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Abstract
The study aims to explore the reality of digital
transformation in statistical analysis skills using Excel by
identifying the actual practice of digital transformation in
university education. The use of information technology and its
employment in business service is no longer just an option to
improve capabilities, raise efficiencies and increase
productivity, but has become a necessity. The study relies on the
descriptive analytical approach, and the use of the questionnaire
as a primary tool for collecting data. The views of the study
sample of both genders are surveyed and the results of this study
are determined partially or completely by the tools and
procedures used to collect data and analyze topics related to
digital transformation issues in university education. A
questionnaire is designed to study digital transformation in
statistical analysis using Excel. To verify the validity of the
study tool represented by the questionnaire, content validity is
used and to ensure its stability, Cronbach's alpha is used in
addition to content analysis of documents and papers in this
aspect obtained from the study sample, to support the results and
develop proposals and recommendations. The study was applied
to the University of Mesopotamia.
Keywords: Digital transformation, University of Mesopotamia,
digital education, skills, statistical analysis
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Comparison of some indicators of overweight and obesity in
the Multiple Indicator Cluster Surveys (MICS3) and
(MICS4) for the years 2006 and 2011

Saja mohammed Hussein ,prof. P.HD
Zafer Tariq
Dept. of statistics /college of Administration and Economics
Statistical Researcher /Iraq
University of Baghdad

Abstract

There are many problems that countries are experiencing,
namely malnutrition with high rates of childhood obesity. The
number of overweight and obese children in low- and middle-
Income countries is increasing. Because of the changes that have
taken place in our country, Irag in the aspects of living and
nutrition, which contributed to the increase in the demand for
food without paying attention to its harm. The interest in this
research was to compare the indicators of overweight and
obesity of Iraqi children (under five years) in the MICS3, which
was carried out in 2006 and the MICS4, which was carried out
in 2011 at the governorate level and age groups. The educational
level of the mother, sex (male and female) and region (urban
and rural) using the T test to compare two mean And one-way
variance analysis to compare more than two averages. The
results showed that there were significant differences between
the average of these two surveys for the years 2006 and 2011
in terms of weight to height.
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Comparison between the results of linear programming and
transportation problems in reducing costs to the minimum
possible (an applied study on the Dohuk Agricultural
Company for local chicken production in Dohuk
Governorate)

Assistant Professor. Samaher Tariqg Ibrahim
Faculty of Administration and Economics
Department of Statistics/University of Duhok
baghdad s78@yahoo.com

Abstract

The research aims that the transportation problem is one of
the vital and important problems to determine the lowest
possible transportation cost for all goods, and given the lack of a
specific method that gives an optimal solution, therefore, the
researcher tried to study the most important methods for solving
transportation problems that give an optimal solution or a
solution close to the optimal, and to compare the results of these
methods with the result of linear programming to solve the
multi-stage transportation problemTo find out which method is
identical or close to the result of linear programming, by
applying it on the ground by taking one of the agricultural
companies represented by the product (table chicken), which is
transported from the company’s three fields to the governorates
(Dohuk, Erbil, Sulaymaniyah) in order to reduce the total costs
to the minimum possible.
key words_Transportation problems, linear programming
method, constraints, objective function, optimal solution.
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Abstract

Electroencephalogram (EEG) recording technology is widely
utilized in various sectors, and it has evolved and improved as
technology has advanced. The multinomial logistic regression
method was employed to analyze EEG data in this study, and its
utility in distinguishing between the Berger effect in closed and
open eyes was discussed. The sample's results, consisting of 33
adolescent students, were analyzed. One of the most noteworthy
conclusions drawn from wusing the multinomial logistic
regression method was the capacity to obtain meaningful results
while also enhancing predictive ability. The latter produces less
accurate results when comparing the logistic regression
approach and the factor analysis approach.

Keywords: Logistic Regression, Factor Analysis, Class Data,
Berger Effect, Eye Condition.
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Slo zaball 038 alaae adiad Cua ((EGG) § Laall 46L5eS lathais ilans pa
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ol QIS 1) Lo aasty mavy Fuenslll Jlaadl) o adiay by zase
Lhic divs o 2ly (Berger) Ll ew (opial) mgibe 5 (e

2] § Laall liyeS

§ Laall 4l jgS hahada -2
saaid (Electroencephalogram) ¢ Laall 4580 yeS Jalada had A JI5Y
038 (i’ &l L:?AJJJJS:\S\ e.iél“ &9 Y laall caliaa ‘éﬁ c.u.\b Galas e
Laaaall mHla GLEOU QA agal) of aaad & cJhall Jawe o )
Sl (1) JE mageg [6] clgd M 0.3 5 lsd A 0.0002 (0 #9hn
Cua ((EEG) dui 8 dexiial) Cilanall 8 £005eS0 Gl (41sS5 Jalade

-69-



2025 i (AU 232l) aolial] Alsal] e ) Gpileas Y/ ol dlae
www.uarabs.org

Ajlie L (miie Ll (14) &l 8 $0LyeSl UadY) aae of Jaadls
Caidie (ol 13 old (Sl pay WAyl Gluball 8 edied) Claeall,
18] Al ygSh U1 e T dlacly digise Dbty pracy AalSHl)

flall gl ubadl] pudapa e 1(1) JS&

halad) Jalatl) -3
Gl yiall (e de sane Juli (Factor Analyze) Laladl ddail) sl aasiey
dig dly (latent variables) dulll cihuidl o Ji ae ) 53504l
=) 2l Al s zyanes 3 o(Factors) dalsall auls @il 3 L
Jebaill aeng LSk dapy (8 Lgaaady Cbiall pes (e il cplal) (e
sac L diyhall sda (ajidiy o(GLM) aladl ladll 2 3saill (e Tejn Lalall
«(multicollinearity)  as 203 2ag Yy dbd ADle cllia :ilial
alpally il G ad Ll ngas calaill 3 A1 il yiiall ¢pania
JBa) dae e cchsial) G () pem leate o gl ole S [8]
I (1) ADlally i oy alall dudail) ol )81 ¢ (D) ST (i)

x; = p+ Av; + u;, i =1,..,n (1)

_70-



2025 i (AU 232l) aolial] Alsal] e ) Gpileas Y/ ol dlae
www.uarabs.org

A=) 53 (latent variables) Sl cysidl 4aie s (v;) o) das
2 (1) s (A%8) 2l @ld A ggaall Colsill disinn o (4) Oy (5%1)
V) gyl pumg 5L (0%1) 2l 53 saaliadl ye cilhlaaY) asie
Ols v ~ Ng(0,1) o uny Asiee (1)) 4l clyusiall cilgaia —1
(P) saf) 5 ciiall axeie rslall gl I e Gam ¢ Ny (1, X)
(Z) b (ol ddghiany (1) dacsie
Con (P) Gy sho haugion eruhall agll ady (1) Alsd) Clgaie =2
u; ~ Ng (0,9) 10 ) akd Asian (& ()
Ol il (1) (Blodl) Slgatia e Aiiwe (V;) Ll il priall cilgaia =3
G (C) el gl g 1 (X) el Lasia e (1)
x; ~Ng(u,©), i=1,...,n:0 ¢ e ialall il diskia
(L 10 oo JH) 1o 50 (9) 055 Y Ladie dalgall 22e] ol 2al)
J15] 2y (adl @l paiall dae Chad (e J31 (6S0 o o
e sll) jlaaiy) -4
Logistic ) jicaslll jlaat¥l glé ¢ laatV) cdldat aes ae Jiall g8 LS
S 2l el 6 Laxie ofla) ab i ddsi e (Regression
Dtia Gm AR oy bl Chagl sl lasi¥) aadtiong cdalanu)
daiill o (nominal) L) el chuidl e ST o aslgy als Sl
i o sl lasiyl yfess WAl f (interval) il i (ordinal)
[91:0f &l ¢ dsin s i (¥7) Sl dlaacy)
P(Y;=1)=m;

PY,=0)=1—m, Vi=1,..,n
Jiay (1) b I Ll Aol a8 ASad) s o € (0,1) o) Sas
Juialy dsgidally dalaall Gaall Als (15 0) ofiadll (V) dlaaa¥) i
ot Gl die L 0SS Al dualls WL sl e (7 51 — 77;)

_71-



2025 e (AU 232l] aolial] Alsal] e ) Gpileas Y/ ol dlae
www.uarabs.org

(p = 1) hoxe ipial ahuidl (e de ganne el (Ko 4ild (dulaie
: ol @ (1r;) JaaY) (e cxlT = (1,x41, e » Xip) o @

g(m) =n;=x{B =P+ Xi1B1+- . +XipPBp, VI
=1,..,n (2)

(M) Ol Alsgaall Jaat) clalas ania f = (Bo, -, fo) Jiar
s a g(u):R(0,1) s ¢(linear predictors) ddaall climall Jia
& «(link function) Loyl ally sl &dlaasy) cludl 8 g e 4,
Q) ks DA e AS5ad) cilpriall aaa 2 ) a8 A1)
cosll Al ot s LS clgae Al Jalgall ) dabaadl £l
Lol dlss Jull (1) Jsandl zasss Aasbidll z3lall (C.D.F) duasigl

107 Ayl s2a b Lgllanias) 3

L) A Lasiiaall Jall Jlga (1) s>

2 Byl Al Linallg (u)

logistic Logit| log(u/(1—u))

Normal Probit d1(u)

Frechet Cloglog | log(—log(1 — w))

Cauchy Cauchit| tan(m, (u - %))

¢ okl ganhall il (C.D.F) LSl anygall dla N (1) Sell i
Ols xf aliall X iyl g 2 A AW r €N ) Al U
sl Lilaay) @luVL digps k = 1,...,79 = 1,...,p
ala g Jall (R) 4l e (polynomial regression) agaall saxia
[13]:400l) Zalls (5685 Juaglll jlasi¥) 3441l (log-likelihood) l<ay)

_72-



2025 Mu_vl.t.// 22/ é.!Lu:J/ alad)
www.uarabs.org

u‘/u_// Crilean Y slas) dso

£(8) = Z[yl log(r)

+ (1 —y;)log(1l —m;)] (3)
Oy ¢B() 4 pdae) Oy e e Jgaanll (S ¢ SedSl il Jla
Jia cbial ol platinly Lose will oda e o Jsemal) Ko WS ()
bl cad¥) e Joasll (Ko cgal Lal e ((BFGS) dw))ls
Lol slaeddl (Hessian Matrix) ddgeadl Ao 2l ,8 el
[6] (—0%€(B)/0BTdp)
(ROC) (Aaia -5
5 ((ROC) o)l hlaial 4l Ly (silly el dpals Jinie 2ay
3 L ASE ) Caiatl doganl) g3kl adl (ald (K5 Take Luag
il sacld ol (Ko aili Ve € (0,1) zasedl) deedle dyman 4dl Jaadls
([17] 3t dxpall

] T, >
ol 52 2
o @l Jall (2) dssadl A LS s dsas gt (C) O Al S
(4) Aslad) e slaie Y ¢ Laall £eS Jaslass culily
(4) Uslead) o 2Uy ¢ Ladl) Al Jadad (2) Jgan

0

(FP) mlan) Uas

(TN) s e

E
(TP/(TP + FN)) daaluall ad e Jganll 2 Cage 4ld cdinylall s3gay
A oy Ko dus ¢(€) S dasyall (TN/(TN + FP)) el sl

LS (2) J<al 8 S Laly cpabiaal)

_73-



2025 e (AU 232l] aolial] Alsal] e ) Gpileas Y/ ol dlae
www.uarabs.org

1.0
0.9 -
0.8 —

0.7 Good prediction
0.6
0.5
0.4 -
0.3 Bad prediction
0.2

0.1 -

0.0

| | | | | | I | | | |
10 09 08 07 06 05 04 03 02 01 00

(ROC) (sinial (o gausd) Dabaiall (2) S

G Ay peally (ROC) Jiiwall duald imie Jawd dadlgll dalidd) a3 3)
AlSa) Eam (e Adidal) o 3laill A jladd héi5e (AUC) acls Adlasy) cilus)
sl AulKa) il LS Gl sand) cn dalied) cul€ LS gy gl
Oire zdgall Baaall (CUE-OFf) adadl) Ao (la cfpal . Jucadl asiyall o 3gailly
Apaleall lgd 00 Al Akl ) QY1 Gaiall Jals Basagall ddaiill
[14] aslshl ) Lislas (Specificity) due sillg

rabilal) Ly —6

GChhaY a5 Lgall Ldlall ands duys o Sl Clily e Jsanll
Cun 2020 ple & (Jahr) Gl bial ) el T [ ol ai
sl sliagaal) o (aa a8 JB 3 Aie 6 Al & OsSliall aay
by 5 ey 5 sad gl s ) il agie by cAasd) slin gl
S Ayl Ll lad) 5 cilaldll (e o382 5 5adl agie] (Do) agie
1] Dl dlgsy Ay 8 dlaad) claganll Cuins

