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Abstract:

The research aims to explore the application of artificial intelligence in generating and managing
educational question banks, focusing on natural language processing (NLP) and machine learning
(ML) techniques. The study examines how Al can enhance the efficiency of educational
assessments by automatically generating questions tailored to different student levels, thereby
improving the accuracy and objectivity of assessments. It also addresses the technical and ethical
challenges associated with Al-based assessments, such as algorithmic bias, data security, and
privacy concerns. Through a review of previous studies and an analysis of the latest technologies,
the research proposes a model to improve the quality of Al-generated questions and ensure their
integration with Learning Management Systems (LMS). The study provides recommendations to
enhance the effectiveness of smart assessment systems while emphasizing the importance of
balancing Al with human oversight to ensure reliable and high-quality evaluations.
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Lpalatl) ALY 545 alsi B o Ulaa) ¢ SA) aly Om AdlBa : Jgan

] (5 5hua & |
LMS e Jalsall Jaat ) A g a3l ol )
& ¢ L el
J5dna iy Camia ddaugia Quillionz

13



e AL 51y gl o libaa) £ lS3) aladiud ;ASH) ALY gl

(23—1)04 ol 2026 i 30 g.ala-“ Gaall MEts daaly Aaa daaa buld) de o yd

Al
$R idauigia $R e Questionmark
cle e i dgdna ol Google Socratic
s 58 iaigia s 58 e Knewton

el Lol a3 zalall 038 dpanl

e AaSiay Aad Al a9 o W o colell gy A @l )y 8 el oA maly dled il
Wie elliay aliny IS of oDl Jsaadl sedaiy (LMS). 35Sy alall dakl pe LelolSs ) &8l el (ggiune
el Aleall d dine Clalfial Canls dakis,

) Argpos ALl LY Uislio aleny Loa (DUl Cilygine o Sl acy ¥ 4 caladin) Algens ey ¢ Quillionz
s Olaal 4yl daalye ) 2 lisy

sie Al o Sualin IS5 DUl el ol 8 51 ddeay Lee A @lylaaly ddle 48 iy Questionmark
Blackboard. ;Moodle iakl as 4Ll

Agledll LAY dlae) 8 andied Y 4] ¢ S ) DA e ABLY) agd 8 (DUl el ¢ Google Socratic
Agpaliall Sl o Lo dpala A iy

b Sl alaall 3o (oAl aleay Lea (GEE ALY (ggise Jasny (DUl clly dilas e 43,3, Sua @ Knewton
clls S cilaliial e cunlii dianade LA ail Gaay Cus (Al

s Jalail) Aada

adail ae Doy JolSiig (DUl (sise 2DI A& @ljlaa) Ly Jslall g#lKnewton 5 Questionmark s
LMS.

Ad oLy wlie QuIllioNZ Laiy «culyEAY) ¢ LY duaiade Cusd LS Llaill deels 310 Google Socratic s
Sl QA 1) iy i) Ay

dads Ghlial) plexl Questionmark 5 Knewton  alas cp seally ooash ¢ g 5K aalatl) 8 il Juzadl 3380
el alaill Gl ae JalSIl dseday (A4S

S|

BelS Cpuat 3 clilal) oSN ens RS ALLY) oy pelal Ay Apalall ) gylall HURYI oy
DAY suldl e S5 ae el oy Caligy dadpdl Glbaadll e el Ll LS bl il
5elS (e iy el 8 ellial) fSA aladiud of U &aall cluhall i leeladin dalaidll cilagydills

Vsl Calaadl Lgiee sa s LAY A8 Glacal Caad) e 1ashe callaly 43S0 ¢dpaletl) dylenl)

14



ALY 3oy sl o lilaal) oM aladsiad ;ASM) ALY iy

daaa baldl 2 iy
Apagbatll

x|
(23-1)ue o= 2026 i\ 30 (alad) Guall &S Analy Axe

ALl bl

Aariiall zilall sy Whe Jilad ae A SA) ALY gy ol 8 el oA Cadig e cluhall oda S5
Aginllae ) Adlall Al ans ) Afindl Slsadl) ) s

Lpagdarl) ALY oL 8 elilaial) ¢ KA Joa cluhall L1

lla) ity ¢ gaaill Aallass dmpdall d2lll agd 8 BERT z35a1 duhall s2a clglis :Devlin et al. (2019) duyo
sl 536 (Transformers) alsaal zalall of mitl) copelily JAlle sasm <13 Aliad s adedll gl Jilas 8
Aegiie lily e leani 2y ol 13 gsalll il e bt o8 L) ¢l dilaia Al 15 (m gaaill Jilas

of sl cAatial ALY saga A 8 e lilaal) oS aladiud Aoyl s3a cun il tPan et al. (2020)
(Aasite Al (Uad/man caxia (o Hlial) g5 saamie ALl A58 Leiay Algenl) dpuael) IS e Ayl 7 3Ll
Apadail) CalaaY) ae Ll Glacay L) s (s5ine T b () SV anil) o i) cupelal lld e
Lpagl duvgll i@ o adiny elibial o183 ziga peli Auhall oda i@l :Zhu et al. (2021) 4ulye
By e o S IS5 e ALY sasa o ity LAl malidl Ala iy Al Al (Prompt Engineering)
e lilaay) ¢ KA aladiuly cilagdill s9a Jea byl 2

&V ity el cilapiil) saga Gauad o elilaal) 1SA) 56 3 duhal) 23 ciag iLiu et al. (2019) Ay
G A agd 8 land dalyy 28 4 gyl Sl Qg Ao sasall Glaa b aead 8 T JSE AU g
0as Sl ol Gaee Y din) ks

o ity eclag@ill o Li) 3 e lihall o 1SH) aladiuly ddagyall 2EAY) Llad) cuisl :Wang et al. (2022)
Dushaly Al Cuals Ldegtie clily o laylidls Al lpasaad 2y Al 13 dia anlie olad Bad el 28 23l
ol Slilee (8 AAAN Hlacay il dsdled il )lsa

S alel) dadai] pe o llaal) o 1SA) JalSs Jea cludyal) .3
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Abstract:
The study's problem was represented in what is the role of implementing the Government Resource
Planning (GRP) system in the transition to the accrual basis in government institutions? This is to
improve and reform government accounting and financial reporting, meet the information needs of
stakeholders, and enhance the principle of transparency. The study aimed to identify the role of
implementing the Government Resource Planning (GRP) system in the transition to the accrual
basis, determine its effectiveness and importance, and demonstrate the results of financial and
accounting work from the proper use of resources. The researchers reached several results,
including: The outputs of the Government Resource Planning (GRP) system, in light of the
transition to the accrual basis, contributed to measuring the efficiency and effectiveness of the
performance of these units, improving their comparability, and achieving transparency and
accountability for performance. The outputs of the Government Resource Planning (GRP) system,
in light of the transition to the accrual basis, contributed to providing a clear picture of the
obligations of the government unit, which helps in formulating realistic policies. The researchers
reached several recommendations, including: Working to prepare the government environment for

the transition to the accrual basis by taking into account the availability of qualified personnel and
the infrastructure of information systems.
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Abstract:

The study aimed to identify the impact of Training Strategy in Building Organizational Reputation:
Examining the modulating role of Total Quality Management Criteria in the Ministry of
Infrastructure and Urban Development in The Northern State. The problem of the study focuses on
decrease in Organizational Reputation level for the Ministry because of unawareness of
implementing effective managerial systems as well as Training Strategy & Total Quality
Management. Four hypotheses were developed and a questionnaire was designed. After data
collection and analysis from the respondents, the study reached up to a modulating Total Quality
Management Criteria relationship between Training Strategy and Building Organizational
Reputation with a change in the determination coefficient of (0.012). The study recommended that
there is a need to emphasize the importance & role of the Total Quality Management Criteria as one
of the strategies that can be adopted by ministry in implementation of Training Strategy to Build
Organizational Reputation.

Key words: Training Strategy; Total Quality Management Criteria; Organizational Reputation; Ministry of
Infrastructure and Urban Development in The Northern State.
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(Al e g aralady

weall 2e) Jie ALl cluhall any culgls
Lailia) G A (2022 camall e
cemdigl) g Uil e Gkl g layls il
(Olie) Jia Alud) caluhal) ey s
ALaLal) 3292l 353 yulaa o 481 (2010

L oeigll g Uil o Gudailly cilajaiall (et
D5l Ao sa Aa) luyl tpes <yl
Apadatil) drandly il Al il G dnlay)
B Lalee Gn dulay) HEG ABle a5a; Al
paranill Arandls ALeLil) 5352l

Agla) Gluhall & Je g e pgia (& Gald) dlae) (e 1 juadl)
rAuall 8 aal) g dgadll

ey el Auhyall 8 peall 7 3gail) aamg d Agdlall Aol <l puiiey Adlaial) aalially ARL) ClysY) dxalyes g ALY ey
Lapally Adadll dalud) Gluhall (e Lilaals GAuhall poase daglal g bl Jhedlly Jiiall puiall sl lasl
clly Jaedlly Jiisdll clpsiall Alad) duhall canlY) sl Slasls clggle oY1 e Caald) (S Ally cigall;

:‘é;.lsns cabial “J

(2013 cgamall) Ay : e Cappal) Apadlyind dlad aaat 3 Slalls Gluball e 2ae ) ggal) any : Jisd) yaial)
33 el gl Cilal pagy paat) 1 Al bobaly ) daglie) Gl @ (2021 o)
(el e Sladly SV Gl el Aad 345 el Ak slaely gy Rl clalia)

caaall de) Ay e Gl Gluball e e ) sl e LGN asall 5la) julae aad T8 AT
fohy mlae AU 3 AL 3agal) )y julae i Mg (2010 ¢ asadll) (2010 «oic) (Daru, 2016) (2023
cuaall neg aaall ae) b rdie Gluhall e dae ) sl an Laplanil) daand) alagl s A Ly el il

@121 el Aeg) 1 ay alad XD 8 Apaplaiil dnendl cifiai 85 (2017 cgsdill) (2018 ¢ (2022
(Asmigll 2a33) 3350
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Ll Aaall zigalll (:2) Joil)
&l il Jaall usiiall Jiisall paiall

fadaitl) daad) Alolill 33 galt 508 julaa o) dasd) il
A< Ll - Gl Al il 5 Calaal auza g -
Lty de - .
sl - JogHal) lalaa ) aaat -
1
gyl - | v ) Ak alac) s m s -

Sl ¢(2024) dald) cluhall ddads ape e 2l Gl dlae) e 2l
sAasal) Al s Ll
i) agal) Al gl
rddlacl) ANty dilpand) dpaiilly dgiatll A 5,055

Jee ¥y plally cilndially cillalully iilagll ol Aale dse (& Bl 0} (2024 chaasd Alie gpl) S
glabaialy Lealg aaats cblysll oLl Glaally 2018 dud (11) a8y Vsl asusall 3 lgle o geaial AaisY),
dhee Ay el Jaladill Lla Lasliio oa A 0 Cum cilly Alglls 5l 3 535l i) ansill Jiciyg
Ll cgglimal) 2l o Jalinl) o Galsiosall shpanll dpailly () ot (3 ol iind e Al Ll cijlsie

(Gaally ¢l ¢ IS ALY AR (A il ¢ gb aill Tl

gl 8 Apalatih dmandly ALaLal Sagadl 88) wlaag cail Lashiind adly

Dlpall Aaszals ailiinl dsms Byspdans ¢l Japhadilly 5 aldia) )50 (2024 Apadd ALae Bl ) g
lead Jand A 25) o 3 ool Tl Ly edppall 2))sall 312 ddidall daiiD daialy clsatliind lgie (35
Sliadiljin) A8 8yg 0 Bl o Gl HaY) 135 e it (8 Asplalls DAl D) Jalgad sl e 550
AlalSie Ay lge pnliind a2dind ) Apigl Angall O Copaiy dpahail \inas o diblad) Jal (e Azl
AW 5))ys alaial (e A G Gle saga ligie Fiads Juadl JSG sk ledleel oy ALlall sasall 5)))) as
Y] L) by e JiaY) Aada gl il g Ly Leaig ashits Apdall 2lsalls (J5¥) Aaalls Alalall g5l
Chasill dgalse o 508 dnhpend) dpatilly Al (Sl Blys ledas daesSall Sl 8 (S )l 1 4 L)
Alae lads) oy dpuaigl) Jaall 2y 4 Wy (B ddpll Jb G adasill ekilly Ayl <yl
lysall Talads and (e 5STy calall paall daylill deaiadiall chlaY) sas) o 8))sll capaill 3y of (2024 cApads
Olelal b @lsludly Cajlaally leall uskiis 3ok luS) (8 alall Lbaa Jidys (Agap)sill oall 345 andy Ayl
sl dee W¥lae WS B Lpale Gud o dgthadl sagally el 3l Jleel oY Ldimal agihd adys 350l
e Ay okl 8)llly Clalall dpyail) Clalia¥) aaad o Agiue 0585 Bl ale e pe pidlae L)l (5S35
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A Galelall il Jadl dlac) aylisl Jlec] B2y 2D (B agie B Cppsiall 3A) LEAY) cagileas
Ay Aigyally ailall lysll daall Clslhaal iaslia) dum o ot alind) (uld Byligll duly dpaanll Glasl)
atatl) (g ginall Con Tyl alpall Mg ovanst (il 5oLl odati oyl agtinlagy ppiall Aol il il
sl ple Danal Leadys Rl bl 2 aay &l Slaely el aelis day ppBiall ) Y1 S (alalall
Glangll (grme aa Hobially Cupill 58] e af Ayl Glalia¥) paail (2024 caadd dlie cdaal) 2e) Caag
pany Aaaatll langll s Cun @)l bl Gl lalia Wy o) Z LY gl 5l dpedasl
Cua el sl Al g e e Loy clgia caliall sldie) w Biae Ah3 gypde ol Clagile JSE G L@ala
Shangll e s Loy Bl 8 Akl lavadsll s Al 5l clabia) o 2l Lt cupl) Aad a0
& =has el Abhae aaias il Bl adi &S ey cdadill Glalia¥) e sads daunig) ey daigl) Ll
Vol Gy ccapall sl k) 5l JE (e 35l anadd adgiall dlhally sl 3)hl Aala o A3lsall Sl
Ao B3 geaall Ay dil) eyl dnlle 2488 axe ) am Lae Bl danadall il dalae WYL dddla) 35 a3
OS5 (2024 i Al (Gledlus) Canziy gl 8y Cpuigally Adlaiall Ll abll i (e Alls el
dae Aaplay dafipe Byual Cilysd (A 3)hlh Dlaaddl) WIS aayy (gaal jual Jalal cypall e gyl b eyl
Dby mady dpaatil) Classll (e el Jy Ayl @lysall madilly Gyl 353 asd Wy dpaphati iy JS
o Gl Y (Ruigll [y auvgall S Aald) @bl el Lale o¥ cupnll )l diige e Il Lee Gappsiall

sl laalaie) &3 Al Cugpuil) Lpmsl

s Al T

Glpaiall Gu QB pasts o gylaill Yl s & (Deductive Approach) dabiiul) zeiall e duhall chadiel
gl sl oskly sl oda (uld Ehh s AL Gl e slaeYl Al fis e
e Al clativl A6 4 P e (Inductive Approach) JAhaind) meiall Galll aadin) WS cagiy Akl

(2008 ¢ ialall) Lyl il Gl DA (e Jomgilly cushall LU bl e Jpemndl dudjall ading

tlgilaha JLEA Al kg duhal die g aaiaa

Slangll it o Jleally Gailasall S Jady (527) avaze @llly sl Galelall gaen e Al aaine (5S
alai sball Ay Jesy Ausdia 5 (175) 5 eomspsfSl) Aapn Jeny Lusiga (60) agie cpilase (378) aeie dpanlasil
die Aml) pan ot Adbee e 3l eylysll sadinall 4adl) (yg5d 50l calilasy Wy dale (149) 5 cculgin S
Gl pan il (%50) Zubll adine b L Cstall pailadll il dayy o(%52) Uad Ay ((%95) 48 4
Al e Ll 6.1})’.’\51‘}“ Cﬁ}a\j\ e\mb Al e Qaad ?3 aaly 3a)a (223) caf\;aj\ e;;j iaall
Cpdigall (3o dgaal Ane jlidls Gl W1 a8l L (hitps://www.calculator.net/sample—size—calculator.htm)
AL Saiind sy A3y sl UadY Lt (230) Lehaie a0 dlis ¢(378) cuilasall 45 (e (235) duigl iy
copeily Bl ¢ jgually I (SYs heall Bphadll ¢ lally i) 3 Aalall 53yl Jleally Guidagall i
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(75-41)0e oo 2026 i bl Giall S daals Alae pdly Jarall Lo gana (uaall ae

o Lafind A8 (225) caabinds ¢(230) avaie Jllly Gisgiud) e slafinl 46 (230) aps & Cus o(dabol
c‘ﬂ;‘a il B A L3) 6(230) Al Anel) S ‘SJLAA;‘ (e (%)97) Aoy Alatin) 44008 (223) Jalaill Asdliall
e sall Ll iy Al o3¢] Caumy (2) sanl) gy ind

bl de Cauag 1(2) Jsa

sl sl
gl B il gl BN il

%22.9 | 5l ol | dasdl | %52 | 116 = |

%77.1 | 172 e S| %48 | 107 s e
%4 o | epmsondd | w139 | 31 | a30-20

%250 | 56 | ehet0-s | [ %sr |84 | w031 |
%48 | 107 | w1511 %32.7 | 73 | a.50-41

%229 | 51 | g6 | 20 [ wis7 | 35 | w6551

OlEa (2024) dslaadl Zuhall 1 juadll
rlilad) aan Blaly Al cfpiia Gulia

:\M.uz]\j calalil) SJ}.AS\ BJ‘JS‘ )..)JL'.A_’ ‘;u“)ﬂ\ :\AA:\.I\).\M\ ‘;Qj Qbéa_m A :\.ubﬂ‘ UA.\A.\J L@.qa_s)&} ‘Mbd]\ CJ}AJ iﬁﬂj
s3) Ol (3) Jsiall s Al Ll b Lealaiind 5 Galie e LoV i) o3 (ol 5 35 Asadasl

: oanlaal)
Auall e Gulie 1(3) s

Adlally oyl | Ghlall sae e olall Hras il
(6-1) 6 | o it il gy | ey el 20)
(12-7) 6 donyail) lalia) aaas aall ae) (2022 s
(18-13) 6 Capaill el slae s auay csamall) (2022 capis "
(24-19) 6 Gl Adad 3% (2013 '
(30-25) 6 eyl e 2ladly Yl (2021 cxenv)
(32-31) 2 Sl (2023 cameall ae) 513 ulaa
(34-33) 2 oSl (Daru, 2016) 325al)
(36-35) 2 Janll (354 (2010 ¢ a5l PR
(38-37) 2 Llaiay) de yu (2018 ¢gama) Jaaud)
(40-39) 2 al (2017 ¢ ssdlaall) Jaalanl)
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2026 b el Eiagll i Analy Alna

(42-41) 2 iatigl) Faral) 335a
Sl 2024 «Jsaall il L) Ll A8l cilubal) s b Gl dae) sl

1o Lalia) daild Lalaie |y dada JLdd)

ok WS elldg cduhyal) 510 dpalaie)s dadlia o ially o3all 130 & Gl A8

-

rdaduall

-

ola) sl 5 Gl duhall e alal Gell deatiud) @bl Lulie e SB Gaadl Ladla aladiu) o
xSl bl Qs laal aladiad P e Jall slayly (Construct Validity) Sl Gaal)
s e ity (uliad) o (Baall) dsdalls vy (2024 « 0@l ae) sy (Confirmatory Factor Analysis)
KB ol Gaay (alall Baall o SIS aaall 1aa 3 Gl pasid ¢mpal) 13g] ity canll s Lo sl s

cosbiall a3l e

:(Content Validity) gauall §aall

(Jsle) Aelpally ral) danals duhal) i aled eldl cuotinl Al @hladl aea o ) @allal) Gaall
SIY) Jlae 3 CpmaSaall (e 20my il Gl A8 (Al 517) ¢ Laiinl) Al gl saall e bl (2003
Aalals s agde Ol elha) amy Guliid) e Bl i Glld g g i)

:(Construct Validity) _lalal) gLyl ¢ L) Ladla

iy alasiuly (CFA) oSl Lebedl dudail) ¢ haly aalll 2l cAdyall clyrie Guplie ciliy (3aias dadlia e bl
J8 e Aunyitall Astadly Jiaill Al il bl Adghias o Gl aliEl s i ((AMOS 24)
(bl Gagital z3salll Gady o Jad s2e 22a3 gl Al oda Basa o g pSall (S Cdite Bae I £ sal

:(4) Jsaalb Aaimse & LS

leiaga A2y Aglaall S yine 1(4) Jsas

adla rall Lo Jgena cuaall ae

55kaall il A yial ) gl 35laall il Ayl gl
<0.90 0 tol RFI <2 <5 CMIN/DF
<0.90 0 tol IFI <0.06 0.06 to 0.1 RMR
<0.90 0 tol TLI <0.90 0 tol GFlI
<0.90 0 tol CFI <0.80 0 tol AGFI
<0.06 0.06 to 0.08 | RMSEA <0.90 0 tol NF
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:(CFA) (Confirmatory Factor Analysis) sassill lalad) Julal)

el 138 Aagdal Caaldl agh e Bui e Canlie CulS 13 Lo HURY aelaiind S Jalsall Jilad JET (e SIS )
Saladl Jidail) Cangas (2015 ‘@'\j) (SEM) (Structural Equation Modeling) dsilull dalaal) dadas aladinl Jad
Aty 5ol agid) o3¢d Adliaal) Sl dayy sty el (ulie 6 sl G QB e Jiladl gas 4l
O e (el Sy Lale LS UK 250l (pe e game <ilS 1) L dijrae o aeloy SIS canld o)l Cpal€ll i)
Op llalsyY) daal diyae ) Jiaill s Cangy 1305 (2024« oldl) ae) Jalsal) o cilriall (e Ja aaad ojlais)
L @ S ol piiall (p pnandd) Bl Jga g fll aams 8 ae by & ey clguld @ ) i) (ga Ao gane

t ) (e bl (K6 aksl Lalad) Jalall sl alatind YA Ges @3 ey coplgialy 4iudyy ahyal) z3sall b

HLRY Aol Clrie e arie O Gl Lo deriiiuea) ¢ Lafia) Al Clhlad Gaall oo Mmd @l dag uld

e e JS Gald Al Ghlall e IS G Jaeadl) Jaxey LY GlBle aaaty g iy Auball Zisa il
el o chlall dplea) Jueaill cdllae of (Hair et al, 2010) zuash Cun Lo ) salagfy DA il yiial)
ool e by G Lo Aol Jalgy¥) cDlalae of WS ¢(0.4)d dpslse I e o e ST 5S5 of A g dalall

Al e e e JSI(CFA) Gl aymy b Lass (0.2) Lo a5 of A (el Laany

(Gl Aailiad) JEiaal) iall

casadll D) o3 Gald N A asdl (R capill Anlied Gl agi) Lelad)l Qs shals Gl A6
OalSH lapsaia oyl mliad 25 aadi COLelae Cingli Cun cand S 250 Jendl) Blalas (3) S8 sy
LY cDlalaey Al 335n ydse 5 LS Jandl) lalae gl e Jlu b 13y o(0.81 LU 0.43) o

Dl Ty ) aend) (358 Al Jranill O lelea g gun s coubial) agi Jali Aana ) Aeedd) sl G Aol
(0-4) e ST Chluall e Y Gebiall e (Ll iy sl bl e 3)le IS8 (IS

P(ALaLA Bagad) B1a) Julas) Jhdd) il

G sl 038 Ll D A agll (edlanaY ALl 3asall 5l ulae (uld il Lalall Jidaill slals Caalil A6
laysiia o ALaLal 535al) 5))a) wlae 35 audti CBlalas Cingli Cum c2ad JS 25 Jaenl) alaa (4) JSEN memsy
EOlalaas Ailadl) 52ga hidze JI8 LS cJaanill clalae gl e Jly L aag o(0.768 ) 0.402) o oS
el L A gl 358 Ainaall Jpendll Dlalaa e (b5 cooliball 253 o daam G a1 (o Al Bla )

(0-4) G ST il s (Y Gl Shle 3Ll sy t4nld Sl e ske S Gal)
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Jaal) jsall Lol dpadaiil dnaudl ¢ Uy B il daliad i

(alal) il Sy daaly Alya Lipand) Apailly A5atl) 5 50550 ALl 535a0) )3) laal
SMsudly Allaz) Lyl

adla rall Lo Jgena cuaall ae

(s Gnilind) Jiial) uriall 5ol Laladl Julail) £(3) J<a

bdbdod d6dbee

71 68
TS1 TS19
74
TS2 1T rs20
) 42
Ts3 S [ Tsor
64 _ l'guf.lﬁ 31
Ts4 | = B 1522
@—D S e pw L2
756 TS24
71
TS7
% 43 o1
TS8 R 1525
81
TS0 g 1526
78 58
510 Ts27
78 Sally Syl 72
il g TS28
.—> TSt (A e
TS29
.—p TS13 _
Model Fit Summary:
— i CMIN/DF=3.326
s 44 RMR=0.068
. - . Ly GFI=0.653
@ 12 71 e AGFI=0.591
@ T NFI=0.679
. - 65 RFI=0.646
IFI=0.751
@ TS17 s TLI=0.732
CFI=0.748
@ 1518 RMSEA=0.102

.M: c(2024) c@\q..m]\ bbﬂ\ :JA..AAX\

(ALaLil) Basadl 813 mlas) Jaedd) jpaiall oSl aledl Judail) 1(4) JSS

Model Fit Summary:
CMIN/DF=1.577
RMR=0.020
GFI=0.993
AGFI=0.951
NFI=0.986
RFI=0.930
IFI=0.995
TLI=0.973
CFI=0.995 BER - } i 537
RMSEA=0.051

Sl ¢(2024) edglaal) uhall 1 jacadll
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:(w\ M\) @m\ _idiall

sy A 2l oda (uld AU Al 2sull (DALY Lpedanl) daad) (eld asil el Qs chaly Gaall) Ll
On alS) laysie e Aalatill daandl a5 aadi CDlebee Gl G cand J$ o Jaeatll cDlas (5) JS
LY cDlebeas Ailaall 535 hdize J6 WS (Jaeatll cDlalas g i) e Jly L 1aay ¢(0.895 1) 0.569)
sl Ly ) agu) (358 Al Jranill COlalra g g ¢ ebiall 253 Jadp Aana ) ADED 2l o Aol

