project is ahead of schedule.
» SV =0: Project is on schedule.
» SV <0: Project is behind schedule.
% Cost Performance Index (CPI)
The Cost Performance Index evaluates cost efficiency by comparing the value of
completed work with the actual expenditure.
» CPI > 1: Efficient cost performance.
» CPI = 1: Performance meets the planned budget.
» CPI < 1: Cost performance is inefficient.
% Schedule Performance Index (SPI)
The Schedule Performance Index measures schedule efficiency by comparing completed
work with planned work.
» SPI > 1: Project is progressing faster than planned.
» SPI = 1: Project is on schedule.
» SPI < 1: Project is progressing slower than planned.

5.5 EVM Forecasting Techniques

One of the major strengths of Earned Value Management is its ability to forecast future
project performance based on current execution trends. These forecasting indicators enable
project managers to estimate the project's expected final cost and determine whether
corrective actions are required.

The most commonly used forecasting indicators include:

o Estimate at Completion (EAC): Predicts the total expected project cost at
completion based on current project performance.

o Estimate to Complete (ETC): Estimates the additional cost required to complete the
remaining project work.

e Variance at Completion (VAC): Measures the expected difference between the
approved project budget and the forecasted final project cost.

e To Complete Performance Index (TCPI): Indicates the level of cost efficiency that
must be achieved during the remaining work to complete the project within the
approved budget.

These forecasting metrics provide project managers with valuable information for proactive
decision-making, enabling timely corrective actions that minimize cost overruns and schedule
delays.
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5.6 Research Gap

Existing studies have extensively examined Earned Value Management for project
performance monitoring and forecasting, while other studies have addressed workover
operations, rig scheduling, and historical data-based estimation. However, limited attention
has been given to integrating Analogous Estimation with EVM within a single framework for
oil well workover projects. This gap is particularly relevant in workover operations, where
historical similarities can support initial estimation, while continuous EVM monitoring can
identify deviations during execution.

6. Previous Studies

Numerous studies have demonstrated the effectiveness of Earned Value Management (EVM)
in improving project performance measurement and supporting project control across various
engineering sectors. However, only a limited number of studies have investigated the
integration of project estimation techniques with EVM, particularly in petroleum workover
projects.

Mayo-Alvarez et al. (2022) conducted a systematic review of Earned Value Management
applications and concluded that EVM is one of the most reliable methodologies for
monitoring project cost and schedule performance. Their study emphasized that the
integration of performance indicators such as the Cost Performance Index (CPI) and Schedule
Performance Index (SPI) enables project managers to identify deviations early and improve
decision-making throughout the project life cycle.

Similarly, Proafio-Narvaez et al. (2022) highlighted the practical application of EVM in
construction projects and reported that continuous monitoring of earned value indicators
significantly improves project control, particularly in projects exposed to uncertainty and
changing execution conditions.

Lopez Pascual et al. (2021) proposed an enhanced Earned Value Management model that
incorporates additional performance indicators to improve forecasting accuracy. Their
findings demonstrated that advanced EVM models provide more reliable estimates of project
completion cost and schedule than traditional monitoring techniques.

From the perspective of project estimation, the Project Management Institute (PMI, 2021)
identifies Analogous Estimation as one of the standard estimation techniques for developing
preliminary project budgets and schedules using historical information from similar projects.
Likewise, Kerzner (2022) emphasized that historical project databases significantly improve
estimation accuracy when combined with systematic project performance measurement.
Despite these contributions, previous studies have primarily focused on either project
estimation or project performance measurement independently. Very limited research has
investigated the integration of Analogous Estimation and Earned Value Management
within the context of oil well workover projects, where operational uncertainty and rapid
decision-making are critical to project success.

Therefore, this study contributes to the existing literature by proposing an integrated
framework that combines historical project estimation with quantitative performance
measurement to improve cost and schedule management in oil well workover operations.
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7. Case Study

7.1 Project Description

The case study presented in this research focuses on a real oil well workover project
undertaken to restore well productivity and improve operational performance. The project
included several workover activities, such as rig mobilization, well intervention, tubing
operations, equipment replacement, well testing, and final demobilization.

Oil well workover projects differ from conventional construction projects because they are
highly sensitive to operational conditions, equipment availability, and well integrity
requirements. Unexpected technical issues may arise during execution, requiring additional
resources, increasing operational costs, and extending the planned project duration.
Consequently, effective project planning, reliable estimation, and continuous performance
monitoring are essential to ensure successful project delivery.

The project was planned using Analogous Estimation, where historical information from
previously completed workover projects with similar operational characteristics was used to
develop the initial estimates of project duration and cost. During execution, project
performance was monitored using Earned Value Management (EVM) to evaluate cost and
schedule performance identify deviations from the approved baseline, and support timely
management decision-making.

The approved project baseline consisted of:

e Project Type: Oil Well Workover Project
e Project Duration: 30 Days
o Budget at Completion (BAC): USD 1,956,000

7.2 Project Schedule and Baseline Budget

Based on historical workover data and expert judgment, the project was divided into five
major execution phases, as presented in Table 1.
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Table 7.2 Project Schedule and Baseline Budget

Project Phase Duration (Days) | Schedule (%) | Budget (USD)
Mobilization and Site Preparation 3 10% 195,600
Well Intervention Operations 9 30% 586,800
Workover and Equipment Replacement 12 40% 782,400
Well Testing and Completion 4 13.3% 260,148
Demobilization and Project Closeout 2 6.7% 131,052
Total 30 100% 1,956,000

The project baseline established through Analogous Estimation served as the reference for
evaluating project performance during execution. The estimated budget and schedule were
subsequently used in the Earned Value Management analysis to determine project deviations,
forecast completion performance, and assess overall project efficiency.

8. Application of Analogous Estimation and Earned Value Management

8.1 Project Baseline Development Using Analogous Estimation

The project baseline was established using the Analogous Estimation technique based on
historical data from similar oil well workover projects. This approach was used to estimate
the project duration and budget before execution. The approved baseline consisted of a 30-
day project duration and a Budget at Completion (BAC) of 1,956,000 USD.

The cumulative Planned Value (PV) was distributed according to the approved project
schedule, as presented in Table 8.1 and illustrated by the baseline S-Curve (Figure 8.1). The
baseline represents the planned cost distribution throughout the project lifecycle and serves as
the reference for evaluating project performance using Earned Value Management (EVM).
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Table 8.1 Planned Value (PV) Baseline Data

Day PV
| 0.00 [ 0.00 |
| 2 [ 10,000.00 |
| 5 [ 200,000.00 |
| 8 [ 760,000.00 |
| 12 [ 1,100,000.00 |
| 15 [ 1,200,000.00 |
| 18 [ 1,500,000.00 |
| 23 [ 1,901,000.00 |
| 27 [ 1,950,000.00 |
| 30 [ 1,956,000.00 |

2500000

2000000

1500000

1000000

500000

Figure 8.1. Baseline S-Curve (Planned Value)

8.2 Equipment Delay Scenario

Although the project baseline assumed uninterrupted execution, oil well workover projects
are inherently exposed to operational risks that may adversely affect project performance. To
evaluate the impact of such disruptions, an equipment delay scenario was developed in which
the delivery of critical workover equipment was delayed during the execution phase. This
interruption reduced productivity while project expenditures continued to increase due to rig
standby costs, labor expenses, equipment rental, and operational support services.
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Table 8.2. Project Performance Data During Equipment Delay Scenario

Day PV EV AC

0 - - -

2 10,000.00 10,000.00 12,000.00

5 200,000.00 195,000.00 205,000.00
8 760,000.00 735,000.00 820,000.00
12 1,100,000.00 1,000,000.00 1,250,000.00
15 1,200,000.00 1,100,000.00 1,450,000.00
18 1,500,000.00 1,250,000.00 1,700,000.00
23 1,901,000.00 1,650,000.00 1,950,000.00
27 1,950,000.00 1,800,000.00 2,030,000.00
30 1,956,000.00 1,850,000.00 2,100,000.00

2500000

2000000

1500000

1000000

500000
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Figure 8.2. S-Curve for Equipment Delay Scenario
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As illustrated in Figure X.2, the Planned Value (PV), Earned Value (EV), and Actual Cost
(AC) curves remained relatively close during the early stages of execution. However, after
Day 8, the

delayed delivery of critical equipment caused a significant reduction in project progress,
resulting in an increasing gap between the three performance curves.

The largest deviation occurred on Day 18, where project performance indicators were
calculated as follows:

e Planned Value (PV): 1,500,000 USD
e Earned Value (EV): 1,250,000 USD
e Actual Cost (AC): UD 1,700,000 USD
The corresponding Earned Value Management indicators were:
e Schedule Variance (SV) =-250,000 USD
e Cost Variance (CV) =-450,000 USD
e Schedule Performance Index (SPI) = 0.83
e Cost Performance Index (CPI) = 0.74

Based on the current cost performance, the project completion forecast was calculated using
the Estimate at Completion (EAC):

EAC=BAC /CPI=1,956,000 / 0.74= 2,643,243 USD
Accordingly, the expected Variance at Completion (VAC) was:

VAC=BAC-EAC=-687,243 USD

These results indicate that the project was significantly behind schedule and over budget. If
no corrective actions had been implemented, the project would have exceeded its approved
budget by approximately 35% while experiencing substantial schedule slippage.

8.3 Project Recovery Phase

A recovery scenario was subsequently developed to evaluate the potential effect of corrective
actions on project performance. The recovery plan included accelerated equipment
procurement, improved supplier coordination, optimized resource allocation, activity
resequencing, and controlled overtime during critical activities.
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Table 8.3. Project Performance Data After Recovery Actions

Day PV EV AC

0 0 0 0

2 10,000.00 10,000.00 10,500.00

5 200,000.00 195,000.00 202,000.00
8 760,000.00 750,000.00 765,000.00
12 1,100,000.00 1,080,000.00 1,110,000.00
15 1,200,000.00 1,180,000.00 1,210,000.00
18 1,500,000.00 1,485,000.00 1,505,000.00
23 1,901,000.00 1,890,000.00 1,905,000.00
27 1,950,000.00 1,950,000.00 1,955,000.00
30 1,956,000.00 1,956,000.00 1,956,500.00

2500000

2000000

1500000

1000000

500000

The recovery actions produced a noticeable improvement in both schedule and cost

Figure 8.3. Recovery S-Curve

performance. By Day 18, the performance indicators had improved considerably:




. ____________________________________________________________________________|
Alrefak Journal of Knowledge — Issue No. 13 (June 2026), p. 1-17

e Planned Value (PV): 1,500,000 USD
e Earned Value (EV): 1,485,000 USD
e Actual Cost (AC): 1,505,000 USD
The corresponding Earned Value indicators were:
e Schedule Variance (SV) =-15,000 USD
e Cost Variance (CV) =-20,000 USD
e Schedule Performance Index (SPI) = 0.99
e Cost Performance Index (CPI) = 0.99
The improvement in SPI and CPI indicates that the corrective measures successfully restored
project performance and minimized the impact of the equipment delay.
At project completion (30 Days), all planned work had been completed, resulting in:
e PV=1,956,000 USD
« EV=1,956,000 USD
e AC=1,956,500 USD
The final project performance indicators were:

e SV=0USD

e« CV=-500USD
e SPI=1.00

e CPI=0.9997

These results demonstrate that the project was completed according to the planned schedule,
with only a negligible cost overrun of 500 USD, representing less than 0.03% of the
approved project budget.

8.4 Comparative Performance Evaluation

To assess the effectiveness of the implemented recovery strategy, the project performance
before and after corrective actions was compared using the principal Earned Value
Management indicators.

Table 8.4. Comparison of Project Performance Before and After Recovery

Indicator Equipment Delay Recovery Phase Improvement
SV -250,000 USD -15,000 94.0%
Cv -450,000 USD -20,000 95.6%
SPI 0.83 0.99 +19.3%
CPI 0.74 0.99 +33.8%

The comparison demonstrates the effectiveness of the recovery strategy in bringing project
performance closer to the approved baseline. Schedule deviation was reduced by
approximately 94%, while cost deviation decreased by nearly 96%. Likewise, both the
Schedule Performance Index and Cost Performance Index improved substantially, indicating
that project performance approached the approved baseline.
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These findings demonstrate that continuous project monitoring using Earned Value
Management can enable early identification of performance deviations and support
timely corrective actions. Furthermore, integrating Analogous Estimation with Earned
Value Management offers an integrated framework for planning, monitoring, and
controlling oil well workover projects under uncertain operating conditions.

8.5 Discussion of Results

The results of this case study indicate that integrating Analogous Estimation with Earned
Value Management (EVM) provides a practical approach to planning and monitoring oil well
workover projects. Analogous Estimation established a realistic project baseline using
historical project data, while EVM enabled continuous monitoring of project performance
through quantitative cost and schedule indicators.

The equipment delay scenario demonstrated how operational disruptions can rapidly lead to
schedule delays and cost overruns. Conversely, the recovery scenario showed that timely
corrective actions significantly improved project performance, reducing both schedule and
cost deviations and restoring alignment with the approved baseline.

These findings are consistent with previous studies, which emphasize that EVM supports
early detection of project deviations and improves decision-making through continuous
performance monitoring. The proposed integration enhances estimation accuracy, strengthens
project control, and provides project managers with reliable information for responding to
operational risks and improving project outcomes.

9 Corrective Action Plan

The Earned Value Management analysis identified both cost overruns and schedule delays
during project execution. Based on these findings, several corrective actions are
recommended to improve project performance and minimize further deviations.

9.1 Resource Optimization

To recover schedule delays, project management should optimize the allocation of critical
resources by improving equipment utilization, minimizing rig idle time, and ensuring the
timely availability of materials and specialized personnel. Efficient resource allocation can
significantly improve schedule performance without substantially increasing project costs.

9.2 Enhanced Cost Control

Since the project exhibited inefficient cost performance, stricter financial monitoring
procedures should be implemented. Daily cost tracking, regular comparison of actual
expenditures with the project baseline, and continuous monitoring of high-cost activities will
enable early identification of budget deviations and facilitate timely corrective actions.

9.3 Risk Management Improvement

Unexpected operational events are common in oil well workover projects. Therefore, project
managers should maintain an updated risk register, conduct periodic risk assessments, and
establish contingency plans for equipment failures, well integrity issues, and unforeseen
operational conditions. Integrating risk management with project performance monitoring
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enhances organizational readiness and reduces the likelihood of significant project
disruptions.

9.4  Continuous Performance Monitoring

Project performance indicators should be reviewed regularly throughout project execution.
Continuous calculation of CPI, SPI, and forecasting metrics allows management to detect
performance deterioration early and implement corrective measures before deviations
become critical.