_74-



2025 e (AU 232l] aolial] Alsal] e ) Gpileas Y/ ol dlae
www.uarabs.org

3 «(EEG) s 14 + (EmotivEpoc) zisar aladiul & cc¥lall Jaails
AF3, AF4, F3, F4, F7, F8, ) Ll lad¥) (ulidy leal) 138w
G5y Gas (1) Ul 8 4l ((FCS, FC6, T7, T8, P7, P8, O1, O2
Lalatiad JSY1 paas Ayl 038g ¢ oubidl) (sSll an 8Ly UBY) a0
121161 (10-20) sk ansls 3 g yaally

O Gl iy o ccadad of 3l <1 4l 6 Luls (128) pene Dleall s
4200 &lo doulal LaiS lelas oSa Ally Sleall Lalall dedll 4l
e @l PlpeSl agal) b ey ok ol ddlaa) aug el
Lasg o(Balin pely dasibe oel) Alls UL (%50) sl Lo (s <Luls (990)
Gakat 5 A (G Takae Tyl Lot (6F (o Ads) iy B2e B oz
Gle 400 Glai b Guldl) Giels lae¥) gpa 28Y) ae claliaadl Jiis
t Al (3) dsandl aage LSy cclsh

((EEG) §Laal) duiliygS Jahads il & dial) (uing 42 (3) o

i) el Julas =7

B e Jpanll & elall datll Guls DA (e alall Judadl) 1-7
dsall e oS G el (ol e (%46.1) dalgall s38 e Jalse
AU Jalgall Sl yeSll daall (factorial load) alall Jesll 4d2a3la (4)

_75-



2025 Lisal G 2320 golesl] Alnal]
www.uarabs.org

el ppilian Y olsif dlse

Ll Zuilijg Jadads ciliby 8 B Jalgal) a5 (4) st

oY) Jalall

0.245

F7

0.330

F3

0.486

0.222

T7

P7

0.654

o1

0.640

02

0.557

P8

0.684

T8

0.378

0.584

F4

0.554

F8

AF4

0.471

Clpadl) Glaiya £ 9020

3.091

0.221

aSUAY Clil) A

0.221

(F4, FC6, P7, P8, O1, 02) dleSll QUi paent & Jg¥) Jalall 3
Dlally coguall Bad gad Agagall Lpadl Cuilsall Jalall 138 Loty clas
S delall WL dyeadl AGal dallaey cgrad) dalSilly ool g
Lagy ails cllyg (AF3, AF4, F3, F4, FCO) dileSll Cladl) e ()5S
dLubadlly ((saccades) dapudl fpall Ajag (asaglly cdaaganl) Cpall Gl
UtV (e osSiall (3) Jalall Jiarg AS)all il 353)5 cAdyaal) sl

_76-



2025 i (AU 232l) aolial] Alsal] e ) Gpileas Y/ ol dlae
www.uarabs.org

GhUdl ¥ bl (el oS, diadl (AF3, AF4, F7, F8, FC6)
dlall ClSally ahaing Gholly daagasll (el dSpan ddadye sa2all
] dayed) AS)al) A (el

Sl B Jalsall 3 aalus ) A8Lsesll QUaY) (3) JSA) muasy
3 2 5L5eSl LAY ey of sl LS ¢ lalall Jdatll e Lgple Jpeanl
Sl Qi) o Ly L(AF4 5 AF3 (FCO (F4) (e (Jalsal) 3 5
gl o Al ol g B (AlyeS bl e dima dill (e 23S)) Ay
<o o A AalyeS)) QUaEY) JY) Ja¥) deladl 5L bl 48
Byaall bndt N jedy e o(Occipital cortex) il s)hall (358 o)
oadl) dilaia b 3lyeS QU e ey IS8 S Jalall (5Sing L pead
Jalall (sginy ofpual .(cognitive aspects) aShayl culsall I pds gl
GGl ) el Ay cdiald yualin€ (F8 5 F7) LljeS ol o i)
shaall Ll e Al (gl ¢l dilal)

() dsY) Jalal (b) S Jalall (¢) il Jalal
- //\ /\\ B //\ N\ ._
/, \\ /, " \\\\ //.. ‘\\\
/ N / oS @ \\_ / @ @
.. ® | ® | ® |
| ] ] )
\ @ /N SN\

£ Laal) Al g€ Jaudads il (B (alad) Jalaill il yg<l) Gy (3) Jsal

Ay 5ol Blaidl Jaglll Jlaa¥) sl 38 6t Auagll) jlaaiy) 2-7
(AUC) e Xy Wl sl sa Liaa of Lay o(dagiie o dalas) (gl
Jsandl & Al Jalgall alasiad Jo¥) :opadsal aladin) S ccanlie (elieS

_77-




2025 4"‘“"/@—'["'// 22/ é—!LutJ/ alad)
www.uarabs.org

u‘/«z_// Crilean Y slas) dso

liinl  Allly ¢(covariates) iSypda clpaie€ lall dsill 4 lgle
S il puaieS 8ydle 4L yeSI sy
L sl Yina) ST 23 Lo Jsanll Alglas 8 sdalgal) aladiu) —Yyf
lede Jseanll @ 3 alsall alasinly Sl Jlaai¥) Gadsd &3 ¢ il
Ll Jls e AN Jalsall ddaclsy z3saill by 3y +(3) JS&N 8 daasally
¢(0.5102) Lyl Jlgs aaead gusds & (AUC)  (link functions) bl
Gl Osell (%51.185 %50.15) culS zasaill 13g) sl il of
e 13 12ke Gad zisall aa ) Ll WS L gl e cdagidall (gually
JSé ahaiall e IS alaaaa o e Uhan ol 13gly Ldaganll daalill
Jlasials 2gaal) 2axie Jlaai¥) aodies Ll o elad) Qilaill eha) J8) il
Adhae cGalaya
Cons sl 35l ladiad 5 ragaadl amaial) laady) aladia) Lol
Jsaal) sy caganll axaia lasily Srdle puaiaS 2aL Sl GlladY) oy
g2 (10 N 1 e zohi) dabiad) agaall saasia cilayal (AUC) ad (5)
Aol by Led lgie (S0 Aogial) aall 50L) ae Alasicadd) das)Y) Lal
EHAWA
(Cauchit Link) aull alls g cdabiaall Jayll Jlsa oo e 4dl maalsll (g
g yall 2g0al) claseie Gilayy aead Luaills ST (AUC) Y zilil) il
Glabaal) 230 (ga 255 3gaall sawia dajs (1) 8ol of Hlae¥) 8 34 xa
O (4) s ssanll saaxie dayy sl & cAuledl 480yl kel
Sl sdle L eI claall (%2) e Ji isiall caad daliall Lgiall 53l
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Abstract

Digitization offers significant benefits in improving population
file management by providing more accurate, faster, and more
flexible systems. It aids in decision-making, enhances
transparency, and enables rapid emergency response,
contributing to sustainable development and effective planning.
This study employs descriptive analysis to assess the role of
digital transformation in managing population files in selected
Arab countries. Key findings indicate that only a limited number
of countries have 100% of the required digital infrastructure
elements, while most countries have availability rates ranging
between 50% and 80%. The lack of trained and qualified
personnel is identified as the primary challenge preventing full
utilization of digital transformation. Additionally, 63% of the
surveyed countries believe they have maximized the benefits of
digital transformation in population management, particularly in
decentralized planning, monitoring and evaluation, and
preparedness for demographic transitions. Furthermore, digital
transformation  contributes to  achieving  Sustainable
Development Goals (SDGs 3, 4, 8, and 16) and has improved
the quality of life by 75%. It also helps in saving time and effort,
reducing costs, and enhancing efficiency. The key
recommendations include conducting a regional review of the
concept of population databases, standardizing indicators, and
strengthening Arab cooperation.

Keywords: (Digital Transformation, Planning, Quality of Life,
Indicator, Monitoring and Evaluation)
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Abstract:

In this paper, new methods were proposed to detect and
estimate outliers for multiple regression models. The detection
method was based on using the oblique ellipse equation whose
center is (X, ,D,) for each explanatory variable X;based on the
DFBETAS (D;;) statistic proposed by Belsley, Kuh & Welsch.
Seven methods were also proposed to find estimates for these
observations, some of which were based on finding the point of
intersection of the line connecting each of the outlier and the
center of the ellipse; with the ellipse equation, and others were
based on adding or subtracting each of the variance or the
common variance multiplied by the value of the left side of the
ellipse. As a practical application, the data of Chatterjee & Hadi
(1988) for the Health Club were used. These methods gave good
results, some of which gave better results than the deletion
method, but all of them increased the value of the coefficient of
determination and reduced the mean square error.

Keywords: outliers, detecting, estimating, oblique ellipse,
DFBETAS statistic, Hat matrix, Catcher matrix.
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1. Introduction: Outliers are observations that appear
inconsistent with the remainder of the data set. Outliers may be
mistakes, or else accurate but unexpected observations which
could shed new light on the phenomenon under study.In
regression analysis, an outlier is an observation for which the
residual is large in magnitude compared to other observations in
the data set. The detection of outliers and influential points is an
important step of the regression analysis. Outlier detection
methods have been used to detect and remove anomalous values
from data '°!.

A common concern in empirical research is whether findings
might be invalidated by a set of outlying observations. Such
outliers can bias estimates and distort inference in regression
models. Consequently, it is important to check for possible
outlier contamination %,

If the study of outliers was able to secure credit cards, by
identifying suspicious transaction behavior from normal ones
and could prevent anomalous network intrusions, just imagine
how it could improve the medical field. Medical data analytic

2.
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will provide better and more effective results and even diseases
could be detected when effective outlier detection approaches
are developed. These approaches must be robust in the presence
of outliers and must provide perfect decision-making towards
outliers 1!,

The first beginnings of the topic of outliers dealt with such a
type of observations by deleting them and analyzing the rest of
the observations. As is known in statistics, any deficiency in
data will lead to a deficiency in the studied information and thus
affect the results of the adopted analysis. Therefore, the trend
towards estimating outliers instead of deleting them aims to
preserve the greatest amount of information in the sample
selected for analysis.

2. Objective of the research: The main objective of the
research is based on proposing a new method for detecting
outliers and then estimating these observations after discovering
them in the case of multiple linear regression, which pertains to
the explanatory variables.

The purpose of these proposed methods of estimating is when
we cannot sacrifice the size of the sample drawn from the
population, especially if the sample size is very small such as
medical experiments. So, we estimate these outliers and enter
them into the data again.

3. Historical background: The historical roots of detecting
outliers for multiple regression models go back to the second
half of the last century. In 1972, Behnken & Draper ™ studied

the Standardized Residuals statistic SR; = ;—"to detecting single

e

outliers. In the following year, Ellenberg "' proposed the
Studentized Residuals statistic STR; = ———where h; =

x;(X'X)"1x;/and x;represents the i"row in the matrix of
explanatory variables X.

In 1980, Belsley, Kuh & Welsch proposed the test statistics
DFFITS, DFSTAT & COVRATIO DFBETAS, to detect

outliers.

3
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In 1993, Hadi & Simonoff ! proposed a method to diagnose
multiple outliers in a multiple linear regression models by
dividing the data into two subsets, the first of which includes M
observations free of outliers and the second of which includes
the doubtful observations, the extreme cases of which are tested.
In 2002, Al-Jobouri& Nacy ! proposed a method to detect and
estimate outliers for simple linear regression models, as they
relied on the equation of the oblique ellipse in detection, and
they proposed eight methods to estimate them, some of which
depended on finding the point of intersection of the line
connecting each of the outlier point and the center of the ellipse
with the equation of the ellipse, and others depended on adding
or subtracting each of the variance or the covariance multiplied
by the value of the left side of the ellipse.

In 2017, Stephen & Senthamarai investigate the presence of
outliers based on existing procedures of residuals and
standardized residuals. they have used the new approach of
standardized scores for detecting outliers without the use of
predicted values. The performance of the new approach was
verified with the real-life data.