(0-4) e ST Chlall paan Y Gelid) e 3Ll maly tauld Shle e bile IS Gl

(Lpalaiil) doandl) adill iall (5aS 5l Lalad) Qs 2(5) JS

Model Fit Summarny:
CMIN/DF=3.388
RMR=0.024
GFI=0.964
AGFI=0.875
NFI=0.960
RFI=0.901
IFI=0.970
TLI=0.924
CFI=0.970 885 84 i i i 569
RMSEA=0.114 |OR1 I IOR‘?I

Ol c(2024) c:\,)i\q..m]\ bbﬂ\ :JA..AAX\
:(Reliability) 4;alicy)

lad il (0) Ha lny Gelitall Sl api &3 s Ladin) 2l Cjlaal A Gacally Al Gl 530 L)
Bauld el 2gas pe Ge al) oy o0 Gacall Jelae il () Feil il ially LRI LA Oelas
cAlaty) aglally dileiall Gisadl 3 Ysina (@ > 0.60) 2a diplaill Lali) o oS) (AIPhA) Toulicll agll asead

(g agal) Al sgal (W 2155 8) A2l il Ganally L el priny I U5l

(W # s 5S) Al Cpsial A Gacally J21al il Jalaa 2(5) san

S Gaal) Jalas Wl (o) ded <lylaal) sac bl e
0.897 0.804 6 Gl Al iy Calaal puas
0.927 0.860 6 Ll claliay) aaas
0.911 0.830 6 el Al dlaels g s
0.930 0.865 6 il dlad 3
0.915 0.838 6 il e iladly S uld
0.956 0.914 30 oyl i) i
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Jaal) jsall Lol dpadaiil dnaudl ¢ Uy B il daliad i
Ayl Agaiitly Agatl) ) 50500 ALaLA Basall 30 plaal
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(Al Ciad] M daaly Alya

adla rall Lo Jgena cuaall ae

0.725 0.525 2 PL A
0.683 0.467 2 ol )
Jazll
0.720 0.518 2 Jaall (38
0.860 0.740 6 Aol 3a5al) 5)la) yulae
0.843 0.710 2 Llanay) de
0.856 0.733 2 gluy)
aul
0.858 0.737 2 donaigl) 4ardll 3aga
0.922 0.850 6 Hadatl) daaud)
0.969 0.938 42 JSS e Laiiul) 4l

Olia (2024) dslaadl duhall 1 juadll

Gyl Juleas dale 3)gemy 31aY) g Jde Ju Sl Gaally Jadall aldll cdlalas o (5) Jsal) e oy
S Baall dalass (0.938) 3150 S talall il deles dlys bl abel Gaas e slaY) 5)0 e clle
leie ity of oSay ) bl (Baum A0la) ) el Lo st emall aallls el o sadl) 8 adis (0.969) S

) el Aeagl) Jidatl

Lpl) Lpaa¥) (e (b ol s Al Jola Alslae sadin) & clgihie e Amd) DA Llaie) (ggine )
;40w (Hair, et al, 2014, 376) dslaal Gy 5 o35 ciubll ¢ parial

= 3/(1-5) = (faiiie tilausie tdaiiye) Ohgiuall sae /(deall SV ol — Joall oY) aal)) = Gabadl) s
tisal) dsaaSd LA o Gl e flig o1.33
2.33 e Ji = 1 (e diabaiiall draaV)
3.66 ) — 2.33 (e ddausiall duanY)
€ 3,67 (e dadi pal) Ayl daaaY)
tapal atliind el deagll Jdatl)
sl (8 il Aamglind 2l dasl) Jalail 1(6) Jsas
a8y ) Giise | @l Ghat) | leall Jaugid) 24l
4 i 0.655 3.94 Gl Al iy Calaal aua
2 s 0.538 4.11 Lyl Clalia¥) yass

59



Jaal) jsall Lol dpadaiil dnaudl ¢ Uy B il daliad i

(75-41)pa e 2026 b 4:;‘ calal) Gl s daaly Alae Aifpand) dpaiilly Afanl) i) 8150 ALaLEN Bagad) 53] smleal adila hrall 4o dgana chanl) ae
OMsadly Alladd) AN
5 iy 0.653 3.72 il Adad slaely auay
3 iy 0.561 3.99 i) ddad A
1 iy 0.542 4.21 il e dilally Sl
1 iy 0.427 3.99 Gl Al i

Olia (2024) sl Auhall 1 jaadl)

S dagll oda iy (4.21-3.72) o ol capall Lalind 2l dplual) clagd) of (6) Jsaall s
Macls gy aeh il Lad o IV Aipll Capaill (pe iladly 51 (elE axd Jinly colad) oda ilaugie Bl 25ag
ATl Cald) Al LS (aiipe dpaal s5ie (3.99) dadine 2SI IS Lasgiall alys ¢ 5l 3Sa cuyyail) das

fob LS lil) ulS g ccapyal) Ampljind sladl e 2 S Chle e Auhall de ) ey dplual) il gl

) Al iy Calaal iy el a gl Jidatl) 1(7) Jsas

il | sie | Gbad¥) | da il 3ylad)
Laall | (el | lual sl Antlindy Claal aua s
4 s | 0.818 | 3.95 syl Ay, e sl
3 ciix | 0.736 | 4.22 3l Al e sl
1 s | 0.871 | 4.26 Bl ad e 5l
2 ey | 0.971 | 4.23 3505l daaladly Adalall 2l Jidas A (e
6 Lugae | 0.952 | 3.45 3l duagi i) Calaall e 2Ly
5 Lugie | 1.130 | 3.52 A<D 50540 Al e 5Ly
4 aiiy | 0.655 | 3.94 2l alall (gylamall CalaiVlg alall bl Jaus il

Olia (2024) cdslaadl Luhall 1 jradl)

e 3l 13gd Aplial) llangial) il G il dnilindy calaal pay e Gueal (g5 (7) Jsaal) s
Ll il Calaal i g) a)lall 1Y) oluall awgiall of Jaadlys (3.94) alad) oluall hawgiall 45 (4.26-3.45)
«(0.871) e Calyailysy calall lall hawsiall e el 585 ((4.26) (oloa Lassior (B350 a8 o 2Ly Gyl
hen hugia (Taghiauad) Gl e fly sl dasliuly Glal aag) slell oY) olead) sl oy
s 2 el Giie o maiy ale U5 ((0.952) @l Gihaily alad) oluall augidl (e 2o 585 ¢(3.45)

Aaine OIS i) B3 Agas e B (3 il sl iy il
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Ayl lalia¥) wast 2l iea gl Jdadl :(8) Jsas

il | s | bad¥) | da il 3)Lall
Laa¥) | lad) | bl oyl gasdigal Ayyail) ilalgial) 2l
1 e | 0.678 | 4.41 sl oAbl gl Jilas DA (e
2 aiiy | 0.687 | 4.30 5l alell ¢ 1aY) s il e Gy
5 aiiy | 0.710 | 3.97 Opdigal) ool api il e 2l
4 ey | 0.753 | 4.07 Opdigal) ae e Laally e Wl i e 2l
3 ey | 0.660 | 4.10 ) clalia) il & e 3y
6 eiix | 0.716 | 3.78 Sadasl) gl cilillaial ¢ gl
2 e | 0.538 | 4.11 2l alall (gylmall CalaiV g alall bl Jass il

.MJ 6(2024) 63..,\3\3,.\4“]\ Z.ubql\ :Jw\

=3.78) o 2 13gd Aplual) Cillansgiall Cangli Cun (A l) cilalia¥) 30s aad Laal (g5ia (8) Jsaad) s 3
el Ayl laliia¥) a3ad) sylall oY) leall T gidll o Jaady o(4.11) aladl leal) Jassiall i (4.41
@hme Cibailiy calall lual) angiall g el sas ((4.41) (olon Tanssias (S5l QALY sl dlas DA G 83135
(sidsl) o gl bl & sa )l Byl astigal Ayyil) lalia¥) 23ad) 5lall oY) olead) Jawsgiall (s (0.678)

Gsime Of gzl ale Sy (0.716) lime Cabailys alad) luall hsgial) e 53 55 ¢(3.78) s Jasssiay
aiye OIS Cpigd) 5l dgas (e sl (o Ll lalia¥) paat ) Lyl

O el 13g) Aplaall o siall il Cm capall Aad el w2 Bpadl e (9) dsiall mas LS
gl sl o) Bylll eV el wgidl of Badls ¢(3.72) aldl oleall sl iy (4.05-3.08)
el bl bugdl e Sl osay ((4.05) oles bausia (agieall Gl dee danh pe pedly Ley Al
(sl dee dnpda o pe30 L Agpaill Sliadl pas) 3ylall () lsad) Tassgidl) ¢y (0.815) (golome Blailyy
Gsia O oy ale Sy o(1.138) (lime Calyailys alall luall haugiall o 3l 525 ¢(3.08) (olua Jaussiay

Aaiipe OIS Cpigall DR A e Bl (B capail At dlasly pudag 2a dua

caill Aot dlaely g 2l Aeagl Qs 1(9) Jgas

il | s | bad¥) | da il 8kl
Laa) | gl | sl
4 aie | 0.863 | 3.87 Agapal cilalia¥) aaa e Uy Lyl el panss
3 aiw | 0.769 | 3.89 Leina Canen )il ealyall (i
5 Lsie | 0.849 | 3.41 283 Cyl] dangiaeall il 233
2 ey | 0.846 | 4.00 L3 eyl Call€l liall Aaall pmass
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cize | 0.815 | 4.05 | Aiagiaa) bl Jee dxgda ae e Dy Loy Ayl alll lisf aaas

6 Lugie | 1.138 | 3.08 sl dae dapde ga 2Dl Lay Ayl (slia)) pansd
six | 0.653 | 3.72 2l alall (g lmall Cilai¥ls alall sl Jas gidl)

Olia (2024) sl Auhall 1 jradl)

Gl Ak 3% a2 deasl) Jilail) 1(10) Jsos

Gl | sie | Gbad¥) | da il 3ylanll
Laa¥) | lad) | bl

5 s | 0.901 | 3.85 fpadaiill agilans i faells e 5l gupiall L) Sy
3 aiiy | 0.633 | 4.09 A dalad LSyl eyl Sty Cappaill 3] a3l
4 ey | 0.683 | 4.08 CpIill Aalall 1Y) julase o el il j8he Hlial o
2 aii | 0.593 | 4.17 il Lalall 8))aY) julae e 2l cpnaall sl 2
1 ey | 0.557 | 4.18 853 Algd 2my oyl Clalgady Apyail) SlEa) () g0iall el
6 Lusia | 0.902 | 3.57 el i plaly copiall Aead Cale 3 capyil) Balgl auia s
3 aiiy | 0.651 | 3.99 2l alall (gylamall CalaiVlg alall bl Jaus il

OlEa (2024) cdslaadl Luhall 1 jradl)

=3.57) m 2l 13 dpbiall Gllasgiall Cingli Cum ccapal) Aad 348 ) Gaal (g5 (10) Jsaad) a3
Agapall Ciliall oy snpaiall mid) slell eV el Lsgidll of Baadls ¢(3.99) alal leall Lugidl il (4.18
Glira Cibailys alall sluall Lugidl e el s ((4.18) lus lawgiey (3)52) Ales 2ny oyl laledis
L iey (Aeadll 53l 5yl cpdiall Aend e il Saled ) Blall ) Sleald) sl Gy (0.557)
223 Agaal ssise o iy ale U5 (0.902) @lime Cabailys aladl luall Lasgial) o o 585 ¢(3.57) b

Aaitipe OIS Gl Jl dgas G Bl 8 ) ddad B

Gl e dilally AV uld el dea gl Qb 1(11) Jsaa

il | e | Ghad¥) | gl 3)ball
Laa¥) | @l | bl
1 aiiy | 0.690 | 4.48 3a3ns Aale Jilagy culld e 2y danl) Jd Cuppl) ddad 66
2 aiiye | 0.722 | 4.48 3a3n Aale Jilgy bl e 2y dnl) o ] Cyppl) ddad 86
5 aiy [ 0915 | 4.10 3a3ns Aale Jilugy bl e 2l anl) aay i) Ao
4 ciix | 0.656 | 4.14 Glaal) alal) e gyl Aad 3 43l Ay
3 aiw | 0.588 | 4.18 il T bl Cupnill age sad aay Cpaigall ol api
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6 cize | 0.752 | 3.88 | capail e dilall (bl Cappaill age s ey Cpigall ¢l g S
1 aiix | 0.542 | 4.21 aaill alell (g)lmall CalaiN 1y aladl bl Jau gial)
Slia (2024) dslaadl Auhall 1 juadll

O 22 1agd Apleall Gl giall Cangli Cun il o dladly Y1 S and paal ggiae (11) Jsand) sy 3
Ji Gl dld ) 3ylell V) laall hugidl of Laadly ¢(4.21) aladl olead) laugidl 4l (4.48-3.88)
Calailys calell loal) Lugidll e el say (4.48) lus laugiay (32250 dpale Jlugy callad e 5Ly dgul
Go Nl @l Cupaill age pmd ey Gautigd) ol s A1) slall S leall bugd) Gl (0.690) )l
o ey ale JSius (0.752) gibme cihailys alall luall Lassidll (e 530 a5 ¢(3.88) b dawssiay (Gapi)

Aaiye OIS Gatigal) Sl dgas e ) e lally S (il 2el Draal (s5se
1 Lgahle g ALaLa) Sagadl 503 ulaa Mol gl Julail) L

Lhlie s ALalzl 3a5all 5))3) ulae alady aagll Jilaill £(12) Jsaa

) | dal SD Mean 22l f350al)
6 | Luge | 1.278 | 2.70 ledglaiy OIS Jolss DA (e 50als A prally () guaigal) Ly
2 ciix | 0.746 | 3.91 LAl 8 Al e Grigall aai A6l 5y)5l) 3 dgud
3 | Luse | 0.861 | 3.31 A4S Ll
1 aie | 0.757 | 4.39 43S a4l Asad) asladial Gudige JS dusyles 33l ae
4 cire | 0.811 | 3.80 | AN dayn adsiy igall s Slulall 53l 3 oSall A6 g
1 aiix | 0.633 | 4.09 oSl
3 s | 0.771 | 3.80 Syadia Ay Aylal dee (38 oLy e 5ylysll Jand
5 | busie | 1.099 | 3.02 3o Sy Aule iy Llsaly Leililssese 5l Jae (38 Joa
2 | Luse | 0.779 | 3.41 Jaall (55
2 Luge | 0.615 3.60 ALl sagall 5)a) julaa

Olia (2024) cdsladl Luhall 1 jradl)

G ((4.09-3.31) o Caglp ALl sasall 53 sulee e alal Aplual) Glhugd) of (12) Jsall muas
Ghime Cihaily (3.60) alall sl Jangiall alys (4.39-2.70) o el 13a bl dybuall il i) con sl
(4845 Ay 4l Al asladlal Gudige IS dusylas 5ylsll ac ) slall eV sluall Lasgiall of Jaadls ¢(0.615)
SV pleal) Baugid) ofs ¢(0.757) @lme Cibails calall olual) haugid) e el sas ((4.39) olus Lassiag
Lugidl g S say (2.70) b Lassias (Ledshais Y1 Joln DA (e 5pally Apradly () suigal) <Dl 3yl
Oo Bylsll (o3 ALl asall 510 ulea e dsaal (ssie of iy ale U5 (1.278) @ilime Calailyy alall sl

A gie OIS Gratigal) ki dgay
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Hghle s Araaiil) daacd) Mol dagl) Judadl) .z

Lehlie s Apadanill Arand) 2l diagl dilaill 1(13) Jsaa

o) | dal) SD Mean 223l [55luall

3 | Luse | 0.998 | 3.55 Oilalsall (g5lS5 Aallaa (6 A pully 3)35)) anii

2 | busie [ 0.849 | 3.59 ) Apdigl malyd) 5 8 Lt Aoy Bl el
1 | Luge | 0.816 | 3.57 Al de

6 | busie | 0.822 | 3.23 oty oigl Jandl £18Y sa0a ulld ~1 e 5yl (s

Al e A5 LIl e

4 | huge | 0.867 | 3.39 | Jeadl Sl Ja 8 adlad Ao lay S e Jsanll 5l aus
3 | Luse | 0751 | 3.31 g 1Y)

5 | huge | 0910 | 3.31 Ay yde gralys Jaladd Ty Lanill 3smy AIEN) e 5)f35l) S5
1 cix | 0.867 3.72 Ohlsall Liay iail cilaad (e 4 Lo Juadl apaiil Guigal) asy
2 | Luge | 0.790 | 3.52 Luatigh ileaall 525a

3 | Luge | 0.670 | 3.47 adatil) drand

Olia (2024) sl Luhall @ jradl)

Glas siall gl G (3.57-3.31) o ngly padanil drandl 2l Aglaall llangidl of (13) Jsaall muasy
L35 (0.670) ool Cilaily (3.47) el sl L) dlys (3.72-3.23) o Lsiall 134 leal Al
s Iaugiay (Ohlsa) Loy Gaiadl cladd (ge 403 Lo Juadl il Gutigall e 3yl oY) liad) Jasgial ¢
oand) Hlall S olead) Taugid) ofs (0.867) @lime Calyails caladl luall Lugidl e el 55 ¢(3.72)
85 ¢(3.23) olus i (¢ o dgia) hliadl leale ag) gl daadl ¢13Y sa0a Callad #1580 e 50550
& kil daandl e el e of gy ple IS (0.822) (gilie Calailiy alad) (leall Tavsgid) (ga S
s sie O Cpviga) B3 dgas (30 8l

syl clpatia e LGN Julas

Cpiia G by ABle olaily 38 ulal (Pearson Correlation Coefficient) ¢ suyw dals)) Jalas Ealdl padind
Salaa 8 Jlaie e aSal) 2y caliy¥) dygine Ay Ayl ge il ke Gn sine e dlia S 1Y) L ddjeas
oo Ji dmsaie Ll il : YISy (Cohen & Cohen (1983); ((2017) bl sacld e & LlgyV)

(14) Jsall masys «(0.30) e el dy Ll adle (0.30-0.10) saall o Asies LY e (0.10)
DA Al Sl e s Bl )Y 5 ales
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A Al yite WLV A giaa 1(14) Jpoa

ekt Geand) | ALLEN Basad) 5] ules ) A ) RN
1 Gl Al il
1 0.654** Aol 3agall )3 Hulaa
1 0.570%** 0.693** dnaanll daaud)
** Correlation is significant at the level 0.01 level (2-tailed).

b L (14) daal e ey

s die (0.693) Lliy) dales dad Cilyy (dpedaiill daandly ol Lasliin) G Lysinay e b)) Ale 2o
AD 58 e Jy e (0.01) (e J8 dy5ine

e (0.570) LLiyY) Jalae dag calyg cdpadanil) daandly Aalall 525a0) 500 ulas G Aysinas dinge Ll Ale 2a i
ADL 5 e Jy lae (0.01) o J8 dsine (55

(0.654) Lali V! Jalae dad cualys (ALalall s35al) 5)l3) Hulaay il Zmslfin) (o dysinas dmse Lol ADle aa g
A 5 e J Las (0.01) (e D81 s5ise e

Al agh Ll gl

siall) 5 o(JaR rall) 5 (il i) oo ol cndsad dae S (BN ¢ By JSY)) sl LasY
el Aalaall zisai Cnlill paiialy (@il uiall) 5 (Jaadd) i) & Jiiadd) puiall Cap (e gl e L)
Gaal G W) e yaail (Effect Size) il ana claa ) 48l ((AMOS) zaliy A e (SEM)
(=ll) 5 «(Selya et al, 2012, 2) &bl il 3 Jadll padly Jieadl jeid) oo S ae lelal) il

(167 <2023

:lalaall Gl o5 (Effect Size) il aan Gilualy

2 |2
Rip — R

= Rl

= (R2A) ¢(Interactive) Jelill jumia dsas sluall e bl paaill Jalas = (R2AB) ¢ ikl ana = (2) 1) Cum
.(Interactive) Jeléill yuaia 50 (g Jlsall (o Ul paail) Jalas

65



" Jual) gal) LR sduadaitl) dmand) gl & cuail) Aagiiiiud i

| ’

(75-41)pa va 2026 x4 20 cralal) Gl ML Analy Alpa Ayl Agaiitly Agatl) ) 50500 ALaLA Basall 30 plaal adlh heall 48 gana capanl) ae
OMsadly Alladd) AN

s (0.02) Lol aas 1Y 1 YK, ((Cohen, 1988, 413-414) 2l e il aan m0l jud adinys
Sk (0.35) Ll aas oIS 13y thasgia A aas (5 S (0.15) Ll aas QIS 135 ¢ pia HEED aas 058
oS L s S

G Aamge ) il e Jhadl jrially Jii) il o aaiall il 8l ey dalall ) Jias
:(15) Jsaalls ¢(6) Jsal

Ahall ISV el 73l 1(6) S

Model Fit Summary: FE
RMR=0 sl
GFI=1
NFI= 955’
IFI=1 B
CFI=1 504 -
VPRV S pey T

2L 3l 53 g

OlEa (2024) cdslaadl Luhall 1 jradl)

Aupall IV el z3saill b gilenad) e ¢l 531 5(15) Jsas

G | T dad sl Jalae | Jalaa Sl olas

ayal @laall [ luall | sl el sl @ pxial)

(***) | 8.958 | 0.098 | 0.880 | 0.504 | Ziehdll daaudl | il Ladlin) | Jil)

0.001 | 3.263 | 0.068 | 0.222 Gadatll daaud) el Jaxal)
(0.001) e J8 A1V (s5ise sie Lobaas) Jla (**¥)

Olia (2024) cdslaad) Luhall 1 jradl)

2 sl e delall ey Jaedll uaially i) el G sl bl 5l iy dalad) cludd) Jilas
1(16) Jsaalls ¢(7) IS b danase

A all S ISl 3 gall (7)) JS

Model Fit Summanrny:
RMR=0

GFI=1

MNFI=

IFI=1

CFI=1 516

Sl ((2024) cdslad) Auhall 1 jaadl)
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Al B Gl 2 3saill  gylmall pe il 5V 1(16) Jsas

s _— sl Jalae | Jaloa Sl sla)
48

(***) | 7.053 | 0.109 | 0.767 i) Arandl | apal Apaglid | Jiisd)
0.001 | 3.199 | 0.067 | 0.216 | 0.516 | 4redasll dxaddl Dbl Jaal)
0.022 | 2.290 | 0.047 | 0.107 faahill deadl | (TQMC)*(TS) | el
(0.001) ce & AN (s5ina vie Lilas) Jla (***)
Sl ¢(2024) el 2yl 1 radl)

o S Il Ao gana (16) 5 (15) Gulsaally (7) 5 (6) Sl G ey

CalS i pisal) asen o Cun Al Aadle Alls 3gag ) a lenan lSel) Cpadpaill Aladl Baga Ci)i3e pnes
Oy Legl (of Al il cpadle Sy oY) culSaell candsaill ol aal V1 daia S5 1aay ddas 52 o8 Cld
LAl dayUaal) 32 sas

((R2=0.516) S Sl z3sall & culy 85 (R2=0.504) sl 8 J¥) el z3sall ponl Jalas Gad o
Jelall s Jsaal gms 3l 1385 ¢(0.012) ialy vl Jalas dad (A cpadsail) G oo 38 39as o Ju 1
B | I (VA | PR PO [ G L R PEL XN Jal) paially Jited) i) oy (Interactive Variable)

Sl I ulSel) andsaill S 3yl A Apadatil) Anand) oy b upil) Bat) A (gine alag) Hidlie 3G 25ag
Gahall ) ol daa 2S5 Lae ¢l yall

O Ol Cpondsaill S 3yl 6 Aaplatil) dmandl oLy b ALLaN 5350 5)0) el (gina olay) il 530 25n5
Aall S o dl) daaa 3 Laa e all 3t

Apaanill Aradl sl 3 ALl 55l 5)0) ulaas el milind (o Jeliill el ggina ool il LAl d5ag
((0.022) AN g vie (0.107) dplona it il 558

b ) Al ae el lin ALLEN sasall 5yla) yules 4dliol G2 B0 ogie of coiy HEBN aas Alalee Gudas
Lyl daua Aagil o2a X555 (Cohen) Caial caua a5l s 525 (0.02) &l 8 Lpehanl) deadd) ol
sly & capall dadlind jiie B0 50 8 ALLAD sagall 3y aleal J3A) sl e Jay e cdall G
Al oda Jadiy cAdladll VL dhyand) dpaiily dfiatl) ) By Apeigh dalad) ChIY) (e o Lpalatil) draul)
SEl sl clgls A8 cluhall yal — Gl Ul aga g — Dlai Gl 13l dpiyl) leleasy) o]

Apusaig)) Slsgal) 8 Aadaril) drand) ¢ lys cappil) Ll o A0 3 ALLal 53l 5o uledd e L)
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Agaiilly Asiatl) il 5l)s Al Faigh Ralall CISY) (p Ailian) AND 53 (ggine COBA) dags thadl Apdl) lad)
DD Ayl e Jga Al AL Al panl

One Way ) ala¥l ool st lial ehal &5 chawtigl dalall 5)3Y) ste con COBRY) 13 A3 ddjed]
(17) Jsaalls LS 53l Gaulipl) dpmanigl) Zalall c)sy) & (ANOVA

Fgnadigl) Talall CIY) 8 Al S piia Jn CDERY) AN Ajeal salaY) il Jidas il 1(17) Json

(5 Siasa Fies Glayo goans Jansgia g sane . .
VA | dgesdl | DF dgall | MS Cilagydl | SOS cilay sl
4 0.413 1.652 Gle sanall oy
Ll
0.343 1.155 45 0.358 16.090 Gile geaadl Jala .
49 17.742 el ~
4 1.615 6.460 Glesanal G | Bl ulae
0.236 | 1.440 45 1.122 50.475 Cile ganall Jala 335all
49 56.936 & sandll LaLal)
4 0.784 3.136 Gle sanall oy
Laadl
0.199 | 1.570 45 0.499 22.475 Gle seadl Jala
".. "!..w“
49 25.611 & sanall

.)&33 c(2024) c:\,)i\q..m]\ bbﬂ\ :JM\

S Cappall Ales il el )50 Aala 350 Lo pay chamsigh Aalall CHISY1 G Llan) JIs (gpine cidlisl
Cliia Uy Bl i G CBERYI LAL dadll 638 Cijadiy sl Ana Gl ALLED 33520 83 ulaa oo
Ao L) 8GR Gy LY 5l ol ARl ) G Ligl) bl 81500 iy Al

P IRAEY

Faand) oLy sl Bnilind Gn L D) 3 ALLEY ol 5l uledd el el (W8 Bl Al cdsgl
COERY) Gl s Al G 5 (7)) IS peamsally S L) 2 3aill A G 4] Jeagil) 5 L sy caaglail
(17) Jsaal) s A e 4l Jeagill 5 L sas ciahall e Jon Apnighl daladl CIY) o L

s il il Ssas o By Auball Chstie o Bl Gl (e desane JLER) S CalaaY) o3 (héaily

Vol Al (2022 iy aseall ae) ae calialy o(J5Y) Gasill) Lpepbail) deand) ol 3 capaill Dl N

Aaandly ladd) o Wla i Lee Jasad) conigh Guladll (gld e gin (3 Optigall iigall Taatil pralyy Tahads o

o) Apalasl) Leandl ol & ALl 335l 5l el (gsina dla il agay o AT culs e sl dsaylail
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P dapag 8 L say (2017 g52dl) 5 «(Daru, 2016) (Giatman, 2015) e JS & ae B85 Lo say ¢ S8
(6) ISy el (V) ASuell 73 5al

sidl g (Interactive Variable) Jeléll yaia JAa) & duhall G Al #30ail) ) Joasll s SR
sasall Blal ulee atlinl A BN e o G a5 (A el Zhgall 8 Gl el Jaedl) pially i)
Ay (A (mll) (Cohen) caiual cawa s il Lpalanill drand) ol 3 capail Aail i) s leleliny ALl
S asmgy i) deje o ALLal sasall 50 uledd 5 asas ) deas 63 (2010 ¢ asill) po Lida Gi L
Zasall DA (e dasingi o L sag ALlil) 5350 5))3) ulaa i 8 Glaiu) deju Gaiad (gl ) Gl

((7) S8l gmsally (I S

Gl (e Aaine Slgianey Jaiyg Apadatll Arand) ely (8 ol A BlAGY 3l e S O G Las Galiis
Gl A sliny il e BN o)) ALLal sasall 8y ulee (Baakii (gsiese adi)) LalSE (ALoLa sagall Byla) ules
55l 5l Lalass i) Lnlid aalud s mmaa aSally (il (gginn o) il el dradl ol b
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Abstract:

The study aimed at examining the existence of relationship between the Mental health of and
academic achievement among pupils who were in the basic stage the third circle in Karari locality,
Al Thawra sector west in Khartoum state, also identifying Statistically significant differences in the
mental health of the pupils at the Basic stage the third circle in Karari locality, Al Thawra sector
west in Khartoum state, identifying Statistically significant differences in the mental health of the
pupils at basic stage the third cycle : in Karari locality, Al Thawra sector west in Khartoum state,
according to the variables (gender, age, academic grade and educational background). In their
study, the researchers used the comparative , and the study population consisted of pupils whose
mothers have been divorced in the basic stage, the third circle in Karari locality, Al Thawra sector
west in Khartoum state The number of government schools was (43). The number of students was
(4186), and as for the study sample, (10) schools were selected, with (5) schools of girls and (4) of
boys The total number of pupils was (100) including 36 males and (64) female pupils . The
samples were chosen randomly. The most important findings of the study are: The results of the
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statistical analysis showed that the mental healths of the pupils whose mothers have divorced at the
basic stage, in Karari locality, Al Thawra sector west in Khartoum state is characterized by:
decrease, and showed a positive correlation with statistical significance between mental health and
their academic achievement, and showed that there were statistically significant differences
according to the variables (gender, age, academic grade and educational background), and in the
light of the results received a number of recommendations were reached the most important of
which are: Avoiding the causes that lead to the deterioration of the mental health of pupils and
educating the community about the psychological impact resulting from the deterioration of mental
health on pupils.