10 . Recommendations

Based on the findings of this study, the following recommendations are proposed:

1. Petroleum companies should integrate Analogous Estimation with Earned Value
Management as a standard practice for planning and controlling oil well workover
projects.

2. Historical project databases should be continuously updated to improve the accuracy
of analogous cost and schedule estimates.

3. Earned Value Management indicators should be calculated periodically throughout
project execution rather than only at project completion.

4. Risk management activities should be integrated into project planning to reduce the
impact of operational uncertainties on project performance.

5. Project managers should establish formal performance review procedures whenever
significant deviations in CPI or SPI are detected.

6. Future workover projects should incorporate lessons learned from completed
operations to improve estimation accuracy and project control effectiveness.

11 . Conclusion

This study presented an integrated approach for evaluating the cost and schedule performance
of an oil well workover project by combining Analogous Estimation with Earned Value
Management (EVM). Analogous Estimation was employed during project planning to
establish the initial project baseline using historical workover data, while Earned Value
Management was applied during project execution to monitor performance and evaluate
project progress.

The results demonstrated that the project experienced both cost overruns and schedule delays,
as indicated by the calculated Cost Performance Index (CPI) and Schedule Performance
Index (SPI). Forecasting indicators further suggested that the final project cost would exceed
the approved budget if the current performance trend continued.

The study confirms that integrating historical estimation techniques with quantitative
performance measurement provides project managers with a more comprehensive decision-
support framework. The proposed approach enhances estimation accuracy, facilitates early
identification of project deviations, and supports timely corrective actions, thereby improving
the overall management of oil well workover projects.

Unlike previous studies that primarily examined Earned Value Management as a project
control tool, this research demonstrates the practical benefits of integrating Analogous
Estimation with EVM. The proposed framework enhances both project planning and
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performance monitoring, providing a more comprehensive approach to managing oil well
workover projects under uncertain operating conditions.

Future research may extend this work by applying the proposed framework to multiple
workover projects and comparing its effectiveness with other project estimation and
performance measurement techniques in the petroleum industry.
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Abstract

This study investigated Libyan English as a Foreign Language (EFL) students’ perceptions,
attitudes, benefits, and challenges regarding the use of ChatGPT’s voice chat feature for
speaking practice. Framed within Vygotsky’s Social Interactionism Theory and the Zone of
Proximal Development, the research addressed geographical and methodological gaps by
examining interactive communicative competence in a Libyan tertiary context. A mixed-
methods survey design was used to gather data from a purposive sample of 32 undergraduate
and postgraduate EFL students at the University of Tripoli via an online questionnaire
comprising Likert-scale and open-ended items.

The findings revealed significantly positive attitudes toward the Al tool; 45.16% of
participants agreed that ChatGPT voice chat improved their overall speaking skills, noting
advancements in pronunciation (38.71%), vocabulary (45.16%), and confidence (35.48%).
Qualitative analysis confirmed that the chatbot provided a safe, judgment-free environment
that reduced anxiety and the fear of making mistakes. However, notable challenges emerged,
including internet connectivity issues, a lack of conversational realism, and shallow feedback
compared to human interaction. Despite sample-size limitations and the absence of an
experimental design, this study underscores the pedagogical potential of integrating
generative Al voice tools to support authentic language production.

Keywords: ChatGPT, voice chat, speaking skills, Al, EFL students.
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1. Introduction

English has become the primary global language of communication due to its widespread use.
It is widely spoken and, as a result, English has begun to establish itself and is used
extensively in various fields, including scientific research, education, business, the internet,
tourism, and media. In addition, English is the fundamental language used in scientific
research articles; within 85% of research publications are written in English. Furthermore, it
is a global language employed for trade and commerce (Akhter, 2021; Rao, 2019).

Regarding the importance of the English language, Akhter (2021) highlighted the interest of
EFL learners in gaining extensive knowledge of English, cooperating in this technological
and skilled world. Consequently, among all four skills, speaking skills are considered a
crucial skill because it occupies a dominant place in the communication process. Speaking
skills are expressive, communicative, and performative. Therefore, EFL students need to
communicate and express thoughts, and this purpose is fulfilled utilizing English, and it is an
essential skill for learners to improve their lives and career opportunities, including
participating in debates and presentations.

However, it has been widely noticed that EFL students face many difficulties in mastering
speaking skills. Al Hosni (2014) conducted a study that demonstrates the issues that students
encounter, including insufficient vocabulary, the consistent use of the mother tongue
language, and the fear of making mistakes. Therefore, these reasons lead to an inhibition of
low participation in classrooms. The study also reported that teachers focus only on grammar
and vocabulary items rather than teaching speaking; even if there is a chance of teaching
speaking, teachers skip it and move on to applying other tasks like reading and writing, which
limits the full use of the language and hinders their English level, because teachers believe
that teaching grammar and vocabulary are enough to help students in speaking. Additionally,
the study stated that students are not provided with external opportunities to practice
speaking, meaning that students’ exposure to language is limited to the classroom only,
which lacks the use of English in authentic situations. This highlights the need to employ
effective strategies and practices that assist students in fostering their speaking skills.
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Recently, Artificial intelligence tools and applications have established themselves strongly
across multiple fields, such as education, science, and business. As a result, Al tools have
been widely used in educational institutions and on language-learning platforms. Dou et al.
(2025). A study by Emma (ed) claimed that Al tools such as ChatGPT, Alexa, and Gemini
provide personalized experiences by analyzing students’ performance and offering immediate
feedback on grammar, vocabulary, and pronunciation. In addition to the creation of a
realistic, simulated environment for practising language skills.

In Libya, EFL teachers often struggle to provide opportunities and a suitable environment for
students to practice speaking English authentically, which hinders students’ fluency and
communicative competence (Abusteen, 2015). This highlights the need for the integration of
Al tools in students’ speaking practice to maintain the development of this skill.

Al voice chatbots might be a solution for overcoming traditional language learning, which is
shaped by learners’ fear of using a language, the lack of opportunities for speaking practice,
and the lack of high-quality feedback (Hoang & Ho, 2024).

According to Hoang & Ho (2024) stated in their study that Al chatbots can handle a diversity
of conversations in a way that adapts to the learner’s level. Making the language acquisition
process an easy and smooth task.

ChatGPT is a type of generative model created by OpenAl that is designed to maintain the
natural use of the language, which is designed to stimulate human conversations and enable a
naturalistic communicative setting. Additionally, it excels in producing human-quality text
and audio (Pratiwi et al., 2024; Poola, 1., & Bozic, V., 2023).

This study seeks to investigate Libyan EFL students’ perceptions and challenges toward
using ChatGPT voice chat to improve their speaking skills and practices, as there has been no
detailed research exploring EFL learners' perspectives on using ChatGPT voice chat as a
practice tool to foster their speaking abilities in Libyan contexts.

1.1 Questions of the study

This study aims to answer the following questions, which were raised by the researcher:

1. What are the perceptions and attitudes of Libyan EFL students toward using ChatGPT
Voice chat to enhance their speaking abilities?

2. What benefits do Libyan EFL students perceive from using ChatGPT voice chat in
speaking practice?

3. What challenges do Libyan EFL students face when using ChatGPT voice chat in
improving their speaking skills?

1.2 Objectives of the study:

1. To investigate Libyan EFL students’ attitudes toward using ChatGPT voice chat for
improving speaking skills.

2. To identify the perceived benefits of using ChatGPT voice chat in speaking practice
among Libyan EFL students.

3. To explore the challenges faced by Libyan EFL students when using ChatGPT voice
chat in speaking practice.
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1.3 Significance of the study

This study provides an exciting opportunity to advance our knowledge of Al tools integration
and their powerful impact on fostering students’ linguistic skills, particularly speaking. So
far, this concept has only been applied to international contexts, such as China and Vietnam.
However, far too little attention has been paid to the Libyan context. Therefore, this study
will provide an insightful overview of the Libyan EFL learners’ perceptions of utilizing
ChatGPT voice chat as a tool for speaking practices. Also, this study may serve as a reference
for any future research concerning this topic.

In addition, the findings of this study may encourage establishing Al voice chat as a practical
tool to foster students’ communicative abilities by providing a natural setting for consuming
the language.

1.4 Problem statement

Speaking skills are one of the most challenging skills to acquire and master in learning a
language, which requires the opportunity to consume and use the language, as the majority of
EFL educational systems, specifically in Libyan contexts, struggle to offer an authentic
classroom environment to practice the language. However, with the emergence of Al tools,
rapid development has led to many appearing, including ChatGPT, an artificial language
model created by Al that represents natural language processing and generates human
responses (Pratiwi, 2024).

Furthermore, this research paper investigates Libyan EFL students' use of ChatGPT voice
chat for speaking practice and aims to establish Al tools as an integrated, practical tool for
speaking practice in classroom settings.

2. Literature review:

Much of the current literature on the utilization of the ChatGPT application pays particular
attention to its use as a tool in enhancing students’ speaking skills. In this literature, the
research will cover the following: Speaking hurdles, the emergence of Al, the use of
ChatGPT in EFL students, and previous studies that examine this concept. Therefore, this
study aims to shine new light on these studies through an examination of ChatGPT voice chat
to improve Libyan EFL students’ speaking skills.

2.1 Speaking skills challenges:

Speaking skill has possessed an important area in language learning due to the requirements
that every EFL student needs, which are presenting topics, expressing thoughts, sharing
perspectives, and conveying information. However, students face some major hurdles in
learning to master this skill. Alaraj (2015) highlighted these particular hurdles in his study,
which include struggling to memorize vocabulary, a lack of authentic exposure to the
language, and dependence on the mother tongue. Therefore, most EFL teachers keep diving
into the cyclone of the grammar translation method in their teaching strategies and restrict
any opportunity for students to practice the language authentically (Al-Hosni, 2014).
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2.2 Artificial intelligence in learning languages:

Language learning applications have been popular among students due to their accessibility and
downloadable software programs. These applications generally include a diverse range of
educational activities that contain grammar and vocabulary enhancement, as well as speaking
practices. Therefore, some language applications provide immediate pronunciation feedback.
Al-Driven software applications employ interactive conversation with a language monitor that
represents a virtual language instructor. Conversely, the virtual language instructor offers
feedback on the learner’s grammar and pronunciation, which is based on the learner’s needs and
goals. As a result, virtual language instructors can improve on and exceed traditional language
teaching methods, allowing students to overcome fears in social contexts. (Saifi, 2024).

2.3 ChatGPT in Education:

ChatGPT is a type of Generative pre-trained transformer, and OpenAl created it. It is
designed to generate human natural responses and activate normal human conversations.
Additionally, it is used in a variety of applications, including Chatbots, virtual assistants,
voice chats, and a language translation tool. Therefore, ChatGPT is an incredible tool that
possesses the power to alter how students interact with technology by offering human
communicative responses. As a result, its utilization in educational institutions may help to
enhance students’ learning and engagement. ChatGPT can be used to create chatbots and
voice chats, and they are led by language virtual instructors, helping students practice their
language skills and simulate real-life conversations. In addition to providing students with
rapid feedback on their grammar, pronunciation, and vocabulary (Bozi¢, n.d).

Learners can access ChatGPT whenever they want, and it is affordable because it eliminates
the need for physical tutors and private courses, especially for EFL learners with limited
budgets. Therefore, ChatGPT’s features can turn the learning process into a highly engaging,
motivating, and private environment. Even learners lacking grammatical accuracy can benefit
from ChatGPT by processing and rephrasing sentence structures correctly. Consequently,
learners will be able to obtain real-time individual feedback and scaffold their competence
and performance by exposing them to the correct linguistic form (Pratiwi, 2024).

However, ChatGPT is not free of limitations and challenges. Bozi¢ (n.d) illustrated in his
study that overreliance on Al tools may simply kill students' creativity and critical thinking,
and make them dependent on learning. The study also reported that using ChatGPT can lead
to a lack of students' social interaction with other people, which occurs face-to-face, and this
might lead to sabotaging their empathy and ability to socialize. The study noted a significant
limitation, which is plagiarism by using ChatGPT to generate written work without proper
attribution of its use. Therefore, it could lead to dishonesty and academic robbery.
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2.4 Previous studies

There have been several longitudinal studies involving the use of ChatGPT that have reported
supporting the quality of students’ oral performance. For example. Askari and Rahim (2024)
investigated the influence of Al chatbots, particularly ChatGPT, on fostering students’ level
of confidence during oral presentations. The study employed a mixed-methods design, and
the quantitative data were collected through pre- and post-oral presentations that contained 46
students from different universities, while qualitative data were gathered through semi-
structured interviews. Therefore, the study found a significant improvement in both
presentation and the
level of confidence, which increased from 2.85 to 3.8. Additionally, the participants stated
that Al tools contributed effectively to reframing their skills through the reduction of anxiety.
Similarly, Chen (2024) analyzed the impact of artificial intelligence on the development of
oral skills of EFL university students in China to gain a full picture of how students perceive
technology use. Moreover, the study employed a qualitative approach by involving semi-
structured interviews with 11 English students. However, the study lacked a quantitative
approach, which is considered an important component for providing reliable results.
Furthermore, the results highlighted that Al tools provide a customized learning environment
compatible with students’ speaking skills. In contrast, the participants showed a variety of
responses. Some appreciated it, while others stated that Al use could weaken the authenticity
of communication. The study involved only females, indicating that it might have hindered
the reliability of the findings. However, the researcher claims that regarding gender
differences may require justifications, as the participants shared a similar EFL background.
Another key point that the researcher did not determine which Al tools were used, resulting
in an obscure methodology. Therefore, the researcher should have considered the type of Al
system that was being used.

In addition, Salsabil et al. (2025) examined the effect of ChatGPT Al, particularly the Voice
Chat feature, on 60 eleventh-grade students. Next, the researchers divided the participants
into an experimental and a control group. The study employed a mixed-methods approach,
and data were collected through pre and post-speaking tests. For the qualitative section, the
researchers conducted semi-structured interviews with 5 participants and analyzed them
thematically. Therefore, the experimental group performed significantly better than the
control group, concluding that ChatGPT voice chat supported their speaking level by
reducing anxiety and avoiding harsh judgments. It helped them to improve their fluency,
grammar awareness, and pronunciation. The study also reported an issue, which is the
instability of the internet connection.