4. Proposed methods: The researchers relied on expanding the
methods proposed in their previous research for detection and
estimation in the case of the simple linear model ™M o include
multiple linear regression models, as these proposed methods
work to detect and estimate outliers for the explanatory variables
X;;jonly and do not detect and estimate outliers for the response
variable Y;. The proposed method in this field is as follows:

|- Using the DFBETAS (D;;)to extracting D;;, considering that
land j represent the sequence of each of the observation and the
explanatory variable, respectively, as follows:

Cj' € 2

* <
Zn Cz S(i)(l_hii) Vn
i=1bij

where C = (X'X)~1X'represents the Catcher matrix.
h;; = x;(X'X)~1x/represents the diagonal of the Hat Matrix.

Dij ==

_4-
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x;represents the it" row in explanatory matrix.

e; = Y; — Y;represents the random error of observation i.
Scyrepresents the standard deviation of the error by exclude
observation i.

lI- In the same manner followed in the previous research M, the
outliers can be diagnosed using the oblique ellipse equation
whose center is (X,,D,)and for each explanatory variable
separately, meaning that the number of ellipse equations will be
equal to the number of explanatory variables.

[(XU — Xj)COSQj + (DU - Xj)SlTlej]z

Zl"_

J a_2
]
[(DU - Ej)COSHj - (Xl] - X])SmGJ]Z
+ 2
b:
]
where
1 o Y25p; V15x;
9] = tan :8] ) bj = aj =

cosb;
y;andy, are positive default values, the first determines the
length of the major axis of the ellipse and the second determines
the length of the minor axis.
SXjandSDjrepresent the standard deviation of each of the
variables X; andD; respectively.
After substituting the points (X;;, D;;)in the equation j above,
any point that gives Z;; > 1 is diagnosed as an outlier.
[11- Follow one of the suggested methods for estimation
mentioned in the previous source to estimate the X;;observations
discovered as outliers, and after estimating all the outliers for all
the explanatory variables, these estimates in the model replace
their previous values, and then the test is repeated again (step I).
If outliers appear, we move to step I, otherwise we stop.
The proposed methods for estimation are:
- The first method M1 - The estimation is represented by the
point of intersection of the ellipse of the explanatory variable
Xjand the response variable D;, i.e. when Z;; = 1; with the

5.
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equation of the line connecting the outlier point (Xoj,DOj)and
the center of the ellipse (X, ,D,), i.e.:
= Do;Xj — Xo;D; | Dj — Do, X,
X — Xo; X — Xo;
- The second method M2 - The same previous method after
deleting the outlier observation from the data set for each
explanatory variable.

- The third method M3 — It is estimated using one of the
following two equations:

i = Xij +\/|Zu*cov( Dj)|
The positive sign of the above relationship is taken if the value
of the observation X;jis less than its arithmetic mean
)?j,otherwise the negative sign is used.

- The fourth method M4 - Estimate using one of the following
two equations:

X = Xjj +/Z =I<S2

- The fifth method M5 - Estimate using one of the following
two equations:

Ry =Xy % Jlys » 2y« cov(, 1)

- The sixth method M6 - Estimate using one of the following
two equations:

Xij =X+ \/h * Zij * S)%j

- The seventh method M7 - This method depends on
estimating the outlier observation by finding the point of
intersection of the line connecting the outlier point

(Xoj,Doj)and the data center (X,,D,)for the explanatory
variable X;and the line D;; = \/% so the observation estimate
X;jwill be:
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n_D.. n_oX..

= =11 2 1=1“*1
whereD; = =y , andX; = /
n

n
5. practical aspect: Data from Chatterjee & Hadi ® for the
year 1988 for Health Club were used (Table 1):

|
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
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Where:

Y represents the time (seconds) taken to run one mile.

X represents the weight (pounds).

X,represents the heart rate per minute.

X5 represents arm and leg strength (the number of pounds a
person can lift).

X,represents the time (seconds) taken to run a ¥ mile test.

By applying the DFBETAS statistic equation, D;;can be found
and by using the ellipse equation by taking the original values of
X;jwith the extracted values of D;;, we will have four ellipse
equations, one for each explanatory variable X;. By applying the
same method to detect outliers, the most likely is observation
no. 28in the values of the variables X; andX,; and observation
30 in the value of the variable X;,(i.e.xg1 = 245,x,84 =
69 andxs,, = 53 ; which is very similar to other methods of
detection .

As for estimating these outliers, they are done by one of the
suggested methods and using the computer programs found in
the source [2]. The final results of the estimates of these
methods were as follows:

1- The estimates of the outliers for these methods were as
follows:

Table 2 Estimates of anomalous observations
Obser- | Variable | origina Estimated value by

vation | value M3 M4 M5
no.

8 180

11 232

23 257

64

313

96

245

70

69

53
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2- The estimates of the regression parameters ; before and
after estimation by deleting outliers with a t-test for each
parameter and an F-test for the model were as in table 3; By
comparing the calculated t values for the model parameters
(numbers enclosed in parentheses in Table 3) with the tabular
value of the degree of freedom 25, we note that:

- The value of B, is not significant for all methods at the level
ofa = 0.25 .

- The value of B, is significant for all methods at the level of
a = 0.01.

Table 3 Estimates of regression parameters and t and F-tests

Method Bo By B, B2 B4
Before -3.816 1.272 -0.526 -0.506 3.900
estimation | (-0.067) | (4.354) | (-0.599) | (-2.019) | (5.123)

M1 -6.193 |1226 |-0572 |-0.489 |4.039
(-0.109) | (4.073) | (-0.652) | (-1.952) | (5.168)

M2 4022 |1277 |-0635 |0431 |3.835
(-0.059) | (2.720) | (-0.605) | (-1.367) | (3.647)

M3 7033 | 1222 |-0561 |-0.486 |4.042
(-0.123) | (3.984) | (-0.680) | (-1.922) | (5.112)

M4 6238 | 1086 |-1.143 |-0.464 |4.697
(0.144) | (3.665) | (-1.318) | (-1.979) | (6.022)

M5 -3.645 1.217 -0.671 -0.492 4.138

(-0.065) | (4.163) | (-0.769) | (-2.006) | (5.383)

M6 7594  |0923 |-2433 |-0.263 |5.590
(0.159) | (3.864) | (-3.271) | (-1.241) | (9.798)

M7 24742 | 1.017 |-0.322 |-0.320 |4.152
(-0.364) | (2.498) | (-0.304) | (-1.049) | (4.203)

Deleteobserv | -15.234 | 0.945 0.644 -0.380 4.589
ation no. 28 | (-0.277) | (22.835) | (-0.764) | (-1.525) | (5.575)

Deleteobserv | 31.593 | 1.398 | -1.319 | -0.643 | 4.225
ationno. 30 | (0.576) | (5.066) | (-1.497) | (-2.697) | (5.901)

Deleteobserv | 19.902 1.067 -1.422 -0.519 4.894
ations no. | (0.381) | (3.463) | (-1.703) | (-2.211) | (6.429)
28, 30
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- The value of 8, is not significant for most methods at the
level of a = 0.01. The remaining methods M4 and the method of
deleting observation no. 28 and the method of deleting
observations no. 28 and 30 together are significant at this level.
As for the method M6, the value is significant at the level of o =
0.005.

- The value of Bsis significant for all methods at the level of a
= 0.05 except for the methods M6 and M7, where the value is
significant at the level of a = 0.25, and the method M2 and the
method of deleting observation no. 28, where the value is
significant at the level of o = 0.10.

- The value of B,is significant for all methods at the level of o
= 0.0005.

- As for the result of the F test and the two degrees of freedom
(4,25), the model parameters are generally significant at the
level of o = 0.005 for all methods.

3- The result of estimation or deletion of observations was the
values of the coefficient of determination for the model R?, the
mean square error MSE, and the variance of the estimated value
of the response variable V(¥ )as in Table 4:

From Table 4, we note that all methods increased the R?value
and decreased the MSE value except for the M2 and M7
methods. The highest R?and the lowest MSE were achieved by
the M6 method, thus it is more efficient than the other methods.

-10-
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Table 4 Values of the coefficient of determination, the mean
square error, and the variance of the estimated value of the
response variable

Method

(Y1JY2)

Repetition

RZ

MSE

v(¥)

Relative
Efficiency

Before
estimation

0.85406

851.935

4126.019

1.000

M1

(4.5, 5)

0.85644

838.036

4137.521

1.017

M2

(4.5, 5.5)

0.81185

1098.348

3922.090

0.776

M3

(4.5,5.5)

0.85526

844.954

4131.795

1.008

M4

(4.5, 6.5)

0.87674

719.534

4235.592

1.184

M5

(4.5, 8)

0.86124

810.008

4160.716

1.052

(4.5, 4.5)

0.91190

514.315

4405.428

1.656

M7

0.80391

1144.664

3883.825

0.744

Delete

0.80391

1144.664

3883.825

0.744

observation
no. 28

Delete 0.88018 | 724.004 | 4368.573 1.177

observation
no. 30

Delete 0.88973 | 647.903 | 4259.550 1.315

observations
no. 28,30

6. Conclusions:

This paper sought to propose a method to detect outliers for
multiple linear regression models and then propose methods to
estimate these observations instead of deleting them. In its
practical aspect, a comparison was made between these
proposed methods and with existing methods using the deletion
method. The most important conclusions in this regard are:

- All the proposed methods increased the value of RZand
decreased the value of MSE except for the M2 and M7 methods,
which decreased the value of R%and increased the value of MSE.
- The highest R%and the lowest MSE were given by the M6
method, followed by the M4 method.

- Deleting outliers may give the highest R?and the lowest
MSE compared to the estimation methods, but the danger lies in
excluding many observations, while the estimation methods
estimated only a value for one variable from one observation,

-11-
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which led to increasing the value of R%and decreasing the value
of MSE significantly and better than the deletion method.

- The estimation methods did not affect the strength of the
model parameters as a whole (F-test) and at a significance level
of 0=0.005. As for individually, the effect of the estimation
methods was slight on the model parameters (t-test).
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Abstract:

Background: Accurate forecasting of student graduation rates is
critical for educational planning and resource allocation.
Previous research has stressed the value of using panel data
since it may include cross-sectional and time-series changes,
resulting in a more robust analysis than single-dimensional data
sets.

Objective: This research aims to construct an efficient statistical
model that uses panel data to forecast students' graduation
estimations and compare several statistical models to determine
which one is most accurate.

Methods: We used six-panel data models: Pooled Ordinary Least
Squares, one- and two-way fixed effect models, one- and two-
way random effect models, and mixed models. Data was
gathered from graduates from four departments over five years,
with 10 students from each department every year, for 200
observations.

The results showed that the models examined had varying
degrees of accuracy. The two-way fixed effect model was the
most successful, with the lowest root mean square error (RMSE)
and the greatest R-squared value. This model's superiority stems
from its ability to manage unobserved heterogeneity across time
and individual effects.

Conclusion: The research finds that the two-way fixed effect
model gives the most trustworthy estimates of student
graduation rates and recommends its use in educational
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forecasting and planning. The model's capacity to effectively
capture complicated fluctuations across both dimensions makes
it an important tool in educational statistics.