The Key Words: the Mental health, academic achievement, The pupils, Khartoum state.
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Abstract:

This research was conducted during two winter seasons of the years 2019/2020 and 2021/2022 at
the farm of Agricultural Research Statation — Dongola and Um Elgura respectively — Dongola
Locality — Northern State — Located within latitude 16° and 22° N ., and longitude 20° and 32°E .,
to determine losses of faba bean cultivars selaim muhasen and turkey as influenced by weed
competition and to evaluate effect of various weeding regimes on growth and vyield of these two
cultivars and hence to identify the optimum time of weed removal that achieve highest seed yield
(ton/ha). Results revealed that, weed competition full season in faba bean cultivars selaim muhasen
and turkey significantly reduced their seed yield by 63.77% and 62.67% respectively, in the two
winter seasons combined. The various weed removing times significantly increased most of
vegetative growth parameters and seed yield of faba bean cultivars Selaim muhasen and Turkey
(ton/ha) and its components in the two winter seasons combined.

The combined analysis of the two winter seasons reported that, weed removing full season
significantly increased seed yield of faba bean cultivars Selaim muhasen and Turkey (ton/ha) by
176 % and 167.86% respectively. Also the combined analysis of the two winter seasons reported
that, weed removing at 15 days and 30 days from sowing are the best treatments and achieved seed

93


mailto:mukhtarazizm@gmail.com
http://www.journals.uofd.edu.sd/

Jsill e piina dalilly sl Ao Ghildall A sl il rad dible ) jae

daad)
102-93 2026 L (alad) Giagll ME daaly Alaa i j
( Jom oa * 30 - Il ANl g paall Sad) ae lisa cdana

yield (ton/ha) comparable to that obtained by weed removal full season in faba bean cultivars
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Abstract:

The study aimed to investigate the impact of using active learning strategies, particularly the
flipped classroom strategy in teaching history on the academic achievement of seventh-semester
students at the Faculty of Education — University of Dongola. To answer the research questions and
test the hypotheses, the research designed an instructional model based on the flipped classroom
strategy, supported by a series of carefully prepared and reviewed educational video clips. A pre-
test and post-test were also developed to measure the impact of the instructional intervention.

The research employed the experimental method. The study sample, consisting of 26
deliberately selected male and female students, was divided into two groups: an experimental group
taught using the flipped classroom strategy and a control group taught using traditional methods.
The study was conducted during the first semester of the 2024/2025 academic year, utilizing the
proposed instructional model and the approved research instruments.

The study results indicated statistically significant differences between the mean scores of the two
groups in favor of the experimental group, indicating the effectiveness of the flipped classroom

strategy in improving academic achievement in history. In light of these findings, the research
recommended organizing training workshops for teachers and students to introduce the flipped
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classroom strategy and its implementation mechanisms. The research also recommended that
similar studies should be conducted at different educational levels and stages.

bt -

VXY VY

i Lae celuiiall Aanslsi€illy dpalell il L d Al Glaue (b3S VS 3R] aghall gl
Y5 ¢ pealaal) alaiall Zaplal Cuaiid ax ol lly cadadll 8 Gadil) @hhlly ) 8 Sk sale] ) s
Laet ilis ) (5l (g spumlaall Al e HLa@) o lawaly sl 38l dijaall 5y Ja 8 pdinall ilaliaY
Jeaill Jaly deld) 255Lad) e DUl Gigies calaall Ladlall (mlisily o ouhall Juasill Chea Wyl dima
(81 = 2012 (gsllayudl)

o ceaeill gl 8 alaial) s Jari o 3 Uauss Slane dbead Tatil aleill "asede el 3landl 138 8
oty Aaplig Caall Jabs Alelil (o 055 c0ySE jiaty (Gaenl) agdl) e oo lud desiie diadet Alail atujles DA
IS Ll e Yoy ¢LI3 aibyna el b alllall AL V) o Y () aleil) ol e il o aleil) (e g5 10
(55 0m 2014 capll )aleall e als
(o) alail 2 3sai 8 Yoad Jidh U cRioall Lol alail) il il aal e saaly’ osliall aletl) gl il My
Jia iy ) Tilagll DA e Jial) 8 calall (gginal) Gl ol Cuay cllally aladdl leal QB a Cua
2020 coba 5l Jaaliall Jlaall Gaakailly Jeliilly (HEl dasll s Garadd Ly daaaill Gagall sl cilagadl
(103 o=
3 Lae cdaially Syull o aiad Bl ey Loy i Lo Wle 1 il ) jie b gsumsall 1n dsaal o
Gia Y Lo sas ol agds Lehiaty claa¥) Jayy U 2 liss Al alsall (e el and 3 cJsmnill Coniag Jeliill Conia
calld Gl YY)
(77 = 20160ka) Gaalaiall (ailiad 2Dy salall daida ool Aan )y
e b bl Jrantl 3ol (& slial) lal) Bniliind plainl B Let sdlie Gty e o BaDU Gl oaans
Oo )l S5 (s Al Juasill e Al i) oda i Jolin LS (D Aralay Ll 48 (B sl gyl
i) 28l Caps Aalia (Al cagliall ol Cunad Lnat degena O A3lie Pla
syl Al<iia

el L) o Canall 138 Cilinse e Oy Climn Gl ) jie (B bl Juanill of Glalll Lal
Jiis i silly ) s o (o) sally sy alaalld i) ll) agh (8 Dygraa 2o lllal) Jaad Lgle Caplaiall dpadatl)
A e Lpa duayn culluds @il e Gl il Jag ¢ Jasally R 3 Jidie il o)p aleid) Ll o ISaY)
el saly o S5 A Al alaty adad 8 iy Lo SIg Bana Cilagbinds il e Gl ) 5 Al
paal) 4 aliall Bln (8 adiday 3y s ke Gl e e Jang Les calaill Alae b Ll heaic alaady ol
Ll ladl i)y Culluy) 4 ol Leosay Shleall (e e 2315 Aially delaalls daaddll chled) e
f 0 il Jon duabpall o3a A ysadii L Auhl) AlEe Ciela i (ag A sil) LISy Guplaall 5 il Leddiioa

¢ Sl dasls Ll LI (DU ool )il ) jie Jamnd b el Al il aladiad i L

A ALY e AaY) Jsla sl Gl s Ty

104



gt aasdl et 3 ke s Gl el Jpeantl BaL3 b aglial) alasl) Lashiiod aladid i A dana ik

(122-103) e = R . .
2026 30 S daaly — MGy A il LS o iy bzl cdaaa

e A il jlaa¥) 8 dlaglalls duadll de seaall (BUa cilags (g Aflas) AV @3 G508 aagi da L
¢l
DLV Gl gl ) e 8 Baaatl) de genal) (O Jacant o quglial) aleill Zangliind aladind 3L .2
¢ Ll
i) mlbal gandl Hlaa¥) & daylalls 4l (e seaall U (g Ailas) AN Gl G5 8 i da .3
Sapulil) Aplally ) ey Gl e (8 Aasliall de genall (B Jaant 6 i bl Ja 4
9/ SY sl il (o35 LA SLEANT 8 e panall (DU clayy B (98 i a5
fesill il (53x0 (ganall HLEAY) (8 Gfic saaall (s gy (8 3958 a5 b L6
syl dsar
e Laia¥) aglall 8 A 5050 AlSa Jing Dacia Lale iiny sed cndi Gplil ) e Bpaal (g o) daal as
UL lsine (et o T A ey gl e (& DUl Jaasd o Cagliall alail) Ayl ks
Dapall b il yjhe & dpasill 3 Cogliadl Caal) dadliind calgls ) cluhall LGN e Zuhall oda it
gzalal)
il e (8 Aan ) o3 aladinlg Cadagiy Cogliall Caal) L alasiul 8 (oAl cluhal Jladdl Zuhal oda i
(A Hsal Al
sdaanll Calaal
Gsliall alail) 40 3855 8 o)l e (A Adaslially dppaill (e saaall (Bla (uilad (a0 e i) ]

e b Aail) degenal) (U (530 oaal) Jsemnl et 8 casliall ol dmsliad aladid T e Capaill.2
gl

Al ALl e A58l il (s (53 byl Jeemnl (55iusa gy 8 costiall alall An il Glel 3853
) e g Aalal) e panal) CBUn Jant (s5inn b (8 Aplil) gLl 5 50 84

Gl el sl syl (B e senal) OO G () 583 dpesil) 358 e a5

i) bl A il Aol e e e 8 eyl Jaandl b (SUYI/sSA) £ e 5 dud6
sl (ag b
LAY 8 Al de paadlly Fuatl de senall COUh clay illsgia o Ailian] VS I3 Gy aagt -]

Zolll ke G4 Ll
a ganll Hlaalls dall L) (8 el de seaal) (s cila s Gl gie (g dilaa) AVS QI3 (358 2a 5.2
sl alel) Lmg i Hasiad
3l LAY 8 Al de gasally G pail) e geall (DU oy cllangia o ilian] AV 3 3558 35 -3
Aagadl de sanall Al

105



gt aasdl Gl el Jpeantl BaL3 b aglial) alasl) Lashiiod aladid i A dana ik

122-103 | ol S Aaals Alaa ) i
( Jor s 06 30 S Aaala — Ui ) A6 e il s gla caeas

cgandl HLaaYly LAl HLEaY) b daglall de senall (DU cilayy illaussie (o Ablas) ANS b (358 a4 .4
Sl sy 8 Alalal) de penally Al de senall (DUa ilapy Gillangie (g Alan) AN 3 (3558 a5 .5
sl il (g
@l LAY 8 ddaylal) de senalls Lanpail) de sanall (DU cilayy illagie (pn flan) AV <3 (3558 2a 58 .6
sl el (g
: ALKl Al agas
50l aglall and — Sliny dy il 40K - Dy daala
g i)

.02025-2023 :dpleill agaadl Sy dy il 2K ) sgiasall (DU

p &) alalhae
Pty g T G Al Ay ¢ s o5 s o) (b iasds sl BT maally o Q0 A ARD BY) )
(5202 2005 skia o) 4 s o2l b AV sl sl o ) sy e 30 Lo
Pl iy
Cnaal i @YY @iy e SE ) DA Al daall 3 Slal cransil 34l strategy dasliuy) o)
Sl 2y gl Lauliall Jlassl) lasly Adhisdl) eV LaaY) Glusy Lnaall Cagylall dgalse 3 dySuall 50l (8 i
doe LYy alai®Y) shall (o @Al cVlae o dpSuall ahally (Bl Laseie LS Hae (o Lniiljin)) aseie
(279 1= 2009 (capaill) ¢lsuall Ao 28U Ay 005illy Apnslpuddls
BTN |

o allall 4l as o) Luantll SV el adedl) ssiuall Jiny 585 (74 (= 22000 ,zlbas cuag) 4dje
Aele Joan ) cldlall g sana slasl (e 2085 2y 5y jaall dpuhall Mgal) (g degana 5l By jie Al 30l
P sl Al gl i)
(and) iy DU Culala g Causlily agld aail] Lpal) Al 4 Calagi G gadl) Aleill JISE (e JS5 58
27504 ¢« 22016 cpll sl g slae
Al clafally gl )
tousSaall (asliall alxill) o sgda

Gl (8 alee 2 Lo ol Gl Aanlys )86 o) Y JS8 J)) ey Cuna Gl aulail agede o (e a2l
salall Ul (et (S8 ol adaill 3 GuSally paall Spumladdl o) diaall DA alee 2y ol oledll (e
Eoasar Bl Clel 5 Gane ()3 7ol aleall alady asdy caddad iad DA Go elpw 2Bl ) daadl) z)la Gl
b laia) Ajmal eliss pgdl) w Cua ¢ aleiall Jon SSaiall plall 2y ga S alaill Gulail dpasall 5, o Ll
Pl Gulill 538 duad Gy aliall alaill Gl Jadl (8 300 Akl Salad e aeiSa )k A sl S8
D) G GusSaall alail o Cun casliall Juaill agede pupl) (ol skl sl by Lingl Sl Jady dymall
o ool daely alaall mand A3k o) Ay Bpall GLED aladiul () e gsp gasad s Agsliall il
pelilon o agmulen aladinly JAT Gl b ol agdilie & DU Ledle allad Waje o) Adiga cilile 5 b adiie Gy
106



gt aasdl Gl el Jpeantl BaL3 b aglial) alasl) Lashiiod aladid i A dana ik

122-103 | ol S Aaals Alaa ) i
( Jor s 06 30 S Aaala — Ui ) A6 e il s gla caeas

Slipally aplially Gliliall Zuhall dasll Gy paads g ¢ ool s JB Lol agiieal S ASY
(16-15 (= 220164029)

Hlgie iyt sae aly AR Joadl) iyl alaille o gSaall aleill Jio cilallaias sae Cosliall adaill e (3l
(Davies, R.S, Dean,L,&Bau,N .2016 ,p38) iy ales &y b mate aleit aly Capey
o ey claiill abeilly el alall lgd aaliy druls ASa (e eda 4l (1660a 2015 o)) ady;
(Wasiis dnia ST alall Jusg alllall sn g Zigpall ) (ot ) Aabial) sl ddlisly Qappotll linil o
Bypmally Cigeally Alaueall dpadail) (g alld ¢ guadl) Al ouled (S50 idadi)l sl Caal) Zailind o Sl o
Jia b oadedl gl jlaal ) daslin] od G e el andl 13 (il gpoalaall Wie Sy cibae
e aedy ¥ ol iy a3 W) glid) Cauall Aailfin) 8 gl duaal e a2 )lly . 4l Calaid) agd lsiaay (S g
Al iy (o) AnsSiell AUl (8 aag dpeded Glagad PlA (e e e adl o aladll (e Ll
claial) Ll (3 el G Clilad) 0o uaall Lpadedll Cullilly Claflil) e by ge Colidl ol
5 colenpp)iestial Joall o LIS 4 € alaaly el Ledal e cJumil alad 3an dal (e ailolSaly ¢ adlalag
(45022015¢ yalus
DlE L 0S5 (A (il dupae JSI0 S Lpde Jgr (Al Al Glath i) e slial)l Caall il i) a3y
frall aal g Clidl Caally Lalailly aledll dlee G Alud) Glaall glail) aleilly I3 aleilly Ll gl
o $lelon JS Taadedl Aleal) oy Lisysi ladgat diass claalle alail) cilunie 8 5yial) carall adaill 5yualed)
e & alad Ay U} 8 e lead) aleil) Gl aay dgle Gunliy 3 gall alatl) Jea W elaad) alail) jea Ji 23 aDIA
el Apadedll Anzll) b Tahaily lhwe Ll & ) aliall adss ) DUl aled 4 DA 00 B8l
(30022015 el 5 ¢ lan ) o Adadipall alaill ilgis Aplyall Balall Calaal Bias
(166 = 20155kl ) Jull 3 cogliall alaall Calaal Jaati s gliall aleil) Calaal
Al e sl L alaall 4paly 3 Adiall Laal) gl Jial Calagi L]
LUl L) gae AS,L5 Al 15 Ahn A oLy 2
SE e slaeYl aaey cllally Jlaalls amliall Gec agh e <50 .3
il Jals &y el ashpall gginall e Leall Gadailly cuyyaill .4
Al e Leabing el sailusalls acal) ity DU G Anyall 55l sle e 5
(167 422015 oyl 5 44 (a 2014 Lasll) e IS LS tsliall alail) dyaal

fsb Lad osliall el Cali g el )
el Gpagberil) clall Jagdasilly sl CalaaSU asly Casian b o3l Gias L]
ASally peadly pand) a5 dage il A Hgy 53 g Casliall Chuall alaa L2
AhaY) 5yl Gusylae (s Ay gandl DN Alandsy Gl aleil 2ol ceny osliall alall L3
sl 53 alailly e i) alall (Banl agllaall 3l (Siad Caall Jals
comy 8 A il 8 Al e Yy Bpalall g daall i yég 4
1| VORI KNP ORI D
107



gt aasdl Gl el Jpeantl BaL3 b aglial) alasl) Lashiiod aladid i A dana ik

122-103 | ol S Aaals Alaa ) i
( Jor s 06 30 S Aaala — Ui ) A6 e il s gla caeas

il dlee jsaa sa alllall L6
Al (2 gl A5 hally alaty alaie JS ¢ 43Dy alaill )8 .7
Gl clals el A Gleall o aally alaill Blail (0 0y o osliall adail) Jaai ey ougliall aladll cjraa
Goodwin, B,Miller,.2013, 27-80. (b L casliall aleill nan abl (a5 43\l
o el il o3a o ) s i a6 ) aas Ll Gl 0¥ ags Tpde (8 eliaS alea sas Glasgy i 0 A3yl
S Gany 03 Sy Sl Al (5lly 40U eaaly cpull poage Jon Alindy cillaadley aal) ) DU L
gsinally (3lay Lo
L) (pe 5ol s adall alaill (e 36l e ST Jelall Juay g5y daabedl) dlaall jualic casigisale] il l
el aglailly 3 SSN) alal)

LanlSl o finiall U 32 lise @

Il aleall o Jelaill 5oLy o

Al el Slgise e 5801 o

Aalal clalga¥) g0 Dl saclee o

Agiaal) 5a¥) Al dsacldl o
Yise Cogliall lail) g cdanall & aaslil olally (g3 Gupill Alelds 2ad o i B sa¥) sllsl 5K o8 ra Al
oadedl) Gl 4 8 L Jea 48lasll S
Gliaadill Gary 8 dald Gualeall et A e Calal) 8 G sSaall aleill ae by calaall dae) aii e il
118 (= ¢ 2014 3ol Glanyy) DAl ila gadlly D) iy @l g dalall
02622015 0loll) 1ol L alaialy aleall dpily sliall Joaill 365 Jalye aal Gadli 1 sl Joaill 345 Jalye
(198
Jeaill zlay Jaly iy alead) aaaty iy LS Calaal) aaat 5 il ggina) Ll S Cua tlaydadil)
cliall gl sl
3aills aleall g5 2aat Gyl J8 (DUl Fle S QllE 8 sgine aafiy dlac) ipalaad) JE i) slac)
Bpalaall aa)ma Ji O L Al 404l
LAY Mgally el Bladly Aladipal) DK Ja 18 pualaall o U alail) dadal 3083
p ool el L ddadil A jlas
< aaall Gaall alaein sans Glals clac) o
e ool anE Aaalll B a (il Gaiad e (and 1 Jlglly Sl sl e
adle gallal A Gyl g sunse Jsa duand) Aay 3 Ol ALY g g lac)e

11402 ¢ 2014 ¢ 3eabs 5 Olanym (g5 @sliall Caall adliul = las gyl

P las (g et o s Cigliall Caall e dag 8 G
fo el o @Al eL_A\

sl i€al) Jlaxtind ) Dol Aaplall e JEYTs yusil) eha) e 3yl

108



gt aasdl et 3 ke s Gl el Jpeantl BaL3 b aglial) alasl) Lashiiod aladid i A dana ik

(122-103) e = R . .
2026 30 S daaly — MGy A il LS o iy bzl cdaaa

DBgpall ity Ciige JS 8 Apulial) cle Yl alally cubldll M3 e sy Lo
gl e 38N e syl L
(o) S Capall g saill Jlae 8 OIS 6l dndy @A) sinall o Al S Lo
co o S Ayra amy (U Glal Cagimy o e delailly 5 s
c b Caall Jah dpluly el e 5yl .
UL aadsd ke e lad) e 58 e Jili of e sl
tqapliall Cheall §y)3) 48 )k
aleall Ladll) 1Y) dg0as @
RESNPRIA U P
alaall o ang GUAl (Jail) A0 4l Lalail) dleall (65 Canall Jala aleiall Ll cfjlgal) 4pasi e 5)0840) @
e 4 aSatl aaly iy by gl 4l e dabiad) cllaliil) andy of
o) ehals aiy Gandls ddag ddatil e slany U 1
Aaldl) agiieal o ) abalie sl O 2
Spa dosaas A Oy O L3
Apadll) s o Aaalall Cunlpa o sl chlasl e S 4
gstae el SLal Al culaaall (o aalsy 4 Y1 ¢ sliall abeill sapell cljsaal) (e ag )l teaslial) alaill Ciligaia
275 4= 22016
Adle Bleas hasS laga ally gl adaliey il palaal) Joas
gl agleay 3 Les Laihin) ol e saa Ol
Calrall ALY) i aae
cuyil¥l o saa daaled 2 alalie o Jpasd) dy50a
Giga ¢ gpadly o) sl alasin) bl Jadl (Ul 4ulal) Gl e tlial alaall 8 gl Calags
475a 22014 LaSh) (s ST 06 soadl) 8 Ade W) ddia <l 1305 8y guns
Psliall alaill g - L) il ghad
166 (22015 oyl (oatlad 52 21 Alaje Ly a3 Jabpe s2e llia
) gl i 3AN5 Baall Japhadill iy Ausdall Jadadsl) L]
i) 8 Lealasiin oy Al La gV i€alls g1 Sagad 2ay 2 o) Jaas 2
LIS (amy dgagd et ) alas 5 A sl pling o 1 gl a5 .3
Al G pdill Sala gl maay opyats sl Qe a () e il i 4
Pspadll il aleall daliall hlall (e
Apads cligae o sl auas.|
sl Jie adlge aladinl .o
g SN sl L
109



gt aasdl Gl el Jpeantl BaL3 b aglial) alasl) Lashiiod aladid i A dana ik

122-103 | ol S Aaals Alaa ) i
( Jor s 06 30 S Aaala — Ui ) A6 e il s gla caeas

il Jaadll 8 alaall jeng allall g0
s ol Aasiall L)) o3¢) Jradi (b Lads ccasliall olail) (3 ules o ity plaially slaall (g0 IS (ga0n )50 A
(185 - 183 L=« 2014 «
tousliall Juadl) & aleall lgal Y]
Apalal) il g0l apanals i Y) adlse asanal ) Adde Cang rcafinall aaadll L1
casilly Aralyll 4dailly AaadUall 2
caleiall Jsa S paial alaill Jiae e 3lat callads 3k 5.3
alel) A5y Ay e gena ) (DUl apuiiy Juail) g liasl Caigi sale) (e 4K oAll5 ¢ A L L ) i L4
s Opalziall
S gl o adis DA e Opaleial Gams ge el 8 ) JulSl asgly el Gasd opss (S rsaaiall.
ol Gilesmga e g U )
Loty peray o Gupail Ay (3 LB (gsina sty pLE o abeall gy LS
Lasliall Zaall) A3l s ¢ ey Jiiall 8 13 daled raa Lo aled (€Ll saclual e Lgpall Lyalatl)
cplaill ae ol (g)el) asaills
rustial) Juadl) B alaiall ol Lol
i) e oaali Lay elld Layys ¢ pupall yualing Adlaiall A1) #phay alaiall ald 138 Jidiys :liall plaidl L]
ol Gla gl 3aalia (e alias L A panl) cillalad ) e
Ngale £ OY) a0 Al Lpalell alsal) (s5inn pgd 33l AU llaadld) Jmass .2
el M gal) Anacaiall 8V Lladll Jon lsalls d8lial) 8 Aoy 4S5LAA .3
oyl dgans o unilial) Gabeilly ALY Gy =5k 35004l 4
alaall dpa s iyl it Ayl cle ) zolay Jala a3 A sbailly G0l dpegdail) AaiY) 5l L5
dpadill o by Jeling Aliall 38l @il o ey Cum cllaia¥) 8 2l elal s Juantll il & ol Juasl)
76.0a «:2014alla ihndl delaay) Ciy,kally
o) Slamall Janill deys I e Ayl Clossall 03375 Lo €Ul )05 Ol 3l 8 Juanill dpaal Sl
I Aaleill el s 8 S daliaal) dpalal) Claadill e agaydsis Al b (DU (556 A say iy (52
(122022006 e ) agauls
bl Jaaanil) Cilaal
Al Aage ) B Alage e JEDU Jpeantl) &l e 526Y1 L
Y Al 4g) Jiiie @3 Gaadilly Auhall g aaad L
 Allall 4 el oyl ddpra .z
(15 0=2010 = il jai . Joppal dlaye ) ailape (e alEY Calldall dags )6
peie (o sfiall aanl s aslse Sl e 1ol aaly JS raad Syalil) 3,08 4djaa
g Aglaay diaelus (g aleal) G840 i dpudills 450580 Lalll G 2alill 5 Cieall ol 480
110