On the other hand, Sa et al. (2025) investigated another AI- powered voice tool, which is
ELSA Speak, supporting pronunciation and updating instructions for EFL learners. The study
used a mixed-methods quasi-experimental design that involved 37 EFL first-year students.
Accordingly, the researchers gathered data by implementing pre- and post- tests, systematic
practice records, and focus group interviews. Consequently, the findings revealed a crucial
connection between frequency and pronunciation, which fostered accuracy and some
phonological features, such as stress and intonation. However, the researchers encountered
technical issues, such as lagging, glitching, and poor recording quality. Additionally,
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the majority of the participants struggled with hindered self-discipline or confidence, and
they hardly benefited from the utilization of
technology. In contrast, the researchers might need to expand the data collection by
conducting interviews with control groups as well to discover how traditional teaching affects
their learning process and how it influences their linguistic improvement.

Instead, Pratiwi et al. (2024) investigated the concerning pedagogical potentials of using
ChatGPT's voice conversation feature in language learning through a systematic literature
review on technology. The researchers addressed Al capabilities and limitations in assessing
pronunciation and capturing contextual differences. Hence, the findings concluded that
technology's role offers instant access and enhances students’ independence. Also, they
highlighted that ChatGPT provides a collaborative, interactive learning environment,
especially for speaking practice. Nevertheless, the study declared that ChatGPT lacks a
genuine understanding which takes into account emotional matters and varying accents, due
to the robotic language that Al tools possess, which might fail in managing real-life
communication. It also lacks the pausing and pitch characteristics of human speech.

2.5 Theoretical framework

This study is governed by the social interactionism theory, which was proposed by Lev
Vygotsky. The theory assumes that human mental mechanisms do not represent a biological
maturation, but are formed through cultural and social interaction. Therefore, Vygotsky
introduced the concept of the Zone of Proximal Development (ZPD), which refers to the
distance between what a student can do independently and what they can do with the
assistance of a more knowledgeable other. Additionally, Vygotsky claimed that effective
teaching occurs by interacting with language users to stimulate linguistic functions and
awareness of accuracy. This study is connected to Vygotsky’s theory, which states that
ChatGPT voice chat provides an interactive setting where students can engage with the
conversation feature, which uses an Al-powered system within human vocals.
Simultaneously, this system is knowledgeable and skilled, helping students receive
constructive feedback and instructions. (Zavershneva & Der Veer, n.d.).

Despite the growing body of literature on Al-assisted language learning, several gaps remain.
First, many previous studies examined Al tools generally, without concentrating on
ChatGPT’s voice chat features as a communicative and conversational model. Second,
limited research has connected Al- supported practice to a theory, such as Vygotsky’s social
interactionist theory and ZPD. Furthermore, previous research mainly focused on separated
speaking components, such as fluency, pronunciation, and oral presentation, while
insufficient attention has been paid to interactive and communicative competence, as well as
real-timecommunication.Additionally,

several methodological limitations were discovered, involving small sample sizes, a lack of
mixed-method designs, and vague descriptions of Al tools used. Another gap has been
highlighted, which is the geographical gap, meaning that the previous studies were taking
place in international countries, and there is limited detailed research in the Libyan context.
Finally, there are limited gaps in investigating the role of ChatGPT’s voice chat in fostering
EFL students’ communicative competence within a social interactionist framework. Shortly,
this study will investigate the perceptions and challenges that Libyan EFL students face when
using ChatGPT voice chat as a practical tool to foster their speaking capabilities.
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4. Methodology
4.1. Introduction

The research employed a mixed-methods design that covers qualitative and quantitative
approaches to gather a full, comprehensive image and in-depth information on the research
problem. Moreover, the study adopted a survey design. A survey was used to explore EFL
students’ attitudes and identify challenges that students struggle with by involving open and
closed-ended questions, allowing the research to obtain a wide picture of students’
perceptions and express their thoughts freely.

3.2. Participants and sampling type

The study was conducted in two faculties located at the University of Tripoli, which are the
Languages and Arts and the Faculty of Education, Qaser Ben Gasher, English Department.
Therefore, they study targeted EFL students, particularly undergraduate and postgraduate
students. The sample type of this study is purposive sampling, which covers samples within
specific criteria that the researcher relies on. The total population is 32 EFL students (30
females and 2 males).

3.4. Data collection and analysis tools

This study collected data through a Google Form questionnaire (Likert scale format), which
was distributed online to both faculties’ official groups on Facebook and Telegram platforms.
The questionnaire covered personal information such as gender and academic level. Also, it
included attitudes toward Al voice chat, the benefits of ChatGPT voice chat, and the
challenges of Al voice chat. Moreover, the data were analyzed by the Google Form system
automatically; open-ended questions were analyzed descriptively, while closed-ended
questions were analyzed thematically.

3.5. Ethical consideration

Participation in this study was completely voluntary. The participants were informed about
the guidelines and the purposes of this research. The researcher kept their identities
anonymous and obtained their permission.

5. Results

In this chapter, the researcher will present the findings based on the data analysis of
participants’ responses in two sections: quantitative and qualitative.
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Section one: Quantitative: Chart 4.1: Background information Gender

Chart 4.1 indicates the total number of participants, which is 32 responses, consisting of 30
females and 2 males.
Chart
4.2:

Gender
32 responses

® male
@ Female

93.8%

‘

Academic level

Chart 4.2 demonstrates the academic level of the participants, since they are EFL students ranging from
undergraduate to postgraduate levels. The chart determines which year they are in. Therefore, 78% of the
respondents are graduates, meaning from undergraduate programs. While 12.5% are in the second year.
Finally, 9.4% are in the first year.

Chart 4.3:
Academic level
32 responses
@ 1styear
@ 2nd year
@ 3rd year
©® 4th year

@ Graduate
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ChatGPT’s use

Have you ever used Chatgpt voice chat for speaking practice?
32 responses

O Yes
®No

Chart 4.3 illustrates participants' use of ChatGPT’s voice chat during speaking practice.
Moreover, 90.6% of respondents reported using ChatGPT to practice their speaking skills,
while 9.4% reported never using it.

Table 4.3: Student Perceptions on Core Skills and Practice Habits (Items
1-6)

Item Survey Statement Strongly Disagree @ Neutral Agree  Strongly

Disagree Agree

1 AI ChatGPT voice chat 0.00% 9.68% 22.58%  45.16%  22.58%
helps improve speaking

skills
2 Practice speaking 0.00% 3.23% 38.71%  35.48%  22.58%
regularly
3 Improve pronunciation 3.23% 12.90% 19.35%  38.71%  25.81%
4 Improve fluency 0.00% 16.13%  29.03%  35.48% 19.35%
5 Increase vocabulary 0.00% 12.90%  22.58%  45.16% 19.35%
6 Increase confidence 0.00% 6.45% 32.26%  35.48%  25.81%
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Table 4.3 shows that 45% of participants agreed that AI-Voice chat helped them improve
their speaking skills. In addition to improving other speaking components such as
pronunciation, fluency, and vocabulary. Also, it assists them in levelling up their self-esteem
within 35% agreements.

Table 4.4: Affective and Communication Influences of Al ChatGPT’s Voice Chat Usage
(Items 7—10)

Survey Statement Strongly Disagree Neutral Agree  Strongly

Disagree Agree

7 Reduce fear of mistakes 0.00% 16.13% 32.26% 35.48% 16.13%

8 Help communication 3.23% 6.45% 25.81%  32.26%  32.26%
9 Comfort using Al 3.23% 6.45% 9.68% 45.16%  35.48%
10 Express ideas clearly 6.45% 6.45% 1290%  45.16%  29.03%

Table 4.4 clarifies the affective state of the participants when they use ChatGPT voice chat.
Therefore, 35% of the respondents agreed that Voice chatting with ChatGPT helped them
reduce mistakes, and 32% reported that it supported their communication. Additionally, 35%
declared that using Al for speaking practice provides comfort and also eases their expression
of ideas.

Table 4.5: Perceived Interactivity, Engagement, and Holistic Performance Outcomes
(Items 11-15)

Item  Survey Statement Strongly Disagree Neutral Agree Strongly

Disagree Agree

11 Provide useful feedback 3.23% 6.45% 38.71%  29.03%  22.58%

12 Practice anytime 3.23% 3.23% 16.13% 48.39% 29.03%
13 Simulate real-life 3.23% 6.45% 41.94% 25.81% 22.58%
conversations

14 Make learning interesting 3.23% 3.23% 22.58%  48.39%  22.58%

15 Improve overall speaking 3.23% 6.45% 2581%  41.94%  22.58%
performance
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Table 4.5 explains the outcomes that participants obtained from using ChatGPT voice chat.
29% of the respondents agreed that Al-voice chat provides instant feedback, and 48% showed
agreement that ChatGPT’s voice chat offers a free-time practice. 48% stated that it made their
learning interesting, and 41% reported that Voice chat features enhanced their oral
performance.

Table 4.6: Thematic Coding of Open-Ended Responses (Challenges and Benefits)

Category Identified Theme Operational Description

Perceived Challenges Technical Issues Disrupted connectivity or constraints
regarding voice chat accuracy

Lack of Realism Interactions failing to closely mirror
authentic human exchanges

Limited Feedback  Evaluation and responses are lacking the
necessary depth or detail.

Language Barriers to understanding complex or
Difficulty structured Al outputs

Perceived Benefits Confidence Reduction in shyness; elevated comfort
Building during spoken tasks

Practice Freedom On-demand access to practice sessions
without risk of embarrassment

Fluency Growth in natural and frequent production
Improvement of the target language

Safe Environment  Total mitigation of negative evaluation or
judgment for errors

Table 4.6 clarifies open-ended questions in which analyzed thematically. Consequently, the
participants reported some challenges they encountered while using ChatGPT’s
conversational

tool, including technical issues such as low-quality internet connections, a lack of human-
authentic interactions, limited feedback, and language difficulty. However, the participants
also reported the benefits they received from using ChatGPT’s voice chat. They responded by
saying that voice chat helped them to increase their confidence and allowed them to practice
language freely without any restrictions. In addition, they clarified that Voice Chatting also
improves their fluency and prevents offering harsh judgments and negative talk about their
performance.
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6. Discussion

This section synthesizes the quantitative and qualitative results of the current study with
existing empirical literature, while explicitly addressing established theoretical,
methodological, and geographical gaps.

The findings demonstrated a positive shift in students’ psychological comfort. Therefore,
quantitative data show that 35% agreed that AI voice chat enhanced their speaking
confidence, while 35% felt it reduced their fear of making mistakes. This matches the
qualitative themes where students reported confidence-building and a safe environment as
core benefits. Consequently, these outcomes align with Askari and Rahim (2024), who
reported a significant improvement in students’ oral presentation confidence from 2.85 to 3.8.
In addition to anxiety reduction. Similarly, the results agreed with Salsabil et al. (2025), who
found that ChatGPT’s voice chat isolated students from harsh judgments. Conversely, this
stands against Sa et al. (2025), where EFL students practising pronunciation with ELSA
speak struggled with confidence and gained minimal benefit. However, beyond affective
alterations, the data reflect explicitly on the growth of linguistic sub-skills, with 38% of
respondents reporting fostered pronunciation. 35% achieved higher fluency, and 45%
increased their vocabulary. Additionally, 29% acknowledged receiving useful feedback from
AL

A key point emerged regarding interactional authenticity: the students noted that ChatGPT
supported general communication and that they felt comfortable using it. However, their
study also highlighted that students experience a lack of effective human or real-life
communication. This supports Chen’s (2024) qualitative study of Chinese EFL students, in
which participants expressed concern that relying on AI weakens the autonomy of
communication. This limitation is theoretically explained by Pratiwi et al. (2024), who
observed that despite its interactive features, ChatGPT lacks genuine understanding and fails
to capture emotional human images.

The practical implementation of Al is heavily influenced by technical issues, such as unstable
internet and ChatGPT errors, which are major hurdles. These barriers are flagged by Salsabil
et al (2025) and the glitching and the poor audio recording by Sa et al. (2025).

5.1. Limitations of the study

The study was limited to small sample sizes, which may influence the generalizability of the
findings. Additionally, the study also lacks an empirical approach due to the matter of
insufficient time that the researcher struggles with. Therefore, the researcher employed a
survey to collect the data.

6. Conclusion

This study explored University Tripoli EFL students’ attitudes and perceptions toward using
ChatGPT’s voice chat feature as a tool for speaking practice. The findings of the study
revealed that ChatGPT assists students’ speaking improvement, particularly in fluency,
pronunciation, and vocabulary. Additionally, it positively increases their self-image by
avoiding harsh judgments and negative talk, another key point, which is offering instant
feedback. Therefore, students demonstrated a positive attitude toward Al voice chat features.
However, the participants face several hurdles, such as technical issues relating to the
instability of the internet connection and the lack of human communication. Therefore, the
study highlighted the importance of integrating Al tools like ChatGPT within the educational
process, especially in teaching and learning languages, as a practical tool where students can
use them to practice and use the language effectively and freely due to their accessibility and
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flexibility in providing a learning environment and constructive feedback to EFL students.
Despite the findings, several limitations should be acknowledged. First, the sample size was
relatively small, which may limit the generalizability of the results. Second, due to the lack of
empirical experiments, the researcher relied only on surveys as a data collection tool, which
might hinder the reliability of the findings.

Further studies are encouraged to investigate the impact of Al voice chat tools, such as
ChatGPT, empirically to examine their impact on EFL students’ speaking skills within a
bigger sample size to ensure that the findings are reliable and generalizable.

7.
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Abstract

The X oil field in Libya's Sirte Basin, with proven reserves exceeding 5 billion barrels in the
basin, is experiencing a significant production decline due to insufficient natural aquifer
support. This study presents an integrated reservoir simulation and economic optimization
approach to revitalize this mature asset. Using the ECLIPSE 100 simulator, we developed a
dynamic 3D black-oil model that accurately captured the field's weak aquifer drive through
rigorous history matching (1999-—present). The model evaluated multiple development
scenarios, including hydraulic fracturing and infill drilling with vertical and horizontal wells.
Results indicate that horizontal infill drilling in the structurally advantageous northern sector
provided the best single-technique recovery (13.40%, 28.54 MMSTB). However, an
integrated strategy combining northern horizontal wells with southern vertical exploratory
drilling achieved superior outcomes: recovery factor of 17.65% and cumulative production of
37.60 MMSTB—a six-fold increase over the base "do-nothing" case (2.81%, 5.98 MMSTB).
Economic evaluation, including detailed net present value (NPV) and sensitivity analysis,
confirmed the financial viability of this optimal approach, generating an NPV of $671.84
million and a net cash flow of $2,294.63 million at a 10% discount rate. Sensitivity analysis
demonstrated resilience to oil price fluctuations and discount rate variations. This study
demonstrates that data-driven integrated modeling can unlock
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substantial unrealized potential in mature fields, providing a replicable framework for similar
assets in the Sirte Basin and analogous carbonate reservoirs worldwide.