Keywords: Panel Data (PD), Statistical Models, Fixed Effect
Model (FEM), Random Effect Model, Time-Series Analysis..
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1. Introduction:

In the changing world of educational research, properly
anticipating student outcomes such as graduation rates is critical.
Traditional techniques frequently use cross-sectional or time-
series data; however, these approaches may need to reflect the
intricacies inherent in educational contexts adequately. Panel
data analysis emerges as a superior tool, providing a more
detailed view by accounting for temporal dynamics and
individual characteristics. This research aims to use the
resilience of panel data to build an effective statistical model for
forecasting student graduation rates. With its dual focus on time
series and cross-sectional dimensions, panel data yields a rich
dataset that captures both temporal progression and individual
heterogeneity across pupils. This type of data has greater
variability, less collinearity across variables, more degrees of
freedom, and higher estimate efficiency than pure time-series or
cross-sectional data. These characteristics are especially useful

_14-
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in educational settings because student-specific and time-
specific factors are important in determining educational results.
Given the complexities of educational processes, using panel
data in educational research is more than a methodological
preference. Many factors impact educational results, including
institutional policies, individual student actions, and external
environmental conditions, which fluctuate over time. Panel data
enables researchers to adjust for these characteristics, perhaps
resulting in more accurate and trustworthy predictive models.
Furthermore, predictive modeling of student graduation rates is
of great interest to policymakers, and stakeholders involved in
higher education planning. Accurate projections can guide
resource allocation, policy creation, and strategic planning,
resulting in better educational results. In light of this, the major
goal of this research is to use panel data to create and analyze
multiple statistical models to see which best predicts student
graduation estimates [9],[12],[14]}

This research is especially pertinent and important given the
rising availability of educational data and the growing demand
for educational institutions to improve graduation rates and
other academic results. With the transition to data-driven
decision-making in education, the findings of this research hope
to provide useful insights into the successful use of statistical
models in educational forecasting. To achieve these goals, this
research takes a thorough approach, examining six distinct panel
data models: pooled ordinary least squares (POLS), one- and
two-way fixed effect models (FEMSs), one- and two-way random
effect models (REMs), and mixed models. Each model has
various benefits and drawbacks in dealing with unobserved
variability, which is crucial for understanding and forecasting
student performance and outcomes. This research's data was
methodically gathered from the records of graduates from four
departments at Cihan University - -Sulaymaniyah over five
years. Each department provided data on 10 students yearly,
yielding a large dataset of 200 unique observations. The sample
size and variety guarantee that the findings are statistically
significant and potentially applicable to other similar

-15-
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educational environments. Significant research has
demonstrated the value of panel data in various disciplines, but
its use in predicting educational results still needs to be
explored. Previous research has mostly focused on economic
and behavioral sciences, where the efficacy of panel data has
been well-proven. By applying this technique to the educational
sector, our research fills a significant vacuum in literature. It
provides evidence on the applicability and efficacy of panel data
models in projecting student graduation rates, an area ripe for
investigation given the growing issues in higher education
worldwide.  {[2],[5].[7],[8] .This introduction lays the
groundwork for thorough research using panel data to forecast
student graduation rates. This research intends to contribute to
the larger area of educational planning and analysis by
evaluating several statistical models to discover the most
successful model. The following parts will further detail the
methodology, data analysis, and the findings' significance for
educational research and practice.

1.1. Research Objective:

The key objective of this research is to construct a strong
statistical model that uses panel data to predict student
graduation rates with high accuracy. Recognizing the
complexities of educational outcomes, which are impacted by
various individual and institutional variables that change over
time, this research aims to capitalize on the deep insights
afforded by panel data. Panel data analysis is particularly well-
suited to educational contexts because it combines time-series
and cross-sectional data, allowing for a more extensive
examination than standard statistical approaches. In educational
research, reliable forecasting of student graduation rates is
critical for successful academic planning and resource
allocation. It guides strategic choices such as curriculum
changes, student support programs, and administrative policies.
By forecasting graduation results, institutions may better match
their resources to student needs, potentially boosting overall
educational effectiveness and efficiency. The research used six-
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panel data models to achieve this goal: Pooled ordinary least
squares, one- and two-way fixed effect models, one- and two-
way random effect models, and mixed models. Each model is
evaluated for its ability to reliably anticipate graduation rates
using a dataset that includes student records from four academic
departments over five years for 200 observations. This technique
assesses each model's predictive capacity and investigates their
comparative  efficacy in dealing with  unobserved
heterogeneity—variations that are not explicitly quantified yet
impact student outcomes. This variation might include latent
human factors like motivation or unmeasurable institutional
variables like instructional quality. Finally, the research aims to
select the most efficient model using metrics such as root mean
square error (RMSE) and coefficient of determination (R-
squared). The objective is to develop a model that makes exact
predictions and contains a better knowledge of the underlying
elements that influence student achievement. This research is
intended to contribute substantially to educational statistics and
help academic institutions implement more data-driven methods
in educational and administrative planning.

1.2. Problem Statement:

Accurate projection of student graduation rates is a hard task for
educational institutions worldwide. Despite the growing
availability of data, many colleges fail to properly use this
information to forecast outcomes and execute proactive
interventions. Traditional statistical approaches frequently
depend on time series or cross-sectional data, which may fail to
represent the complexities of student growth and institutional
dynamics. This shortcoming reveals a substantial gap in existing
models' predictive capacities, as they need to account for the
inherent variability and temporal fluctuations that distinguish
educational contexts. Panel data analysis provides a potential
answer by encompassing both aspects, although its use in the
educational sector is neglected. The issue is the need for a
comprehensive statistical model capable of efficiently
integrating these complex data structures and providing accurate

17-
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and actionable predictions. This gap limits educational
institutions' ability to provide tailored solutions and impairs their
ability to engage in strategic planning and resource allocation.
Furthermore, there needs to be a consensus on the best statistical
model for assessing panel data in education. Various models
exist, each with theoretical benefits and limits, but comparison
assessments are few, leaving institutions unsure of which model
best fits their data and aims. This uncertainty hinders attempts to
raise graduation rates and strengthen student support systems.
Furthermore, the issue of unobserved heterogeneity—variables
that impact student progress but cannot be measured—presents a
considerable barrier. Traditional models frequently ignore these
impacts, thus resulting in skewed estimations and inferior
forecasts. An urgent need is for a model that can properly adjust
for these unobserved variables, resulting in a more accurate
representation of student outcomes. Addressing these problems
necessitates a comprehensive examination of panel data models
to determine the most efficient method for forecasting student
graduation rates. This research addresses a methodological gap
by evaluating several panel data models and identifying which
model best accounts for both observable and unobserved factors
in the educational environment. The research aims to provide
practical insights to help academic institutions improve their
predictive analytics skills, resulting in better educational results
and institutional efficiency.

2. Literature Review:

The study on educational outcomes has long recognized the
difficulty of reliably forecasting student graduation rates. The
intricacy stems from various elements, including individual
student traits, institutional issues, and larger socioeconomic
situations. Traditional statistical models, which frequently
depend simply on time series or cross-sectional data, have yet to
be proven inadequate in fully capturing these dynamics. As a
result, panel data has gained popularity, giving a more
comprehensive approach by combining temporal and cross-
sectional data, resulting in a richer analytical framework. Panel
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data's capacity to accept this complexity originates from its
fundamental structure, which allows for modeling several
dimensions, including variability across participants over time
and among various organizations. This dual emphasis not only
improves the robustness of the analysis but also aids in
controlling unobserved variability, which is a key difficulty in
educational research because many affecting factors are not
readily measured or seen.

The use of panel data in educational contexts has been gradually
established in the literature, with significant increases in
predicted accuracy and dependability over traditional models.
For example, fixed and random effect models are frequently
praised for handling the quirks inherent in educational data.
Fixed effect models are particularly praised for controlling time-
invariant features across individuals or groups, isolating the
impact of variable changes over time. Random effect models are
appropriate when entity changes are considered random and
uncorrelated with predictor or outcome factors. Furthermore, the
research shows that mixed models, which incorporate aspects of
fixed and random effects models, provide greater flexibility
when dealing with data with several degrees of variability. These
models effectively cope with circumstances in which some
aspects are better treated as fixed and others as random,
resulting in a personalized approach that closely matches the
complicated structure of educational data. Despite the accepted
benefits of panel data, its use in educational research has
challenges. The methodological rigor necessary for model
selection, the assumptions behind each model, and the
computing complexity of dealing with big datasets are all
common topics in academic discussions. These limitations
highlight the need for continued research and methodological
improvement to improve the use of panel data models in
education. {[1],[6],[13].[15]

Literature consistently supports panel data analysis as a
preferable tool for educational research, particularly when
predicting outcomes such as student graduation rates. It provides
a sophisticated approach that traditional approaches do not,
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making it a must-have tool for educational researchers looking
to improve forecast accuracy and contribute significantly to
educational planning and policymaking. This work lays the
groundwork for the present study's investigation of data models
for forecasting student graduation estimations, aiming to
identify and recommend the most efficient model based on
evidence [3],[4],[10],[16].

3. Methodology:

The methods component of this research uses panel data models
to analyze time series and cross-sectional data concurrently,
allowing for a full review of factors impacting student
graduation rates across time. Different panel data models—
Pooled ordinary least squares, Fixed effects, Random effects,
and Mixed models—handle wvarious assumptions and
unobserved heterogeneities within the departments studied. This
technique enables robust analysis by considering the data's
specific properties, allowing for a more in-depth understanding
of the dynamics at play.

3.1. Panel Data Models:

The methodology used in this research is panel data analysis,
which offers a multidimensional approach by combining time
series and cross-sectional data. This enables a more thorough
assessment of the variables impacting student graduation rates
across departments over time. The research employs a variety of
panel data models, each designed to evaluate various
assumptions about the data and the underlying mechanisms that
influence student outcomes [11].

3.2. Pooled Ordinary Least Squares (POLYS):

The pooled ordinary least squares model is the simplest type of
panel data econometric model. It is assumed that there is no
unobserved heterogeneity among cross-sections, meaning that
all differences across units (e.g., departments) may be
represented by observable variables [18]. The model is defined
as:
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yit == ﬁO + xltﬁ + E“lt ven wan mws mns wws weson s (1)

Where:Var( €;1)-5, , E (€it)=0
yit indicates the graduation rate of the ith student in the year, Xit

comprises independent variables like student grades, and &;; is
the error term.

3.3. Fixed Effects Model (FEM):
The fixed effects model (FEM) takes into account unobserved
heterogeneity that is constant across time and correlates with
independent variables. This model is critical when the difference
between entities (departments) is anticipated to influence the
dependent variable [16]. The model is represented as:

Yie= ol + Blxgt &y
ai represents the unique influence of the ith entity, which does
not change over time.

3.4. Random Effects Model (REM):
This model assumes that entity fluctuations are uncorrelated
with independent variables across time [17]. The equation for
this model is

Yie= ¥ + Plxg+ Ul +&;
where ui represents the random influence of the ith entity and
;¢ represents the idiosyncratic error.

3.5. Mixed Model:

The mixed model combines the regression framework's fixed

and random effects models [18]. The equation for this model is
Y=B0+>BiXi+y+e

Y is the dependent variable, OBO0 1s the global intercept, Bi are

the fixed effect parameters, Xi are the fixed effect variables, y

represents random effect variance, and ¢ is the residual variance.

4. Practical Applications:

This research's data was compiled from records from four
departments at Cihan University-Sulaymaniyah over five years.
Each department reported data on 10 students every year for 200
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observations. The dependent variable (Y) reflects the students'
graduation rates, whereas the independent variable (X) is a
weighted average of their grades throughout the first, second,
and third years.

4.1. Statistical Analysis:

The research begins with data cleaning and preparation, in
which the dataset is evaluated for missing values and outliers to
ensure the robustness of the next analysis. Descriptive statistics
are presented to offer an overview of data distribution and
central patterns.

The models are fitted using the R statistical program, allowing
extensive data manipulation and testing. Model diagnostics
verify normality, homoscedasticity, and multicollinearity.

4.2. Model Selection Criteria:

Several statistical factors are used for selecting models:

« Utilize Root Mean Square Error (RMSE) to assess the
average size of mistakes.

 In a regression model, R-squared (R2?) represents the
percentage of variation explained by an independent variable.

Table 1: Model Evaluation Criteria

Model Type

Pooled Ordinary Least
Squares (POLYS)
One-Way Fixed Effect (1-
FEM)

Two-Way Fixed Effect (2-
FEM)

One-Way Random Effect
(1-REM)

Two-Way Random Effect
(2-REM)

Mixed Effects Model
(MEM)

Each model's parameters and assumptions are compared to these
criteria to identify the best match for the data. This
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comprehensive approach guarantees that the chosen model fits
the data well and properly captures the underlying mechanisms
that influence student graduation rates.

4.3. Results:

This research analyzes alternative panel data models to
accurately forecast student graduation rates, using a dataset of
records from Cihan University - Sulaymaniyah's four
departments for five years.

4.4. Stationarity tests:

The dataset's stationarity was initially assessed using the
Augmented Dickey-Fuller (ADF) test to determine its
appropriateness for panel data analysis. The ADF test was used
in three distinct forms, Level, First Difference, and Second
Difference, to investigate the presence of unit roots in
graduation rates (Y) and weighted mean grades over three years
(X1).