W o=



gt aasdl Gl el Jpeantl BaL3 b aglial) alasl) Lashiiod aladid i A dana ik

122-103 | ol S Aaals Alaa ) i
( Jor s 06 30 S Aaala — Ui ) A6 e il s gla caeas

Al B e el L Ji Y Gy bl (gsinnally Laal) Can Lt (o (gsine JSI alsal) alae) .4

Gspdls daie Jaantll e Cppra ssine ) Dl Gk oo V) @8

Al dgal) Calita b agihais dllall Cojlas e 4 Alay Jpantl) W oy

DAY g g ol sivee b 8 Wlie difiys oushall olsinue Adjra o alllall (845 ailanl

idiastll GLalaly Ul (5 i Ayl g 35T L) oy Ay iy

A yrally lial) Clllall paal A8 ) gm auy Alglase () SIS Coagy

Coplaall Clain) (8 Qllal) o085 (Say ADA (a5 Ul 45y 8 Dlasles ) Jsea ) LiSay 4dppla oo

(455 = 1979: cl8)ll) 3a3as Auma duia) 358 PR Lima 3ale 3 Adlidall illeally

Al Juaadl) dpar

A Bl 3 5S55 bl Juasill dal o)

SDY (Ssl s Eilaaly 4lpe aily cJanll o 4 Jal (e 4lsaas 4lse o IS5 daalill 3,08 Adjea .1

calaily e Lo s aalill ol e ldialy ible

JSLie dgalge o 5yalls Juadl) gas agiliSsla aangs DA o @lldg adinall (3 o) 55 2Ll Cpalaiall mansy .2
alal)

slad) 8 Lpaddl) agey)lie (3a e 5yl Ll L3

bl Gy 3 sl iy ) alsll Ay (e Gyl Sy 4

S) Gl s e Liadf ol Zabiaall Ssal) o Gauhs Jsmad ) agasnidi i8] by 2l a2 .5
(150 U= « 2007 < sola

Gl e ) a5 438 daladl o2 £ Ld) aae Alls By Osulal) L) (o ) Al Clalall e dala g L) L6
) il Chylaial ) a5 8 cAualil) J (e Ailae llatial aie iy o3 LlaYl

Oo S e Alad Al A Al GadY) cOSE g sl aned A e laY) (e bl Juasil) aay L7
Al e 2l (e SIS oty e Juantl) Aliy oyl (ggisall Lalaai) A Ciladingl

Osalaial) Ll sy A adedll L ilasiie abl (e 435S Ayl Apaglell Aleall 35308 Fpaal 53 ) Juanill 22y .8

(160 L= 2010: seall )

(75 —74022011. Lelewl) bl Juanil) cDSia

zoaill

DLSalls ALl

LAgially 4K 45yl

R BARS

A silly ALY

o o U o

© 9 kL L~

111



gt aasdl et 3 ke s Gl el Jpeantl BaL3 b aglial) alasl) Lashiiod aladid i A dana ik

(122-103) e = R . .
2026 30 S daaly — MGy A il LS o iy bzl cdaaa

(193 =1920a 2004 aula) 8ydiuse Gheay 4ales L) bl aleial) ddjea .9

S Gt Ll gl Bl e il Aalel Le uls Cua Blantl) @AY Bk g il Jacant (sime ool
LAY o3 (i Gay dpanill cililatia) it eall 13 dipiell ULV i Cagyla it aledll dhaay (o3)
FARPRE S

tob L chlady) o2 gl (a

(159 = « 1998 (salasdl. JaaSil) cfjliiaf

(262 = « 2008 sad 5 Uadlly Clgeall cfylss)

(17202 1993 o) ChLEaY) sasmie cl)lasl

(101 = <2005 3533l) szl cylal-

(258 = 2008 3ad 5 3dgls daslyall ol gl

(208 L= <2009 aalec :adEal i)

66 = ¢ 200946 iyl cl,LEaY)

(67 o= 2004 cdinss): duiall dduanil) i)

© 9 LW~

gl i 3ok

3 palaall A dagla L]

2014 cxy sloguall b alieg (lal) Jeld (e Jli LSl e DUall aleall (e pdilie S8 ilasheal) Jail aasid
(720

14520220105 siall. g8l <l iy CDUally alaall e Jolial 480l o3 etz (dnlyain¥ 1) Aylsall 45,50 .2
2013 sle.da 5 audn ) sl Leblas OB e iy Bl AlA (it cOISEA Ja ddl 3

(88L=
(106. U= 2012 dadall.colisle o dail Ja 3 elea) daall e gan ) DU anils 35lel) alail) .4
tsliall aleil Al il 5

Gukally (Sl Aiasl) iy gaaddy dudy dse sl Glagadl PA e deadl i ggiaadl llhll ey
AR L) bl ygasl)

(2014)Rozinah : 1) Lu)l

Glaalall gaa) 3 Al Cypal dadill adaall 5oy AL e A sSeall Jpeadll aladiu) ) Auhall cda
& ool (B e Wl (24) e Al e 5S55 teasll zgiall Caald) il cashell daala oy Al
ey dpaa) ) Auhdl clag dghaglls dyledly il AL bl OlauY) aladiu) & aledl) aaail)
LS5l A liall g dlansll AL bl clayal) o) il ¢ Al Al e bayily duSeial gl alasiiud
Al o

112



gt aasdl Gl el Jpeantl BaL3 b aglial) alasl) Lashiiod aladid i A dana ik

122-103 | ol S Aaals Alaa ) i
( Jor s 06 30 S Aaala — Ui ) A6 e il s gla caeas

(2015) Ao Al :AGEN Au)al

Juiy Claglaall jaeat (gsivay aladll 50 o oyily glidll ) aall (ghiatl) manaill #igas i aass ) Cidas Ay
Goall ae Gl Laalay Lalall Ayl 8 ) oglal) OO ol alad) culalia¥) o3 sailuall L gl sl il
Do) alaainly V) odie sane ) ages @3 Wl (36) (e bl Aue s ool 4ud geiall Caalll axai)
hussia o Wlaaal Ay Gy asmy tlgan) m ) duhal) cilag el il alatiuly 4l de senally coslial
@) Jeanill Al (8 (meddd) ) (Al desenall) Casliall el (V) dupatl degendl) cilajy i
dalal) Al (DU ool Ayl 5 sulall ) jie 8 Aualad) clalia¥) gs) ailuall Ll oS30 Chliaatioe Jii Guliie
cstial) Al sty (g5l el Ao gana llial i3y

(#2015) ALasH A5 Aupal

bl e b Al A Al (e Aue Jaast siee o olia) aladll Laghiad A e comill )
(il 4ad zgiall Gl sl a5 ¢ yiallae 'BloOM’cllal) dxclay A yeall cljlgall ol sl i g 5SIY)
253 G Ala) ot spmlaall bl aladinly Loy &5 Aalin Laalas) (e gene () Al die a8 i
plasinly Lo Csliall Coall Aot il Gkt 5 Aaaas (9AY)s caall Bpualaall 2ay aleill Zig FSH psbiaey calllal)
G as)ll Bpzalaall s e cApasll Bpalaall o QIS iy J8 L llal) 355 25 (Al padedll gl adalis
Cosliall Caall Gl Ciulasl S aag V4l ) Ahal it clily (o)l spalaal g oage Jsn llall Jelis
o T Al o3l OIS Ly clial) Zdpaal) st (51 cpgilly SN sie ie Ul Jrant (s o
ding plid b Calll pagls cusiilly caSHly cJdailly ¢ GalillS el Ldjaall Cilygivnall vie Ul Jpant (55
sha) ISy lgillly Lealasind slady Cslial) Cuall Lnilind sede sl Cpaleally Ol Jee (s die e Jaall
g glilly Ao sialls A8 (A daalail) Jalyall e dliles ciludy

(2016) s Ak day S Apa:dalyl) Al

Al Aayall (U o) Gyl Babe Gyt A alaall S eliys Juantl) e Cosliall alall dpadlinl Hladiu) dleld
Al Fpl) sale s b alaill T eliys Juastl) e cosliall alail) Ll aladin) 4leld Gl 4uhall o3a Ciiaa
ailiind o Sl )T zisel manal o Gl daaa e Bl ) il e Bladl 400 Asall DU
Bl (e Ao Hlial @ bl Juaaill jlisl) slae) & lghaua g lgaSady Gla gl (e de sene apanalls Cosliall aladll
S el Gal@l ag (15) (ome il ol Gy WA Canll clpal Bl 23 5ya 8l Aadlae (gl S Caial)
Gsinse 33 b Lexiiunall Ll in) Aleld X5 lae gandl Gulaill L Gyy il de senall llial dagull cielag bl
) e e aladl) e liyg Juasl)

:(2016) Cpal) 3w davag dgana jalh s dwaldd) Al

Caall (Dl o) (51 e glly Lald Jdaiddl alail) Cilea (oam dsali 8 Geplill upyss & Coglidl) o) Hlasid )
Al g mmy Apali el s 8 Cogliall el alasind B e Gl ) duhal) cian.alall gl JY)
Gakis Apail) b sl meially hoasl) meiall aasind el g8 Jo¥) Caall (U ol (51 el Lald alaial
e 5SS alall il JoV1 Gaall (DU e (oY) e gl cllge dailis L3 adaial) alail) clge JAclE Candl il

113



(122-103) e sl ) S oy e feasl il G 5uL) 8 uptial ala) Aadlad lakivd i A taas ik
ST 2026 30 © i T S Aaala — Ui ) A6 e il s gla caeas

okl el Ll Gadal) 8 il yelaly dagad Al Ayl lme) ald Gulae B Gll(36) e Caa)
) Gl llal JSS G AY) e gl Calpe Lials JSS Lol adaidl o) <lga
(2020) Jladlae arand) 185 s 4ds ¢ Lol Lualiad] Al

Al caa L AlaeY) Asyal) 0 o) (g1 oY) At A Al Gapsi B sl alaall aladsal
Lald) Caersinls AlaeY) Alayall 300 sl (oY) el Lt e glid) Al aladiud 5 e Gl ) Al
Al A8 aledl) Jilay Bl sl oY) o sl ull Callse HLasl slae) 5 8y il 4ad zgially dua ) el
Caygu iy Aailaay dpapentll yuali 35l salae) Jo¥) Caall (DUa (e Ayl die gy caglial) alaill Lpagl i
oLl de senalls Cosliall alailly Aol Hsanll jio jeae Gl Joans Cauys (Al Ayl de sanall 4l (38) agie
Glayy husie gn (7.70) sise die Lilas) A1y 3558 25ms ) Al cilia g Al 2ay,ally 3asgl) Caspy )
i seaal (Dl mllal 5V Lol Calse HLaaY samdl Gkl L Aagliall de senal) <Dy dgyail) de genall (DU
el
b Alad) clupal) o galail
Jranill e b gliall aleill gl 1 e Cagdgll Leilslas 8 580l el alane ae dllad) dudyll i
G AHnN) Alayd) e Aie Chagiul g eal) Cum e oDl luhall L Auhall e cdlis). (DUl )
S laldl Ao dpan 3 IV s Apealall Ala ) 8 s Wl s 8 ) Alsyall 8 il aspall aledl)
iy Aaela — Dy Ll LS Al el ol Juasill 8 Jasil) aleil) il il alasinl ) el
ALl Lyl e Caald) laasg ) 500l
Gaall dalal) ddadl) .1

Gl Glg) st L1
sAgilasal) L pal)

sl eia 5‘.{95

Jiisdd) il 3 by ddleiall byl HLEAY i) 45580 il meid) e Auball b3 el
Al Aesanat Gficsens (8 (il areall i ubdl) duasill () i) o) cagliall aledl) G il
ApalieY) Aphll s dailia (g Al cstiall abaill Zmghind whadiuly Gusill Cuaad
f i) asaaill i)

(pSae Larmn 3 upad panal ) (ISR (e sanal) Coglls Gy paall anatl el Lia)
bl alell iy Arals — Agil A gl deadl) (Db g (e dind) adine S Gl adiner GG
.22024/2025
W Lia) &gyl g Canll A G

Ohad e (ehse bl diadll (U (e Adlag Gl (26) clediy dpaadl) A3kl Auall de L) 5
BT PRI PO
sidyall due 2a 45yl slay),

114



gt aasdl Gl el Jpeantl BaL3 b aglial) alasl) Lashiiod aladid i A dana ik

122-103 | ol S Aaals Alaa ) i
( Jor s 06 30 S Aaala — Ui ) A6 e il s gla caeas

Gilial) Jfiai Glava ) caagd Al Dalell ulaall (o degenad By inall due L) 5 ) sda i) b

() Ay liilly Baall) Canll lsl: Lusald
& Opaadidl el (e degaan Ao acae PR Ge Jeaaill jlid) Gaa e @il 3 (Validity): gaall
el Ll Ly el sy e Laa¥) cluball (a3 malic
Aap) Gldl Jales qdly ¢« HLaaY) @il luad (Cronbach's Alpha) alf Flig S Jalas aladinl 5 (Reliability): <l
(0.81).Lses s
Oe JLsls e gimse Al e gsSe luanill HLE o puaaal plke o Gald) i) sl ddk
KT P
Ll aeai e lalt Ll
ccslall Al At i) (38 Ul ) e e dpadai Bang dae] L]
sl Cile g gall dparlatt s a2 arenal L2
apalad) U8 sl e Ayl de genall el gginall a3
OSE) Jay il dasll Gl auads .4
e saad) o (L8 jlaa) Gula S

bl 8 e e Ayl 24w .6

Al e o o laal gula 7

LGl AN (adlainlg sl Jilas .8

Laatied) ddlany) CulllY): lagla

fol Lo dilianyl ) iy « SPSS jlany) zalind) aladinly cilibll Jias

cganall HUEAY) A (yfic gaaal) A5)laal il sl (T-Test) & " jlaal. 1

gt Ao gaaall Jala ganally Al bl o Z5)laall (Paired Sample T-Test) (pilasije opinal & " jlaal .2

Ll AR paail (Pearson Correlation) syl Jalas .3

LUl Capa 5l gylmall ol g olasal) Laussll 4

lilall paplall ayysill.5

o il daa e @il Sleglaall e Jpanll Cings V) (e desene Al oda 3 Caeashiu) Gl gl

YIS o lgiha

e Juantl) et e alaiall bacluse M Caagys ccosliall alaill Lagliind e 355 1 il iyl

Ayadl) de ganall Lals Lpalad Cilagad araal
e e Bagieall Gag Ay aaliall cibdataly cpaadatall L) (sae e Giadll S 5 il 3 luasdl) Hlaay).o
Nl (70) 220 Ly Asall) gyl
DAl st JSs lganiis (sliall aleill) a5 adall aleill dailiind Jlaal
Agpa¥) Agall 5yl ) sl Cile gumgall Gany o Auiall dpan 3 .y
115



gt aasdl Gl el Jpeantl BaL3 b aglial) alasl) Lashiiod aladid i A dana ik

122-103 | ol S Aaals Alaa ) i
( Jor s 06 30 S Aaala — Ui ) A6 e il s gla caeas

Aaaill de genally dajliall de sanall 14 5ladl dae .z
tuptiall Chall dailiad aladialy (uaill A)aY) clghdl)
Cosliall Caall dpm il 2adiuly upaill ladasil) L]
o2 ggime Jilady coglidl Caall Ladliul ahdiuly Gepnll Lulidl Glesasdl Aadadll Glagl sl

Sile gia gall
Lleally Apnd) Calsall 3 lgie S Aagipall aleill il A2l 3liaal) Luaeill Clangll Aalal) Calaa¥1 aad
gl

Capal ol ae = pad Joiiaie ANl AadaSill GVl sl Lo ad ) A0, 5K jaall st e
(- Ay sl)
Ayl JAdagiod) aleil) mils Aapdas gmpall Lpadaill CalaaY) g b Apliall aysll Callaly Gupaill Fhh paais
(Alanslly Apleally

S sl Jd Lede @315 Sl U8 e Lgaaliad ol iK1 clasiall gaa) e Lpadaill Mgl dal) s
gyl cale &)
t oY)l @lld g AUl alel Adaisl aaas L2
Jd il 8 L ol aleiall e ey S B jdl) 31y (i) aleall aaas o
LSl calaall U8 (e sanal) dpadedll Dlsall e g DYy Lpadeill ila gl saalie: Jio Lpuhall Gle @l 1) oysan
g Adag el Cilasleally Cajyladll
S ) dpalaill sall (sgina agh 5ol Lo aldl) alaiall e sy A chladind s claadld) Jiaad cullul aaase
Agiaalie & ) dpadaill cila gl Lede & DY)
(s pudlly « (Whats App) ol Galsll: e 3daisV) oda 30 ¢ W Lgeaiiind ¢Say ) Jualsill sl (g 3yaa5e
-l ne Facebook )

)il Laladll alac)

Cile gaasall Ay Unlad (ialll ae) a8 ealil) upyil) ol (pe laaly ey dpugyaill Jaladl) dlae) S Ll
Gsina sy b il LK b)) Juadll L) pal) ) )i e Aypatll 5ae PA Laay S S S
e Lhall o3 puen (ase &8 il A8kl ccugliall alail) Lnilhinl Gy os delad) L0 Calally ) i)
Aelia (st papl agilafites agillaadles aeih] @ LY dndi Gk mylill & Cpaadially elpall e degene
Ol (any el sy sh) e shadll olad Lo s 8y dyadll 2lad ey dadu lgeay cakall ol
Al Lghysems Ciasaly cledle 2o
Clghaall g gnil) plalia aladily Coglial) alail zaliyy slaely lialll 26t gl 3)da e ol el zaliny Slae)
Al

Ngiind ) malind) r &) Cilaal dayl dan 5 G talipall Cilaaf a1

116



gt aasdl Gl el Jpeantl BaL3 b aglial) alasl) Lashiiod aladid i A dana ik

122-103 | ol S Aaals Alaa ) i
( Jor s 06 30 S Aaala — Ui ) A6 e il s gla caeas

LS b)) Juadll COUAl) sV Asall Gl jie (e alindl (gsine a3 &5 cgalind) (s5ine a3 .2
(A
(Al IS bl syl Jaadll Ul (B atg malind) (g (g siaginnall 2paa5 .3
Aeldal fade Leldal [ ape parads
leiiins ) gealinall orsy Alya) Calaal 3paat 3 Cam smalipd) Calaal ayaas 4
DUl el ALY s il gl JlyY G Galsl) Gadas aladiud 5
You Tube aige (3 83ala 3ysmn 5o I Gyl e Auball Glegnge yigi 3.6
Lnlia OS5 Sy Rl S0 Adaulsy laalacly lebaed o5 ey (59 AN aladll dppall dalsall adgn (o dpaglad CLIDM
calaaY) daplal
O3 alail) QLE (3 G peanadio lod DS aysfi Adae () 4ally) 2ay malipl) puadl tmalipdl apsi 7
< () $eaiaiiia
rad) 3140 dlas) e haY Gae b Lad rdad) 814
Calaally paal g o alaeWl 18 duass laa) daely gliald) 60 Lal) jlsay)
) ) b JEd) end) ) Gl Jeass Ll asag el gl clilie e of 0 Jluasill LaaY)
sl ggima e alaeWh uasd Hlaa) daely cald) 26 i gaed)  Luasill laay!
laapysi el A Jpumdll e Aedse ol b Lulud daie e HLEaY) lall) ade) @ LaaY) el delua
coapadl 13gd ol al dgylaay) ddajlall e slaeYly caald) laxiel 3l) 48 skl CalaadU ddaka
bl alaia¥ls 5yall 650 (e opeSadd) (e e o AIY) ahyay SLEAY) chii Cumje sgpalall Guall
o ledpany Chall (mey Caday Jiail) aayg elgiinlio ey LeiasDlay bl 4ndlia Jsa agdl sl Granadidly
Gkl Bals LY maald cehpdl) g sane (pa Al ge Tons
D gsaal) e
daedle e djral Cpuacadialls sall (e desene o Al CalaaY) ae Jluasill eyl @ olialll aye
bl Jeadll COUa (5 gl gD (5205 Ll Dl Cum (gag AS bl Lgdlaal DA e ) jaall (s5ima (bl Hloal)
Al i ey il (ae cida ) agillaadle 1Y) ce el 31 e Juans ¢ o)
gl Addlag yae
Sl LaaY) L daglially G el de sasall (DUl sy lans gty Ailian) AN D (3558 aagi A jh Al
EL e S

s ganall DUl cilays clbgia (o dpilaan) AN @l (398 aagl dpdd a1 T L) il gy (1) dsa

Gl e B Al LaY) A ddalally A il

z ) AV gsia | Tded | LY | Gbaty) | i) | Glaiay) s
G g Y 0.720 | -0.36| %96.3 | 2.89 | 59.4 | il | Lulal
0.00 3.51 59.8 | ialsl

117



gt aasdl et 3 ke s Gl el Jpeantl BaL3 b aglial) alasl) Lashiiod aladid i A dana ik

(122-103) e = R . .
2026 30 S daaly — MGy A il LS o iy bzl cdaaa

Aap0 g el o4y %96.3 iy dnall a8l Y] 4 GOl Glagy g LY dalae a3 (1) Jsaall e
Ishoant Ll HLERY) 8 Adalial) il Gadipe o o Isboant 0pll) G o e ) G ine Lol
Gsise (N AN 53 8 BLEYI Jebee o G and Appail) amy L) HLEAY) 8 dyatll disll b dadige cilayy e
Can %5.0 dysine ssie dic Ay e 558l T oelian) b adde %5.0 xic Jlo HLaY) selany caaliad) iyl
A3l Juantl (sgise 8 Aflan) AN D (355 g are o YY) (S %0.72 AN Gsiuey —0.36 &ls
2015 a3 dud) pe i) 5 pualaall 44yl

DYy Al LY 8 A il de seaall (Bl Glayy Gillasgie (g Adbian] ANV @b B35 aagi dpajd Al8le
EOE ke A sliall el il in) aladiul e agua)S e saxal)

A adl dsganall GOl oy cilugie (o Asilaan) AN @) (G908 g Apa A1 T L) milll gy (2) ds

Gl ke (R uglial) aleil) Al aladiad 58 aguu )l By gl LAY LAY LYY A
z ) AV ggie | T dad | LY | Glady) | Jassiall | ddaiad¥) oy
%68.0 | 2.89 | 59.4 | _La
Gs8 g 0.000 6.10 = k)
0.00 2.41 | 67.8 | sand
%5.0 e B AN (ssisay %68.0 aly Lawpaill de senall 3 Cpnldl) G BEyY) Jalee dad o 253 (2) Jsaall o
53 Al de ganall (Bl a8V 1Y) O kL %5.0 dsine e e JIa Blgy) gl odlel dagall s,
&l eh 1l el L) dlle claysy diastlly canl€V) agilal and) cpdll QO o Gy )5 daas
O a3 Alasall clajall 8 Gl ANs A Gl dieg el aledl) Ll Gy et s gl LAY
& il Basia aly Gim %0.00 A2 ssine 6.10 @i Eus %5.0 Lsies (s5ine die s CulS 3550l T opliaal
Aa3iuly Jaanil) sdise 8 Aflas) AND b (58 A5 e QYY) e cilay 8.4 kil G Juastl gsius
O oSy qustia) bl of capelal Al (2016) 55 ade AagyS A pe G Agyarl) Al 3 sl alaill dpasl i
cstiall aleil) Al Bkl aey Glaia¥) ey 8 A sale 52l dudall Chjelal Cum DUl Jaant (e 23
DY) (8 dhaglally 4l degandll (& Ol Cila)y Sllasgie G dflaal AV Q) (G508 aag A Adile
EOE ke (4 dppaill desaadll mllial (sl
dsganall b DUl oy il (o Ailan) A @ (5958 a8 Ll T Lod) milid gy (3) Jsoa
Gl ke (R At de ganall gllial garal) LAY A Aalally 4y )

z | AV ggie | Tdad | LY | Gbady) | lawgiadl | dlaiad) agy
%87.0 | 2.65 | 63.6 | iyl
G g 0.000 | 4.46 ol
0.00 2.94 57.2 | idalzl
%87.0 iy daslall desanally duaill degenall 3 gamdl Gl (pn BLEY) Jalee o) (3) Jsaall miln i
o qiy) 3 gl oy i saaall Jala GO Cilags g Al Y] apkal) (Say Ly %5.0 (e JB) AN (griua
ANy gsisay 4.46 1li Eum %5.0 dpgine gsime e Ally Cul€ 35l T selianl of ) G il i ¢ Gt
G3ia3 ks Loy Jasgia el @ Ll el dugaill de senal) mllial 3y 6.2 aly Gl Jangie of 223 Caa %0.00

118



(122-103) e sl ) S oy e feasl il G 5uL) 8 uptial ala) Aadlad lakivd i A taas ik
ST 2026 30 © i T S Aaala — Ui ) A6 e il s gla caeas

) Aaill oda i A pail) de genall Juanill (sgiue b Aflianl AV 3 @558 85 e YY) (Says A dll
Ajlie lafials agdll 8 Baly st g jelal Guse seall Clpalaally cilagadll DA (e saled ) (DUl (o
385 DUl Jpand e Eaal) dpadeill clsad Gulag) B0 <l (2015 shaill )y ae coitisl dpaisl) daylally
Agaed) CHLEAY) 8 Usgale Va3l Adladl Aol =5l e o5l Lo
Sl Ly 8 Al de sl 3 OBl cilayy langie Gp Aflas) ANS G (3558 aag A Al
EO ke A gandls
deganall A Bl clas cilbugia cp dibaa) AYa il 598 gl A @l T LA il iagy (4) Joss
Gl e A g amally Al gy A ddaglal)

z ) AV ggie | T dad | LY | Galady) | lassiadl | dlaia) oy
o %82.0 3.51 59.8 | gl )
Sapest | 0097 22l T 036 | 545 | o | O
Ji) AN gsisar %82.0 iy Aalall desanall & gandly Ll Guldl) G BlE ) delae of (4) Jsaall mil i
Gl T oslan) o) I Gl bl i e sanall Jals (DUl sy ¢y el V) daglall (Say Loy %5.0 (0
5.3 iy Goll Jagia o a3 Cus %0.05 o0 J8) AN e 2.21 a5 Eua %5.0 dysine g die Al il
Gl Y] 8 Al depanall U o (o Adass (3308 2ons gl Cpelsl G L) Guldl) bl A
P T Caand al il 8 Gl Zaplall o ey 1385 (0.05). (ssime die Alan) A0 <l (S5 ol LS (gandl
e s s abs plad Ay e Al oda il Aaall Ll iaY) s 3 bl Ljlie (DU Juast ssiue b
#2020 Jallae gaend
dl) Loyl & dajlalls dppail) desaaall (Bl sy Gllaugie G Adbaal AVS Gl (358 g a8 A8l
gl el (ghe0