Keywords: Mature field redevelopment, Reservoir simulation, Horizontal infill drilling,
Economic optimization, Sirte Basin, Weak aquifer drive
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INTRODUCTION

The global energy landscape remains heavily reliant on hydrocarbon resources, with mature
oil fields accounting for approximately 70% of the world's current production [ 1, 2]. Efficient
reservoir development and management are critical to maximizing hydrocarbon recovery and
ensuring the economic viability of these assets. Libya's Sirte Basin, containing proven
reserves exceeding 5 billion barrels [3], represents a significant component of global
hydrocarbon resources. However, many fields in this basin, including the X Field, face
declining production due to natural depletion and insufficient aquifer support, highlighting
the urgent need for optimized redevelopment strategies.

Reservoir management has evolved significantly with advancements in modeling capabilities
[4]. Key themes relevant to this study include: 1) Integrated reservoir characterization,
combining static geological data with dynamic production information [5]; 2) Reservoir
simulation fundamentals, where numerical models predict reservoir behavior under various
scenarios [6]; 3) Advanced drilling technologies, including horizontal and multilateral wells
that improve reservoir contact and drainage efficiency [7]; 4) Enhanced oil recovery methods,
ranging from infill drilling to more complex chemical and thermal processes [8]; and 5)
Economic evaluation frameworks that assess project viability through metrics like net present
value (NPV) and internal rate of return (IRR) [9].

The X Field, discovered in 1961 but only producing since 1999, currently yields
approximately 500 barrels per day from five wells, with recovery estimated at only 2.81% of
original oil in place. This underperformance, coupled with the basin's substantial remaining
potential, makes it an ideal candidate for comprehensive redevelopment planning.

While previous studies have addressed geological aspects of Sirte Basin reservoirs [10], few
have presented integrated simulation-economic workflows tailored specifically to mature
fields with weak aquifer support. Asheibi and Shams [11] examined reservoir geometry and
depositional architecture but did not incorporate dynamic simulation or economic
optimization. Recent advances in reservoir simulation [12, 13] and drilling technology [14]
provide new opportunities for revitalizing such mature assets.

This study addresses this gap by developing a full-field dynamic model to evaluate multiple
development scenarios for X Field, including base depletion, infill drilling (vertical and
horizontal), hydraulic fracturing, and combined strategies. Each scenario is assessed through
both technical metrics (recovery factor, cumulative production) and economic indicators
(NPV, payout time). The novelty of this work lies in its integrated approach—combining
detailed geological modeling, rigorous history matching, multi-scenario forecasting, and
comprehensive economic analysis specifically designed for weak-aquifer-driven mature
fields. Additionally, we contextualize this hydrocarbon-focused study within the broader
energy transition, noting the growing importance of alternative energy materials while
addressing the immediate practical need to optimize existing petroleum assets.
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The primary objectives are: (1) to develop a reliable dynamic model through rigorous history
matching; (2) to evaluate various development scenarios both technically and economically;
(3) to identify the optimal strategy for maximizing recovery while ensuring profitability; and
(4) to provide a replicable framework for similar mature fields. The following sections detail
the methodology, results, and implications of this comprehensive study.

1. METHODOLOGY

2. 2.1 Data Acquisition and Model Setup

The dataset for this study was provided by Mabruk Oil Company (MOC), comprising
comprehensive geological and engineering information required for reservoir modeling and
simulation. The data structure and simulation workflow were initially validated to ensure
consistency and reliability. Data components included:

e Well Logs: Complete wireline logs from all five wells (gamma-ray, neutron,
resistivity, density) used for petrophysical analysis to determine porosity, water
saturation, and net pay.

e Core Data: Laboratory measurements from two wells providing precise porosity,
permeability, and rock-type data for log calibration and rock typing.

e Technical Reports: Internal documents detailing geological context, production
history, and previous reservoir studies.

e Production Data: Historical records (1999—present) of oil, gas, and water rates, along
with flowing and static bottom-hole pressures for history matching.

e Seismic Data: 3D seismic volumes used to interpret key horizons, faults, and
structural framework.

The simulation grid was constructed with dimensions 50 x 60 x 15 layers, with cell sizes
ranging from 50x50 m to 100x100 m horizontally and 1-5 m vertically, based on flow unit
delineation. Porosity was upscaled using arithmetic averaging, while permeability employed
harmonic averaging to preserve flow characteristics.
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Fig 1. Map indicating well locations producing
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Fig 2. Methodology workflow

2.2 Model Construction and History Matching

Reservoir simulation was performed using the ECLIPSE 100 Black-Oil simulator. The static
geological model, integrating seismic interpretation, well logs, and core data, was converted
to a dynamic simulation grid with defined rock properties and fluid interactions.

Aquifer Modeling: A Carter-Tracy analytical aquifer was attached to the reservoir model,
with parameters calibrated to match observed pressure decline. Aquifer size was estimated at
3x reservoir volume with moderate connectivity based on material balance analysis.
Sensitivity analysis showed that recovery factors vary by +15% with aquifer strength
changes.

History Matching: The dynamic model was calibrated using production data from 1999 to
present. Key parameters adjusted included permeability distribution (via multiplier fields),
relative permeability curves, and aquifer strength. Match quality was quantified using
normalized root mean square error (NRMSE), achieving values below 5% for oil rates and
8% for bottom-hole pressures. The successful history match (Fig. 2) validated the model's
predictive capability for scenario forecasting.
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Equations: The model solved standard black-oil equations:

k ko

0
a (¢’Pasa) =V- (Pu Lo

V%) F qa

Where:

« « — phase (oil, water, or gas)

» (b — porosity

* po. — phase density

+ S, — phase saturation

« k — absolute permeability

o k.. — relative permeability of the phase

* [, — phase viscosity

« ®, — phase potential (typically ®, = p, + pagz)
* g, — source/sink term (well terms)

2.3 Development Scenarios

The base case ("do-nothing") projected field performance under current operations. Multiple
development scenarios were then simulated over a 34-year forecast period (to 2060):
1. Infill Drilling:
o Case 1-1: Vertical infill drilling (4 new wells)
o Case 1-2: Horizontal infill drilling (3 new wells, 1000-1500 ft laterals)
o Case 1-3: Combined vertical and horizontal drilling
2. Stimulation:
o Case 2-1: Hydraulic fracturing in existing wells (modeled with local grid
refinement, 150 ft half-length, 3000 md-ft conductivity)
3. Exploration & Development:
o Case 3-1: Southern area vertical development (2 exploratory wells)
4. Integrated Optimum Case:
o Combined Case 1-2 (northern horizontal) and Case 3-1 (southern vertical)
Well placements were geologically justified based on structural position, facies distribution,
and distance to oil-water contact (Fig. 5). Operational constraints included minimum bottom-
hole pressure (1500 psi) and maximum water cut (95%).

2.4 Economic Evaluation
Economic viability was assessed using standard petroleum economics. Key assumptions:
e Oil price: Base case $60/bbl, with sensitivity at $40, $60, $80/bbl
e Discount rates: 5%, 10%, 15%, 20%, 25%
e CAPEX: Drilling ($5M vertical, $8M horizontal), completion ($2M), fracturing
($1.5M per well)
e OPEX: $15/bbl fixed, $5/bbl variable
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Economic metrics calculated:

e Net Present Value (NPV): Discounted cash flows

e Net Cash Flow (NCF): Undiscounted cash flows

e Cumulative Free Cash Flow (CFCF): Cumulative undiscounted cash flow

o Profitability Index Ratio (PIR): NPV per unit investment

e Maximum Exposure: Peak negative cash flow

e Payout Time (POT): Time to recover initial investment
Sensitivity analysis examined the impact of oil price and discount rate variations on NPV,
with tornado charts quantifying parameter influence (Figs. 16-17).

RESULTS AND DISCUSSION

The outcomes of the simulation show a clear comparison of the technical and economic
performance of the various development options vs the baseline. The analysis is designed so
that each scenario's technical outcomes are presented first, followed by a full explanation of
the economic assessment.

3.1 Technical Performance

Base Case: The "do-nothing" scenario yielded only 2.81% recovery (5.98 MMSTB),
confirming rapid decline due to weak aquifer support and demonstrating the urgent need for
intervention.

Infill Drilling Scenarios:

e Case 1-1 (Vertical): 10.46% recovery, 22.28 MMSTB. Improved drainage but
limited by water coning and localized sweep.

o Case 1-2 (Horizontal): 13.40% recovery, 28.54 MMSTB. Superior sweep efficiency
and delayed water breakthrough due to increased reservoir contact.

e Case 1-3 (Combined): 12.27% recovery, 26.15 MMSTB. Incremental gain over
vertical-only, but less efficient than horizontal-only configuration.

Stimulation and Exploration:

e Case 2-1 (Hydraulic Fracturing): 12.24% recovery, 26.06 MMSTB. Short-term
productivity boost, but limited long-term recovery enhancement compared to new
drainage points.

o Case 3-1 (Southern Vertical Development): 12.24% recovery, 26.06 MMSTB.
Confirmed southern potential but dependent on local reservoir quality variations.

Optimal Integrated Case: Combining northern horizontal infill drilling with southern
vertical development achieved 17.65% recovery (37.60 MMSTB)—a six-fold improvement
over base case. This strategy effectively drained both structurally high northern areas (via
horizontal wells) and previously untapped southern volumes (via vertical wells), representing
the most comprehensive reservoir management approach.

Technical Feasibility: All proposed scenarios are operationally feasible given current
industry capabilities in the Sirte Basin. Horizontal drilling and hydraulic fracturing are
established technologies in the region, though the optimal case requires careful sequencing
and simultaneous operations management. The geological rationale for well placement is
supported by structural maps showing higher permeability channels in the northern sector
oriented parallel to proposed horizontal well trajectories.

Aquifer Sensitivity: Recovery factors varied by *£15% with aquifer strength changes,
highlighting the importance of this parameter in forecasting. However, even with pessimistic
aquifer assumptions, the optimal case consistently outperformed all alternatives.
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Figures 3-14 illustrate the field's performance across all scenarios, showing cumulative
production, production rates, and pressure dynamics. The production profiles demonstrate
clear differentiation between strategies, with horizontal wells showing higher initial rates and
more sustained production (Figs. 7-8).
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3.2Economic Evaluation
e Economic Performance at Base Conditions ($60/bbl, 10% discount):

The economic analysis revealed substantial differences between scenarios (Table 1):

Table 1: Economic Indicators for All Scenarios ($60/bbl, 10% discount rate

Profit Indicators Base Case 1- | Case1- | Case 1- | Case 2- | Case 3-
Case 1 2 3 1 1

CFCF ($SMM) 34149 | 1194.51 | 1633.67 @ 1480.95 | 1446.78 | 816.32

NPV ($MM) 97.87 314.46 496.07 407.36 412.17 197.65

Max Exposure

(SMM) 10.59 40.04 59.51 50.02 52.68 27.89

PIR ($/%) 9.24 26.656 | 47.014 | 34.194 | 27395 | 29.37

eOptimal Case Performance:
The integrated optimal case generated:

e Cumulative Free Cash Flow (CFCF): $2,294.63 MM
e NPV @10%: $671.84 MM

e Maximum Exposure: $85.23 MM

e Payout Time: 4.2 years

eSensitivity Analysis:
A comprehensive sensitivity analysis assessed the optimal development plan's resilience to
market volatility (Table 2):
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Table 2: NPV Sensitivity to Oil Price and Discount Rate for Optimal Case

(SMM)
oil NPV @ NPV @ NPV @ NPV @ NPV @
Price 5% 10% 15% 20% 25% (SMM)

($/bbl) (SMM) (SMM) (SMM) (SMM)
10 67.08 19.68 -0.58 -10.39 -15.54
20 278.85 150.11 90.92 59.33 40.54
40 702.39 410.97 273.91 198.77 152.69
60 1125.93 671.84 465.91 338.21 264.85
80 1549.47 932.70 639.90 477.66 377

Key findings from sensitivity analysis:

Oil price variation ($40-$80/bbl) caused NPV changes of +40%
Discount rate variation (5-25%) resulted in NPV reductions up to 75%
Break-even oil price at 25% discount: $12.77/bbl

At a $10/bbl oil price, the rate of return (ROR) is 14.97%

3. CONCLUSIONS

This study developed and applied an integrated reservoir simulation-economic workflow to
optimize development of the mature X Field in Libya's Sirte Basin. The comprehensive
analysis leads to the following conclusions:

1. Integrated Modeling Value: The combined geological, dynamic, and economic approach
successfully identified optimal development strategies that balance technical recovery with
financial returns, providing a replicable framework for similar mature fields.

2. Base Case Limitations: Without intervention, the field would recover only 2.81% of the
original oil in place due to weak aquifer support, confirming the critical need for
redevelopment planning.

3. Technical Superiority of Horizontal Wells: Horizontal infill drilling in the northern sector
provided the best single-technique recovery (13.40%), outperforming vertical wells (10.46%)
and hydraulic fracturing (12.24%) due to improved reservoir contact and sweep efficiency.

4. Optimal Integrated Strategy: Combining northern horizontal development with southern
vertical exploratory drilling achieved maximum recovery (17.65%, 37.60 MMSTB) through
comprehensive reservoir drainage, representing a six-fold improvement over the base case.

5. Economic Viability: The optimal strategy generates an NPV of $671.84 million at 10%
discount rate, demonstrating strong profitability with a payout time of 4.2 years and an
acceptable risk profile.
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6. Resilience to Market Conditions: Sensitivity analysis confirms the plan's robustness across
a range of oil prices (break-even at $12.77/bbl for 25% discount rate) and discount rates,
indicating strong economic resilience.

8-RECOMMENDATION

Immediate implementation of the integrated development strategy is recommended to realize
the field's substantial untapped potential. Further data acquisition, particularly pressure
transient analysis and updated seismic, would reduce uncertainties and potentially identify
additional opportunities. This workflow provides a replicable template for similar mature
fields in the Sirte Basin and analogous settings worldwide, contributing to more sustainable
hydrocarbon recovery during the energy transition.

Acknowledgements

The authors would like to thank the University of Tripoli (UOT) and the University of Zawia
(UOZ) for providing all the data and software required for this study.

Conflicts of Interest

The authors declare no conflicts of interest.

ABBREVIATIONS
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NPV = Net Present Value
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B/D = Barrels Per Day
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MOC = Mabruk Oil Company

EOR = Enhanced Oil Recovery

PIR = Profitability Index Ratio
CAPEX = Capital Expenditures

OPEX = Operating Expenses
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IRR = Internal Rate of Return

ROR = Rate of Return References
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Abstract:

The rapid digital transformation in education has introduced new challenges to academic
integrity during examinations. Traditional monitoring that relies solely on human supervision
is no longer sufficient due to the large number of students and increasingly sophisticated
cheating methods. This study aims to develop an integrated real-time cheating detection
system based on computer vision and deep learning. The system combines object detection
(YOLOv11), pose estimation (Media Pipe), head orientation analysis using the Perspective-n-
Point algorithm, and (Ghostface Net) for facial recognition.