Table 1. Augmented Dickey-Fuller Test Results

Test ADF Statistic Critical Values Conclusion
Condition

Level -11.76509 : 1%: -3.463, 5%: | Reject HO;
-2.876, 10%: - | Stationary
2.575

First -12.98409 . 1%: -3.464, 5%: | Reject HO;

Difference -2.876, 10%: - | Stationary
2.575

Second Data not
Difference | provided in the
input text for
actual ADF
statistic values

The findings reveal stationarity in the Level and First Difference
conditions, with significant ADF statistics (p-value < 0.05). This
allows us to reject the null hypothesis of a unit root for the
series.
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4.5. Model Evaluation:

The stationary data was analyzed using multiple panel models to
determine the best fit based on RMSE and R2? values. Pooled
Least Squares, One- and Two-Way Fixed Effects, One-Way
Random Effects, and Mixed Effects were among the tested
models.

Model Type RMSE R2 Model Details

Pooled Least Square |2.180554 |0.956099 | Variables: C, X1
(POLYS)
One-Way Fixed Effect |1.146276 | 0.966072 Variables: C, X1
(FEM)
Two-Way Fixed Effect | 1.130461 | 0.967002 Variables: C, X1

(FEM)
One-Way Random Effect | 1.276203 | 0.955864 | Variables: C, X1
(REM)
Two-Way Random Effect | 1.271789 | 0.955986 Variables: C, X1
(REM)
Mixed Effect (MEM) 1.141689 | 0.966225 | Variables: C, X1

The Two-Way Fixed Effect model is the most effective, with the
lowest RMSE (1.130461) and greatest R? (0.967002), indicating
higher predictive performance over other models.

4.6. Algorithmic representation of the best model: Figure 1

depicts an algorithmic representation of the specified Two-Way
Fixed Effect model.
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model configuration
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time I
Check for
multicollinearity
I among variables
Multi-
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detected? I
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No transformation
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_ MAmEng crome - I Proceed with model
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R* statistics to

evaluate model
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(_ END )
Figure 1. Enhancing Predictive Accuracy with the Two-Way
Fixed Effect Model in Educational Data Analysis

This methodological approach demonstrates the resilience of
applying sophisticated panel data approaches to manage
complicated  educational  data, providing  academic
administrators with a trustworthy tool for efficiently forecasting
student outcomes. The Two-Way Fixed Effect model's
superiority demonstrates its capacity to account for differences
within departments and across time, indicating a more
comprehensive knowledge of the factors impacting student
graduation rates.
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5. Discussion:

In the scholarly conversation around the predictive modeling of
student graduation rates, the introduction of panel data analysis
represents a significant improvement. This research's
investigation of several statistical models, notably the Two-Way
Fixed Effect model, represents a significant advancement in
understanding and forecasting educational results. The outcomes
of this research not only confirm the value of panel data but
demonstrate its superiority over traditional models, which
frequently overlook the multidimensional character of
educational data.

Panel data is designed to capture cross-sectional and time-series
variations, allowing for a more complete investigation of
changes over time and across organizations. This skill is
especially useful in educational contexts, as both temporal and
entity-specific effects substantially impact student results. As
indicated by the results, the Two-Way Fixed Effect model
displays a remarkable capacity to account for unobserved
heterogeneity, which has been a significant shortcoming in prior
investigations. Traditional statistical techniques, such as time
series or cross-sectional analysis, have yielded limited insights
since they cannot address fluctuations over time and entities at
the same time. Previous research has frequently produced
skewed or inconsistent results when these dimensions cross,
especially when unobserved heterogeneity relates to explanatory
factors. The Two-Way Fixed Effect model solves this problem
by explicitly modeling time-invariant and entity-specific
changes, resulting in more trustworthy and accurate predictions.
Furthermore, using this model to forecast student graduation
rates demonstrates its practical significance. The Two-Way
Fixed Effect model surpasses its competitors by obtaining the
lowest Root Mean Square Error (RMSE) and the best R-squared
value among the evaluated models, and it closely aligns with the
theoretical predictions mentioned in the literature on panel data
effectiveness. This alignment demonstrates the model's ability to
handle the intricacies inherent in educational data, including
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various impacting factors, from individual student actions to
institutional rules.

The findings of this research may also be compared to other
studies, particularly those that used single-dimensional data
analysis methodologies. It has been shown that models that only
contain multidimensional data frequently pay attention to
important determinants of student achievement, such as
departmental features or time-related changes in educational
policy. In contrast, the Two-Way Fixed Effect model's capacity
to combine various characteristics leads to a more
comprehensive understanding of the factors that impact
graduation rates.

Furthermore, the practical ramifications of these discoveries are
enormous. For policymakers, the ability to reliably anticipate
student outcomes is critical. It provides better-informed
decision-making about resource allocation, curricular changes,
and intervention measures, all critical to increasing student
success rates. Furthermore, the analytical framework presented
in this research serves as a roadmap for future research,
implying that comparable methodologies might be used in other
areas of educational research, such as student retention rates or
academic performance.

This work considerably advances the use of panel data in
educational research. In particular, the Two-Way Fixed Effect
model makes a convincing argument for its use in comparable
circumstances. It is a methodologically sound and practically
relevant tool for educational researchers and administrators. This
research not only adds to academic literature by proving the
efficiency of a complex statistical tool, but it also emphasizes
the necessity of selecting proper analytical procedures to answer
specific research questions in the field of education.

6. Conclusion & Recommendations:

The analysis of the prediction accuracy of several statistical
models for projecting student graduation rates using panel data
resulted in valuable insights, as evidenced by the findings of this
study. The research thoroughly investigated different panel data
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models, ultimately determining that the Two-way Fixed Effect
Model was the better choice based on performance measures.
This finding is reinforced by extensive statistical research,
demonstrating the model's resilience in dealing with the
intricacies of educational data.

The research was found on many hypotheses about the
usefulness of various models in predicting student outcomes.
The key hypothesis stated that changes in model performance
will be visible when applied to real-world educational data. This
prediction was supported by data, which revealed various
degrees of predictive accuracy across the models, with the Two-
way Fixed Effect Model beating the others in terms of both Root
Mean Square Error (RMSE) and R-squared.

One of the most important discoveries of this research is the
dataset's stationarity, which emphasizes the dependability of the
conclusions derived via panel data analysis. The stationarity of
the data indicates that the numbers have a stable mean and
variation throughout time, which increases the validity of the
econometric models used. This feature of the data enabled the
direct use of statistical models without the need for preparatory
modifications, which might complicate the research or create
new sources of error.

The Two-way Fixed Effect Model, with the lowest RMSE and
greatest R-squared among the examined models, has shown to
be a very successful tool for assessing educational data. This
model effectively addresses unobserved heterogeneity, which
might skew the findings if left unaccounted for, resulting in a
more accurate and trustworthy estimate of student graduation
rates. This model's capacity to integrate individual and time-
specific effects makes it ideal for educational settings where
student attributes and temporal dynamics are important.

Besides technical validation of the Two-way Fixed Effect
Model, this work emphasizes the need to choose statistical
models depending on data structure and research aims,
advancing  educational research  techniques. Complex
educational data may be analyzed using the Two-way Fixed
Effect Model's capacity to handle unobserved heterogeneity
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across time and individual effects. This resilience is essential in
educational research, where factors interact in complex ways
throughout time and environment.

According to the research, advanced statistical methods may
improve university and staff decision-making. The Two-way
Fixed Effect Model improves graduation rate projections for
successful educational planning. Correct forecasts help
institutions allocate resources, create informed policies, and
execute strategic plans that enhance educational results.
University administration requires resource allocation.
Universities can better prepare for future needs and allocate
resources where they will have the most effect with precise
graduation rate estimates. To address the root causes of
graduation rate reduction, a university may invest more in
student support services, academic counselling, or curriculum
improvement.

Another use of sophisticated statistical models is policy
formation. These models may help universities create student-
friendly policies. For instance, tailored interventions may help
students in demographics at increased risk of not graduating.
Mentorship, financial assistance, and admission modifications
may create a more conducive learning environment.

High-tech statistical techniques improve strategic planning.
University long-term strategies may match student outcome
patterns. Foresight permits organizations to anticipate issues and
seize possibilities for development. University academic
offerings may be adjusted to accommodate enrollment
fluctuations, for example. The methodological advances in this
work affect educational research. The Two-way Fixed Effect
Model proves its usefulness, setting a precedent for comparable
techniques in other educational studies on student retention and
academic attainment. Integrating additional granular data, such
as instructor quality or student engagement levels, might
improve these models' prediction value by revealing student
success variables.

This research confirms the Two-way Fixed Effect Model's
technical superiority and emphasizes the need for enhanced
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statistical tools in educational research. The research provides a
robust methodology for accurate graduation rate prediction,
helping universities and university personnel enhance decision-
making, resource allocation, policy formation, and strategic
planning, improving educational results.

This research  has larger ramifications, including
recommendations for future investigations. It is proposed that
comparable approaches be used in other areas of educational
research, such as student retention or academic achievement, to
verify the Two-way Fixed Effect Model. Additionally,
investigating the integration of more granular data, such as
teacher quality or student engagement levels, may reveal deeper
insights into the elements impacting student performance.

This work confirms the use of panel data models in educational
research and establishes a precedent for using advanced
statistical analysis to understand better and improve educational
results. With its strong performance, the Two-way Fixed Effect
Model is a suggested tool for educational researchers and
institutions looking to use data-driven insights to promote
academic success. This research adds a crucial piece to the
jigsaw of educational accomplishment by using methodological
rigor and detailed analysis, providing a model for future studies
to improve student outcomes' prediction accuracy.
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Abstract:
In this study, a statistical study was conducted on one of the

most important residential projects, which is Diamond
Residential Community in Erbil, due to its importance and
prominent location in Erbil, the capital of Iragi Kurdistan
Region V.19 STATGRAPH It was found that citizens are willing
to buy and invest in Diamond Complex - Erbil due to the
availability of basic services and different geographical location,
different climate, especially overlooking the tourist road (Masif
- Shaglawa) and connected to 120m highways 150m the
purchase price of these housing units through statistical criteria
that minimize the value of FPE, SBIC, HQIC, the best model
that represented was the model. ARIMA (2,2,2)

Key words:ARIMA Models, Moving average,Exponential
smoothing, FPE, SBIC, HQIC, R? AlIC.

L) claanall ) Ao dlaalad) e paitt 4t 31 Aadad) 7 3l aladiiad
Lbiiovall Clageall jlandy guiitlly jf ddideulal) aana 8

(W TP YR KVU R I KIKVE W | VKPS
Mohammed.badal@su.edu.krdbanazdyosuf@agmail.com
Gl i 98 anld)-d il glaal) g sluaal) acd-pall 7 Mua daals

: uadldll
4.1:.13\)3.».»:‘}“ 4.4@_;4!\ @)L.’Im]\ s LA.:; 3\_131..4;\ :\.a.u\JJ ;\).;\ &_\;.J\ KYY i—‘vjf‘:’
Ja)l (& nalie 1 ge s el Al Wl Ja)) dpdey (Sl (ulal) pena 52 5 A0Sl
il s bl aull S el iy e saitue Gall Gl ) S alil deale

-33-



mailto:Mohammed.badal@su.edu.krd
mailto:Mohammed.badal@su.edu.krd
mailto:banazdyosuf@gmail.com
mailto:banazdyosuf@gmail.com

2025 il (SO sal] aolial] Alsal] e ol Gpileas Y/ s dlae
www.uarabs.org

dalisall 5 a8 sall Cun (e Sl Glaguall UL Jila g ulall panal il L)
zebin aladiulys 3l rilad samy Lo sl die) dlule JBA el
Slo ohlsall JWls 4a 8 dadaill A e 5203V, 19 STATGRAPHz-L
danla¥) Claadll 86 canan il Gelall paaad ASall aa 1) a5 ¢ 5
cCpadl) abudl @kl e Al L dals gadiall 8 rall a8 sl
gyl A @al e 21505 2120 Ampdl &) plll dasi jally (5555
J8l axd Al Aplan) Gaplall 505k e 5 Sl Calas gl a3gd o) il jlas
s s Ll i Jaadl oS FPE, SBIC, HQICia#
ARIMA(2,2,2)

Introduction:

The most important sector of the economy is the real estate
sector. Economists and experts say that the real estate sector is
the fastest growing sector After 2005, the Kurdistan Region saw
a good development in the real estate sector, due to the
expansion of its cities, especially Erbil Map of Erbil between
2005 and 2024 in terms of development, the beautiful residential
and commercial projects, strategic streets and surrounding
circles Erbil, the expansion of Erbil in the direction of
MasifShaglawa Street, which is considered the golden road and
the heart of the diamond zone, the most important residential
and commercial area There are 8 main roads that connect other
parts of Iraq and the Kurdistan Region: Birmam, Shaglawa,
Koya, Sulaimani, Kirkuk. Makhmur - Tuir - Mosul - Duhok -
Bahrka ).