Lt deganall Bl o cillgie (o dgilaan) AN @l (G908 g Apa Al T L) @il ags (5) dsaa

gl el (i (LAY LAY & Aalially
z ) AV ggiwe | Taad | Loy Cilyay) | Lo siall L) s
3.10 | 56.9 |
4.77 | 64.0 | Jul
G g Y 0.720 -0.27 | %83.6 - bl
3.96 | 56.3 |

2.88 | 61.4 |
Oe 8 AN (s5inay %83.6 alu (yfic sanall G Al Gl b Ul s o LY Jese 2 (5) Jsaadl
colS §oyll T ooelanl of WS ((pic sanall (Ll HLEaY) 8 GOl oy on 4y ADle Ssap iy Lo %5.0
LYY DUl @lays of Adaadle (Kay (KI5 %0.72 AN gsiases —0.27 i Cum %5.0 Lsine (ssiase 2ie Al e
Gsisa b Adlas) ANS @) g5 i s o YY) (Sas %5.0 ANV ssiue die Al e STy L dadiy
byl 5sSA) C Adlaa) AN 3 (B8 35a p2e ) il cyldl gl Sliel sualad) Al alasiuly Juasil

119



gt aasdl Gl el Jpeantl BaL3 b aglial) alasl) Lashiiod aladid i A dana ik

122-103 | ol S Aaals Alaa ) i
( Jor s 06 30 S Aaala — Ui ) A6 e il s gla caeas

Aobis jiads il Aoy J Cpeial) G Ad el Gl golud e lld Jayse a8l GLEAY) 8 e sead) IS &
¢l Jaanill Gaat & slial) alail) dllad s S (2015) Aha3 Ay ae (B85 dagiil) oda L pilisl)

@l a4 ddaglaally daujadl) de gaaall CUa sy e gia (g Agilian) ATV ) (5958 aagh Aaia b A58l
gsill el (g3a0

L 2l Ao ganal) GO clays cillaugia Gm Ailan) AY3 @l (398 dagi Audajdl T Lid) il pdags (6) Joss

Eol) il gjad g ondl LGSY) b gLl

z ) AVl gsiua | T dad Loy bt | Jau gl L) g
3.96 | 62.3| b

Al
2.32] 742
ER: 0.000 | 5.54| %74.8 : okl
4.93| 52.4| s
Al

4.81| 57.0|
e D AN gsinas %74.8 iy i gaaall G sanll (el (8 OOl s G LY Jase 325 (6) Jsaall e
i€ 3o fll T osplian) o W (e sanal) (a gaaall HLEAY] & OO sy G 4 ADle 29as 2d L %5.0
AL Iy 358 et e YWY (Ko adde %0.00 AV (goina 5.54 i Cun %5.0 Lgine (g5ia e Al
Jh 8 S oS Al gl o () e Lee gl Jliiels yalaall Aiph alastinly Juasil) (grine & ddliasl
latinly a8V Juanill e el und B Bl aas A Al cilahall (e il ae cilay 13 dpadall 43k
Sl et Al By ans o Al (2016) el deas dasas dsane jala Gy 3 Slia, 5K Gagled il i
- astiall bl aladid aay asSY) Juantll il
sl
Lae ¢ ail) e genall mllal (dic sanall cilayy cillansgia G Afban) AN 13 §y58 dsas Ayl 0l el L1
gl e 8 anlSY) Jaantll Gaeat 8 Cogliall Ciuall Al Adeld e Jy
Faga Dlsal canly o Raall (po Ban il LIS Gyl e Gy (slial) olatll) Tail aleill cibaniliind of .2
Coslial) alal) alasind dule dala llia Gla 1305 cdpadatl) Llaall b den S5 4ddagi i L 1) dys0l) CalaaY1 G b
Glaglaall e Sl e Qllall 3508 e 3 sliall aladll saxaiall GLISLY) (e 32l alxilly aatl) Alee 4
Adiaa) sl Cllge CLSY (ajdll s
el Jpeanill 305 ) a5 appail) 8 Coslaall alaill dum s i) aladiiud 3
O] & )l aeluant IS Csliall aleill il Gob e el Gyl e Jsups Gl (U 4
Agalall Bpaladl Gk e s (Al agidle) Juasd (e Sy e
tluagdl)

Caal) dangiiinls aedyyei) CDUally Cppaleall Gau)Ss g alal 55 s Gliall) ol il o2 e 2l 1

@A Dpaat Cliginay Jaba b ABles Glih ehal ouasl LS clginki llly Cslial
Amalall Calaall 8 Cogliall Al Ll Aadil sad Gl A oSlel claladl Joa duh ehal 2

pmalall Clpualaa) b Cosliall alaill dpnil i aladial 8 Clisally Slseaal) Jon i shal .3
120




gt aasdl Gl el Jpeantl BaL3 b aglial) alasl) Lashiiod aladid i A dana ik

122-103 | ol S Aaals Alaa ) i
( Jor s 06 30 S Aaala — Ui ) A6 e il s gla caeas

1la yi8al)
tol L Gl &5y
Al Lpaaly o sl Gaand bl JalaS L) deagil) 5 ) il e Dl dralang 353 A slaie )
cpantll (s5inn (pund (8 Apaal (e Legd Wl Eplill ) jie GappSi (b (stial) alaill) Tl alasl) ibiasljind

raabally Jilaal) daild
sl QLA

Bysiall Anaall ¢ Glesll ls AgSa caleill 8 dysliall Jpaadll 3400 18'(2014) :basl ygnm abud

g ¢ 3 zeapall I la ¢l L (2005) Jadl) g Guall Jlaa ) gliia ¢y

sl oyl Sall o Lpaal) adaill Cilasl i)y glial Jlaill. (2020). ileas (s gl

cesilly il gyl s AN Aadall (Lo laa¥) Ssd) a5 Gyhn (2014). S Gaa)l 38 (45 g

aeilalas Csliall Joailly Gyl sa Aass siall A pally Lo Laia¥) il ales cilaladl L(2014) S calia oo
gyl

astall Cimaey L el ey aaliall el b eaiall plaill i) Cadagi S (2016) (Aadd Jua 4
5y L) —daalall Ayl A0 ypdie pe iale Al ' wll) k) Caall U ool A5Lal

cOlee Aol s gl magilly Guldll 1(2009) A Glayl

ldUa o) Al s laall Al oy seaill Jaans & Solatiall ailail) Lagiliind 51 (2009) asln) 28 5 ¢ easall)
b2 Amals ¢ raaVl Al S ypdie e ivale Ay 23 L Coal

- glal) Joal coal) Al Ciia s ¢ oualall LS dan i cnslial) Caall o(2014) Jabu 9,19 Glaasm llisa
coall L il 4 (Jladl) Gyl La 2016 . 2aaa (pall sludag gollaa ABIAY iaa Cpua

Aty Jpantl) 8 Wil gepylill Gy 3 Jail) alall Clmsl i) (iany aladind Ale i (2016). tasa calea

L gl daala ¢l sl 44K Al calalay)

il Aie IV dadall () Qe adlids Gand. (2012). s G (A8AY)

Aaalal) I la bl ey 8 el alail) el al. (2015). dme G 2ana (AL

Ayl (DU sl oyl Juanill 43t & Cosliall alail) Lasilind Saaid 5 (2018). dw ¢ dana ¢ Sha3
gy A5 lalyy Alae, 4300

colee Byl o Gppdially galall Gl 3 Gupynll illadliiul, (2014). 2l ag030

oY) Aeldally ¢ Lagysily il syl la (4da cuil) ale g Ayl 8 apsills el (2009) aale deaa ol
cobes Oseisas apal KA I sl amigiills uldl t5alia (2008) B dana g

Olee L SE l Aualal) clalall (gsd Gups Glagliiuly @bl (2012). Gansll as gkl

VY LAeLbally wgilly Sl syl ls skl Gudil) dle (2007) g3l 5 tava lla

cotdl KAl Al Aadall (R laia ) Sl a3k (2013) Gaayll s Al sdls

Y olae e ally apygills il speall )l ¢ sSaall aaleilly cearall ailail) ((2015)2aai il ¢lapdd) Cilale
deldally aysilly pll ypall 1), Al dxadali(gsoiill el ale. (2010). Gy Olbiss cagial)

121



(122-103) e sl ) S oy e feasl il G 5uL) 8 uptial ala) Aadlad lakivd i A taas ik
ST 2026 30 © i T S Aaala — Ui ) A6 e il s gla caeas

¢ ansilly Sl ymadl 51y ¢ Ska ¢ Ayl Adeall 8 gsaill aysiily Gl 2006) dsana Gl Za ¢ e
WY Oles

P Agpandl ¢ Cpa A0S dsilly Al adll 48le s bl Jrasill (2010)2af aaad 3o o
Olee cgysilly pll aalall A€y Syl Al Cilalliadll aail el aaaadll (2014) glla an ) as o
Bl (Luad e Axala 3 bl 3y (1993) k) Cpmn o588

Syl (el KAl . Gl Al i) (3ykas aliall b LaaY) Cilaal (1998) g alsid) Loy dasa
L3 ¢ il A il daall (1979) (s @ i dasa

bl edaally CaoSally Al yiide ysdiia cgsall Guil) (8 st lanlly aysEill (2004) i s; 25ana

Ol KAl a3k Ayl b apsiilly Guldl) (ool (2005)0ble sale alda (g3l pagd G

caslly Sl Sl ls 2l (geuil pudil) dle (2000) s gllay Sl Laa cuig
Davies, R.S, Dean, L, &Bau, N .2016. Flipping the classroom instructional technology
Goodwin, B, Miller, .2013. Evidence on flipped classroom is still coming in educational
leadership, march 2013, 27-80

122



University of Dongola
Journal of Scientific Research
ISSN:1858-716X:42,

http: //www.journals.uofd.edu.sd

Issue No0.30 January - 2026

Survey and Biology of Mistletoe (Viscum coloratum Kom.) in Northern

State, Sudan

Almahy, N. A. and Mohamed, M. A1

1. Faculty of Agricultural Sciences, University of Dongola

Abstract:

A survey was conducted in six selected areas in Marawi Locality during the winter season of
2022/2023 to determine host range, density and to study the biology of mistletoe parasite (Viscum
coloratum). The six selected areas were, Elhamadab, Kasinger, Marawi, Elzooma, Tangasi and
Elgurare. The results of this survey revealed that, mistletoe parasitism was mainly on guava, ardib,
nabg, lemon, grapefruit and mango. The highest number of haustoria vitality of this parasite (5.00)
occurred in nabg, while the lowest was recorded in mango (00.00). The highest number of branches
vitality of this parasite (7.00) occurred in nabg, while the lowest was recorded in mango (0.00). The
highest number of flowers vitality of this parasite (70.00) occurred in nabg, while the lowest was
recorded in mango (0.00). The highest number of fruits and seeds vitality of this parasite (60.00)
occurred in nabg, while the lowest was recorded in mango (0.00). Among the six hosts, the highest
number of haustoria of this parasite (4.38) occurred in Elhamadab and Kasinger in acacia, while the
lowest (3.00) was recorded in Elgurare, EIhamadab and Tangasi in guava. The highest number of
branches of this parasite (7.38) occurred in Marawi in lemon, while the lowest (3.12) was recorded
in Elhamadab in grapefruit. The highest number of flowers of this parasite (31.59) occurred in
Elhamadab in acacia, while the lowest (3.21) was recorded in Tangasi in grapefruit. The highest
number of fruits and seeds of this parasite (23.79) occurred in Elhamadab in acacia, while the
lowest (1.68) was recorded in Elgurare in guava. In all six hosts, the mistletoe parasite gave two
generations in the winter season and only one generation in the summer season (three
generations/year). The number of generations which obtained in the winter season is more than
which obtained in the summer season.
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Introduction:

Intrusive flowering plants are a distinct group and different from the rest of the plant groups in their
ways of life that they have adapted and are unique, meaning that they live on green plants (non-
parasitic). The phenomenon makes flowering parasites a separate group that has its own
characteristics that distinguish it from the rest of the world's groups. All flowering parasites belong
to the group of angiosperms, and only one parasitic plant differs from this affiliation, which is
Parasitaxus, to which it belongs to gymnosperms (Babiker, 2007).

Parasitic weeds are the plants which attack other plants by making connections and deriving part or
all of their food from the hosts. They attach themselves either to the roots or the shoots of the host
plant and survive on food material available in them. The parasitic weeds are host specific; they
cannot survive in the absence of their host plant (Babiker, 2007). Mistletoe (Viscum coloratum)
belongs to the Loranthaceae Family. It is flowering parasitic weed, partial parasitism and has been
recorded on a huge number of deciduous hosts and is considered to have a wide host range, attacks
many shoots of trees and shrubs by making connections and deriving part of its food from the hosts.
Thus, infection by this parasite weed results in great losses. V. coloratum has higher transpiration
rate than their hosts, an adaptation that ensures they always have a favorable water status relative to
the host (Boussim et al., 2004; Ejeta, 2007 and Jonthan and Gloucestershire, 2021). It has been used
for a long time to beautify homes at Christmas and as known as the Christmas tree. This parasite
parasitizes on the branches and stems of trees and shrubs (Boussim et al., 2004). The absent work
of past surveys and information regarding biology and survey of mistletoe in Northern State
necessitates undertaking biology and survey of this parasitic weed to generate information on its
density and distribution. The generated data help in understanding the size and extent of the
problems that may arise due to this weed parasite and in developing management practices. The
method used by Thomas (1985) is more effective in survey of weed species such as this parasite. A
parasite survey was conducted in different six areas in Marawi Locality in Northern State to identify
its distribution, abundance and incidence on various species of host, and to coordinate existing
information on control measures and on conditions affecting their dispersal.
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Materials and Methods:

The mistletoe (V. coloratum) survey was carried out during the winter season of 2022/2023 to
identify its host range in various plants. This season period coincided with maximum growth of this
parasite. Counts at this period may indicate the size and extent of parasite population. This survey
was undertaken in six selected areas in Marawi Locality in Northern State that occupies the distant
northern part of the Sudan and lies between latitudes 16°-22°N and longitudes 20°-32° E. The state
lies in the arid and semi-arid (Suhair, 2017). The six selected areas were, Elhamadab, Kasinger,
Marawi, Elzooma, Tangasi and Elgurare. Each of them more than 50 feddans) (one fed. = 0.42 ha).
Each of the study area was divided randomly into three sampling parts as A, B, and C based on
infestation as suggested by Tizhe et al. (2016). The surveyed part in each area was divided into
orchards or forests, of which 10 were randomly selected. In each selected orchards or forest, 10
trees or shrubs were randomly selected. The survey was undertaken using commonly accepted
botanical survey methods. The survey methods involved searching and identifying this weed. The
number of the mistletoe (V. coloratum) in different hosts was determined as suggested by Thomas
(1985); Mohamed and Mohamed (1992) and Moeini et al. (2008). Thereafter, the environment was
inspected so as to estimate the presence, abundance and level of infestation of the mistletoe in each
location as suggested by Osman et al. (2007).

For mistletoe infested sites, distribution and severity data are used to assess management options as
was used by Muir and Moody (2002). The biology experiment was conducted during two
consecutive seasons (2021/ 2022 and 2022/2023) at Marawi Locality by putting seeds of this
parasite on foliages of six hosts re-stitching guava, ardib, nabg, lemon, grapefruit, and mango to
follow haustoria formation, their penetration to the different hosts, life cycle of this parasite and to
determine number of its generations/year and number of its seeds/plant. The mean collected data
was subjected to analysis of variance (ANOVA) and the means were separated using Duncan’s
Multiple Range Test (DMRT) as described by Gomez and Gomez (1984).

Results and Discussion:

A survey was conducted in six selected areas in Marawi Locality to determine host range, density
and to study the biology of mistletoe parasite (V. coloratum). The six selected areas were,
Elhamadab, Kasinger, Marawi, Elzooma, Tangasi and Elgurare. The six hosts were guava (Psidium
guajava), Myrtaceae; ardib (Tamarindus indica) Fabaceae; nabg (Ziziphus spina-christi),
Rhamnaceae; lemon (Citrus Limon), Rutaceae; grapefruit (Citrus paradisi), Rutaceae; and shittim
wood (Acacia seyal), Mimosaceae. On guava host the highest number of haustoria of this parasite
(3.90) occurred in Elhamadab, followed by Marawi (3.78), Kasinger (3.30), Elzooma (3.18),
Tengasi (3.09), while the lowest was recorded in Elgurare (3.00). The mean number of haustoria in
the six areas was (3.38). The highest number of branches of this parasite (6.00) occurred in Marawi,
followed by Elhamadab (5.70), Kasinger (4.50), Elzooma (4.29), Tengasi (4.08), while the lowest
was recorded in Elgurare (3.30). The mean number of branches in the selected six areas was (4.65).
The highest number of flowers of this parasite (18.90) occurred in Elhamadab, followed by
Kasinger (15.78), Marawi (14.79), Elzooma (14.19), and Tengasi (9.48), while the lowest was
recorded in Elgurare (4.50). The mean number of flowers in the selected six areas was (12.93). The
highest number of fruits and seeds of this parasite (10.29) occurred in Elhamadab, followed by
Kasinger (8.88), Elzooma (6.48), Marawi (6.30), and Tengasi (3.96), while the lowest was recorded
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in Elgurare (1.68). The mean number of fruits and seeds in the selected six areas was (6.27) as
shown in Table (1).

Table 1: Biology of the mistletoe parasite in guava host in the six selected areas

Areas Elha Kas Mar Elz Tan Elgu Mean
Treatments

Number of haustoria 3.90 3.30 3.78 3.18 3.09 3.00 3.38¢c
Number of branches 5.70 4.50 6.00 4.29 4.08 3.30 4.65bc
Number of flowers 18.90 15.78 14.79 14.19 9.48 4.50 12.93a
. 10.29 8.88 6.30 6.48 3.96 1.68 6.27b

Number of fruits
Number of seeds 10.29 8.88 6.30 6.48 3.96 1.68 6.27b
CV. % i ) i ) i ) 30.21
SE+ - - - - - - 0.83

Elha = Elhamadab; Kas= Kasinger; Mar = Marawi; Elz = Elzooma; Tan = Tangasi; and Elgu = Elgurare

Means with the same letters in the same column are not significantly different at 5% level of
probability according to Duncan’s Multiple Range Test (DMRT).

On lemon host the highest number of haustoria of this parasite (3.30) occurred in Kasinger, Marawi,
and Elzooma, followed by Tengasi (3.18), Elgurare (3.09), while the lowest was recorded in
Elhamadab (3.00). The mean number of haustoria in the selected six areas was (3.20).The highest
number of branches of this parasite (7.38) occurred in Marawi, followed by Elhamadab (6.90),
Kasinger (6.90), Elzooma (5.88), Tangasi (3.90), while the lowest was recorded in Elgurare (3.78).
The mean number of branches in the selected six areas was (5.29). The highest number of flowers
of this parasite (21.48) occurred in Elhamadab, followed by Kasinger (17.79), Marawi (14.19),
Elzooma (12.18), and Tengasi (10.08), while the lowest was recorded in Elgurare (6.90). The mean
number of flowers in the selected six areas was (13.77). The highest number of fruits and seeds of
this parasite (16.29) occurred in Elhamadab, followed by Kasinger (14.88), Marawi (12.39),
Elzooma (9.78), and Tengasi (8.49), while the lowest was recorded in Elgurare (6.18). The mean
number of fruits and seeds in the selected six areas was (11.34). The mean numbers of flowers,
fruits and seeds significantly increased as compared to the mean number of haustoria and branches
as reported in Table (2).

Table 2: Biology of the mistletoe parasite in lemon host in the six selected areas

Areas Elha Kas Mar Elz Tan Elgu Mean
Treatments

Number of haustoria 3.00 3.30 3.30 3.30 3.18 3.09 3.20b
Number of branches 6.90 6.90 7.38 5.88 3.90 3.78 5.29bc
Number of flowers 21.48 17.79 14.19 12.18 10.08 6.90 13.77a
Number of fruits 6.29 14.88 12.39 9.78 8.49 6.18 11.34a
Number of seeds 16.29 14.88 12.39 9.78 8.49 6.18 11.34a
C.V.% - - - - - - 26.96

SE+ - - - - - - 0.99

Elha = Elhamadab; Kas= Kasinger; Mar = Marawi; Elz = Elzooma; Tan = Tangasi; and Elgu = Elgurare
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Means with the same letters in the same column are not significantly different at 5% level of
probability according to Duncan’s Multiple Range Test (DMRT).

On grapefruit host the highest number of haustoria of this parasite (3.30) occurred in Elhamadab,
followed by Kasinger (3.18), Marawi (3.18), while the lowest was recorded in Elzooma (3.09),
Tengasi (3.09), and Elgurare (3.09). The mean number of haustoria in the selected six areas was
(3.16).The highest number of branches of this parasite (3.90) occurred in Kasinger and Marawi,
followed by Elzooma (3.78), Tangasi and Elgurare (3.69), while the lowest was recorded in
Elhamadab (3.12). The mean number of branches in the selected six areas was (3.68). The highest
number of flowers of this parasite (12.69) occurred in Elhamadab, followed by Marawi (9.90),
Kasinger (9.24), Elzooma (7.68), Elgurare (4.59), while the lowest was recorded in Tangasi (3.21).
The mean number of flowers in the selected six areas was (7.89). The highest number of fruits and
seeds of this parasite (9.90) occurred in Marawi followed by Elhamadab (9.12), Kasinger (8.68),
Elzooma (6.48), and Tengasi (4.38), while the lowest was recorded in Elgurare (3.78). The mean
number of fruits and seeds in the selected six areas was (7.06). The mean numbers of flowers, fruits
and seeds significantly increased as compared to the mean numbers of haustoria and branches as
shown in Table (3).

Table 3: Biology of the mistletoe parasite in grapefruit host in the six selected areas

Areas
Treatments Elha Kas Mar Elz Tan Elgu Mean
Number of haustoria 3.30 18 3. 3.18 3.09 3.09 3.09 3.16b
Number of branches 3.12 3.90 3.90 3.78 3.69 3.69 3.68b
Number of flowers 12.69 9.24 9.90 7.68 3.21 4.59 7.89a
Number of fruits 9.12 8.68 9.90 6.48 4.38 3.78 7.06a
Number of seeds 9.12 8.68 9.90 6.48 4.38 3.78 7.06a
C.V.% - - 29.41
SE+ - 0.69

Elha = Elhamadab; Kas= Kasinger; Mar = Marawi; Elz = Elzooma; Tan = Tangasi; and Elgu = Elgurare

Means with the same letters in the same column are not significantly different at 5% level of
probability according to Duncan’s Multiple Range Test (DMRT).

On nabg host, the highest number of haustoria of this parasite (4.36) occurred in Elhamadab,
followed by Kasinger (4.29), Marawi (4.24), Elzooma (4.08), Tangasi (3.78) while the lowest was
recorded in Elgurare (3.69). The mean number of haustoria in the selected six areas was (4.07). The
highest number of branches of this parasite (6.90) occurred in Elhamadab and Marawi, followed by
Elzooma (6.69), Tangasi (6.48), Elgurare (6.18), while the lowest was recorded in Kasinger (6.15).
The mean number of branches in the selected six areas was (6.55). The highest number of flowers
of this parasite (24.18) occurred in Elhamadab followed by Kasinger (22.38), Marawi (15.30),
Elzooma (14.79), and Tengasi (9.27), while the lowest was recorded in Elgurare (8.49). The mean
number of flowers in the selected six areas was (15.74). The highest number of fruits and seeds of
this parasite (23.49) occurred in, Elhamadab followed by Kasinger (21.00), Marawi (15.18),
Elzooma (13.24), and Tengasi (9.18), while the lowest was recorded in Elgurare (4.68). The mean
number of fruits and seeds in the selected six areas was (14.46). The mean numbers of flowers,
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fruits and seeds significantly increased as compared to the mean numbers of haustoria and branches
(Table 4).

Table 4: Biology of the mistletoe parasite in nabg host in the six selected areas:

Areas Elha | Kas Mar Elz | Tan | Elgu | Mean
Treatments

Number of haustoria 4.36 4.29 4.24 408 | 3.78 | 3.69 4.07b
Number of branches 6.90 6.15 6.90 6.69 | 6.48 | 6.18 6.55bc
Number of flowers 24.18 | 22.38 | 15.30 | 14.79 | 9.27 | 8.49 15.74a
Number of fruits 23.49 | 21.00 | 15.18 | 13.24 | 9.18 | 4.68 | 14.46a
Number of seeds 2349 | 21.00 | 15.18 | 13.24 | 9.18 | 4.68 14.46a
C.V.% - - - - - - 33.41

SE+ - - - - - - 1.51

Elha = Elhamadab; Kas= Kasinger; Mar = Marawi; Elz = Elzooma; Tan = Tangasi; and Elgu = Elgurare

Means with the same letters in the same column are not significantly different at 5% level of
probability according to Duncan’s Multiple Range Test (DMRT).

On orange host the highest number of haustoria of this parasite (3.30) occurred in Kasinger,
followed by Elhamadab (3.18), Marawi (3.09), Elzooma (3.09), Elgurare (3.09), while the lowest
was recorded in Tangasi (3.00). The mean number of haustoria in the selected six areas was (3.13).
The highest number of branches of this parasite (3.78) occurred in Kasinger, Marawi, Elgurare
followed by Elzooma (3.69), and Tangasi (3.60), while the lowest was recorded in Elhamadab
(3.12). The mean number of branches in the selected six areas was (3.63). The highest number of
flowers of this parasite (12.30) occurred in Elhamadab followed by Elzooma (6.90), Kasinger
(6.48), Marawi (6.39), Tengasi (6.09), while the lowest was recorded in Elgurare (3.27). The mean
number of flowers in the selected six areas was (6.91). The highest number of fruits and seeds of
this parasite (9.90) occurred in, Elhamadab followed by Elzooma (4.68), Tengasi (3.24), Marawi
(3.21), while the lowest was recorded in Elgurare (3.18). The mean number of fruits and seeds in
the selected six areas was (4.77). The mean number of flowers significantly increased as compared
to the mean numbers of other treatments as pointed in Table (5).