The system processes live video streams to identify suspicious behaviors such as looking
away, hand proximity to the face, and interaction with unauthorized objects like mobile
phones and books. A multi-component suspicion scoring mechanism assigns relative weights:
head orientation (75%), hand proximity to the face (15%), and hand-object interaction (10%),
producing a unified suspicion score. The system sustains real-time operation (16.98 FPS),
ensuring smooth display and immediate responsiveness through a Flask-based interface,
while reducing false alarms via temporal smoothing with Exponential Moving Average
(EMA) and a deduplication mechanism.

Furthermore, the system adheres to privacy standards by storing only suspicious frames and
automatically deleting data to safeguard student information. This work represents a practical
and academic contribution to strengthening academic integrity and reducing human errors in
exam monitoring.

Keywords: Cheating detection, Computer vision, YOLOv11, Media Pipe, Real-time system,
Academic integrity.
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1. Introduction

Academic integrity is the cornerstone of higher education quality and the credibility of
scientific assessments. With the accelerated shift toward digital and blended learning,
significant challenges have emerged in securing examinations against increasingly
sophisticated cheating practices. Traditional proctoring that depends solely on human
supervision is no longer sufficient due to large student numbers, limited field of view, and
human errors caused by fatigue or distraction (Abdulkarim, Kuliya & Adam, 2025). To
address these challenges, recent research
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has demonstrated the potential of computer vision and deep learning to automate exam
monitoring and analyze human behavior in real time (Abdulkarim et al., 2025). Building on
this foundation, this study presents the development of an advanced system that integrates
object detection, pose estimation, head orientation analysis, and face recognition within a
unified pipeline. The main contribution is a weighted multi-component suspicion scoring
mechanism combined with temporal smoothing and alert deduplication, which reduces false
positives while maintaining high detection sensitivity. Privacy is preserved by storing only
flagged frames and deleting them automatically after a defined retention period.

1.1. Research Objectives

To design and implement a real-time cheating detection system using computer
vision and deep learning.

To integrate object detection (YOLOvI1), pose estimation (Media Pipe), head
orientation analysis (PnP), and hybrid face recognition (Ghostface Net) into a single
unified pipeline.

To develop a weighted multicomponent suspicion scoring algorithm (head 75%, hand
to face 15%, hand to object 10%) with temporal smoothing modified (EMA).

To reduce false positives through a smart alert deduplication mechanism.

To enforce privacy by storing only flagged frames and deleting them automatically
after seven days.

To evaluate the system’s accuracy, latency, and resource consumption on standard
hardware.

1.2. Research Questions

This research seeks to answer the following scientific questions:

1.

To what extent can deep neural network models (e.g., YOLOv11 and Media Pipe)
detect suspicious behaviors with accuracy comparable to or exceeding human
proctoring?

How can head pose estimation algorithms be integrated with object detection to create
a comprehensive and reliable behavioral evaluation model?

What is the technical impact of temporal smoothing techniques in reducing error rates
and improving system stability in exam environments with varying lighting and
density conditions?

How can the strict requirements of exam monitoring be balanced with the need to
protect student data privacy and ensure digital security?




_____________________________________________________________________________________________________________________|
Alrefak Journal of Knowledge — Issue No. 13 (June 2026), p. 51-77

2 . Related work

The detection of cheating behaviors during examinations has become a critical research
area due to the increasing digitisation of education and the growing sophistication of
cheating methods. Traditional proctoring that depends solely on human supervision has
proven inadequate, being constrained by limited visual coverage, fatigue, and the inability
to monitor many students simultaneously.

In recent years, research has increasingly shifted toward automated systems based on
computer vision and deep learning (e.g., Imah et al., 2025). Hu et al. (2024) proposed a
multi-perspective adaptive detection system using SwinTransformer and lightweight
YOLOVS5-CA, designed to eliminate blind zones by employing three cameras per student
that switch detection models based on gaze direction. While the system achieved 35 FPS
and 95% behavioral accuracy, its requirement for three cameras per student makes it
hardware-intensive and impractical for large-scale deployment. Similarly, Zuo et al.
(2024) developed an improved YOLOvV8 model with Efficient Channel Attention (ECA)
enabling recognition of subtle cues such as passing notes or hidden devices, achieving 27
FPS and 85.67% mAPS50. However, their approach suffered from higher false positive
rates compared to hierarchical models.

Several studies have addressed the challenge of subtle behavior recognition. Xu et al.
(2025) introduced a hierarchical pipeline combining frame differencing with
MLP-YOLOvVS-SENetV2 and ResNet, achieving 45 FPS and 96% mAPS50 by filtering
redundant frames before deep analysis. Despite its efficiency, the system remained
sensitive to extreme lighting and heavy occlusion. Adhikari (2024) focused on identity
verification by integrating YOLO with face recognition models, achieving 89% accuracy
and 91% precision, but with a recall of only 83%, indicating that many cheating events
were missed.

More recent work has moved toward multi-modal architectures that combine object
detection with behavioral analysis. Abdulkarim et al. (2025) fused a fine-tuned YOLOVS§
detector for prohibited objects with an Open Pose-based pose estimation pipeline, using a
rule-based decision module to generate real-time alerts, and reported a precision of 0.92, a
recall of 0.88, and an average latency of 35 ms per frame. Nevertheless, their rule-based
fusion yields binary alerts rather than a graduated measure of suspicion, and the reported
recall indicates that roughly one in eight cheating events was still missed. Shiddiq and
Kurniasih  (2025) instead prioritised computational efficiency, replacing the
CSPDarknet53 backbone of YOLOvS with Mobile One to reach 98.1% accuracy while
reducing computational complexity for resource-constrained deployment; however, their
pipeline relies exclusively on object detection and therefore cannot capture behavioral
cues, such as sustained head rotation, that occur without a visible prohibited object. Imah
et al. (2025) developed a smart CCTV monitoring system based on deep transfer learning
that issues alert for suspicious actions including consulting notes, talking to peers, and
using mobile phones, yet the system classifies discrete action categories rather than
producing a continuous, weighted suspicion measure, and no explicit temporal smoothing
is reported to suppress alerts arising from brief, incidental movements.
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Despite these advances, most existing systems share several common limitations. First,
they rely on binary classification, deciding whether a frame or clip is "cheating" or
"normal". This approach often produces high false positive rates because a single
momentary movement can trigger an alert. Second, few systems address temporal noise
caused by natural jitter in human movement, leading to unstable detections. Third, the
majority ignore privacy concerns by storing complete video footage indefinitely, raising
ethical and regulatory issues under frameworks such as GDPR. Fourth, most
implementations still use older architectures such as YOLOvS5 or YOLOvVS, with limited
exploration of the latest algorithmic improvements (Shiddiq & Kurniasih, 2025;
Abdulkarim et al., 2025).

A notable advancement that addresses these gaps is the weighted multi-component
scoring approach adopted in the present study. Unlike binary systems, our work
introduces a nuanced suspicion score that combines head orientation (75%), hand-face
proximity (15%), and hand-object interaction (10%), allowing proctors to see not just an
alert but a graduated degree of concern. Temporal smoothing using Exponential Moving
Average (EMA) together with a deduplication mechanism reduces false positives caused
by transient movements. Privacy is enforced through selective storage of only flagged
frames with automatic deletion after seven days. Moreover, our system integrates
YOLOV11, the most recent iteration of the YOLO architecture, providing state-of-the-art
detection efficiency. Experimental results show that this configuration achieves precision,
recall, and F1 score of 1.0 on a curated evaluation set with real-time performance (16.98
FPS) and median latency of 39.54 ms on standard hardware (NVIDIA RTX 3070).
Building on these innovations, the present study demonstrates that a carefully tuned
weighted scoring system with temporal smoothing and privacy-aware data handling can
overcome the key limitations of existing exam proctoring solutions.

3. Methodology & Implementation

The system is engineered as a real-time video processing pipeline. A single camera,
operating at 720p and 30 frames per second, continuously feeds frames into a sequence
of detection and analysis modules. The system computes a suspicion score and, upon
exceeding a predefined threshold, generates an alert accompanied by a rationale and
supporting evidence. Figure 1 illustrates the high-level architecture of the overall frame
flow throughout a detection session.
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Figure 1: High level System Architecture Flowchart illustrating the data transfer from the camera to the
evaluation algorithm.
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3.1. System modules

To achieve robust and real-time detection of examination irregularities, the proposed
framework is structured into a comprehensive modular pipeline. Each component handles a
distinct stage of spatial perception, temporal analysis, tracking, behavioral scoring, and
secure data handling. This architecture integrates state-of-the-art computer vision models—
ranging from efficient object detection and pose estimation to optimized face recognition—
alongside robust tracking, temporal smoothing, and privacy-first evidence preservation
mechanisms to ensure both high accuracy and ethical compliance. Below is a detailed
overview of the core modules comprising the system:

3.1.1. Object detection (YOLOv11-Large)

=  Monitor

© 190ms (5FP5)

Phone usage detected

\
-
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Figure 2: Example of object detection using YOLOvV11, showing the identification of a mobile phone and
a book with bounding boxes.
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The video data were recorded in real time in an examination hall at Alrefak University using
the same single camera described above (720p at 30 fps). Six volunteers from the course
cohort participated in a staged one-hour exam. Participants enacted both predefined cheating
behaviors (e.g., consulting unauthorized devices, exchanging notes, using concealed aids) and
unscripted sequences in which they were briefed only on the intended class and then
improvised freely, deliberately attempting to make the behavior difficult for the system to
classify; the pipeline monitored and recorded their actions throughout to evaluate real-time
detection performance. Recordings were streamed directly to the detection modules to
reproduce operational timing and latency; all streams were time-stamped and stored on secure
university servers. Trained annotators labeled cheating events using a standardized codebook
(behavior type, onset time, duration) to produce ground truth for evaluation. All participants
provided informed consent, identifying information was removed prior to analysis, and the
study was conducted under Alrefaq University institutional ethical oversight.

We used Ultralytics YOLOv11 with the large model variant. Input images are resized to
1024x1024px and 1280%1280px. The detector runs on an NVIDIA RTX 3070 (CUDA). As
shown in Figure 2, It identifies persons, mobile phones, books, and other unauthorized
objects. On our benchmark, YOLO inference averaged 23.7 ms per frame.

The object detector is the pretrained Ultralytics YOLOv11-Large checkpoint (yolol11Lpt,
Ultralytics 8.3.24), loaded directly from Ultralytics and used as-is on its original COCO
classes without any custom fine-tuning; the relevant classes for this task are person, cell
phone, and book, and detections are filtered at a confidence threshold of 0.5. Pose estimation
uses Media Pipe Blaze Pose (Media Pipe 0.10.14) out of the box. The supporting stack is
PyTorch 2.4.0 (CUDA 12.1), OpenCV 4.10.0.84, and TensorFlow 2.16.1. No library was
internally modified; the contribution is the integration and the weighted scoring layer built on
top of these components.

3.1.2. Pose estimation (MediaPipe BlazePose)

MediaPipe runs in parallel on the same frame. Figure 3 represents the extraction of 33 body
landmarks, hand keypoints, and head pose (yaw, pitch, roll) using the Perspective-n-Point

algorithm. Pose estimation took about 16 ms per frame on average.
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Figure 3: Object detection and pose estimation in an exam hall, showing bounding boxes and labeled
landmarks for monitoring students.

3.1.3. Face recognition (Ghostface Net with caching)

We integrated Ghostface Net (Alansari et al., 2023) for student identification. Ghostface Net
is a lightweight face recognition architecture that leverages Ghost modules to generate
redundant feature maps through inexpensive linear transformations, achieving computational
efficiency of 60-275 MFLOPs while maintaining competitive accuracy on benchmark
datasets (Alansari et al., 2023). To avoid running the model on every frame, we cache the
mapping from a track ID to a student ID. The model runs only when a new person enters the
scene or when the cache expires. Median face recognition cost is near zero, but occasional
frames take much longer — up to 644 ms in our logs. This happens when the cache misses and
the face is at a difficult angle.

3.1.4. Tracking (centroid-based)

We implemented a simple centroid tracker. It assigns a unique track ID to each person and
keeps it across frames as long as the person stays in the camera view. Tracking added only
0.07 ms on average.
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3.1.5. Weighted suspicion scoring
For every person in the frame, we compute a raw suspicion score as:
raw = 0.75-head+ 0.15-hand face + 0.10-hand object

These component weights (0.75 for head orientation, 0.15 for hand—face proximity, and 0.10
for hand—object interaction) were selected manually through the iterative tuning process
described above rather than by an automated search such as grid search or cross-validation.
They are exposed as adjustable parameters in the system’s settings (config.json), allowing the
operator to re-tune the weights to suit different exam environments for a flexible
configuration.

where:

¢ head is normalised head-orientation deviation (yaw/pitch beyond baseline)

e hand_face is the inverse of hand-to-face distance (closer = higher)

e hand_object is the proximity to detected phones or books, weighted by object type
(phone = 1.0, book = 1.0).

Hands-Object Score

i

Head Score Hands-Face Score High-Risk Object?

/no yis

Weighted Sum Hard-Flag Raw = 1.0

N /

Adaptive Smoothing

Smoothed Score 0..1

Figure 4: Weighted suspicion scoring with hard-flag and adaptive smoothing.
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Figure 4 simplifies how scoring components accumulate to represent a normalized number
for the final decision to decide whether the current person is cheating or in neutral form
except when a high-suspicion object interaction triggers a hard flag, setting the score to 1.0 to
indicate a 100% cheating action .

3.1.6. Temporal smoothing and deduplication
We apply modified Exponential Moving Average (EMA) to the raw score to reduce jitter:
smoothed = a-raw + (1-a)-previous smoothed (o = 0.3)

Then we check a deduplication map. If the same student has already triggered an alert for the
same behavior type within a short window while the same behavior type is still pending in the
alert panel, we skip sending another alert. This prevents flooding the proctor with repeated
notifications.