Erbil province is located in Iraq in the Kurdistan Region, one of
the strategic and commercial provinces, there are several main
roads in this province that connects to several other cities and
provinces province «city Erbil castle in The castle was built in a
circular shape 3000 years ago. Because of this circular shape,
houses and streets were slowly built around it, so Erbil took a
circular shape around the castle There is a circular street, then 30
meters, then 60 meters, 40 meters and 100 meters, all built in a
circle and ring around the castle with different diameters which
have not yet been completed ,

From M120 Circular Street to M150 Circular Street and from
KesnazanKoya to Bahrka, it is called the widest zone of Erbil,
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which is the Diamond Zone The population structure of the zone
has caused people from other countries to move to the zone day
by day for any reason, residence, business or work, because it is
a place All genes must be in the zone at any level of life , the
150-meter highway is one of the strategic projects of the
Kurdistan Regional Government (KRG) that facilitates the
movement of citizens. The 150-meter highway is 70 kilometers
long and circles around Erbil Work is underway, one is 7.6
kilometers, the other It is 6.1 kilometers. That means the total
length is 24 kilometers in120th Highway the entire 38-kilometer
project consists of four lines, two of which are high-speed
entrance and exit lines, and two of which are service lines on
both sides of the high-speed lines.

Figure(1)Diamond Zone

Diamond Zone is strategically located between the two circular
streets M120 and M150, the golden road MasifShaglawa is
considered to be the heart of the Diamond Zone, which connects
Erbil to Iran directly from Erbil Castle to Haji Omeran. In the
farthest part of the zone, it takes only 10 to 20 minutes to the
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center of Erbil, in terms of political and international embassies
of countries such as Russia The United States will give more
sanctions to this zone in the future and in the future it is
expected that all international embassies will visit this zone,
which will be the largest economically The most important
feature of this zone is that most of the businessmen, investors
and capitalists of the Kurdistan Region reside in this zone City -
Mastiles - Future City - Far Thark Skyscraper Towers - Safiran
City - Majidi Market - Irag's largest mall Grand Magedila Mall -
Italy 2- Pocket Construction of 120 and 150 streets,
QaywanMirador, Media Center, Korek Towers, which are the
most important projects.

Material and method

Time Series Forecasting

utilizes data amassed over an extended period to evaluate sales
velocity in accordance with the requirements of the enterprise.
Drawing upon these metrics, one may develop prospective
predictions employing statistical equations. A variety of
methodologies exist for conducting time-series forecasting,
which will assist in constructing future projections.

Forecasting methods:

Quantitative methods of forecasting

In order to generate forecasts that are both realistic and precise,
quantitative methodologies encompass mathematical procedures
including:

Algebra, permutations and combinations, set theory, matrix
algebra, andintegration.

Furthermore, mathematical methodologies such as linear
programming, dynamic  programming, and inventory
management can additionally assist decision-makers in
formulating their business strategies.

Qualitative methods of forecasting:
Qualitative approaches, in contrast to quantitative ones, are
subjective in character and mostly depend on judgments, expert
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opinions, intuition, emotions, or firsthand experiences.
These forecasting techniques don't use any mathematical
computations and are typically employed when the previous
data is too limited or unlikely to be used in the future.

Qualitative Quantitative

forecasting forecasting
methods methods

Delphi Market Panel Visionary Sales force Time-series Associative
method research consensus forecast composite models models

Straight-line Moving Exponential Trend Simple linear Multiple linear
method average smoothing projection regression regression

Figure(2) Methods of Time-series forecasting models

Time-series forecasting models :

Straight-line method

By considering historical data and trends, the straight-line
technique is a time-series forecasting methodology that
generates forecasts about future revenues.

Moving average model

Similar to straight-line forecasting, the moving average model is
frequently used to forecast short-term trends (e.g., daily,
monthly, quarterly, or half-yearly intervals).

Exponential smoothing model

Using a set of weighted averages derived from historical
observations, exponential smoothing is another time-series
forecasting methodology that may be used to anticipate new
values, much like the moving average.

Trend projection model

When you can determine the future impact of specific variables
(dependent or independent) based on their historical behavior,
the trend projection model performs well.
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Modelsofassociative (causal) forecasting .the predicted variable
Is related to other variables in the business system, according to
associative or causal forecasting models.

Simple linear regression model

Simple linear regression is a kind of associative forecasting
model that looks at the relationship between the independent and
dependent variables to give your forecast a more thorough
context.

Multiple linear regression model

As the name implies, the multiple linear regression model
applies the same methodology, i.e., the same assumptions, as the
simple linear regression model, but to a variety of business
factors.

Delphi method

Is a kind of forecasting model in which a small group of
pertinent experts share their ideas and opinions about a certain
Issue or circumstance. Results and an accurate forecast are then
produced by combining market orientation with expert
viewpoints.

Market research model

Market research is a qualitative forecasting model that uses
interviews with potential customers to assess how well a
company's goods and services perform.

Panel consensus model

Panel consensus (also called expert opinion) is a qualitative
forecasting approach where experts or employees from all levels
of an organization (from low-level to top-level) discuss a
product or service.

Visionary forecast model
A relevant and experienced person's personal ideas, judgments,
and insights form the basis of the visionary forecasting model.
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Sales force composite model

The sales force composite is another trustworthy qualitative
forecasting methodology that uses sales staff input to project
future sales.

Fitting the model:

The Akaike Information Criteria (AIC) can then be used to
select the model that best balances these drawbacks because an
over-fitted model lacks generality, while an under-fitted model
might not accurately represent the variability in the outcome
variable. The best model can be subjected to traditional null-
hypothesis testing to determine the relationship between specific
variables and the desired outcome, or the AIC criteria can be
used to asymptotically overestimate the order with a positive
probability:

AIC = 2K — 2log(L(8/y)) (1)

The estimated model's maximum log-likelihood is log(L(07y)),
where K is the number of estimable parameters (or degrees of
freedom). To take small data samples into consideration, this
estimate has been further revised:

2K(K+ 1)
AICc = AIC + m (2)
K and AIC are as previously mentioned if n is the sample size. If
n is large in relation to K, this correction is insignificant and
AIC is adequate. But AICc is more widely used and often used
instead of AIC. The best model is then the one with the lowest
AICc (or AIC) score. It's important to keep in mind that the AIC
and AICc scores are ordinal and meaningless on their own.
An estimate of the posterior probability of a model being true,
given a specific Bayesian setup, indicates that a model is more
likely to be the correct model if the Bayesian information
criterion (BIC) is lower:
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BIC = 2logn — 2log| L (g) (3)

The Box-Ljung test is a diagnostic method for assessing the lack
of fit in a time series model. Varsoc provides the final prediction
error (FPE), Akaike's information criterion (AIC), Schwarz's
Bayesian information criterion (SBIC), and Hannan and Quinn
information criterion (HQIC) as lag order selection statistics for
a sequence of vector auto-regressions of orders 1,..., max lag(p).
Under very broad circumstances, the order is consistently
estimated by the BIC and HQ criteria.

Model-order statistics:
The following is the formula for the FPE (final prediction error),
per Lutkepohl (2005, 147):

FPE = |3 |<T+KP+1>K
-\t TkP -1
by whom wrote
T + m\X
FPE = |Zu| (T — _) 4)

where m stands for the average number of parameters over the
K equations. Collinearity-related variables are eliminated in this
approach. According to Lutkepohl (2005), the constant term
should be eliminated from the log likelihood because it has no
effect on inference. the information requirements in Lutkepohl
form are:

2PK?
AIC = In|Zul| + (5)
In(T)
SBIC = In|Zu| +TPK2 (6)
2In[{In(T
HQIC = In|Zu| + [in(D)] PK?2 (7)

T
where LL is the log likelihood and PK?is the total number of

parameters in the model.
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Practical Aspect

Researchers taken the data of House price change of Diamond
Zone —Erbil city ,Number of observations = 219,the period (1-
10-2023 to 1-11-2024) According of independent variables:
1-Property Type that divided by(Cadastre Land,,One - Storey
House ,Two - Storey House,Land,Flat,Vella)

2- Area that was rang from (52 m* 550m?)

3-Price that was rang from ($6,000.000- $850,000,000)

4- Geographical location.

used from analyzing Statgraph v.19 programming we draw the
prices with date and analysis time series models then explain the
measurements and predicting as follows in results .

Results and discussion
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$100,000.000

$80,000.000

[FE]

££60,000.000 AN a

$40,000.000 <y —

$20,000.000 \/ \/ U ' W NT
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¥l > > ™ ™ ™ ™ ™ ™ ™ ™ ™ ™ ™
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Q
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Q

> N
Q\’\ Q\’\ NS QY QY NG ?E NG NG N QY NG NS

Figure(3) Prices ( 6.000$ - 100.000%) by date
Price changes of houses in this range during ( 10/2023 -
10/2024)
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Figure(4) Pricesin more than (100.000$ - 300.000%) by date
Price changes of houses in this range during ( 10/2023 -
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Figure(5) Prices&Date inmore than ( 300.000 $) by date
Price changes of houses in this range during ( 10/2023 -
10/2024)

The prices of houses vary according to the area and location, but
generally increased during the year .

The figures and tables show that prices vary from place to place
for several reasons:

Geographical location

Area

service

Protected area

Natural disasters

renovated

Sk owhE
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7. House distribution ( building map )
If you want to buy a property or a house, you must first look at
the price to know where you can live or do business .

Box-and-Whisker Plot

}7 -+ I ) [y =: )

1 1 1 1 1
0 2 4 6 8 10
2 100000}

Figure(6) Stationary-l\/'lenan and Variance of price
Display the average price and price difference without time

Weibull Plot

g [~ -]
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90 - = Shape: 1.25091
70 E 3 Scale: 189341.
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8 3ofF - F ailures: 219
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Figure(7) According to the charts above, the mean and
variance stability is relatively stable .

Automatic Forecasting — Price

Data variable: Price (House prices in Diamond Zone)
Number of observations = 219

Time indices: Date (date in (10/2023 ) to (10/2024))
Forecast model selected: ARIMA(2,2,2)

Number of forecasts generated: 12
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Table (1) Number of periods withEstimation Period

Estimation Period
14355.6

4047.93

3.02162

1362.21

0.438297

Stnd. P-value

Error

Estimate

0.869418

0.0619978

14.0234

0.000000

-0.626103

0.0669427

-9.35282

0.000000 ||

1.66714

0.0218535

76.287

0.000000

-0.963372

0.0287184

-33.5455

0.000000

Backforecasting: yes

Estimated white noise variance = 2.06407E8 with 213 degrees
of freedom

Estimated white noise standard deviation = 14366.9

Number of iterations: 10

The Stat Advisor

This process will predict price values in the future. There are
219 time periods in the data. An autoregressive integrated
moving average (ARIMA) model has been chosen as the current
model. According to this concept, a parametric model that
compares the most recent data value to earlier data values and
noise provides the best forecast for future data. The forecasting
model's words' statistical significance is compiled in the
output. A 95.0% confidence level indicates that a term is
statistically substantially different from zero if its P-value is less
than 0.05. The AR(2) term is significantly different from 0
because its P-value is less than 0.05. The MA(2) term is
significantly different from zero because its P-value is less than
0.05. The input white noise has an estimated standard deviation
of 14366.9.
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Time Sequence Plot for Price
ARIMA(2,2,2)
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Figure(8) Prediction chart with ARIMA model (2,2,2)
This chart shows the forecast of future prices increasing over
time without a modelmodel (2,2,2)

Forecast t Plot for Price
ARIMA(2,2,2)
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Figure(9) Prediction chart with ARIMA model (2,2,2)
This chart shows the forecast of future prices increasing over
time without a modelmodel (2,2,2)

Models

(A) Random walk

(B) Random walk with drift = 3871.56

(C) Constant mean = 176811.