Table 5: Biology of the mistletoe parasite in orange host in the six selected areas

Areas Elha | Kas | Mar Elz | Tan | Elgu | Mean
Treatments

Number of haustoria 3.18| 3.30 3.09 3.09| 3.00| 3.09 3.13b
Number of branches 3.12 | 3.78 3.78 3.69| 3.60| 3.78 3.63b
Number of flowers 12.30 | 6.48 6.39 6.90 | 6.09| 3.27 6.91a
Number of fruits 9.90 | 4.38 3.21 468 | 3.24| 3.18 4.77b
Number of seeds 9.90 | 4.38 3.21 468 | 3.24| 3.18 4.77b
C.V.% - - - - - |- 34.20
SE+ - - - - - - 1.28

Elha = Elhamadab; Kas= Kasinger; Mar = Marawi; Elz = Elzooma; Tan = Tangasi; and Elgu = Elgurare
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Means with the same letters in the same column are not significantly different at 5% level of
probability according to Duncan’s Multiple Range Test (DMRT).

On acacia host the highest number of haustoria of this parasite (4.38) occurred in Elhamadab,
Kasinger, followed by Marawi (3.90), Elzooma (3.69), Tangasi (3.60), while the lowest was
recorded in Elgurare (3.30). The mean number of haustoria in the selected six areas was (3.88). The
highest number of branches of this parasite (6.09) occurred in Elhamadab, followed by Kasinger
(5.79), Marawi (5.28), Elzooma (5.19), Tangasi (4.89), while the lowest was recorded in Elgurare
(4.68). The mean number of branches in the selected six areas was (5.32).The highest number of
flowers of this parasite (31.59) occurred in Elhamadab followed by Kasinger (24.18), Marawi
(20.58), Elzooma (15.78), Tengasi (12.90), while the lowest was recorded in Elgurare (12.69). The
mean number of flowers in the selected six areas was (19.62). The highest number of fruits and
seeds of this parasite (23.79) occurred in, Elhamadab followed by Kasinger (20.49), Marawi
(19.59), Elzooma (14.58), Tengasi (12.00), while the lowest was recorded in Elgurare (11.19). The
mean number of fruits and seeds in the selected six areas was (16.94). The mean numbers of
flowers, fruits and seeds significantly increased as compared to the mean numbers of other
treatments as mentioned in Table (6).

Table 6: Biology of the mistletoe parasite in acacia host in the six selected areas

Areas Elha Kas Mar Elz Tan Elgu | Mean
Treatments

Number of haustoria 4.38 4.38 3.90 3.69 3.60 3.30 3.88b
Number of branches 6.09 5.79 5.28 5.19 4.89 4.68 5.32bc

Number of flowers 31.59 2418 | 2058 | 15.78 | 1290 | 12.69 | 19.62a
Number of fruits 23.79 20.49 | 1959 | 1458 | 12.00 | 11.19 | 16.94a
Number of seeds 23.79 20.49 | 1959 | 1458 | 12.00 | 11.19 | 16.94a

C.V.% - - - - - - 25.01
SE+ - - - - - - 1.28

Elha = Elhamadab; Kas= Kasinger; Mar = Marawi; Elz = Elzooma; Tan = Tangasi; and Elgu = Elgurare

Means with the same letters in the same column are not significantly different at 5% level of
probability according to Duncan’s Multiple Range Test (DMRT).

Among the six hosts, the highest number of haustoria of this parasite (4.38) occurred in Elhamadab
and Kasinger in acacia host, while the lowest (3.00) was recorded in Elgurare, Elhamadab and
Tangasi in guava host. The highest number of branches of this parasite (7.38) occurred in Marawi in
lemon host, while the lowest (3.12) was recorded in Elhamadab in grapefruit host. The highest
number of flowers of this parasite (31.59) occurred in Elhamadab in acacia host, while the lowest
(3.21) was recorded in Tangasi in grapefruit host. The highest number of fruits and seeds of this
parasite (23.79) occurred in Elhamadab in acacia host, while the lowest (1.68) was recorded in
Elgurare in guava host. These previous mentioned results showed that, in this study acacia host has
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the highest percentage of infestation with this parasite while guava and mango hosts are the lowest
percentage of infestation. This could be attributed to the mentioned reasons by Aukema and Del Rio
(2002) re-stitching seed dispersing birds favored larger infected trees as perching and feeding sites
and deposited seeds disproportionately on them, which contributed to the mistletoe distribution
being significantly aggregated within its host population. The research of Boussim et al. (2004)
revealed that, host trees with large basal area have influence on mistletoes appearance and
infestation on their host tree, Martinez et al. (1995) and Didier et al. (2009) opined that, mistletoes
host preference was due to wide canopy spread and height of the host trees. These findings were
contrary to the research of Aukema and Del Rio (2002) and Rexburg and Nikoloson (2008) who
reported weak relationship between large host size and infection intensity of African mistletoes.
Also these results could be due to feeding preference of the pollinator birds to acacia than host
guava and mango, which visiting the area in search of nectar and nesting place. In the study area,
trees of economic importance such as acacia were found to have high prevalence of occurrence by
African mistletoes while guava and mango were having low prevalence of occurrence. Similar
results were found by Anka, and Aliero (2019) who indicated that, acacia had the highest infestation
of African mistletoe in Sokoto metropolis. The high infestation of this hemi parasite in Location
Elhamadab area may be due to availability of water; this was supported by the findings of Ismailia
(2000), who sited nearness to water source as an important factor influencing mistletoe distribution
locally. Anka and Aliero (2019) also reported similar results in UDUS main campus, having closer
proximity to both River Sokoto and River Rima, showed the highest percentage mistletoe compared
to Gagi, which is located for away from rivers or similar water bodies had the least mistletoe
infestation in Sokoto metropolis. The infestation on these trees could be due to wild distribution of
seeds of mistletoes in the study area by broad array of birds that depend on these mistletoes for
food. They consume the seeds of the mistletoes, thereby enhancing the transfer of the sticky seed
from one tree to another (Van Ommeren and Whitham, 2002). Some of these trees with high
infestation were observed to shade leaves completely during dry season, as they struggle to survive,
this could lead to death and reduction of these trees in future. This is in congruence with the
research of Begho et al. (2007); lbrahim and Ayodele (2011) and Asare-Bediako et al. (2013) who
indicated that, heavy infestation of African mistletoes in many parts of West Africa leading to
gradual death and extinction of economic trees. Moreover, severe infested trees are prone to
infection by other pathogenic agents and insect attack which contribute to the reduced growth and
production of the trees in the study area. Despite the large host range in the study area, many
mistletoes showed high preference to some host compared to the others.

In all six hosts, the mistletoe parasite gave two generations in the winter season and only one
generation in the summer season (three generations/year). The number of generations which
obtained in the winter season is more than which obtained in the summer season. This result could
be attributed to the low temperature in the winter season which is preferred to this parasite as
mentioned in Table (7).
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Table 7: Number of generations of the mistletoe parasite in the six hosts/year

Hosts Guava | Ardib Nabg Lemon Grapefruit Mango Mean
Treatments
Winter 2 2 2 2 2 2 2
Summer 1 1 1 1 1 1 1
Year 3 3 3 3 3 3 3

Conclusions and Recommendations:
Conclusions:
The study concluded that:

1. The mistletoe parasitism was parasitizing mainly on guava, ardib, nabg, lemon, grapefruit and
acacia.

2. Among the six hosts, acacia, nabg and lemon are the highest susceptible to this parasite while
guava and grapefruit are the lowest susceptible.

3. The number of generations which obtained in the winter season (two generations) is more than
which obtained in the summer season (only one generation).

Recommendation:

The study recommends that: the parasite must be controlled by integrated weed management viz
usage more than one method of weed control methods.
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Abstract:

Monitoring and control of the power system have become very important functions, for achieving a
high reliability in the system and improving the EMS functions. Recently, (PMU) has become one
of the EMS applications for real time monitoring at the control center. In this paper, we used the
Decoupled Current Measurement (DCM) method to include the (PMU) in State Estimation (ES) of
Power System (PS). The proposed method has been tested on standard data IEEE 14-bus testing
system as a case study under bad data conditions. MATLAB program software is used to realize the
simulation process thus verifying the excellent performance of the proposed approach. The paper
found, when the measurements bad data measurements, the system will lose its operating points, but
the PMU can return the system operating point by reducing the percentages of average errors of

voltage magnitude and voltage angle.
Key words: Phasor Measurement Units (PMUs); State Estimation (ES); Power System (PS); Decoupled Current
Measurement (DCM); Energy Management System (EMS); IEEE: Institute of Electrical and Electronics Engineers.
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1. Introduction:

When using WLS and DCM estimation method, detection and identification of bad data are
done only after the estimation process by processing the measurement residuals. The analysis is
essentially based on the properties of these residuals, including their expected probability
distribution. Bad data may appear several different ways depending upon the type, location and
number of measurements that are in error. They can be broadly classified as: Single bad data, where
only one of the measurements in the entire system will have a large error, and multiple bad data,
where more than one measurement will be in error (Abur & Exposito, 2004, 30).

The PMU introduces new functionality measurement spectrum, with accurate time tagging and
synchronization capability, and it is thus the next step in the technological evaluation of state

estimation in electrical power systems. The factor that affecting the estimation quality is the
measurement accuracy. Because the SCADA system doesn’t have a high measurement accuracy
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(Karlson, 2016). It is known that, SCADA system is used to measure the measurements data for the
traditional state estimation (power flow, power injected on the buses and voltage magnitude) as
mentioned before in (Abur & Exposito, 2004). Also in the mid-1980s, PMU was presented, it is
very accurate than the SCADA device. It gives more accuracy for system state variables than the
SCADA system. Hence, the PMUs become a very important device. Their utilizations significantly
and safely increase not only for substation applications but also for the EMS applications in the
control centers (Exposito, et al, 2011). The usage of PMU can directly measure both magnitude of
the voltage and its angle at the bus where it is installed (Zivanovic & Cairns, 1996). Different
methods have been proposed for installing PMU in state estimation. A new approach, Decoupled
Current Measurement (DCM) method applied to study the influence of PMU in power system
dynamic state estimation in (Dowi & Li, 2013), where the current measurement which is measured
by PMU is decoupled into active and reactive measurement and added to the basic Weighted Least
Squares (WLS) state estimation decoupled formula. Phasor Measurements in Dynamic State
Estimation of Power Systems is proposed in (Jain & Shivakumar, 2009). An alternative method for
study the utilization and benefits of PMUs for large scale power system state estimation is presented
in (Yoon, 2005, 1). Role of State Estimation in Power System can be found in (Schweppe, 1985).

In this paper, a technique using DCM method to include PMUs in state estimation of power
system is used. The impact of PMUs in state estimation of power system under bad data (Single and
Multiple) conditions is explained. Also the effect of the number of PMUs, the effects of the PMUs
locations and the weightage given to their measurements on the accuracy of estimation are
investigated. A comparative study for the state estimation algorithm with and without PMU has
been made. The proposed method is applied to the IEEE 14- bus test system as a case study
(www.ee.washington.edu/research/pstca). The DCM is applied through two cases with and without
PMU under bad data conditions test. In the first, a single bad data, when only one of the
measurements in the entire system will have a large error. In the second, a multiple bad data, when
more than measurements will be in error.

2. Previous Studies

Jain & Shivakumar, (2009) Presented a PMU based dynamic state estimation algorithm and
studied the impact of PMUs on a dynamic state estimation technique and explored the effect of the
number of PMUs, their location, and the weight given to their measurements on the accuracy of
dynamic state estimation.

Dowi & Li, (2013) Discussed the Influences of Phasor Measurement Unit in Power System
Dynamic State Estimation. This paper presents a new alternative approach for using the PMU in
Dynamic State Estimation. Where, the rectangular coordinate of the current is decoupled and added
to decoupled formulation of the Weighted Least Squares (WLS) state estimation.

3. Mathematical Model

This paper introduces a proposed method for adding PMUs in SE. Where, the rectangular
coordinate of the current is decoupled and added to decoupled formulation of the Weighted Least
Squares (WLYS) state estimation. In this study, the impact of PMU in SE under bad data conditions
has been explained for single and multi-bad data measurements in the entire system which have a
large error has been studied. The proposed method is tested using standard data IEEE 14-bus
system (www.ee.washington.edu/research/pstca).

3.1 Advantages & Drawbacks of the Weighted Least Squares Method:
Weighted Least Squares (WLS) has several advantages over other methods, including (Abur
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& Exposito, 2004):
1. It is well suited to extracting information from small data sets.
2. Itis the only method that can be used for data points of varying quality.

Disadvantages include:
1. It requires that you know exactly what the weights can have unpredictable results,

especially when dealing with small samples. Therefore, the technique should only be used
when your weight estimates are fairly precise. In practice, precision of weight estimates
usually is not possible.
2. Sensitivity to outliers is a problem. A rogue outlier given an inappropriate weight could
dramatically skew your results.
3.2 Conventional State Estimation:
State estimation techniques have been developed and used at the transmission level for over
30 years. The basic approach is called the Weighted Least Square (WLS) method. An excellent
review of the state of the art can be found in (Wu, 1990). The mathematical model of WLS state
estimation is based on the mathematical relations between the measurements and the state variables.
Consider the set of nonlinear equation of the measurements:
Z, = h(Xk)+Vk (1)
where z, represent the measurement vector m-dimensional(mx1), =, is state variable
dimensioned (nx1), n(x,) is nonlinear function relating measurement to the state vector

dimensioned (m=<1), v, is measurements error with zero mean and standard deviation of R, K is

instant of time, m is the number of measurements and n is the number of state variables. In (Yoon,
2005).

Z, =Hx +v, (@)
Where ;- 2h | x=x°Jacobian matrix (mxn)
OX
The decoupled formulation of the WLS state estimation is given by:

f

Pf, S

[ZAl] = P &[ZRl] =1 q (3)
‘ Vv
ZAl = hAl (0) +vA1 & ZRl = th (V) + le (4)

where the subscript "A™ is an active power measurement and"R"is the reactive power
measurement.
The Jacobian matrix can be written as:

H H
Hl - {HAAl HAle| (5)
RA1 RR1
The decoupled gain matrix is given by:
G 0
G, = { A } (6)
RR1

where,
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GAA1 = HZAlR:AllHAAl and GRRl = H;RlR-élHRRl
Af= G:AIH;AlR;’il Ly -hy (0)‘ (7)

AV =G Hig Ry, (i, -hiy (V)‘ (8)

3.3 Decoupled Current Measurement (DCM) Method

In this method, the decoupled formulation of Weighted Least Square (WLS) is used in
(Hongbo, et al, 2012); (Dowi, 2015). The current measurement which is measured by PMU is
decoupled into active and reactive measurement and added to the WLS state estimation decoupled
formula. Hence, the new formulation of the measurements set is written as:

ZAl ZRl
[Zo]=| 0| & [Zg,]=]V,
I(ij)r I(ij)i
The subscripts “r* and "i" represent the real and imaginary parts of the PMUs respectively. The 1,
is added to active measurements, and 1, added to the reactive measurements. Consider the apparent

power where, S5 = Py +1Qj; , that mean, V;lj; = V;1;;080;; +jV;I;:sin0;;  assume that

the voltage magnitude approximately equal to 1.0p.u then, lij = 1jjcos0y; +i;jsin6y; =Tp +jI; ,where

(9)

Iy = Iijcoseij&li = Iijsineij.

The line currenti,in line"ij" is calculated according to equations (17) & (18) as in (Jain &
Shivakumar, 2009). The admittance of the series line connecting buses "i" and "j" is y; =g, +ib;,
and the shunt branch admittance at bus "i" is y, =jb,. The new nonlinear equation of the
measurements is obtained by the following.

ZAZ = hA2 (e)+VA2 & ZRZ = th (V) Vo (10)
The new Jacobian matrix can be written as:

H H
H2 :|:HAA2 HAR2i| (11)
RA2 RR2
The decoupled gain matrix is given by:
G 0
G,=| ™ } (12)
? |: 0 GRRZ

Where,
Gane = HAwoRGH A & Ggge = H-FERZR;eleRRz
A0=G. H RL|Z,, -h,, (6)‘ (13)
Zey-hiy (V) (14)
The estimated error’s covariance matrix is given by:
L,= ‘H;AZWAZHAAZ‘{ (15)
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_lgT 1
ZRZ - HRRZWRZHRRZ (16)
where W is the weighted matrix of both SCADA and PMU, it is block diagonal matrix.
W, 0
—_ SCADA _ 1
WAZ - 0 - RAz 17
Appy

— (\/icos()i -Vjcosﬂj)-bij (Visin()i -Vjsinﬂj)-biovisinﬂi (18)
iy = Dy (Vicose, - Vicosd, ) +g; (Visin®, - V;sind, ) +b,,Vcos6,  (19)

The Jacobin matrix of the phasor measurement is written as.
For active measurements:

y 0, o,
AT08, |1 0 (20)
lge|C, G,
For reactive measurements:
y oV, oV,
R oV, 0 (21) Where:
Ol |C C,
oI, ol ol
_ iy _ i _ i~ = i
“1= o0; ©27 %0 3Ty STy

4. The Simulation analysis:
4.1 Description of simulation

In this paper, to validate the effectiveness of the proposed method, IEEE 14-bus test system
has been used and tested under bad data conditions. The measurement vector consists of 75
observations. The measurements error covariance R for both SCADA and PMU are fixed during
simulation experiments. The SE of the system is investigated over a period of 20 time sample
intervals. During each interval, the load per bus is increased at a constant value of %5 for all buses
with a constant power factor. Consequently, the reactive power will flow the real power.
4.2 Performance Indices

The performance index of the algorithm is obtained by comparing the estimated values with
the available actual values. The average performance indices for voltage magnitudes & voltage
angles is given as:

1 n ( ! _ ! )
- actual estlmated 0
gv Estlmated n Z X 100 /0
i=1

Iactual

(22)
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n

! !
( lactual B estlmated )
0
0 Estlmated Z X 100 /0

=1

(23)

Iactual

Where:

8v_Estimated

Is the percentage error estimated of voltage magnitude.

€y e . .
0_Estimated jq the percentage error estimated of voltage angle.

!

aewal js the actual voltage magnitude.
!

el s the actual voltage angle.
!

lesimated 5 the estimated voltage magnitude.
!
lstimated 5 the estimated voltage angle.

4.3 Results and Analysis:

In this paper, the proposed approach is applied through two cases for single and multi-bad
data measurements. The performance indices of this subsection shown in the tables and figures
below. Results are represented and discussed below.

Table 1: Voltage magnitude V4 at bad data conditions

Time Estimated
Sample Actual Without PMU With PMU
1 1.0174 1.0157 1.0177
2 1.0173 1.0130 1.0176
3 1.0173 1.0245 1.0177
4 1.0173 1.0185 1.0171
5 1.0173 1.0192 1.0174
6 1.0173 1.0232 1.0165
7 1.0173 1.0216 1.0180
8 1.0173 1.0186 1.0172
9 1.0173 1.0129 1.0175
10 1.0173 1.0201 1.0171
11 1.0174 1.0161 1.0170
12 1.0173 1.0171 1.0177
13 1.0173 1.0153 1.0179
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16 1.0173 1.0113 1.0179
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18 1.0173 1.0168 1.0171
19 1.0173 1.0106 1.0179
20 1.0173 1.0209 1.0172
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Figure 1: VVoltage magnitude V4 under bad data without PMU
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Figure 2: Voltage magnitude V4 under bad data with PMU

Table 1, Figure 1 and Figure 2 represent the behaviors of the actual and estimated values for
voltage magnitude under single bad data condition without and with PMU. The magnitude of the

oscillations with PMU is better than without PMU.

4.3.1 Single Bad Data Case

In this case, the proposed method is applied to the scenario where single bad data are
included in power system measurement, where, the reactive power injection Q(4) was suspected in
error of %50 increase at the 11th time sample. Suppose that no work is taken to eliminate these
errors. Table 2, Figure 3 and Figure 4 show the various locations of individual PMUs and the
corresponding weight vectors, which give the least error at that location under single bad data

condition.

Table 2: Average estimated error (%) under single bad data conditions

_ _ Estimated error (%)

Location of PMU Weight

Voltage Angle
No PMU - 0.5657 0.1394
2 100 0.1063 0.0256
3 1000 0.1047 0.0354
4 200 0.0572 0.0242
5 100 0.0974 0.0291
6 100 0.0521 0.0245
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7 1000 0.0312 0.0155
8 1000 0.0881 0.0210
9 100 0.0517 0.0193
10 1000 0.1048 0.0185
11 1000 0.0661 0.0133
12 1000 0.0916 0.0274
13 1000 0.0759 0.0190
14 1000 0.0769 0.0142
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Figure 3: Average errors of voltage magnitude under single bad data conditions
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Table 2 shows the performance indices of the proposed method (DCM method), where,
about (%81 - %98) reduction of the voltage magnitude error, and about (%75 — %90) reducing of
estimated voltage angular error is introduced.

From Table 2 we can clearly see the degree of the high reduction in the error. There is
significant improvement in the estimated state. This advantage has a positive effect on the accuracy
of security analysis. Furthermore, a high reduction of the error from estimated state shows the
accuracy of the PMU fixed single bad data measurements. From all these positive impacts, we can
conclude that the PMU has high ability to absorb the single bad data measurements. Also in this
case a weightage of 1000 is ideal for achieving good estimates error, when the PMU placed at bus 7
(The best average voltage magnitude estimate error %0.0312) and bus 11 (The best average voltage
angular estimate error %0.0133). Also the impact of the PMU is very clear for reducing the
percentage of error of the estimated state at all buses under single bad data measurement.

Figure 3, and Figure 4, represent the variation of the average estimated error when the PMU
is placed at each bus under single bad data condition and show the minimum and maximum
average value of the estimated error found at different buses. From Figure 3, the best estimated
error for the voltage magnitude due this single bad data measurement is obtained when the PMU is
placed at bus 7, and the worst one is obtained when the PMU is placed at bus 2. From Figure 4, the
best estimated error for the voltage angular is obtained when the PMU is placed at bus 11, and the
worst one is obtained when the PMU is placed at bus 3. That means, the estimated error is affected
by the location of the PMU under single bad data conditions and the location of the PMU is very
important for estimating the error. From all these positive impacts, we can conclude that the DCM
approach is very useful to deal with single bad data measurements and the PMU has high ability to
absorb the single bad data.

4.3.2 Multiple Bad Data Case:

In this test, the simulation was carried out under multiple bad data conditions, for this
scenario, the active power flow Pf (3,4) and reactive power injection Q (3) was suspected in error of
%30 decrease and %40 increase respectively at 16 time sample. Suppose that no work is taken to
eliminate these errors. Table 3, Figure 5 and Figure 6 show the various locations of individual
PMUs and the corresponding weight vectors, which give the least error at that location under
multiple bad data condition.

Table 3: Average estimated error (%) under multiple bad data conditions

) _ Estimated error (%)
Location of PMU Weight

Voltage Angle

No PMU - 0.6087 0.4433
2 100 0.0525 0.0417

3 1000 0.0292 0.0261

4 200 0.0728 0.0278

5 100 0.2819 0.1157

6 100 0.1854 0.1229

7 1000 0.1172 0.0508

8 1000 0.2141 0.0589
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9 100 0.1304 0.0786

10 1000 0.2276 0.0539
11 1000 0.1868 0.0568
12 1000 0.3124 0.1471
13 1000 0.2579 0.1123
14 1000 0.1934 0.0476
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Figure 5: Average errors of voltage magnitude under multiple bad data conditions
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Figure 6: Average errors of voltage angle under multiple bad data conditions

From the Table 3, we can clearly see, different weight values to the PMU measurements
give different accuracies to the estimated values. For the test case considered here, it was found that
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the weightage 1000 provided estimates of good accuracy, when the PMU placed at bus 3 gives the
best average voltage magnitude estimate error %0.0292 and the best average voltage angular
estimate error %0.0261. Also the impact of the PMU is very clear for reducing the percentage of
error of the estimated state at all buses under multiple bad data measurement. This reduction
represents (%47 - %95) for voltage magnitude and (%69 — %94) for voltage angular.

Figure 5, and Figure 6, show the variation of the average estimated error when the PMU is
placed at each bus under multiple bad data conditions. Also from Figure 5, the best estimated error
for the voltage magnitude is obtained when the PMU is placed at bus 3, and the worst one is
obtained when the PMU is placed at bus 12. From Figure 6, the best estimated error for the voltage
angular is obtained when the PMU is placed at bus 3, and the worst one is obtained when the PMU
is placed at bus 12. That means, the estimated error is affected by the location of the PMU under
multiple bad data conditions and the location of the PMU is very important for estimating the error.
Also, from Figure 5 and Figure 6, it is observed that most of the estimated values with PMU are
much lower than the values without PMU. This feature shows the accuracy of the proposed
approach, and it has a high effect for the security analysis at the control center. Furthermore, will
reduce the security risk. Hence, it increases the accuracy and reliability to the system.

5. Conclusion:

The implementation of PMU in SE technique has been presented. The technique used the
DCM method to include PMU in SE. The results ensure the importance of using PMUs in SE. From
the results in single and multiple bad data conditions, it can be observed that the estimated values
with PMU are much lower than the estimated values without PMU, this feature has a positive
impact of PMU in SE. Furthermore, it shows the importance of the location of the PMU to achieve
the best estimation and the weightage given to the PMU measurements also affects the accuracy of
the estimates, as well as the capability of the PMUs to absorb the single and multiple bad data
measurements. Also we can conclude that the PMUs can improve the bad data detection and
identification. For further research, an enhancement on this study is proposed by performing the
required simulation for large and practical systems with real measurements data.
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Abstract:

Introduction: Diabetes is a serious, long-term condition with a major impact on the lives and well-
being of individuals, families, and societies worldwide. Glycemic control is an essential strategy for
the correction of lipid metabolism in order to decrease diabetes complications. This work aimed to
compare the correlation of glycemic control with lipid metabolism and lipid peroxidation in type 2
diabetes patients in two age groups of adult type 2 DM patients.

Materials and methods: A cross-sectional study of a sample of patients visiting “El Gemeih
Center for diabetes care and surgery”, Dongola locality, Sudan. Glycemic control (HbAlc %), lipid
panel, lipid ratios, apolipoprotein Al (major protein constituent of High density lipoprotein
molecules) and lipid peroxidation were measured, patients' data were grouped into two age groups;
over 60, and 60 y old or younger.