3.1.7. Privacy-first evidence storage

Review Alert

TIME
Feb2,2026, 10:36 AM

REASONS
Phone usage detected

Information Review

Figure 5: Evidence card generated by the cheating detection system, displaying a flagged alert with
suspicion score, timestamp, and reason (phone usage) for review and confirmation

When an alert is raised, we save only the flagged frame (full frame) and a crop of the
student’s face/body, as shown in Figure 5. We do not store the raw video stream. All
evidence is automatically deleted after seven days. This policy is our answer to the
privacy-surveillance paradox that most existing systems ignore (European Union,
2016).
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3.2 Ethical Consideration and Privacy Protection
3.2.1 Ethical Approval and Consent

Data collection for this study was conducted with strict adherence to ethical standards
regarding participant privacy. All video recordings used to test and evaluate the proposed
real-time cheat detection system were collected inside the university from a group of student
volunteers who agreed in advance to participate in a pre-arranged test of the system, under
explicit informed consent. No third-party or covertly recorded footage was used.

3.2.2 Privacy Preservation and Anonymization

To address the severe privacy risks associated with automated face recognition and
monitoring systems, the system applies the principle of data minimization: it does not store
the raw video stream, and retains only the minimal evidence required for review (the flagged
frame and a cropped region), which is automatically deleted after a seven-day retention
period, in line with GDPR principles (European Union, 2016). The pipeline itself does
not perform automatic face-blurring; for this publication, the faces shown in the figures were
blurred manually to protect the privacy of the participating students.

3.2.3 Legal and Regulatory Compliance

The deployment of Al-based surveillance technologies in educational settings must align with
international and regional data-protection regulations such as the GDPR(European Union,
2016). To this end, the system processes all video streams locally, in real time, on the
institution's own hardware, with no cloud transmission of student imagery. Student
identification relies on a small, local, access-controlled face-embedding database used only to
match enrolled students during the exam session; these embeddings are not shared externally
and cannot be accessed or reverted to its original state. This local, edge-style processing
significantly reduces the risk of data leaks and unauthorized access to personal biometric
information, and no unauthorized recording or surveillance was performed during the study.

3.3 Technical challenges and our solutions

Implementing a real-time computer vision and deep learning framework for exam monitoring
in practical environments entails several critical engineering hurdles. To build a robust
system capable of operating under these constraints, we addressed these key obstacles
through the following targeted solutions:

e False positives from natural movements

In the base configuration, a student raising a hand or briefly looking at a wristwatch could be
mistaken for holding a phone. This happened because the hand-object interaction term was
too sensitive.
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Our fix: We increased the minimum confidence threshold for phone detection and tightened
the hand-object interaction gate, while keeping the component weights at their configured
values. This is why Round 3 achieved zero false positives without losing true positives.

e Long-tail latency in face recognition.

Most frames had negligible face recognition cost (median 0 ms). However, the log shows that
sometimes the system retries face matching (attempt 1/3, 2/3) and occasionally fails to
recognise the student (confidence 0.00). In rare frames, recognition took up to 644 ms.

Our mitigation: We increased the cache duration and made face recognition asynchronous —
the suspicion score uses the cached ID; if the cache is stale, the system continues with the
Track ID while updating in the background. This reduced the visible latency spikes, but they
still appear in the 95th percentile.

e Temporal smoothing did not dramatically improve clip-level decisions

We initially expected EMA smoothing to significantly reduce false alarms. On our curated
set, the raw scores and smoothed scores agreed on every clip. The real improvement came
from threshold tuning and confidence gates, not from the temporal filter.

What we learned: Smoothing is still useful for continuous video streams because it makes
the score less jittery, but it is not a substitute for careful threshold setting. We kept it in the
pipeline because it stabilises the display on the proctor dashboard.

e Resolution and speed trade-off

We tested three capture resolutions: 640x480, 1280x720, and 1920x1080. Surprisingly,
640x480 was the slowest (14.19 FPS, 68 ms latency), while 720p gave the best balance
(16.98 FPS, 42 ms). 1080p delivered almost the same frame rate as 720p (16.94 FPS) but with
higher latency (54 ms).
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Figure 6: System throughput (average FPS) and processing latency (average ms) measured at runtime

System Performance & Trade-off Analysis Across Capture Resolutions

I Avg FPS

20 { —®@— Avg Latency (ms) 68.09 ms L 70

181

I 60
16.98 FPS

16.94 FPS

16 1
50

14.19 FPS
144

Throughput (Avg FPS)

L 40

Processing Latency (Avg ms)

124

30

10 -

640x480 1280x720 1920x1080

Capture Resolution
across three capture resolutions (640x480, 1280x720, 1920x1080). 1280%720 provides the best speed—

latency balance and is used as the default configuration.

Conclusion: We chose 720p as the default. The lower resolution was slower because the
detector spent relatively more time on CPU/GPU synchronization, not less.

e  Warm-up delay

Warming up AI Pipeline (pre-allocating GPU memory).
YOLO Engine Warm

Pose Estimation Warm

Pipeline Ready (Warmup took 1.3

Figure 7: Initialization log of the AI pipeline showing GPU memory pre-allocation, and readiness
confirmation

Before the first frame is processed, the system loads the YOLO and Media Pipe models into
GPU memory, as shown in Figure 7, This short warm-up prepares the pipeline to begin the
detection session immediately at peak performance, instead of starting cold and risking
missed early events. For a long exam session, 1.36 seconds is acceptable and practically
invisible to the proctor.
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What we would do differently

Looking back, we would improve:

e Asynchronous face recognition from the start. The current implementation sometimes
blocks the main pipeline when the cache misses. A fully asynchronous design would
hide the long-tail latency completely.

4. Results and Analysis

We evaluated the system in two stages: a clean-start runtime benchmark and a tuning study
on a curated labeled clip set. Our goal was to measure how far the system could be improved
through configuration changes alone, without changing the core detection pipeline.

4.1 Experimental Setup Summary

This section summarizes the environment used for the benchmark round.
4.1.1 Hardware and Software

Table 1: Hardware and software environment used for benchmark evaluation.

GPU CPU RAM OS Python Libraries
(GB)
NVIDIA AMD 16.0 Windows-11 3.11.9 YOLOv11, MediaPipe
RTX 3070 Ryzen 5 BlazePose, DeepFace,
5600X OpenCV, psutil, NVML

4.1.2. Stress Benchmark base round test

Table 2: Stress benchmark results for the base round, showing frame throughput and skip rate over a 60-

second run.
Round Duration Frames Frames Avg Avg Avg Skip
(s) Read Processed Stream Pipeline Rate

FPS FPS

Round 1 60.00 1028 1019 17.13 16.98 0.88%




_____________________________________________________________________________________________________________________|
Alrefak Journal of Knowledge — Issue No. 13 (June 2026), p. 51-77

4.1.3 Evaluation protocol

Table 3: Evaluation protocol parameters, including capture resolution, model configuration, and lighting

conditions.
Test Capture Camera Model Model Image Sessions Lighting
Duration Resolution FPS Family Size Size
(min)
1.00 1280x720 30.0 YOLOv11 large 1024 1 Normal
large indoor
lighting

We ran the benchmark after a clean restart to reduce background noise. GPU utilization and
memory usage were captured automatically, and pose estimation was included in the reported
pipeline timing.

4.2. Performance Metrics

4.2.1. Measurement instrumentation

All performance and accuracy metrics reported in this section were produced by
a custom evaluation script (tests/benchmark pipeline.py) developed for this
study. The script executes the full pipeline against a specified capture source
and resolution, logs per-frame timing for each pipeline stage, samples system
resource utilisation, and writes the results to a timestamped metrics file for

offline analysis. Hardware utilisation was captured using psutil for CPU and
RAM and NVIDIA NVML for GPU load and memory. Precision, recall, F1-
score, and false-positive rate were computed directly from the TP/FP/TN/FN
counts using their standard definitions rather than through an external machine-
learning library.

Figure 8: A terminal script that shows the way system running the pipeline on the annotated clips to
generate performance matrix
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Ground-truth labels for the evaluation clips were produced by trained annotators using the
standardized codebook described in Section 3.1.1, which records behavior type, onset time,
and duration for each cheating event.

4.2.2. Throughput and Latency

Table 4: Overall throughput, latency, and resource utilisation measured during the benchmark run.

Scenario Stream Pipeline Median P95 GPU CPU
FPS FPS latency latency utilization utilization
(ms) (ms) (%) (%)
Overall 17.13 16.98 39.54 43.60 34.84 30.23

4.2.3. Latency distribution

Table 5: Distribution of total pipeline latency across processed frames.

Metric Mean Stdev Min Max Median P95
(ms) (ms) (ms) (ms) (ms) (ms)
Total pipeline 41.83 33.98 25.57 775.81 39.54 43.60

4.2.4 Model Inference Timing

Table 6: Average per-frame inference time for each pipeline stage.

SCENARIO YOLO MEDIAPIPE TRACKING FACE BEHAVIOR | EVIDENCE
MS) (MS) (MS) RECOGNITION + (MS)
(MS) SCORING
MS)
AVG PER | 2381 16.01 0.07 1.73 0.05 0.00
FRAME
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4.2.5. Component timing statistics

Table 7: Detailed timing statistics for each pipeline component.

Component | Mean | Stdev | Min Max Median | P95
(ms) (ms) (ms) (ms) (ms) (ms)

YOLO 5.68 22.13 | 203.71 | 23.30 25.15

inference 23.81

Postprocess 2.72 0.02 57.26 15.82 16.59
15.63

Filter 0.00 | 0.00 0.00 0.01 0.00 0.00

overlaps

Tracking 0.07 | 0.03 0.00 0.16 0.06 0.12

MediaPipe 1.50 0.00 41.95 15.90 16.62

pose 16.01

Face 1.73 | 31.84 | 0.00 644.74 | 0.00 0.11

recognition

Behavior + 0.05 | 0.02 0.00 0.22 0.04 0.09

scoring

Evidence 0.00 | 0.00 0.00 0.00 0.00 0.00

saving

The runtime profile is dominated by detector inference and post processing. The remaining
stages are comparatively small, so throughput is driven mainly by the object detector rather
than the scoring logic.
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4.3. Detection Accuracy and Tuning Study

Assessing the real-world viability of our deep learning-based proctoring system requires a
multi-faceted performance analysis. The following Detection Accuracy and Tuning Study is
structured to thoroughly examine system behavior.

4.3.1. Curated evaluation set

Table 8: Composition of the curated 20-clip evaluation set by clip group.

Clip group Count Percentage
Hard normal 10 50.0%
Normal 3 15.0%
Cheating 7 35.0%
Total 20 100.0%

To evaluate the system under rigorous and challenging conditions, we constructed a curated
evaluation set comprising 20 video clips, as detailed in Table 8. The dataset features a
deliberate distribution: Hard normal clips account for 50.0% (10 clips) of the data, alongside
standard Normal cases at 15.0% (3 clips) and Cheating scenarios at 35.0% (7 clips).

This distribution ensures the model is tested against 'hard negatives' (challenging benign
cases) providing a more rigorous measure of the false-positive rate, rather than just easy
normal cases. That makes the false-positive rate more meaningful. The inclusion of
adversarially recorded hard clips was a deliberate design choice: rather than measuring
performance only on clearly separable cases, the set was constructed to probe the system's
behaviour at the decision boundary, where benign actions superficially resemble cheating and
cheating attempts are deliberately concealed.

4.3.2. Detection Accuracy and Processing Speed during Evaluation Clips

We used round-based naming for the tuning passes to provide a clear iterative progression of
the system’s optimization. Round 1 removed most false positives compared with the base
configuration, but Round 2 was too strict and lost recall. Round 3 restored recall while
preserving zero false positives, which is the strongest operating point we reached.

The evaluation set comprised 20 video clips. The four columns reported above correspond to
four configuration passes of the same pipeline (Base and Rounds 1-3), not to twenty distinct
models; no change was made to the underlying model architecture between passes, and all
differences arise from threshold, image-size, and confidence-gate settings.
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Table 9: Detection accuracy and processing speed across the four configuration passes (Base and Rounds 1-3).

4.3.3. Threshold sweep on the tuned configuration

Metric Base Round 1 Round 2 Round 3
Image Size 1024 1280 1280 1280
Alert Threshold 30 20 20 20

TP 7 7 4 7

FP 5 | 0 0

TN 11 15 16 16

FN 0 0 3 0
Precision 0.5833 0.8750 1.0000 1.0000
Recall 1.0000 1.0000 0.5714 1.0000
F1 Score 0.7368 0.9333 0.7273 1.0000
FP Rate 0.3125 0.0625 0.0000 0.0000
Avg FPS 21.2941 12.8857 13.7842 15.1271
Avg Proc MS 45.5423 90.8228 72.9891 81.4725
gfatiies Flagged | 5434 2206 209 1088

We also swept the alert threshold around the tuned configuration to confirm the stable

operating band.
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Table 10: Threshold sweep around the tuned configuration, showing the stable operating band.

Threshold | TP | FP | TN | FN | Precision | Recall | F1 FP
band rate
10-21 7 1 15 0 0.8750 1.0000 | 0.9333 | 0.0625
22 6 1 15 1 0.8571 0.8571 | 0.8571 | 0.0625

This shows that the useful operating band is broad around 20, but performance begins to drop
once the threshold is pushed too high.

4.3.4. Confusion matrix at the final operating point

Table 11: Confusion matrix at the final operating point for raw and smoothed scoring.

Mode TP FP TN FN
Raw score 7 0 16 0
Smoothed score 7 0 16 0

At the final operating point, raw and smoothed scoring produced the same clip-level decision.
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4.3.5. Component contribution

Table 12: Final component weights and their observed contribution to the suspicion score.

Component Final Observed impact
weight
Head orientation 0.75 Remained the dominant contributor to the

suspicion score.

Hand-face 0.15 Helped capture distraction behavior, but stayed
proximity secondary.

Hand-object 0.10 Gated by a higher object-confidence threshold to
interaction suppress weak phone-like false positives.

The final improvement did not come from changing the core detector. It came from tuning
the object-confidence gates and the scoring thresholds.

4.3.6. Qualitative output examples

Figure 5 shows a representative true-positive detection at the operating point used for the
final configuration, presenting the flagged frame together with the computed suspicion score,
timestamp, and the triggering reason surfaced to the proctor. Evidence frames generated
during the earlier base configuration, which produced five false positives, were removed
under the seven-day automatic retention policy described in Section 3.2.2 and are therefore
not reproduced here.

4.4. Temporal Smoothing Impact

Temporal smoothing did not change the clip-level decision on this curated set. The raw and
smoothed scores agreed at the final operating point, which means the main gains came from
threshold and confidence tuning rather than temporal filtering alone.

4.5. Resolution Sensitivity

We ran separate resolution tests to compare throughput and latency under different capture
sizes.
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Table 13: Throughput and latency sensitivity across the three tested capture resolutions.

Resolution | Avg Avg Latency | Frames | Videos
FPS (ms)

640x480 14.19 68.09 21,690 20

1280x720 16.98 41.83 21,690 20

1920x1080 | 16.94 54.39 21,690 20

The 720p base benchmark remained the reference point for the main runtime section, while
the 640x480 and 1920x1080 measurements show how the same pipeline behaves when the
capture resolution is lowered or increased.