(D) Linear trend = -36769.1 + 1941.63 t

(E) Quadratic trend = 7273.31 + 745.913 t + 5.4351 t"2
(F) Exponential trend = exp(9.9451 + 0.0156914 t)

(G) S-curve trend = exp(11.8488 + -6.51771 /t)

(H) Simple moving average of 2 terms

(I) Simple exponential smoothing with alpha = 0.9999
(J) Brown's linear exp. smoothing with alpha = 0.5459
(K) Holt's linear exp. smoothing with alpha = 0.9999 and beta =
0.126
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(L) Brown's quadratic exp. smoothing with alpha = 0.2879

(M) ARIMA(2,2,2)
(N) ARIMA(2,2,1)
(O) ARIMA(2,0,0) with constant
(P) ARIMA(1,0,1)

Table (3) Estimation Period in time series models

RMSE

MAE

MAPE

ME

MPE

AIC

HQC

SBIC

18278.2

3871.56

2.12735

3871.56

2.12735

19.6269

19.6269

19.6269

17904.5

4943.99

5.08453

-5.87417E-12

-3.87392

19.5948

19.601

19.6102

136896.

103875.

218.057

3.91241E-10

-186.277

23.6631

23.6693

23.6786

60172.4

28786.4

37.1329

3.18946E-12

16.4708

22.0282

22.0407

22.0592

57050.6

29767.0

18.2035

-1.39007E-10

-6.33968

21.9308

21.9495

21.9772

75026.0

52915.1

31.8928

-7099.77

-6.61367

22.4694

22.4819

22.5004

137667.
23791.2
18278.9
17253.0
16486.3
17560.8
14355.6
15987.1
16052.5
16132.3

100525.
5772.35
3854.26
4144.95
3718.36
3946.01
4047.93
3891.8

5107.3

5307.87

106.948
3.08514
2.11784
2.49331
1.99095
2.74543
3.02162
2.02456
4.1423

2.61967

53044.0
5772.35
3854.25
1061.52
1516.33
1255.05
1362.21
1356.47
-79.3611
-1089.29

-53.3232
3.08514

2.11783

0.724848
0.256099
0.702233
0.438297
0.231188
2.18209

-0.64466

23.6835
20.1633
19.6361
19.5206
19.4388
19.556

19.1803
19.3865
19.3946
19.3954

23.696

20.1695
19.6424
19.5269
19.4513
19.5622
19.2053
19.4052
19.4134
19.4079

23.7144
20.1788
19.6516
19.5361
19.4698
19.5715
19.2422
19.4329
19.4411
19.4264

Appendix-Table (3)
RMSE
18278.2
17904.5
136896.
60172.4
57050.6
75026.0
137667.
23791.2
18278.9
17253.0
16486.3
17560.8
14355.6
15987.1
16052.5
16132.3
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Key:

RMSE = Root Mean Squared Error

RUNS = Test for excessive runs up and down

RUNM = Test for excessive runs above and below median
AUTO = Ljung-Box test for excessive autocorrelation
MEAN = Test for difference in mean 1st half to 2nd half
VAR = Test for difference in variance 1st half to 2nd half
OK = not significant (p >= 0.05)

* = marginally significant (0.01 < p <= 0.05)

** = significant (0.001 < p <=0.01)

*** = highly significant (p <= 0.001)

The StatAdvisor

The outcomes of fitting several models to the data are contrasted
in this table. Among the models employed to make the forecasts,
model M has the lowest Akaike Information Criterion (AIC)
score.

The results of five tests performed on the residuals to assess
each model's suitability for the data are also summarized in the
table. If the model receives an OK, it has passed the test. A 95%
confidence level failure is indicated by a *. At the 99%
confidence level, two *'s indicate failure. Three *'s indicate a
99.9% failure rate. It should be noted that model M, which is
currently chosen, passes two tests. You should give choosing a
different model careful thought since one or more tests are
statistically significant at the 95% or higher confidence level.
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Residual Autocorrelations for Price
ARIMA(2,2,2)
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Figure(10) Autocorrelation Price Prediction
Residual Partial Autocorrelations for Price
ARIMA(2,2,2)
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Figure(11) Autocorrelation Price Prediction

Periodogram for residuals
Data variable: Price
Model: ARIMA(2,2,2)
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Residual Periodogram for Price
ARIMA(2,2,2)
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Figure(12) Periodogram Price Prediction
Conclusions:

In general, after the forecast for the data, it was found that over
time, the price of property in the Diamond Zone will increase
due to the projects, reconstruction and greenery that is set for it
in the coming years )Sami Abdulrahman Park 2 - Mosque
JalilKhayat 2 - Similar to BurjKhalifa) that the projects are
located in this area that will have a huge impact on the increase
in house prices and property in this zone, according to the
results that we found a little high and low house prices ,
However, it is generally increasing House prices have been
increasing year after year due to several main reasons such as:

1. Not granting land for housing  construction.
2. Prevent the building of unapproved homes (encroachment).
3. Immigrants' arrival.

4. The replacement of rural and urban areas would result in more
housing demand and higher costs since many rural residents

relocate to the cities.
5. Self-reduction. People sell enormous homes in order to
acquire multiple modest properties.
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6. There are many excellent services in the neighborhood,
including electricity, water, and roads.

7. Near public areas such as parks, shopping centers,
marketplaces, governmental structures, healthcare facilities, etc.
8. The site plan, which incorporates numerous housing
developments

According to the results, if the price of the house or property is
above (60000%) you can get in the areas of the diamond zone
(Shawes - Korean Village - Zeen City)

The price is above (200000%) you can buy at (Erbil Gate -
Firdos City - Zen City - Aram Village 1 & 2 - ltalian 1 & 2 -
Seberdan - New Erbil - Mass City)

getit.

For more than $300,000, you can purchase a property in
Mountain View, Mass City, Lalav City, New Erbil, or Mass
Village.

The area, floor, and location of the property in the city, village,
or community, as well as the availability of song services, all
affect the price. This zone is the greatest option both now and in
the future if you wish to live in a strategic and tranquil area or
conduct business.
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Appendix
Table 1 —House price change data is front in Diamond Zone
between
1-10-2023 to 1-11-2024
Date Property Type Area | Price Logic

1 10/12/2023 | Cadastre Land 250m | $6,000.000 Shawes

|o1/o1/2024 Two - Storey 125m | $6.900.000 | Shawes
House

01/01/2024 | One - Storey 100m | $12,400.000 | Shawes
House

05/01/2024 3”G'Storey 52m | $13.500.000 | Shawes
ouse

00/03/2024 | ONe - Storey 100m | $14,000.000 | Shawes
House

18/03/2024 | House 200m | $14,200.000 | Koryan Village

22/03/2024 | ONe - Storey 80m | $14,600.000 | Shawes
House

25/03/2024 agﬁgeStorey 100m | $14,800.000 | Shawes

26/03/2024 | Land 125m | $16,000.000 | Shawes

01/04/2024 | House 170m | $16,000.000 | Shawes

02/04/2024 House 150m | $16,500.000 | Shawes

06/04/2024 House 100m | $16,800.000 | Shawes

01/05/2024 | One - Storey 100m | $17,000.000 | Shawes
House

12/03/2024 CH)QE;eStorey 100m | $17,000.000 | Shawes

13/05/2024 House 150m | $17,500.000 | Shawes

22/05/2024 | House 100m | $18,000.000 | Shawes

30/05/2024 | One - Storey 65m | $18.500.000 | Shawes
House

02/06/2024 | One - Storey 100m | $18,900.000 | Shawes
House

08/06/2024 House 200m | $19,000.000 | Shawes

00/06/2024 | One - Storey 100m | $19.250.000 | Shawes
House
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23/06/2024 House 140m | $20,000.000 | Shawes
26/06/2024 agl‘js'esmrey 100m | $21,600.000 | Shawes
20/09/2024 | Flat 93m | $21,600.000 | Shawes
01/07/2024 | Land 100m | $22,000.000 | Shawes
02/07/2024 Sgﬁs'eswrey 200m | $22.500.000 | Shawes
03/07/2024 | House 125m | $23,000.000 | Shawes
10/07/2024 Sgﬁs'eswrey 70m | $23,000.000 | Shawes
11/07/2024 House 97m | $24,000.000 | Shawes
11/07/2024 | ONe - Storey 60m | $25,300.000 | Shawes
House
16/07/2024 3258'65t°rey 97m | $27,000.000 | Shawes
17/07/2024 Cadastre Land 250m | $27,300.000 | Shawes
23/07/2024 | Land 100m | $28,000.000 | Shawes
20/07/2024 House 200m | $28,500.000 | Koryan Village
24/07/2024 ggﬁs'eswrey 100m | $29,000.000 | Shawes
24/07/2024 Land 500m | $29,000.000 | Shawes
25/07/2024 ggﬁ;torey 70m | $30,000.000 | Shawes
10/08/2024 | Land 120m | $30,000.000 | Shawes
19/08/2024 House 125m | $30,000.000 | Shawes
05/08/2024 | House 220m | $30,000.000 | Shawes
31/08/2024 | Land 200m | $30,500.000 | Shawes
25/09/2024 ggﬁ;torey 100m | $31,600.000 | Shawes
20/09/2024 | Land 250m | $32,000.000 | Shawes
29/09/2024 ggsgesmrey 70m | $33,000.000 | Shawes
10/09/2024 Land 140m | $33,300.000 | Shawes
01/10/2023 Vella 400m | $33,500.000 | Ferdawx City
15/10/2023 | Vella 400m | $35,500.000 | Ferdawx City
15/10/2023 Vella 400m | $40,000.000 | DarwazayHawler
18/10/2023 | House 250m | $40,000.000 | Zine City
04/10/2023 | House 200m | $42,500.000 | Zine City
15/10/2023 House 250m | $43,000.000 | Zine City
20/12/2023 | Vella 300m | $43,000.000 | Ferdawx City
20/12/2023 House 250m | $48,000.000 | DarwazayHawler
17/12/2023 | House 200m | $50,000.000 | Zine City
14/12/2023 | House 250m | $50,000.000 | Zine City
10/11/2023 | Vella 300m | $50,000.000 | Ferdawx City
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| 10/11/2023 | House 250m | $53,500.000 | DarwazayHawler ‘

10/11/2023 House 250m | $58,000.000 | DarwazayHawler
01/11/2023 House 250m | $58,500.000 | Zine City
04/11/2023 House 200m | $60,000.000 | Zine City
25/01/2024 | Vella 400m | $60,000.000 | Ferdawx City
15/02/2024 | Vella 300m | $60,500.000 | Ferdawx City
15/02/2024 | House 250m | $63,700.000 | DarwazayHawler
07/02/2024 | House 250m | $64,000.000 | Zine City

I 17/03/2024 | Vella 300m | $64,000.000 | Ferdawx City ‘
05/03/2024 | Vella 400m | $67,000.000 | Ferdawx City

| 05/03/2024 | House 250m | $70,000.000 | DarwazayHawler |

I 03/03/2024 | House 200m | $70,500.000 | Zine City ‘
09/03/2024 | House 200m | $72,300.000 | Zine City
10/04/2024 | Vella 400m | $75,000.000 | Ferdawx City
10/04/2024 House 250m | $75,000.000 | DarwazayHawler
07/04/2024 | House 200m | $80,000.000 | Zine City

I 28/04/2024 | House 200m | $85,500.000 | Zine City ‘
20/05/2024 | Vella 300m | $86,000.000 | Ferdawx City

| 25/05/2024 | House 250m | $87,000.000 | DarwazayHawler |
25/05/2024 | House 250m | $95,000.000 | Zine City
03/06/2024 Vella 400m | $100,000.000 | Ferdawx City
in more than 100.000$ - 300.000$
03/06/2024 House 250m | $105,000.000 | DarwazayHawler
04/06/2024 House 250m | $105,000.000 | Zine City
10/07/2024 | Vella 400m | $110,000.000 | Ferdawx City
11/07/2024 House 300m | $110,000.000 | DarwazayHawler
25/07/2024 | House 200m | $125,000.000 | Zine City
10/08/2024 | Vella 400m | $125,000.000 | Ferdawx City
12/08/2024 House 250m | $125,000.000 | DarwazayHawler
03/08/2024 | House 200m | $129,000.000 | Zine City
07/09/2024 Vella 250m | $135,000.000 | Ferdawx City
15/09/2024 House 250m | $137,500.000 | Zine City
26/10/2024 | Vella 400m | $146,500.000 | Ferdawx City
26/10/2024 House 250m | $146,500.000 | DarwazayHawler
26/10/2024 | House 250m | $147,000.000 | DarwazayHawler
18/10/2024 | House 250m | $148,500.000 | Zine City
11/10/2024 House 250m | $150,000.000 | Zine City
10/10/2024 | House 250m | $150,000.000 | Zine City
10/10/2023 | Vella 200m | $151,500.000 | Etally 2
15/10/2023 | Vella 240m | $155,000.000 | Etally 2
24/10/2023 | Vella 320m | $159,000.000 | Etally 2
26/03/2024 | Flat 85m | $160,000.000 | Var Park
12/10/2023 | Vella 274M | $160,000.000 | Aram 2 Village
15/10/2023 House 242m | $162,500.000 | Aram 2 Village
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| 20/10/2024 House 300m | $164,000.000 | Aram 1 Village