Results and conclusion: Glycemic control correlates positively with total cholesterol, LDLc, lipid
ratios and lipid peroxidation, and negatively with apoAl and HDLc. In older age HbAlc had no
correlation with lipid peroxidation or apolipoproteinAl. Lipid peroxidation levels in older patients
correlate with lipid profile not the age, contrary to younger adults. HbAlc in younger adults is more
significantly correlated with lipid profile normalization and rate of apoAl synthesis. ApoAl
correlation with lipid indices was dissociated when HbAlc is within controlled limits in older
group. Therefore oxidative stress might need more attention in elderly type 2 diabetes patients,
while apoALl and glycemic control are more decisive in younger adult type 2 diabetes patients.

Abbreviations: TCh=Total cholesterol, TG=Triglycerides, Al = Atherogenic Index (Tg/HDLc), HbAlc =
Glycosylated hemoglobin, apoAl=apolipoproteinAl
Key words: type 2 diabetes, apolipoproteinAl, dyslipidemia, lipid peroxidation
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Introduction:

Type 2 diabetes, on the other hand, includes hyperglycemia due to insulin resistance and insulin
secretion deficiency (M. The actual effect of type 2diabetes is the outcome of a complex physiologic
process including peripheral glucose uptake in adipose and muscle tissue, the hormonal / cytokine
secretion activity of adipocytes, impaired metabolism of lipids and lipoproteins and hepatic
production of glucose and dysfunctional beta cells of the pancreas [?1. Glycemic control is tested by
levels of glycosylated hemoglobin HbAlc in type 2 DM patients 1. Lipid profiles of diabetic
patients is greatly shifted towards atherogenic limits, mostly have high triglycerides (TG), total
cholesterol (TCh), low-density lipoprotein cholesterol (LDLc), otherwise, they have low levels of
high-density lipoprotein cholesterol [, which greatly increases their risk for atherosclerosis and
cardiovascular diseases (CVD). Dyslipidemia caused by prolonged diabetes and insulin resistance
and under conditions of poor glycemic control was found to be the major factor in atherosclerosis
progression, independent of hyperglycaemia [>°l. Increased amounts of proinflammatory cytokines
and oxidative stress are suggested to mediate those side effects of diabetes [l. According to the
American Diabetes Association (ADA), standards of medical care-2020 abridged issuance article 6:
Glycemic targets, it is stated that "Glycemic management is primarily assessed with the HbAlc
test". The acceptable glycemic control in cases where hypoglycemia or adverse effects of treatment
is avoided HbA1c of 7% value is considered appropriate, and either 8% level is considered suitable
for older people and patients with severe complications, however in middle aged people 6.5 % is
still a more desirable criterion 1. In the study of Sreenivas Reddy et al, 2014, a negative significant
correlation was found between age and LDLc, TG, and total cholesterol, although the age was not
significantly correlated with HbAlc or fasting blood glucose (FBG), besides HbAlc was an indirect
indicator of dyslipidemia . Oxidative stress is a status of imbalance between total antioxidants and
total reactive oxygen species (ROS) in the body %, Lipid peroxidation as a direct biochemical
result of oxidative stress is known to be increased in diabetic patients as compared to healthy
individuals, and it is strongly correlated to diabetic complications, such as cardiovascular disease,
kidney disease, and neuropathy, retinopathy and foot ulcers . It has been documented that diabetes
affects HDL turnover as a molecules and demolishes its antioxidant capacity, mainly through
reduced synthesis of its apoprotein parent constituent apolipoproteinAl 2 131, One of the theories
of type2 diabetes mellitus is that aging is an independent risk factor for the disease due oxidative
stress and due to disorganized mitochondria, besides the rate of synthesis of many defensive
enzymes might be slowed down in old ages independent of other risk factors such as body mass
index (BMI) [14%°1 Recently lipid ratios and oxidative stress had arisen as fields of question as
better indices or markers for future cardiovascular incidences than absolute values of lipid panel 6]
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Aim of the work:

To investigate whether glycemic control correlates with lipid panel, lipid ratios, apoAl, and lipid
peroxidation differently in younger and older adults.

Methods:

5 ml venous blood samples were collected from patients. Serum was separated and preserved in
liquid nitrogen until further analysis.

Lipid profile determination was conducted on serum, according manufacturer directions, total
cholesterol biosystems kits code 11805, HDLc biosystems kits code 11648, Triglyceride biosystems
kits code 11828. LDLc was calculated from equation of Martin-Hopkins equation 1. Lipid
peroxidation was determined in serum using a modification of dROMs method by Nassar et al,
2020 [8 N N-dimethyl-p-phenyline diamine hydrochloride was purchased from Avondale
laboratories, England. Hydrogen peroxide standards S1 0.4, S2 0.8, S3 1.2, S4 1.6, S5 2, S6 2.0, S7
3.0, S8 4 ug/ml prepared from stock 30% from labogend India. We used ELISA reader Mindray
MR-96A at primary wavelength 492 nm and 630 nm as secondary wavelength.

apolipoproteinAl (apoAl) was determined by antigen antibody reaction measured by ELISA using
two kits of Quantikine ELISA according to manufacturer R&D systems a biotechne brand, USA,
code 894879. Standard curves were obtained and sample concentration estimated automatically
from the reader.

Results and Discussion:

People 60 years or older were considered as senior adults of elderly group while people between
18-59 as young adults, according to the Chinese government analysis of population published in
2019 1 or according to the National Institutes of Health (NIH) guideline, people over the age Of
65 are considered older adults, while elderly describes people older than 65 2, therefore we opted
to choose the line of 60 to describe older people as a unite group to keep in line with the average
life expected age in Sudan which is 66 years according to world bank data in 2023 [2!] Patients older
than 60 year old counted 36 patients, while patients under 60 years old counted 140. Older patients
with uncontrolled HbAlc counted 20 (group lunc) and those with controlled HbAlc counted 16
patients (group 1 cont.), the younger age group uncontrolled HbAlc (group 2 unc) were 67 patients,
the controlled (group 2 cont.) counted 73 patients.

“Uncontrolled HbA1c”:

LDLc/HDLc , HDLc, and lipid peroxidation were significantly age correlated in (group 1 unc), this
gets in agreement with previous work where dyslipidemia increases with age in older subjects
irrespective of diabetes, where features of dyslipidemia increase with age 2223, ApoAl in this
group correlated significantly with TCh, HDIc, LDLc, and atherogenic index (Al), which agrees
with documented works as apoB/apoAl ratio with nonHDIc in elderly up to 70 years old 24 .In this
group Lipid panel and lipid ratios were associated with apolipoproteinAl rather than HbAlc, the
logic of this is the documented association between apoAl and HDL structure and function,
furthermore, this study had revealed that there is association between age and lipid peroxidation
under hyperglycemia, which means that the levels of oxidative stress are age dependent in older
type 2 diabetes patients, meanwhile lipid peroxidation was found associated significantly with lipid
profile and lipid ratios in this group which suggests an added role for oxidative stress in the elderly
to their dyslipidemia under uncontrolled hyperglycemia conditions. Additional observation is the
absence of correlation between apoAl and lipid peroxidation, which indicates that decreased levels
of apoAl in this group is correlated mainly with aging, in the light of previous literature that proved

correlation between lipid peroxidation and age independently with the gene expression of apoA1 25
26]
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(Group 2 unc), results agrees with studies that documented correlation of HbAlc with dyslipidemia
in young adults with type 1 diabetes 271 while other studies found that type 2 diabetes patients
between 18 to 40 years old have association between glycemic control and lipid profile 12821
however this comparison concerning the quality and quantity of HDL as a molecule between
younger and older done in this study and revealed less quantity of HDL assessed as apoAl
decrement, and lipid peroxidation increase was in agreement with few previous studies on the efflux
properties and composition of HDL besides deteriorated HDL capacity as cholesterol acceptors, in
elderly B% while another study found that kinetics of HDL and apoAl is not function of age in
young adults B,

“Controlled HbAlc”:
In (group 2 cont.) <60 years old, HbAlc was correlated with a number of lipid panel and lipid ratios
besides its correlation with the degree of lipid peroxidation, this conforms with previously findings
in HbA1lc to be strong predictor of lipid panel 2, other studies found HbAlc predictive only of
Triglycerides, in Saudi Arabia, although, the study was not age adjusted with a mean age of 54
years old 31, Lipid peroxidation in this young group was strongly correlated with glycemic control
and, TG and atherogenic index besides inverse strong correlation with levels of apoAl, the latter
might be the pacemaker of HDL quantity while oxidative stress burden plays a major role in HDL
functionality. On the other hand (group 1 cont) older patients, the study on elderly from Zhejiang,
China, found Triglycerides only be predictive of glycemic control B4, While in our study HbAlc
showed correlation with fasting plasma glucose only, this is common observation with uncontrolled
HbAlc which indicates that HbAlc is not reliable as a lipid profile predictor in the old age with
chronic hyperglycemia, instead, apAl and lipid peroxidation were correlated with lipid profile and
lipid ratios, due to their cross talking roles, lipid peroxidation affects the level and structure of
apoAl and the latter affects directly the levels and structure of HDL. So our results were consistent
with documented previous works that relate changes in lipid peroxidation to age in normal
population or among diabetes patients which we suggest as added burden to factors that affect
dyslipidemia and apolipoprotein and HDL kinetics [ 261,
Recommendations: more research is needed in Sudan and sub-Saharan countries to formulate a
more detailed picture of diabetes effects on lipid metabolism, and more attention should be given in
older ages to reducing oxidative stress, as it might be independent player.
Tables:

Table 1: Correlation of HbAlc with lipid panel, lipid peroxidation and apoAl in (group 1 uncon)

FBG | TCh | HDLc | TGs | LDLc | LDLc/HDLe | Al Lipid | Jh0A1 | Age
peroxidation
Pearson 1 g 7% | = | 035 |0.16 | 0.04 0.24** 0.28 0.37 -0.36 | .093**
Correlation 0.09
HbALe — =
ig. (2- 0.00 |069 | 013 |0.50 | 0.86 0.03 0.26 0.10 0.11 .696
tailed)
*Significance level <0.05 ** significance level <0.01
Table 2: Correlation of ApoAl with lipid panel and lipid peroxidation in (group lunc):
HbAlc | FBG | TCh | HDLc | TG | LDLc |LDLc/HDLc | Al Lipid
peroxidation
ApoA1 | Pearson 036 |-0.27 | 056" | 065" |-0.14 | 0.45 -0.33 .52 | -0.33"
Correlation
Sig. (2- 011 [ 030 | 001 | 0.00 | 57 | 0.04 0.15 026 0.14
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*Significance level <0.05

** significance level <0.01

Table 3: Correlation of HbAlc with lipid panel, lipid peroxidation , apoAl and age in (group 2 unc)

LDLc/ Lipid
TCh HDLc TGs | LDLc HDLc FBS Al ApoA | peroxida | Age
tion
Pearson | 04 | 0.20% | 0.37%* | 005 | 021 | 045% | 044 | 016 | 042 | 0.01%*
correlation
HbAle — 2
ta?l'e d) 0.68 0.00 0.00 | 063 | 0.04 0.00 0.00 0.13 0.00 0.90
*Significance level <0.05 ** significance level <0.01
Table 4: Correlation of apoAl with lipid panel, age and lipid peroxidation in (group 2 unc)
Lipid
HbAlc | TCh HDLc TGs LDLc | LDLHDL | FBS Al peroxid | Age
ation
Pearson
Correlatio | -.160 | .364** | .564** | 221* | 206 | -.361** |-180%** | -.272* | -.025** | .067**
apoAl n
Sig. (2- 2 2 5
tailed) 138 .001 .000 .04 .059 .001 108 | .01 820 539

*Significance level <0.05

** significance level <0.01

Table 5: Correlation of HbA1c with lipid panel, apoAla and lipid peroxidation in (group 1 con)

Tch | HDLe | TG | LbLe |LbuHpLle| Al | FBG | HPA | Anoa
peroxide
Pearson 231 | -773** | 010 | .512 231 086 | .779%* | 244 | -193
Correlation
HbAle —o=o
g. 494 005 | .977 | .108 493 801 | .013 470 | 570
tailed)

*Significance level <0.05

** significance level <0.01

Table 6: Correlation of apoA1 with lipid panel, HbAlc and lipid peroxidation in (group 1 con)

HbAlc| TCh |HDLc| TG | LDLc |LDLcHDL| Al | FBG Lipid

peroxidation

Pearson | 193 | 003 | 632 | .108 | -.335 601 | -.307 | -.163* -233
Correlation
apoAl Sig. (2-

9. 570 785 | .037 | .752 | .313 .050 358 | 676 490
tailed)

*Significance level <0.05 ** significance level <0.01

Table 7: Correlation of HbAlc with lipid panel, apoAl a and lipid peroxidation in (group 2 con)

Lipid
peroxid
ation

FBG Tch HDLc | TGs | LDLc | LDLc/HDLc | Al apoA

151



The correlation of glycemic control,
Nassar,M.A.Y., apolipoprotein Al and lipid peroxidation University of Dongola Issue January (147 - 156)
et.al with dyslipidemia, in type 2 diabetes Journal of Scientific Research  No.30 (2026) PP-
patients is age dependent
csﬁaerlsa(t)ir;n 38%* 10 039 | .29 | .058** 14 37 | -56 | .48*
HbAlc
Sig- (2| 600 | 411 75 | 017 | .64 25 002 | 000 | .000
tailed)
*Significance level <0.05 ** significance level <0.01
Table 8: Correlation of apoAl with lipid panel and lipid peroxidation in (group 2 con)
HbAlc | TCHOLEST | HDLc | TGs | LDLc | LDL/HDL | FBG Al L'.p'd.
peroxidation
Pearson | _ggqe -091 21 |-25" | -184 | -35" |-31" |-42"| -88"
correlation
apoAl Sig. (-
9. .000 46 .07 .03 13 .00 .013 .00 .00
tailed)
** significance level <0.01

Table 9: Correlation of lipid peroxidation with lipid panel, HbAlc and apoAl (group 2 con)

*Significance level <0.05

HbAlc | TCh | HDLc | TGs |LDLc LH[I?)II__(Z FBS | Al ApoA Age
Pearson
Lipid Correlati | .487** | .062 | -.155 | .242*| .117 | .235 |.229 | .405** | -.886** .165
peroxidation Sion(z-
ta?l.e d) .000 620 | .215 | .048 | .346 | .058 |.071| .001 .000 181
** significance level <0.01

Figures:

*Significance level <0.05
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Abstract:

The paper examines the possibility of applying the Build-Operate-Transfer (BOT) model as a
financing mechanism for post-war reconstruction projects in Sudan, particularly in light of the
country’s economic challenges and constraints on the public budget. The question of this paper
addresses the extent to which the BOT system can effectively contribute to rebuilding war-damaged
infrastructure. Thus, the study aims to explore the efficiency of the BOT model in supporting
infrastructure development, providing financial and technological resources. Moreover, identifying
the legal and legislative obstacles that may hinder its implementation in the Sudanese context. Due
to the difficulty of obtaining accurate data on the extent of the damages, the researchers designed an
estimated matrix based on reports issued by various local and international institutions. The study
employed a descriptive-analytical approach, relying on secondary data and relevant literature at
both regional and international levels. The findings indicate that adopting the BOT model could
significantly contribute to reconstruction efforts without placing a substantial burden on the national
budget, while also enabling technology transfer and creating employment opportunities. The paper
recommends prioritizing vital and strategic projects such as roads, bridges, water Plants, power
stations, as well as hospitals and healthcare centers.

Key Words: Build-Operate-Transfer, War in Sudan, war-damaged infrastructure.
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Introduction:

Economic development, socio-economic inequality, poverty, and infrastructure remain major
challenges for developing and developed nations. As a result, several countries have sought
appropriate means to finance projects to reduce inequality and enhance overall development (Sabri,
Syafrinaldi, Yusri , & Surizki , 2024). During the 17th century, the United Kingdom adopted the
Public-Private Partnership (PPP) model for public projects, which effectively addressed funding
shortages and inefficiencies while improving the overall benefits of infrastructure development
(Huijie , Lihong , Hang , & Yuanzhi , 2025). While in Vietnam, approximately 2,700 kilometers of
public paved roads, representing 10% of the country’s total infrastructure projects-are financed
through Build-Operate-Transfer (BOT) schemes (Linh, Nguyen, Nguyen , & Vo , 2023). Similarly,
the completion of China’s Shenzhen Shajiao B power plant in 1984 under the BOT model marked a
significant milestone in the country's adoption of the PPP framework for infrastructure development
(Huijie , Lihong , Hang , & Yuanzhi , 2025).

The key motive for BOT adoption is an imperative need for capital and development (Linh,
Nguyen, Nguyen , & Vo , 2023). Therefore, the BOT system has been applied in various Arab and
African countries, including Sudan, Saudi Arabia, Egypt, Jordan, Nigeria, and Rwanda. Sudan had
two experiences in this field: the Manara Water Project and the Highway Road between Atabara and
Hia, 274.7 kilometers (Abdelrahman, Mohammad , & Hawari, 2018).

Public projects are essential for every country’s economic growth. These projects, such as
highways, railways, paved roads, ports, airports, bridges, tunnels, power plants, hospitals, municipal
buildings, and other public-use facilities (Rajkumar, Anandakumar, Rajeshkumar, & Sampathkumar
, 2024).

Building an essential infrastructure requires a long-term financial commitment. Innovative finance
has been spurred by the vital demand for such projects, as well as recurring budgetary deficits faced
by government agencies. Developing countries have a lack in national funds. Therefore,
governments have asked the private sector to take part in long-term contractual arrangements for
the funding, building, and operation of infrastructure projects (Rajkumar, Anandakumar,
Rajeshkumar, & Sampathkumar , 2024).

Various governments often face obstacles in infrastructure development related to the lack of
enough capital and technology. To fill the weaknesses of various countries in infrastructure
development, there is the Build-Operate-Transfer Scheme, which is supported by third-party funds,
namely the private sector. This model has gained popularity in several developing countries. For
example, in Turkey, 98 out of 198 infrastructure projects, representing 50%, have been implemented
using the BOT model (Sabri, Syafrinaldi, Yusri , & Surizki , 2024). India has also increased
infrastructure investments in recent years, particularly to encourage greater private sector
participation, given the constraints of existing infrastructure (Rajkumar, Anandakumar,
Rajeshkumar, & Sampathkumar , 2024).

Sudan’s economy has been severely affected by war at both macro and micro levels, impacting
imports and exports, production, industries such as mining and construction, public and private
services, and foreign financial transactions (Esraa Mahadi Ali Mohamed & Don-Eliseo, 2025). The
country’s Governments often face challenges in infrastructure development due to limited capital
and technology. To address these gaps, the Build-Operate-Transfer (BOT) model has emerged as a
viable solution supported by third-party financing from the private sector.

The economic growth dropped by 12.5% due to armed conflict (Esraa Mahadi Ali Mohamed &
Don-Eliseo, 2025). At the microeconomic level, the conflict caused extensive damage to Sudan’s
infrastructure and industrial base, alongside significant losses to public and private properties.
Numerous public-private institutions, including oil facilities, conglomerates, bank branches, and
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telecommunications, located in major cities like Khartoum, Nyala, Madani, and Sennar, were
looted, burned, destroyed, or forced to shut down (Policy & Programme, 2024). Sudan is now in
urgent need of rebuilding and reconstructing public infrastructure projects that directly support
economic growth and indirectly improve the socio-economic well-being of the population by
creating job opportunities. These projects require substantial funding that the government currently
cannot allocate. Therefore, the BOT system appears to be a suitable financing model, especially
considering Sudan’s limited access to financial and technological resources. The country has
already experienced two BOT projects, including the successful Manara Water plant Project and the
Atbara—Hia paved road (Abdelrahman, Mohammad , & Hawari, 2018).

Sudan has witnessed a sharp decline in its infrastructure due to ongoing conflicts, which have
destroyed vital public assets. Given the government’s constrained financial capacity, it is crucial to
explore alternative mechanisms to finance and rebuild these projects. However, questions remain
regarding the feasibility of implementing this model in Sudan’s context, the willingness of the
private sector to participate, and the legal and institutional challenges involved. Accordingly, the
research problem is defined as follows: To what extent can the BOT model be utilized to rebuild
war-damaged public projects in Sudan? The study aims to examine the effectiveness of the BOT
model in financing and reconstructing such projects, assess the readiness of the private sector to
participate in BOT-based initiatives, identify the legal and regulatory barriers to implementation,
draw lessons from other countries’ experiences, and offer practical policy recommendations tailored
to Sudan’s local context. The hypotheses of this paper suggest that adopting the BOT model in
Sudan could enhance infrastructure development and improve the performance of these projects.
Additionally, relying solely on public funding to finance such projects may increase the
government’s fiscal deficit. To address these issues, the study will adopt an analytical and
descriptive approach, drawing on prior research and international case studies of BOT financing
models.

Scientifically, this paper offers a solid literature basis on modern financing modes that have
evolved from traditional franchise contracts. While, Practically, it demonstrates how the Sudanese
Ministry of Finance can leverage the paper's findings and policy recommendations to implement
strategic, high-impact projects. These initiatives aim to enhance citizens' quality of life while
alleviating the financial strain on the public sector-an outcome that cannot be achieved without
embracing innovative financing methods.

Data sources and Methodology:

The researchers will utilize secondary data and statistical information obtained from reports issued
by the Central Bank of Sudan, as well as from international organizations such as the International
Monetary Fund (IMF), the World Bank (WB), and the African Development Bank (ADB).
Additional data will be sourced from peer-reviewed research papers and academic journals. based
on these sources, the researchers will construct a matrix highlighting the most critically affected
sectors in the Sudan due to the ongoing conflict, specifically, infrastructure including, the health
sector, public and private education, and transportation. More precisely, the focus should be paid to
water and power stations. This matrix will form the basis for identifying key findings and
formulating evidence-based policy recommendations. Accordingly, the study adopted a descriptive
and analytical approach, aiming to systematically document and describe the war’s impact on these
vital sectors, while also analyzing the broader implications and extracting insights to inform future
policy recommendations.
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Theoretical Literature Review:
3.1 Concepts and types:

The concept of the BOT differs according to different scholars and authors, as Khalid, Ran, &
Ahmed F. M., (2014) defined it as “the granting of a concession by the Government to a private
promoter, known as the concessionaire, who is responsible for financing, construction, operation
and maintenance of a facility over the concession period before finally transferring the fully
operational facility to the Government at no cost”. Also, Amusan, Joshua, and Oloke (2013)
defined it as a process whereby the public sector can partner with the private one in executing
capital projects and infrastructure. Similarly, this could be referred to as a form of project financing
mechanism that helps a private institution obtain a concession from the public to finance, design,
construct, and manage a facility.

As a legal term can be defined as a long-term contract settled between a governmental entity and a
private investor, whereby the latter undertakes to build and operate a specific project for a set
period, after which ownership of the project is transferred to the government (Al-Baghdadi, 2005).

3.2 Types of BOT Systems:

The Build-Operate-Transfer modes of finance have various sorts, one of which is BOT, and PPP,
which stands for Public-Private Partnership, that can be understood by various interpretations.
However, the general conception is that the state and private investors sign a joint contract, share
the responsibilities, benefits, and risks to build infrastructure or provide public services (Linh,
Nguyen, Nguyen , & Vo , 2023). Build-Operate-Transfer (BOT): This type of scheme has been used
in power stations, drinking water supply, transportation, telecommunication, and process plant
sectors (Mohammed & Babanyara, 2015).

Table (3.2.1) The type of BOT Model according to Operation

Ownership

Type Abbreviation Who operate During Operation

Description

A private entity builds a
project, operates it for
specified period to
recover its investment
and then transfers
ownership to the
government
Here, a private entity
builds the project, owns
it and operate it without
government’s intervene.
A private entity builds
the project, owns it and

Private sector Private operate it, at the end
transfers it to the
authority
Here, the entity is
responsible of designing
the project, builds and
entirely operate it.

Often public or

BOT Build-Operate-Transfer | Private Sector
shared

BOO Build-Own-Operate | Private Sector Private

Build-Own-Operate-

BOOT Transfer

DBO Design-Build-Operate | Private sector Private
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Here, the entity is
responsible of designing
Design-Build-Operate- Private sector Private the project, builds 'and

Transfer entirely operate it,
transfers the project to
the government
The private sector builds
the projects, lease it to
the public sector for
Private specified period of time,
then transfers the assets
to the public authority at
the end of the lease.
The private builds the
infrastructure, then
transfers ownership to
the government
immediately after
construction

DBOT

Public Sector

BLT Build-Lease-Transfer
through lease

BTO Build-Transfer-Operate | Private sector Private

Source: (Abdelrahman, Mohammad , & Hawari, 2018)
The Sharia and Legal Framework of BOT System:
The BOT model is one of the modern mechanisms designed to engage the private sector in infrastructure
projects without imposing additional financial costs or burdens on the state (Al-Tayeb, 2007). As reliance
on this model increases in developing countries, questions arise regarding its compliance with Islamic
Sharia and national laws, particularly in the Sudanese context (Mohammed A. , 2010).
Sharia Classification of the BOT System:
Though the BOT model is not explicitly mentioned in classical Islamic jurisprudence, it can be
interpreted through the lens of several recognized Sharia contracts, such as:
a. ljarah Muntahia Bittamleek (Lease-to-Own Contract): The project is leased to the investor for a
defined period, after which ownership reverts to the state (Saeed, 2013)
b.Istisna’ Contract: An agreement to construct a specific project based on predefined specifications
(Abdullah, 2001).
c.Musharakah (Partnership Contract): The investor finances and operates the project, with ownership
transferred at the end of the contract duration (Ishaq, 1997).
Sharia Evidence Supporting the Legitimacy of BOT:

The acceptability of the BOT system can be supported by various Sharia principles, including: The
principle that "the default in contracts is acceptability,” unless they contain prohibited elements
(Ahmed Mohammed Al-Figh, 2010, p. 85).

The Prophet’s Hadith (peace be upon him) “Muslims are bound by their conditions, except for a
condition that makes the unlawful lawful or the lawful unlawful” (Al-Tirmidhi).

The legal maxim “No harm shall be inflicted or reciprocated”:. BOT projects serve the public interest
and do not inherently involve harm or unjust exploitation (Mohammed A. , 2009)
Legal Framework of BOT in Other Jurisdictions:

Egyptian Law
In Egypt, the BOT system is governed by Law No. 67 of 2010 regulating private sector participation in
infrastructure and public service projects (Executive Authority, Official Gazette of Egypt, 2010).
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Jordanian Law

In Jordan, the BOT system is regulated under Public-Private Partnership Law No. 31 of 2015
(Executive Authority, Official Gazette of Jordan, 2015).

UAE Law

In the United Arab Emirates, specifically in Dubai, BOT is governed by Law No. 22 of 2015 on
Public-Private Partnership (UAE Ministry of Economy, Official Gazette of the UAE, 2015).