4.6. Hardware usage during run

Table 14: Hardware resource utilisation recorded during the benchmark run.

Resource Mean Stdev | Min Max Median | P95
CPU utilization | 30.23 3.12 19.3 36.2 30.9 34.63
(%)

RAM 55.30 0.48 51.9 55.6 554 55.60
utilization (%)

GPU utilization 34.84 9.76 0.0 41.0 39.0 41.0
(%)

GPU memory 1900.0

used (MB) 1897.43 19.40 1751.0 | 1900.0 1900.0
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4.7 Error Analysis

The main runtime irregularity was the long-tail face-recognition latency. The median face-
recognition cost was effectively near zero, but rare frames reached several hundred
milliseconds but these spikes do not affect the overall real time feel of the system, which
suggests occasional expensive recognition calls or retries. The overall pipeline latency stayed
stable enough for real-time processing, with the bulk of frames clustered around the low-40
ms range.

CPU and RAM usage were more stable. GPU utilization averaged about 35%, while GPU
memory usage stayed around 1.9 GB, which indicates that the detector was running on
CUDA with moderate load rather than saturating the device.

4.8. Discussion

The results demonstrate that the pipeline maintains a sufficient frame rate for real-time
surveillance applications at 1280x720 capture resolution with the large YOLO configuration.
The initial base configuration was overly noisy, especially on benign clips where a raised
hand could resemble a phone. After tuning, the false positives dropped sharply, and the final
configuration recovered full recall while preserving zero false positives on the curated
evaluation set.

The strongest result is the final round: it preserved TP=7 and removed all false positives,
which gives Precision=1.0, Recall=1.0, and F1=1.0 on the curated set. That is the clearest
evidence that the system is tunable through configuration alone.
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Table 15: Quantitative comparison between the proposed system and prior
work. Throughput measured on the clean-start 720p benchmark (Table 4).

Study Approach Accuracy | Precision | Recall | F1 | FPS
/ mAP

Hu et al. | SwinTransformer | 95% — — — |35
(2024) + YOLOVS-CA, | accuracy

3

cameras/student
Zuo et al.| YOLOvVS +85.67% | — — — 127
(2024) Efficient Channel | mAP50

Attention
Xu et al |Frame 96% — — — |45
(2025) differencing  + | mAP50

MLP-YOLOVS-

SENetV2 +

ResNet
Adhikari YOLO + face|89% 91% 83% |— |not
(2024) recognition accuracy reported
Abdulkarim | YOLOvVS + | — 92% 88% |— |~29%*
et al. (2025) | OpenPose, rule-

based fusion
Shiddiq & | YOLOvV5S +198.1% — — — | not
Kurniasih | MobileOne accuracy reported
(2025) backbone

YOLOv1I-L +|—
This work | MediaPipe 1.00 1.00 | 1.00|16.98

BlazePose +

weighted scoring

The tuned Round 3 configuration, which produced the reported accuracy
figures, averaged 15.13 FPS at 1280 px input.
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As summarised in Table 15, the proposed system attains the highest precision and recall of
the compared approaches on its evaluation set, at the cost of the lowest frame rate. Two
caveats should be noted when interpreting this comparison. First, the reported metrics are not
measured on a common benchmark: each system was evaluated on its own dataset, so the
values indicate general performance levels rather than a controlled head-to-head result.
Second, the perfect precision and recall reported here were obtained on a curated 20-clip set,
which is substantially smaller than the datasets used in several of the compared studies, and
the throughput figure reflects the use of the large YOLOvVI11 variant at 1280x720 rather than
a lightweight configuration optimised for speed. The comparison therefore positions the
present work as favouring detection reliability and graduated scoring over raw throughput.

Finally, the evaluation phase was conducted on a limited set of 20 video clips. While the
preliminary results confirm the efficiency of the YOLOv11-MediaPipe pipeline, a larger
sample size is required to comprehensively validate the system’s scalability and
generalizability across diverse academic settings.

5. Conclusion

This study presented a real-time cheating detection system that combines object detection,
pose estimation, head-pose analysis, and face recognition within a single configurable
pipeline. The experimental results showed that the system can be tuned effectively through
thresholds, confidence gates, and resolution settings to balance sensitivity and false alarms
without modifying the core architecture. The final tuned configuration achieved the best
balance we observed in this study. Compared with the base round, the pipeline became more
selective, then more conservative, and finally reached a configuration that preserved all
positive clips without raising false alerts on the curated evaluation set. In practical terms, the
system can be tuned through thresholds, confidence gates, and resolution settings to trade-off
between sensitivity and false alarms without changing the model architecture.

and it also sustained real-time operation on standard hardware. The resolution tests further
showed that 720p provides the best practical trade-off between speed and latency, while the
privacy-aware evidence handling ensures that only suspicious frames are retained and deleted
automatically after the retention period. Overall, the proposed system offers a practical and
effective approach for improving academic integrity in exam environments.

6. Future Recommendations

While the proposed system demonstrates strong performance in real-time cheating detection,
several directions remain open for future exploration:

e Dataset Expansion and Fine-Tuning: Collect larger, more diverse datasets from real
exam environments to fine-tune YOLOv1l and MediaPipe models, improving
robustness across lighting, cultural, and behavioral variations.

e Multi-Camera Integration: Explore multi-perspective setups to reduce blind spots
and enhance detection accuracy without significantly increasing hardware costs.

e Adaptive Weight Optimization: Replace manual suspicion weight tuning with
automated methods such as reinforcement learning or Bayesian optimization to
dynamically adjust scoring in different exam contexts.
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e Explainable AI (XAI): Incorporate interpretable models or visualization tools to help
proctors understand why a particular behavior was flagged, increasing trust and
transparency.

e Privacy-Enhancing Techniques: Investigate real-time anonymization methods (e.g.,
face blurring or differential privacy) to further reduce ethical concerns while
maintaining detection accuracy.

e Integration with Institutional Systems: Link alerts and evidence storage with
existing Learning Management Systems (LMS) for streamlined reporting and
auditing.

e MAR (Mouth Aspect Ratio): Incorporate MAR analysis to detect subtle mouth
movements (e.g., whispering, speaking to hidden devices, or signaling), which could
further strengthen behavioral monitoring in exam settings
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Abstract

Although Building Information Modeling technology (BIMT) has revolutionized the
construction sector by enhancing productivity, efficiency, sustainability, and mitigating
implementation challenges at all stages of architectural projects, its implementation in
developing countries, particularly Libya, remains limited. This research aims to clarify the
concept of (BIMT) and its application in various phases of architectural projects. It also seeks
to highlight the current state of (BIMT) implementation in Libya, as well as the obstacles and
challenges faced by engineers in using it. This research paper employs a descriptive-
analytical methodology, incorporating both qualitative and quantitative approaches, using
inductive and deductive reasoning. To achieve this, questionnaires were distributed to
relevant stakeholders, and empirical statistics were applied. Most participants indicated their
awareness of the benefits of (BIMT) as a more effective method for designing and managing
construction projects by fostering collaboration, improving design quality by providing the
ability to accurately visualize designs in (3D), and offering a platform that facilitates the
exchange of information related to sustainable building design, construction, and
maintenance throughout the building's lifecycle. However, the results showed that a very
small percentage of engineering offices and companies in Libya utilize (BIMT). This
research paper recommends encouraging and supporting efforts to raise awareness and
knowledge of the benefits of (BIMT) by integrating it into the curricula of architecture
departments at Libyan universities and by providing ongoing training opportunities for
engineers.

Keywords: Building Information Modeling Technology (BIMT), implementation,
Architectural Projects, construction sector, Libya.
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Introduction

The construction sector in Libya is experiencing rapid growth due to population increase and
rising demand for architectural projects. This growth has been accompanied by several
changes in recent years regarding the use of (BIMT). (BIMT) could contribute significantly
to solving the problems associated with the construction sector (Kang and Wu, 2025).
Arguably, this trend can be considered a paradigm shift in procedures and technology within
the construction sectors, which was initiated by Eastman under the slogan "using computers
instead of drawings in building design" (Eastman, 2012). Indeed, recent advancements in
computer science and information technology have globally transformed the way most
construction industries operate (Chan, 2014).

(BIMT) is an enhanced process and tool that incorporates a set of virtual aspects, and
systems of a building within a single environment. It involves the maintenance of an
integrated digital representation of information across multiple phases (from early stages of
design to building operation) of a construction project (Eastman et al., 2012; Barlich and
Sullivan, 2012)
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Research problem

The research problem lies in the inability of the construction sector in Developing Countries
(Suleiman and Asaad, 2024) particularly Libya, to keep pace with technological and digital
advancements, especially (BIMT). Despite its importance and the revolution, it has brought
to the construction field, studies and research addressing the dimensions and challenges
hindering the widespread adoption of this technology are extremely limited. This lack of
research has contributed to a significant knowledge gap between Developed Countries (such
as the US, UK and other parts of Europe) and Developing Countries particularly Libya.
Therefore, this research paper seeks to address this problem by formulating research
questions.

Research questions

The fundamental question guiding this research is: To what extent has (BIMT) been
implemented globally and locally in Libyan's construction sector? This question branches
into several sub-questions that this research will address as follows: What specific challenges
have emerged in organizations that have implemented (BIMT)? What are the obstacles that
hindering broader adoption across Libya's construction sector? Lastly, what are practical
procedures that could effectively accelerate (BIMT) implementation throughout the Libyan's
construction sector?

Aims and significance

This research aims to identify the current state (BIMT) adoption and application globally and
locally through a comprehensive literature review and field survey. Thoroughly, this paper
aims to examine current (BIMT) implementation practices in Libya. Furthermore, it also
seeks to pinpoint the main obstacles and challenges hindering the expansion of this
technology in the Libyan construction sector. Furthermore, the significance of this research
lies in identifying several practical measures to overcome these challenges and encourage the
adoption of this technology in Libya.

Research methodology

This research paper employs a descriptive-analytical methodology, incorporating both
qualitative and quantitative approaches, using inductive and deductive reasoning. The
research commenced with an extensive literature review on (BIMT) implementation in
Developed and Developing Countries, as well as in the Middle East region. An open-ended
questionnaire, for collecting quantitative data, was developed. The questionnaire consists of
eighteen questions divided into six sections. These sections include data related to
participants' age, specialization, and years of experience working with (BIMT), its
implementation in Libya, commonly used software, project implementation methods, the
(BIMT) project lifecycle, (BIMT)-related job tasks, (BIMT) training, challenges in
implementing (BIMT), and the future of (BIMT) in
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Libyan ‘construction industry. In order to test the questionnaire validity, a pilot study was
conducted.

The research sample includes architects and engineers from various disciplines namely civil,
mechanical and electrical including those who working in project management and
experienced contractors in both the public and private sectors in the Libyan construction
industry. They were invited by various methods including emails, LinkedIn, forums focused
on (BIMT), and Google form.

Out of 140 questionnaires, 118 were successfully filled after being distributed electronically
to construction professionals in Libya. Cronbach's alpha assessment performed by the
Advanced Statistical Package for the Social Sciences (SPSS) software was used to assess the
validity. The outcomes confirm a minimum Cronbach's alpha of 0.908, indicating the
reliability. The questionnaire results also demonstrate high levels of consistency.

Literature review

This section of the paper presents the theoretical framework for a literature review on the
adoption and use of (BIMT) globally, beginning with Developed Countries. The literature
review then examines the adoption and use of BIM in developing countries striving to keep
pace with the latest technological advancements in the construction sector. Finally, the
literature review addresses the adoption and use of BIM in Arab countries, specifically those
in the Middle East, with Libya being a key player in this region. As the fact that (BIMT) is
important, especially in Developing Countries, it assists in avoiding expensive rework and
construction delays by identifying and resolving conflicts early in the design stage. (Pachani,
2024).

Global adopting and implementing of (BIMT)

Lee (2014) indicated that the use of (BIMT) is mandatory in some Developing Countries,
including North America, the UK, Germany, and France. A (BIMT) s’ report conducted by
the National Bureau of Statistics (NBS) in April 2024 found that 97% of construction
companies in the US had adopted and implemented (BIMT). Meanwhile, European
Countries, such as Germany, France, Italy, Finland, Denmark, Norway, Holland and Sweden,
are also considered world leaders in (BIMT) (Arayici, 2012). In Germany for instance, since
2022, the federal government has mandated the use of this technology in public buildings. As
a government initiative, (BIMT) Deutschland was launched to provide consulting and
educational support aimed at making (BIMT) a mandatory standard by the end of 2030
(Gerges, , et al, 2017).

Since 1997, (BIMT) has been implemented in Singapore, and it is now required in various
aspects of the construction sector. An investigation conducted by Kalfa (2018) showed that
94% of the construction sector in Singapore use (BIMT). Interestingly, Singapore’s (BIMT)
Fund was established to cover training and required softwares. Similarly, according to
(Arayici, 2012) 87% of architects in South Korea using (BIMT).
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Many Developed Countries, such as the US, UK, Canada, and Australia, have developed
strategies to implement (BIMT). For example, in the US and Canada, contractor adoption of
(BIMT) has been dramatically increased. In a potentially upward trend, the UK government
mandated the full use of (BIMT) in public buildings (with a minimum capital cost of £5.5
million) by 2016 to reduce both time and cost overruns. (Gerges, et al, 2017).

Adoption and use of (BIMT) in Developing Countries

In the Continent of Africa, where the majority of Developing Countries are located, the
adoption of (BIMT) in the construction sector is stumpy. For example, in Nigeria as one of
the big African countries, the use of this technology is very limited. Similarly, South Africa,
where its implementation encounters significant challenges due to contractual matters and a
shortage of qualified staff. (Kekana et al., 2014), (Gerges, , et al, 2017).

Although (BIMT) technology is widely adopted in China, its use is concentrated almost
exclusively in public buildings (Xie et al., 2022). Approximately half of the Chinese
construction companies are implementing (BIMT) in about half of their workflow in
construction projects (China Construction Industry Association, 2021). However, in public
buildings in major cities (BIMT) implementation achieves 85.10% (Ministry of Housing and
Urban-Rural Development, 2019). The adoption of (BIMT) in China’s construction industry
has been mainly driven by government directives and polices (Yang and Chou, 2018). The
China Building Society (2021) reported that customer demands are the biggest motivator for
construction companies to use (BIMT). Chinese regime has introduced both obligatory and
motivation policies to encourage (BIMT) adoption in the construction sector (Kang, 2025).

Accordingly, the first strategy requires that public buildings with a big covered area must use
(BIMT), while the second requires customers to specify appropriate additional points for
applicants who commit to implementing (BIMT). However, (BIMT) development in China
still suffers from a shortage of standards (Kang and Wu, 2025).

In Hong Kong, although (BIMT) is being implemented, it is still considered to be in its early
stages (Chan, 2014). However, it can be argued that (BIMT) adoption in Hong Kong is
progressing rapidly. This is because clients are beginning to recognize its numerous benefits,
such as the ability to apply various tests to the BIM model, generate diverse design options,
and detect design flaws early to minimize subsequent changes (Kang and Wu, 2025).

it can be argued that although several approaches have been proposed, such as frameworks
and technology adoption to support the implementation of (BIMT), a practical mechanism for
their adoption remains lacking. This is perhaps due to the contrasting status of (BIMT) in
Developed Countries (where BIMT is mandatory or semi-mandatory) and Developing
Countries (where BIMT is still in its early stages), highlighting the need for a more practical
and applied approach to (BIMT) rather than focusing solely on its potential benefits (Gerges,
etal,2017).
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Adopting and implementing of (BIMT) in the Middle East Countries

Several Middle Eastern Countries have placed great significance on (BIMT). For instance,
the UAE, Kuwait, Saudi Arabia, Qatar, Jordan, and Egypt are among the first countries in the
region to pursue its widespread implementation. The Emirate of Dubai was the first to
mandate the use of (BIMT) especially in mega projects (BIMIG, 2013).

Young (2015) found that the use of (BIMT) in the Middle East is commonly narrow to 3D
modelling. Moreover, Mehran (2016) argued that the lack of standards and the initial high
costs, is the main barrier of implementing (BIMT) in the UAE (Gerges, ef al, 2017).

In his empirical study, Awad (2013) reported that the Middle East region has the lowest rates
of (BIMT) adoption. The general impression of (BIMT) is seen as a tool for creating a 3D
model of a building. Although, a survey showed that only 25% of construction companies
employ (BIMT), its use has improved planning control and overall project’s efficiency.
Furthermore, shortage of (BIMT) specialists is a concern, with 64%. (Gerges, et al, 2017).

Identify the research gap

An extensive review of the literature on the current status of (BIMT) practices and
implementation revealed a knowledgeable gap stemming from the ambiguity surrounding
(BIMT) adoption and implementation of (BIMT) in the Libyan’s construction sector.
Furthermore, reviewing the literature discovered a severe lack of exploratory studies and
research highlighting its adoption and implementation of (BIMT) in Libya. Therefore, this
research paper seeks to fill this knowledgeable gap through examining the realty of (BIMT)
in Libya by exploring its adoption among stakeholders in the Libyan construction sector.
Moreover, it aims to identify the obstacles that hindering broader adoption across Libya's
construction sector. Ultimately, this research seeks to define practical procedures that could
effectively accelerate (BIMT) implementation throughout the Libyan's construction sector.

Results
Reality of adopting and implementing (BIMT) in Libya

This section of the paper will present the results of a field survey on the use of (BIMT)
technology in the Libyan construction sector. This includes identifying and measuring the
level of awareness and understanding among the parties involved in this sector, including
engineers and contractors. Then it presents the results of identifying and measuring the level
of employment and use of (BIMT) technology. Furthermore, this section includes identifying
the engineering software used locally in (BIMT). It will also address the challenges and
obstacles that hinder the expansion of the use of Building Information Modelling (BIM)
technology in order to determine the prospects for using (BIMT) in Libya.
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Identifying and measuring the level of awareness and knowledge of (BIMT)

According to the results of a survey conducted with a sample of 118 participants from various
engineering disciplines, approximately 90.5% reported having knowledge of (BIMT). This
90.5% is divided into three categories: 35.7% consider themselves beginners who understand
the principles of BIM, 33.3% consider themselves intermediate, and 21.4% consider
themselves advanced in (BIMT) knowledge. Only 9.5% reported having no prior knowledge
of BIM, as illustrated in (Figure 1).

Lac k of (BIMT)
Beginner level

Intermediate knowledge
Advanced knowledge of (BIMT)

Figure 1: Illustrates the level of knowledge and awareness of respondents (BIM) technology.

The survey results showed that 90.5% of respondents with advanced knowledge of (BIMT)
technology acquired their knowledge through various means. The majority (57.1%) received
informal training in this field through continuous self-learning and development, while a
smaller percentage (9.5%) gained their knowledge through specialized workshops.
Additionally, online courses constituted a primary learning method for 45.2% of respondents,
and the results also indicated that approximately 28.6% acquired their knowledge through
collaboration with colleagues and knowledge sharing within the engineering work
environments.

It is also worth noting that the majority of respondents (69%) with partial or full training in
(BIMT) are architects, followed by civil/structural engineers (16.7%), then academics
(14.3%), and finally mechanical, electrical, and plumbing (MEP) engineers (7.1%). Other
complementary disciplines, such as interior design, constitute 2.4%, while engineering
professionals in project management represent only 4.8%, as illustrated in (Figure 2).
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Figure 2: Shows the distribution of knowledge and expertise of the respondents.
Determining the level of experience of participants in the use of (BIMT)

The results of the survey revealed that most (BIMT) users have limited experience, indicating
that they are fresh engineering graduates. 69% have been working in the field for less than
three years, 11.9% for three to five years, 4.8% for five to seven years, and 4.8% for seven to
ten years. Meanwhile, 9.5% have less than one year of experience, as shown in (Figure 3).

One year of experience
2-3 years of experience
3-5 years of experience
5-7 years of experience
7-10 years of experience

Figure 3: Illustrates the level of experience with (BIMT) among the respondents.

As illustrated in (Figure 4), the survey results also indicated that 45.2% of the experience of
respondents is limited to 3D modeling software that displays the visual appearance of the
project along with design details (architectural, mechanical, electrical, and plumbing).
Meanwhile, 29% of respondents indicated that they use 4D modeling, and 6.5% have a
database created on a shared cloud. The remaining 19.4% rely solely on 2D modelling.
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Figure 4: Shows the dimensions and level of details of the implantation of (BIMT) among
respondents

Identifying the engineering software used in (BIMT)

According to (Figure 5), the most used (BIMT) softwares among the sample of participants
indicate that Revit is the most used program at 81% of the total users, followed by AutoCAD
at 76.2%, while the use of ArchiCAD does not exceed 9.5% due to the low usage rates of 4D
and 5D applications, while Navisworks does not exceed 4.8%.

ArchicAD [
NavisWorks [l
Autocad .
Revit

0% 10% 20% 30% 40% 50% 60% 70% 80% 90%

Figure 5: Illustrates the engineering software used in (BIMT)
Identifying challenges and obstacles that limit the expansion of (BIMT)

According to the survey results, as shown in (Figure 6), the most significant obstacles
hindering the transition from traditional computer-aided design (CAD) software to (BIMT)
are a lack of awareness regarding the importance of training (71.9% of respondents), a
shortage of qualified personnel (56.3%), and resistance to change (46.9%). Other challenges
cited by respondents include high costs (34.4%), the absence of regulations and legislation
mandating the application of this technology (31.3%). Overcoming these obstacles is crucial
to ensuring the effective implementation of BIM technology in Libya.
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Figure 6: the main challenges and obstacles that limit the expansion
(BIMT) implementation

Prospects for using (BIMT) in Libya

According to the results of the field survey, the prospects for adopting and implementing
(BIMT in Libya were classified into two levels. The first focuses on establishing binding
legislation and regulations for the application of (BIMT). The second focuses on identifying
incentive and motivational initiatives to expand the use of BIM technology.

Enacting legislation and regulations that mandate the application of (BIMT)

As previously mentioned in the literature review, governments are obligating entities
involved in the construction sector to use (BIMT), similar to practices in developed countries
such as the United Kingdom and Germany. Therefore, participants were asked whether
legislation and regulations should be enacted to mandate the adoption and application of
(BIMT) in Libya. The majority of survey participants (70.6%) answered "yes." Another
20.6% answered "maybe," indicating a cautious openness to this proposal. Only a minority
(5.9%) opposed such measures, deeming them unnecessary, while the remaining 2.9%
expressed uncertainty about whether mandating (BIMT) legislation and regulations would
expand the application of this technology (Figure 7).

® Yes
o No
® Maybe
@® Notsure

Figure 7: Respondents' views on enacting legislation and regulations mandating (BIMT)
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Encouraging and motivating initiatives to expand the use (BIMT) in Libya

As illustrated in (Figure 8), the results of the survey indicated that one of the most important
initiatives to encourage and motivate engineering and technical personnel involved in
building design and construction to use (BIMT) in Libya is enacting legislation and
regulations that would obligate all engineering and technical personnel to use (BIMT),
especially in large projects. Meanwhile, 64.4% of respondents recommended that
expanding the establishment of specialized programs and training in this technology
additionally, 42.2% mentioned offering incentives such as granting priority in awarding
design and construction contracts for public projects undertaken by the government to
companies and consulting firms that rely on this technology in their work. Furthermore,
45.3% of respondents indicated the need to subsidize the cost of subscribing to (BIM)
programs.

Incentives and exemptions ||
subsidize the cost of subscribing to BIM programs [ R S
Specialized training programs [ S
Enacting binding regulations and legislation [ S
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Figure 8: respondents’ views on initiatives to expand the use of (BIMT)
Predicting the future adoption and use of (BIMT) in Libya

The survey results showed that most respondents anticipate a brighter future for the use of
(BIMT) technology in the Libyan construction sector over the next few years (Figure 9). A
majority (64.3%) indicated a high probability that this technology will be used extensively,
particularly in the increasingly competitive private sector. A small minority (16.7%)

Yes

Maybe

expressed pessimism regarding its adoption.

Figure 9: Shows the prediction of the future adoption and use of (BIMT).
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Results discussion

Although the results showed that most respondents had a general understanding of (BIMT),
the majority possessed only modest experience. Most participants reported acquiring BIM
knowledge through self-learning, an independent process where they gained knowledge and
skills through personal effort via educational platforms and digital courses that offered
accredited certifications. This is likely due to the fact that the engineering curricula in Libyan
universities do not keep pace with modern technological and digital developments. Therefore,
it has become imperative to update these programs to integrate (BIMT) into architectural and
engineering education at Libyan universities.

However, the adoption of (BIMT) is primarily driven by architects, with only a small
percentage coming from academics, which explains why most companies only implement
BIM at the design stage. While architects are at the forefront of projects, relying solely on
them for BIM implementation is insufficient. The findings also revealed that the majority of
(BIMT) users are fresh architecture graduates, indicating the entry of a new generation of
ambitious professionals into the private sector job market and reinforcing the prediction of a
promising future for this technology in Libya. This is attributed to the private sector's
flexibility and eagerness to keep pace with the latest technological and digital developments.
However, a very small percentage of professionals actually integrate their BIM knowledge
into project workflows.The results showed that the use of (BIMT) is often limited to the
design phase, where companies use 3D BIM software such as Revit to model architectural
details and detect engineering conflicts.

The results also confirmed that the use of (BIMT) technology in Libya does not include other
dimensions of this technology, such as the fourth dimension (4D) of scheduling, the fifth
dimension (5D) of cost analysis and management, and the sixth (6D) and seventh dimensions
(7D) of environmental sustainability and facilities management and maintenance,
respectively. Naturally, AutoCAD remains the most widely used software, which is not a
BIM program, demonstrating the dominance of two-dimensional work methods in the Libyan
construction sector. Although countries like South Korea have followed suit, this step is
insufficient without further improvements.

The survey results revealed a strong demand from Libya’s construction sector to undermine
formal governance of (BIMT), with 70.60% of participants supporting government policies
that mandate the application of BIM in large project. This broad consensus reflects an
understanding of the importance of central regulatory frameworks for standardizing practices,
ensuring accountability, and creating a fair competitive environment. 20.60% of participants
indicated that there was uncertainty due to their lack of knowledge on the subject, suggesting
the need for clearer policy proposals to address the uncertainties, while the minority
opposition of 8.80% highlighted the continued doubts about bureaucratic interference.
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To capitalize on this momentum, the Libyan authorities should prioritize drafting legislation
and regulations related to (BIMT). This also includes gradually implementation it to public
projects and providing tax benefits and incentives for early entrepreneurs, in line with
globally successful experiences.

As discussed above, this role is entrusted to the engineers' association, similar to what Britain
and Germany did, where the German engineers' association adopted building standards and
made the use of (BIMT) mandatory in all public projects about ten years ago.

Three structural obstacles dominate the construction sector's transition to (BIMT):

¢ Lack of awareness and training: The absence of local training programs and
misconceptions about the complexity of (BIMT) hinder progress toward wider adoption of
this technology. This necessitates holding accredited workshops and training courses, and
establishing knowledge-sharing partnerships with international (BIMT) centers.

* Trained staff shortage: The severe shortage in Libya of specialists with skills in (BIMT)
necessitates urgent reforms to the curricula in engineering colleges, and financial support to
raise the skill level of current staff through public-private partnerships.

* Resistance to change: Cultural inertia towards traditional computer-aided design (CAD)
practices underscores the need for change management strategies, including pilot projects
demonstrating the cost and time savings of (BIMT), and similar success experiences from
comparable markets.

A majority of the participant indicated a high probability that this technology will be used
extensively, particularly in the increasingly competitive private sector. A small minority
expressed pessimism regarding its adoption.

The majority of respondents who answered "maybe" expressed skepticism, indicating
conditional optimism contingent on overcoming the aforementioned obstacles. Pessimistic
responses, on the other hand, often pointed to the instability of Libya's construction sector.
Nevertheless, this distribution suggests that the adoption of (BIMT) is feasible within the next
three years, but only if supported by concerted efforts to achieve political and economic
stability.

Conclusion

(BIMT) has become a cornerstone of the construction industry due to its broad scope of
knowledge within the design, construction, and operation sectors, and its close connection to
the architectural and structural engineering fields. Therefore, implementing this technology
has become essential for ensuring survival and competitiveness in the construction sector. It
can be said that the use and adoption of this technology is developing very slowly in the
Middle East region compared to developed countries. However, the reality of (BIMT)
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implementation in Libya is unsatisfactory, as only 20% of architectural and construction firm
use (BIMT).

The results showed that the most prominent and widely used tool of this technology in Libya
is Revit. The research findings concluded that the most prominent obstacles and challenges
that limit the expansion of the application of (BIMT) t lie in the resistance to change and
Lack of awareness and training as well as the severe shortage of specialists. Finally, this
paper recommends encouraging and supporting efforts to raise awareness and knowledge of
the benefits of (BIMT) by integrating it into the curricula of architecture departments at
Libyan universities and by providing ongoing training opportunities for engineers.
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