3.3 Legal Framework of BOT in Sudan

The Investment Encouragement Act of 1999 and its Amendments

This is one of the core laws governing investments in Sudan (Ministry of Investment, Official
Gazette of Sudan, 2003).

The Land Act of 1970 and its Amendments

This law regulates land ownership and use in Sudan (Sudanese Land Act, Khartoum, 2012).

The Companies Act of 1925 and its Amendments

It governs the establishment and operation of companies in Sudan (Sudanese Companies Act,
Khartoum, 2011).

The Labor Act of 1997 and its Amendments

This law outlines the rights and obligations of workers in Sudan (Sudanese Labor Act, Khartoum,
2002).

The Environmental Protection Act of 2001 and its Amendments

It regulates environmental protection measures in Sudan (Sudanese Environmental Act, Khartoum,
2005).

(Legal Challenges in Implementing BOT in Sudan

Despite the economic benefits of BOT, there are legal challenges that must be addressed, such as
the lack of a clear legal framework that effectively governs such contracts (Al-Baghdadi, 2005).

Risk associated with BOT:

There are various sorts of risks associated with BOT projects, including Socio-economic risk
which encompasses fluctuating social service demand toll and change in stakeholder expectations.
This often affects the psycho-social awareness of workers. Economic risks induced by the impact of
the global economy, unstable exchange rates, which affect the fund flow on a project. Health &
safety risk is a different type of risk that is health-condition induced. Noise pollution, emission of
poisonous substances, vibration, biological hazards, and stress are regarded as health-induced risks.
Also, BOT projects can be influenced by operational and technological risks. The first one includes
building delivery and maintenance-related issues that constitute risks, while technology-based risk
entails obsolescence of existing systems, cost of procuring the best technology, and implications.
However, despite the range of associated risks, there is frequently a level of success incurred on a
BOT project, which is determined by the success factors associated with BOT projects (Amusan ,
Joshua, & Oloke , 2013).

3.4 Empirical literature Review:

(Huijie , Lihong , Hang , & Yuanzhi , 2025) defined the term “Public-Private Partnership” as a sort
of action that depends mainly on non-governmental organizations (NGOs) to meet people’s needs.
The PPP model relies less on government action than formal projects and also points out that the key
to success is competition among private institutions. (Sabri, Syafrinaldi, Yusri , & Surizki , 2024)
have measured the development of research on national infrastructure development using the Build
Operate Transfer (BOT) schemes. Their research has used a bibliometric analysis approach to
disclose the mapping of studies and research trends regarding BOT. Another study by (Rajkumar,
Anandakumar, Rajeshkumar, & Sampathkumar , 2024) explored the risks, delays, success factors,
contractor selection, and best value selection models in construction project management. Their
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study has assessed the extent of time overruns in building projects by conducting a postal survey

using a three-part questionnaire.

(Huijie , Lihong , Hang , & Yuanzhi , 2025) used Cite Space software to analyze the sample authors,
journals, and regions in the Scopus database. Their paper aims to find out the recent development
status, research paradigms, and research gap, as well as future trends of the PPP model. Their
findings were that the concentration on PPP research has shifted from traditional models such as
Build-Operate-Transfer (BOT) and Private Finance Initiatives (PFI) to contemporary themes such as
risk management, policy analysis, and project governance.

(Tariq, 2024) studied the BOT system in Islamic Sharia, h .His research is based on three methods,

one of which is an inductive, deductive, and analytical approach. He found that all types of BOT

systems do not contradict Islamic Sharia since they represent a legal contract between the government
and the private sector to build a national project. He added that there are some Quranic verses and

Hadiths proving the applicability of this type of finance.

(Abdelrahman, Mohammad , & Hawari, 2018) Addressed the public-private partnership in
infrastructure projects, and focused on the BOT system, which is broadly used in the partnership
between the public and private sectors. BOT is considered a vital system in the economies of both
developed and developing countries. Some of the leading Arab experiences in the use of the BOT
system, the study concluded that the BOT technology is effective, and has great economic, social, and
environmental importance.

(Linh, Nguyen, Nguyen , & Vo , 2023) have used the collected data from Vietnam, where over 2000
kilometers of public roads funded by BOT modes, they employed a quantitative methodology to
measure the impact of some factors through a derived multivariate regression equation. Their findings
disclose the existence of five separate groups of factors that affect the investment attractiveness of
BOT projects in the Southern Key Economic Zone, classified by their levels of influence.

(Ali & IbnOuf, 2024) studied the BOT system implemented in public projects in Sudan, with a main

focus on two public projects: Manara Water and another one is the Highway Road between Atbara
and Hia in the northeast. One of their main findings is that the Water Corporation had achieved short-

term objectives, including establishing the project, and the production and distribution of water.

Nonetheless, the investors’ rights and financiers, as well as paying back their return on capital, have
been achieved, which may raise concerns that this project may have negative effects on other future
ones.

Jiaju, Tahir, & Guru (2017) aimed to create a list of Critical Success Factors for China’s BOT
projects to support organizations in achieving project success. In their study, a questionnaire survey
was conducted to find the relatively important CSFs for BOT projects in China. their initial
assessment suggests that the key CSFs correspond to our defined categories of BOT projects’ success
factors. They found out that the list of CSFs could play a useful role in the phases of preparing,
bidding, constructing, operating, and transferring of BOT projects.

The study (Mohammed & Babanyara, 2015) compared common practices of BOT-type projects in

different countries and industrial sectors. They analyzed experience lessons by studying examples of
both good practices and failures. Their findings show that BOT schemes are suitable for developing
countries to construct infrastructure projects.
Amusan, Joshua, & Oloke (2013) focused on the cost implications of risk factors on the performance
of Build Operate Transfer (BOT) projects. A questionnaire of 170 questions was used and analyzed by
content analysis. They found out that the most common risks to the projects executed are inflation,
variation to works, change in government policy, and fluctuating nature of foreign exchange, with
inflation being the highest on the rating scale of 0.1 to 1.0, with corresponding cost implications and
years.
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Llanto (2008) has pointed out the main issues and constraints facing the successful implementation
of the BOT model to infrastructure provision in the Philippines. He also indicated numerous factors
that were contributory to an effective public-private partnership in BOT projects. Additionally, He
pointed out the need to address various issues, starting from the legal basis to the responsibilities of
the government entities that are involved in the project cycle, for instance, from project entry level to
implementation and completion. Improvements should be introduced at the policy, legal, and
institutional frameworks to enhance the usefulness of this approach to infrastructure development.
Finally, he recommended that the government should provide an enabling framework for private-
public partnership in infrastructure provision, which allocates roles, functions, powers, duties, and
rights of the government and the private sector.

Table (3.2.2) Projects financed by BOT models in the Middle East (in million USD)

Country | Project’s name Financing The project’s cost C&T{;gft .R;?g fc:cr
Limited recourse project
_ Rabigh 3 finan_ci_ng was arranged by Build-
Saudi desalination Natixis, MUFG, Samba, $ 687 million own- 25 years
Arabia olant and Riyad Bank; Riyad Operate
Bank provided an equity (BOO)
bridge loan
Jordan Samra Power Samra Electric Power $ 857 million BOT NA
Plant Company
WB $600 million | Build-
Egypt North Giza \:\r/g/r«algtr?é?]l'[(’BiﬁLopa?}a dn EIB €50 million | Operate- NA
Power Plant OPEC ’ OPEC $30 Transfer
million (BOT)
United Mohamr_ned ;
Arab bin Rashid Al Abu Dhabi Power -
Emirates Maktoum Company an_d other $ 13.6 billion BOT NA
(UAE) Solar quk companies
(Dubai)
Source: ACWA Power.com
Table (3.2.3), Infrastructure projects in Africa financed by BOT system (in million USD)
The .
Country | Project’s name Financing project’s Contract Time of
cost Model Transfer
106 million
(50%
Al Manara covered by Build- 15 years
S Water The Dutch government and | the Dutch Operate- (starts 2010
udan X
Treatment Biwater company government) Transfer and ends
Plant and 50% by (BOT) 2025)
Biwater (a
British
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‘ company)
- Build-
Kigali Bulk _ . Operate- 27-year
Rwanda | Water Supply Metito (UAE-based) $60 million Transfer contract
Project (BOT)
Sv?/z-rﬁrleacilt International finance Build-
Niceria E’Azuraf’E 4o | institutions like IFC, OPIC, | $900 Operate- | -15year
9 and several European DFIs million Transfer contract
Independent (BOT)
Power Project)

Source: (Bank, 2015), and (Jackson, 2015)

3.4.1 Implementation of Public Infrastructure Projects in Africa and Asia:

Al Manara Water Treatment Plant costs about 106 USD million, 50% financed by the government
of the Netherlands and 50% by the Biwater British company. Al Manara is located in Omdurman,
Khartoum State, Sudan. The main purpose was to enhance access to potable drinking water in the
rapidly growing urban area of Omdurman with a capacity of approximately 180,000 m3 per day,
serving around 1.2 to 1.4 million residents. The Operational Period is a 10-year operation phase
following a 3-year construction period. Then, followed by the Transfer -the Ownership and
management to be transferred to Khartoum State Water Corporation (KSWC) after loan repayment
(Jackson, 2015). The project was fully financed without a debt burden on the Government. It was
the first water project in Sudan to be funded completely by the private sector. The financing partners
involved the Netherlands Development Finance Company (FMO), the Netherlands Government-
supported ORET Grant, Export Credit Insurance Corporation of South Africa Limited (ECIC),
Industrial Development Corporation of South Africa Limited (IDC), Export-Import (EXIM) Bank
of Malaysia, and Calyon Bank of France (Jackson, 2015).

Similarly, the Kigali Bulk Water Supply Project was a successful example of the partnership
between the public and private sector called: the private Partnership (PPP) between the Government
of Rwanda (GOR), represented by the Ministry of Infrastructure, Water, Sanitation Corporation
(WASAC), the government water utility company and Kigali Water Limited (KWL). The project
scope involves the development, design, financing, construction, and operation of a 40,000 m3 per
day Bulk Water Facility (BWF) south of Kigali in Rwanda. The scope of the BWF comprised of; a
water treatment plant, a well field with 38 wells, three pumping stations, pipelines, and three
storage reservoirs. Under the PPP arrangement, Kigali Water Limited will supply bulk water to the
Water and Sanitation Corporation, which WASAC then sells it to the local consumers (Bank, 2015).
This project is expected to have solid development outcomes firstly by providing hygienic potable
water to the population contributing to improving public health, secondly, addressing Rwanda’s
growing demand in the industry sector for reliable water, thirdly causing economic growth due to
improved productivity, particularly for women and redeployment of Government budgetary savings
to the health sector and other economic sectors. Finally, the strong demonstration effect given that
this is the country’s first Independent Water Producer. project on a large scale in the continent,
therefore contributing to private sector development (Bank, 2015).

As for Nigeria’s Azura-Edo Independent Power Project, the major expected infrastructure
development benefits of the project entail delivering much-needed power to Nigeria, and, in turn,
the broader West African power grid. In doing so, the project is expected to give access to
affordable electricity to about 14 million residents at the cost of self-generated power. The Azura-
Edo IPP also has a strong demonstration effect and sets a model for future private sector investors in
the gas-to-power value chain. It has high levels of government support, a devoted lead sponsor,
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robust technical and engineering support, and was situated both near the country’s main gas trunk
line and the national transmission grid (Development , 2017). This project includes as project
sponsors a consortium of private investors (97.5 % and the Edo State government 2.5%. The
consortium is composed of a joint scheme between Amaya Capital Ltd. and Actis GP LLP (51
percent), AllIF2 Power Holding Ltd. (29 percent), Aldwych Azura Ltd. 14%, and ARM- Harith
Infrastructure 6%. The plant will have a sole off-taker, the state-owned Nigeria Bulk Electricity
Trader (NBET) under a 20-year power purchase agreement (PPA) backstopped by a Put Call Option
Agreement (PCOA) with the Federal Government of Nigeria. Seplat Petroleum Development
Company, a Nigerian upstream production and development company, will supply gas to fuel the
plant under a 15-year contract.

In terms of the Middle East Saudi Arabia’s desalination plant proposed by the Consortium has
been designed to comply with the water output supplies and to guarantee the required availability of
potable water. The design of the plant and the related buildings have been developed focusing on
the combination of operational suitability, plant availability, optimization of power consumption,
energy efficiency, and minimization of the environmental and visual impact. The project was
financed by a limited-recourse project by Natixis, MUFG, Samba, and Riyad Bank; Riyad Bank
provided an equity bridge loan. It costs approximately $ 687 million paid after 25 years through the
BOT system (ACWA Power, 2019).

Finally, Mohammed bin Rashid Al Maktoum Solar Park (Dubai) follows a public-private
partnership (PPP) model, including BOT structures, with the involvement of global companies such
as ACWA Power. It has a planned production capacity of 5,000 MW by 2030, with investments
totaling AED 50 billion. When completed, it will save over 6.5 million tons of carbon emissions
annually.

The total capacity of the sixth Phase is 1800 MW using photovoltaic solar panels, based on the
Independent Power Project (IPP) model. The sixth Phase will reduce around 2.36 million tons of
carbon emissions annually and provide clean energy to 540,000 residences in Dubai. Through phase
VI, DEWA has achieved the lowest Levelised Cost of Energy (LCOE) of USD1.6215 cents per
kilowatt hour (kwh). The 6th phase will become operational in stages between 2024 and 2026.
(Sustainability & Innovation Centre, 2024).

(3.4.2) Sudan’s Macro and Microeconomic Indicators during the War:

The Sudanese government planned to increase its revenue to 12.4% of Gross Domestic Product
(GDP) in comparison to 9.7% in 2022. Public expenditure was planned to surge slightly from 11.2
per cent in 2022 to 13.8% in 2023, thus maintaining a budget deficit of only 1.4% of GDP to
support the reduced inflation to 25% and achieve economic stabilization. The ongoing conflict will
have a great effect on the fiscal policy and, accordingly, on the stabilization goal of the budget
(Siddig, 2024).The armed conflict which erupted in Sudan between the Sudanese Armed Forces
(SAF) and the Rapid Support Forces (RSF), created a multifaceted socio-economic and political
situation. This conflict started in Khartoum but swiftly extended to the Darfur and Kordofan regions
before impacting every state in the nation to varying degrees. In August 2024, the conflict had
caused over 9,323 incidents and 20,013 fatalities. 50.6% of the incidents occurred in Khartoum
State, the largest urban area in Sudan, followed by 11.07% in Al Jazirah and 8.04 % in North Darfur
State. After one year, 10.5 million Sudanese are estimated to have been displaced, of which 2.4
million have fled to neighboring countries such as Libya, Egypt, Chad, and Ethiopia. It is the worst
displacement crisis in the world. Prior to the conflict, Sudan already had an estimated 2.8 million
IDPs (IMO, 2024).

Previously, Sudan’s socioeconomic indicators displayed a low development level as compared to
those of its peer countries. In 2022, 19% of the Sudanese were below the $ 2. 15 poverty line,
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compared to Ethiopia (17%), Benin (12 %) and Senegal (10%). In 2022, Sudan ranked 170 out of
193 countries on the Human Development Index (HDI), one of the lowest globally (Research &
Programme, 2024).

The macro level displays that the conflict has caused a significant worsening in economic activity.
The Sudanese economy contracted by 20% in 2023 and 15% in 2024, while the African
Development Bank estimates a GDP reduction of about 5.9% in 2024 and estimates an economic
output loss of USD 125 billion in the first year of the conflict. Other estimates suggested that
Sudan’s GDP could have dropped by over 40 percent in 2023. Reinforcing these assessments,
Sudan’s Minister of Finance has reported in 2023 that the war had caused an economic loss
exceeding USD 26 billion, or more than half of the nation’s total GDP in 2022 (Khalid Siddig,
2025). Also, the inflation rate increased from 67% in 2023 to 137% in the first half of 2024. The
World Bank estimates showed that Sudan’s inflation rate is 66% in 2023 and 180% in 2024, while
the estimates of the International Monetary Fund are 171% and 145% in the same periods. As for
August 2024, the Sudanese currency has depreciated by over 300% since the start of the conflict in
April 2023. The number of poor people in Sudan has increased by 1.8 million in 2023 (Research &
Programme, 2024)

At the micro level, the ongoing conflict has hit Sudan’s economic centers hard, causing huge
damage to the country’s infrastructure and its industrial base, as reports showed that over 600
factories are out of service, as well as huge losses to both public and private properties. All
economic public-private entities of all sizes and structures, including oil industry facilities, large
conglomerates, bank branches, and telecommunication, located in urban centers like Khartoum,
Nyala, Wad Madani, and Sennar, were looted, burned, destroyed, or forced to close (Research &
Programme, 2024).

The ongoing conflict has negatively impacted the delivery of basic services in Sudan. 88 attacks
on healthcare facilities. In addition to disease outbreaks, there are severe shortages of medical
supplies and liquidity to manage healthcare centers and pay salaries (World Health Organization,
2024). Less than one-quarter of health facilities are working in the Sudanese states hardest hit by
the war, and only 45% of these facilities are entirely working in other states. Currently, about 15
million people need urgent health support for their survival, and an estimated 3.4 million children
under 5 years old are at high risk of epidemic diseases.

As for general education, all Sudanese basic and secondary schools have been closed. At least
2,500 schools, 13% of all schools, were being used as Internally Displaced Persons (IDP) shelters,
affecting the education of around 2 million children in the host communities. Many school buildings
have been severely damaged, and rehabilitation is needed. Substantial damage to water and
sanitation systems, electricity and energy infrastructure, paved roads, and the destruction of the
transportation system. The public services provision in most areas has been badly impacted
(UNICEF, 2024).

Table (3.4.2.1), number of public-private universities and colleges in Sudan

State Number of public-private universities and colleges Percentage
Khartoum 68 54
Gezira 15 12
Blue Nile 2 2
Sennar (Sennar) 1 0.8
Kordofan 3 2.4
Darfour 8 6.4

Source: (Beshir , Ahmed , & Mohamed, 2020)
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The table above shows 12 public universities and 16 private universities in Khartoum State, in
addition to 1 technical college and 39 private colleges. While Gezira State has 3 public universities,
1 private university, 4 technical colleges, and 7 private colleges, it represents 12% of the total
number of Sudanese universities. As for Kordofan, Darfur, and Sennar have 12 universities,
including public and private ones. Also, the table notes that Khartoum State represents 54% of the
total number of 125 public and private universities, as well as private and technical colleges (Beshir
, Ahmed , & Mohamed, 2020). The recent research paper indicates that the infrastructure of most of
these universities was destroyed as a result of the ongoing war in Sudan, which affected more than 3
million students who were studying in these universities.

Number of Universities
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Figure 3.4.2.1The number of Universities in war areas in Sudan Source: Central Bank of Sudan,

2019-2020.
Table 3.4.2.2 Number of public-private hospitals in 2020 in Sudan
State Hospitals Health centers Health Units Total
Khartoum 53 451 132 636
Gezira 93 402 478 973
Blue Nile 18 68 72 158
Sennar state 34 124 254 412
Kordofan 70 329 614 1,013
Darfour 70 360 464 894

Source: Central Bank of Sudan (CBOS) 2019-2020

This data is derived from the Central Bank of Sudan's 2020 report. Therefore, the data represents
approximate figures for the situation in Sudan during the war period. From this data, a general
concept and matrix can be constructed regarding the damage to the health sector in Sudan as a result
of the 15" April 2023 war. In this table, we have summarized the number of states in Sudan,
focusing on the states most affected by the war. The table above indicates the number of hospitals
and health centers that have become out of service, leading to a deterioration in the health situation
in war zones. This has led to a health disaster in all states of Sudan, negatively impacting citizens'
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health. The numbers above show that there are 4,086 hospitals, health centers, and health units that

are out of service.

Table 3.4.2.3 Estimated Matrix of Sudan’s Public-Private Losses and Damages

Sector Losses and damages E%;rnja;:d Estimating Authority
Health ,0864 NA Wikipedia
High Education 97 universities 50 billion Ministry of_ngher
Dollar Education
Over 70% of the schools
General Education closed causing 7,544,Q24 NA Ministry of _General
students stopped learning Education
due to the war
38 governmental and
Banks and Einancial commercial banks were
N~ completely damaged. In NA Central Bank of Sudan
Institutions o .
addition to 6 foreign
banks stopped working.
Bridges, Transport system,
Infrastructure Telecommunication and | 1 billion dollars |  Ministry of Transport
power stations
Agriculture and Agricultural schemes were Ministry of Agriculture
: NA .
Natural Resources out of production and animal wealth
Over 600 factories - .
Factories and SMEs stopped working. In 300 billion Sudanese B_usmess
o dollars Federation
addition to SMEs.

Source: The authors based on Annual Reports of the Central Bank of Sudan and other sources included in the
above table.

4. Findings and Conclusion:

The ongoing conflict in Sudan, which began in April 2023 between the Sudanese Armed Forces (SAF) and
the Rapid Support Forces (RSF), has had a catastrophic impact on the country’s economy, infrastructure,
and public services. Despite initial government plans to improve fiscal performance and economic stability
in 2023, the war caused Sudan's economy to shrink by 20% in 2023 and 15% in 2024, with inflation soaring
to over 130% and the currency depreciating by more than 300%. The conflict has displaced 10.5 million
people, making it the world’s worst displacement crisis. Basic services, including healthcare and education,
have been severely disrupted. Only a fraction of health facilities remains operational, and schools across the
country are closed, with many repurposed as shelters. Infrastructure damage has paralyzed industrial and
service sectors, particularly in Khartoum and other urban centers, affecting over 600 factories and numerous
economic institutions. Higher education has also suffered, with the majority of the 125 universities and
colleges damaged, disrupting the education of more than 3 million students. With over 20,000 deaths and
widespread destruction, the war has deepened poverty, reversed development gains, and severely
undermined Sudan’s prospects for economic stabilization and recovery.

The reviewed literature examined the experiences and case studies of several countries, including China,
Vietnam, Egypt, Saudi Arabia, Jordan, Rwanda, and Nigeria. The research findings from these countries
consistently affirm the effectiveness of this modern form of financing as a practical and innovative
alternative to traditional mechanisms, such as the franchise system previously granted to financing entities.
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The paper findings align closely with those presented in the literature such as (Abdelrahman, Mohammad ,
& Hawari, 2018), (Al-Tayeb, 2007), (Ali & IbnOuf, 2024), and (Amusan , Joshua, & Oloke , 2013). They
emphasize the importance of maintaining transparency in the selection of financing agencies for various
projects, in order to mitigate potential drawbacks associated with opaque processes. Moreover, the study
underscores the necessity of implementing robust oversight mechanisms to monitor the performance of
these agencies. This is particularly crucial to ensure the eventual transfer of project ownership to local
authorities, in accordance with international best practices and standards.

To answer the questions and hypotheses posed in the paper, the researchers, through a review of the
relevant literature and recent reports on Sudan related to the paper's topic, have found that:

1. The Sudanese state is facing a severe shortage of domestic financial resources, exceeding USD

150 billion, as well as a lack of adequate technology needed to rebuild the war-damaged public
projects in Sudan.

2. There has been destruction and loss of infrastructure in all cities affected by the war, such as
Khartoum, Al Jazirah, Sennar, and western Sudan. The impact even extended to safe areas,
where power and water stations were destroyed.

3. The country has lost most of its export cash crops and livestock, including sheep, camels, cattle,
Gum Arabic, and soybeans. This is due to the Rapid Support Forces’ control over production
areas such as Kordofan and Darfur, as well as Al Jazirah and Sennar states.

4. The infrastructure of the financial and monetary sector-including banks, ATMs, and financial
markets, has been destroyed. As a result, clients are now only able to deposit and withdraw
money in limited areas, leading to financial exploitation and the spread of the parallel market.
Consequently, public trust in the banking and financial sector has deteriorated.

5. The telecommunications infrastructure, particularly that based in Khartoum State, has been
destroyed. This has led to widespread communication blackouts across large geographical areas
of Sudan.

6. Factories operating in most Sudanese states, especially those affected by the war, have been
destroyed. Over 600 factories ceased operations, leaving thousands of workers in both the
industrial and agricultural sectors unemployed.

7. Health service centers across the country have collapsed or gone out of service, resulting in

the spread of diseases and epidemics such as dengue fever, cholera, malaria, and others.

8. Since the onset of the war, higher education, comprising universities and higher institutes, as
well as general education, has come to a halt in Sudan. Consequently, a large number of
students have been deprived of continuing their education.

9. Based on available data, reports, and previous literature, the paper concludes that the BOT
(Build-Operate-Transfer) system can serve as an alternative and effective mechanism for
rebuilding what the war has destroyed in Sudan, due to its reliance on both local and foreign
investments.

10. The paper also concludes that reliance on the BOT system would help provide substantial financial
resources for the state, offer access to advanced technology, and create job opportunities amid the
country's economic stagnation.

5. Policy Recommendations:
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Regarding the critical challenges in Sudan’s post-conflict reconstruction, and based on the analysis
of existing data and literature, the following recommendations are proposed to effectively leverage
the BOT system as a strategic mechanism for national recovery:

1.

The government should Prioritize Strategic Sectors for BOT Implementation by focusing on the
most critical and high-impact sectors, such as the infrastructure, including rebuilding the roads,
bridges, power stations, and water treatment facilities in key cities (e.g., Khartoum, Al Jazirah,
Darfur). The same is true for Health and Education. Rebuild hospitals, clinics, schools, and
universities to resume public services.

The government should create a BOT Legal and Regulatory and transparent Framework, investor-
friendly legislation to govern BOT agreements, as well as forming a national BOT authority to run
and regulate project proposals, contracts, timelines, and compliance by including clear terms for
risk-sharing, dispute resolution, and eventual asset transfer to the country.

Also, the government should take serious steps towards attracting local and foreign investors by
offering tax incentives, guarantees, and land grants to attract their participation. Moreover, working
with international financial institutions to obtain credit guarantees or co-financing schemes. Promote
BOT opportunities through international donor conferences and investment forums.

On top of that, more steps must be taken to enhance Public-Private Partnership (PPP) Capacity by
creating PPP units within main ministries, for instance, infrastructure, health, and education.
Additionally, qualify local staff in negotiation, risk management, and financial modeling for BOT
projects, and encourage partnerships between Sudanese firms and international contractors.

As for the financial sector infrastructure in the war-damaged areas, the government should restore
the financial sector by adopting BOT models for rebuilding banking networks, particularly digital

financial infrastructure and rural access. And collaborate it with fintech firms to provide mobile
banking solutions in underserved areas.

6. To guarantee that the BOT projects are performing well, the government must control and evaluate
BOT Projects by developing a performance monitoring system to ensure efficiency, transparency;,
and public accountability, as well as civil society organizations, and local communities should be
involved in this process.
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