21/10/2023 House 340m | $167,500.000 | Aram 1 Village
03/11/2023 House 200m | $169,000.000 | Etally 2
10/11/2023 House 240m | $180,000.000 | Etally 2
11/11/2023 Vella 320m | $182,500.000 | Etally 2
20/11/2023 Vella 390m | $184,000.000 | Etally 2
04/11/2023 Vella 242m | $185,000.000 | Aram 2 Village
15/11/2023 Vella 240m | $185,000.000 | Aram 1 Village

I 03/12/2023 | Vella 200m | $187,500.000 | Etally 2
11/12/2023 House 200m | $190,000.000 | Etally 2

| 03/12/2023 House 276m | $191,000.000 | Etally 2

I 06/12/2023 | Vella 240m | $192,500.000 | Aram 2 Village
17/12/2023 House 242m | $194,000.000 | Aram 2 Village
08/01/2024 House 200m | $200,000.000 | Etally 2
02/01/2024 House 300m | $200,000.000 | Aram 1 Village
29/01/2024 House 242m | $200,000.000 | Aram 2 Village

I 14/02/2024 House 200m | $200,000.000 | Etally 2
05/02/2024 House 276m | $202,000.000 | Aram 2 Village

| 19/02/2024 | House 253m | $203,000.000 | Sebardan
12/03/2024 | Vella 320m | $205,000.000 | Etally 2
17/03/2024 | Vella 200m | $205,000.000 | Etally 2
01/03/2024 | Vella 345m | $208,000.000 | Aram 2 Village
03/03/2024 Vella 226m | $210,000.000 | Aram 2 Village
04/04/2024 House 200m | $210,000.000 | Etally 2
15/04/2024 | Vella 240m | $210,000.000 | Etally 2
07/04/2024 House 146m | $210,000.000 | ScwerEmpair
12/04/2024 | Vella 300m | $210,000.000 | Aram 1 Village
05/05/2024 | Vella 200m | $210,000.000 | Etally 2
01/05/2024 Vella 242m | $210,500.000 | Aram 2 Village
27/05/2024 | Vella 264m | $213,000.000 | Aram 2 Village
24/06/2024 | Vella 200m | $215,000.000 | Etally 2
20/06/2024 Vella 276m | $215,000.000 | Aram 2 Village
01/07/2024 | Vella 240m | $215,000.000 | Etally 2
07/07/2024 | Vella 200m | $215,000.000 | Etally 2
08/07/2024 | Vella 240m | $215,000.000 | Aram 1 Village
08/08/2024 | Vella 320m | $218,000.000 | Etally 2
20/08/2024 | Vella 200m | $220,000.000 | Etally 2
25/08/2024 | Vella 242m | $220,000.000 | Aram 2 Village
22/08/2024 Vella 520m | $220,000.000 | Aram 2 Village
01/09/2024 | Vella 200m | $222,000.000 | Etally 2
10/09/2024 | Vella 240m | $222,500.000 | Etally 2
11/09/2024 Vella 320m | $225,000.000 | Etally 2
05/09/2024 | Vella 550m | $225,000.000 | Aram 2 Village
16/09/2024 | Vella 372m | $225,000.000 | Aram 2 Village
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| 15/10/2024 | Vella 200m | $225,000.000 | Etally 2
17/10/2024 | Vella 240m | $227,500.000 | Aram 2 Village
19/10/2024 | Vella 242m | $227,500.000 | Aram 2 Village
20/10/2024 Flat 125m | $230,000.000 | LaLav City
25/10/2024 House 450m | $230,000.000 | Ganjan City
27/10/2024 | House 250m | $230,000.000 | Ganjan City
02/11/2023 House 250m | $230,000.000 | Ganjan City
23/02/2024 House 430m | $230,000.000 | Espani Village

I 24/02/2024 House 430m | $234,000.000 | Espani Village
02/02/2023 House 450m | $235,000.000 | Ganjan City

| 15/02/2023 | House 450m | $235,000.000 | Ganjan City

I 14/05/2024 House 200m | $235,000.000 | Kurdistan
16/08/2024 House 200m | $236,000.000 | Kurdistan
17/06/2024 Flat 148m | $240,000.000 | Kurdistan
10/05/2023 House 240m | $240,000.000 | Mauntn View
10/07/2023 House 240m | $240,000.000 | Mauntn View

I 15/10/2023 House 300m | $240,000.000 | Mauntn View
20/10/2023 House 125m | $240,000.000 | Hawlery New

| 25/10/2023 House 100m | $240,000.000 | Hawlery New
10/01/2023 | Vella 240m | $241,500.000 | Mass Village
10/11/2023 Vella 320m | $243,000.000 | Mass Village
11/05/2023 House 240m | $245,000.000 | Mauntn View
11/10/2023 Flat 100m | $245,000.000 | LaLav City
20/11/2023 House 300m | $245,000.000 | Mauntn View
13/11/2023 | Vella 240m | $250,000.000 | Mass Village
12/03/2023 House 240m | $250,000.000 | Mauntn View
23/12/2023 House 300m | $250,000.000 | Mauntn View
22/12/2023 | Vella 320m | $255,000.000 | Mass Village
01/10/2024 House 300m | $255,000.000 | Mauntn View
15/1/2024 Flat 100m | $260,000.000 | Mine Lav
21/1/2024 Flat 104m | $260,000.000 | LaLav City
11/1/2024 Vella 240m | $260,000.000 | Mass Village
15/1/2024 Vella 320m | $263,500.000 | Mass Village
25/2/2024 House 300m | $267,500.000 | Mauntn View
271212024 House 240m | $270,000.000 | Mauntn View
29/2/2024 House 240m | $270,000.000 | Mauntn View
30/2/2024 House 150m | $270,000.000 | Hawlery New
3/10/2024 House 125m | $271,000.000 | Hawlery New
3/11/2023 House 240m | $273,000.000 | Mauntn View
19/3/2024 House 300m | $275,000.000 | Mauntn View
2713/2024 House 240m | $277,000.000 | Mauntn View
3/10/2024 Vella 320m | $277,500.000 | Mass Village
20/4/2024 House 240m | $280,000.000 | Mauntn View
25/4/2024 House 300m | $280,000.000 | Mauntn View

-56-



2025 Tiedd U s3nll gilial] als ol

.................................................... ol Gilias Y/ s s
www.uarabs.org

| 26/4/2024 House 240m | $285,000.000 | Mauntn View
29/4/2024 House 125m | $285,000.000 | Mauntn View
27142024 Vella 240m | $290,000.000 | Mauntn View
5/01/2024 House 240m | $290,000.000 | Mauntn View
5/02/2024 House 240m | $290,000.000 | Mauntn View
20/5/2024 House 240m | $295,000.000 | Mauntn View
15/5/2024 House 300m | $300,000.000 | Mauntn View
more than 300.000 $
I 5/11/2023 Flat 155m | $300,000.000 | LaLav City
5/11/2023 Vella 240m | $300,000.000 | Mass Village
| 5/12/2023 Vella 320m | $300,000.000 | Mass Village
I 6/10/2024 House 100m | $300,000.000 | Hawlery New
15/6/2024 House 150m | $305,000.000 | Hawlery New
20/6/2024 House 240m | $310,000.000 | Mauntn View
21/6/2024 House 240m | $310,000.000 | Mauntn View
7/10/2024 House 240m | $313,500.000 | Mauntn View
I 15/7/2024 House 125m | $320,000.000 | Hawlery New
21/7/2024 House 300m | $320,000.000 | Mauntn View
| 20/7/2024 Vella 240m | $320,000.000 | Mass Village
8/11/2023 House 240m | $330,000.000 | Mauntn View
15/8/2024 House 300m | $330,000.000 | Mauntn View
20/8/2024 House 300m | $340,000.000 | Mauntn View
25/8/2024 House 100m | $340,000.000 | Hawlery New
21/8/2024 Vella 240m | $350,000.000 | Mass Village
23/8/2024 Vella 300m | $370,000.000 | Mass Village
17/9/2024 House 240m | $430,000.000 | Mauntn View
20/9/2024 Flat 100m | $435,000.000 | LaLav City
25/9/2024 House 150m | $450,000.000 | Hawlery New
24/9/2024 Vella 240m | $450,000.000 | Mass Village
15/10/2024 House 100m | $480,000.000 | Hawlery New
25/10/2024 House 150m | $580,000.000 | Hawlery New
26/10/2024 House 260m | $815,000.000 | Hawlery New
27/10/2024 House 240m | $825,000.000 | Mauntn View
22/10/2024 Vella 320m | $850,000.000 | Mass Village
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Abstract :

Kidney transplants are done to help people with chronic kidney
disease or end-stage kidney failure. When the kidneys cannot
filter waste properly, they need either dialysis or a kidney
transplant. However, Artificial Intelligence Analysis (Al)
Artificial Neural Network (ANN) refers to computer systems
and advanced technologies one of it branch is a Radial basis
function (RBF) method it is a modern way to approximate
multivariate functions in medicine and to perform predictive
tasks for this purpose A set sample was prepared based 150
patients from Hospital in Kurdistan region with kidney failed
state; kidney cases are (transplant or preparing). To analyze the
data of this paper, the researcher included six important risk
factors that caused the greatest impact on the access of chronic
kidney patients to kidney transplantation. The results show that
prediction by the Normalized Importance Analysis emphasizes
[Congenital kidney diseases has the most effect with100%
followed it polycystic kidney disease 84.4% then, Disease of the
immunity [Systemic lupus erythematosus) 80.4% then Renal
artery stenosis74.4%, Diabetes71.7% and finally Chronic,
uncontrolled high blood pressure(60.4%),in other hand second
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way for prediction by classification analysis emphasizes that it
predict the both kinds of patients affected by the risk factors.
with High overall accuracy (90.4% and 85.7%) mean the model
in training and testing is reliable and clinically valuable, also
analysis by the ROC curve area with the ratio(0.835), indicating
that the model possesses a robust capacity to accurately classify
, The test of model fit statistics represent significant performance
improvements, and results show there were significant
improvements in F-score. Our findings demonstrate that RBF is
an effective strategy for improving the predictive power and
clinical relevance of ML models used for kidney disease
classification.

IBM SPSS 27with version 4.1of R programming Language were
appliedfor analyze data.

Keywords: Artificial Intelligence (Al) , Radial Basis Function,
Gaussian Kernel, Classification, Normalized Importance and
Kidney Transplantation
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1.Introduction

The term Artificial Intelligence (Al) presents prospective
methods to improve the identification and administration of
several aspects within the differentsectors[12].Machine learning
(ML), a subset of artificial intelligence (Al), is defined as the
capacity of computers to learn autonomously without explicit
programming [22] capable of analyzing extensive datasets and
identifying intricate patterns suggestive of disease. Machine
learning models have been extensively utilized for predicting
disease, with performance evaluated using diverse measures.
The Radial Basis Function (RBF) networks are a type of
Artificial Neural Network(ANN) that uses Gaussian functions
was proposed by[5], the radial basis function , commonly is a
widely utilized kernel function to employed across various
kernel zed learning algorithms. Notably, it finds frequent
application in the classification tasks performed by support
vector machines[7].Radial basis functions (RBF) were first
introduced by Powell to solve the real multivariate interpolation
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problem it procedure produces a predictive model for one or
more dependent (target) variables based on values of predictor
variables. Itstructures consist of three layers: input layer, hidden
layer and output layer. The steps of RBF contain the training
process of a RBF Neural Network involves determining the
parameters required for the hidden layer and output layer, this
process can be divided into three key steps: selecting centers,
determining spreads, and training the output weights.

The main statistical tasks of RBF are prediction and
approximation, for this purpose the researcher used RBF for this
paper to predict the common risk factors caused to kidney
transplant at ,which , kidney transplant is a well-established
intervention for addressing end-stage chronic renal failure and is
associated with enhanced patient survival rates and improved
quality of life. The pioneering attempts at human-to-human
kidney transplantation were conducted by [Yuri Voronoy, Jean
Hamburger, and several other researchers during the 1930s to
1940s]; however, the majority of these endeavors were met with
failure. This medical procedure entails a surgical operation
whereby the nonfunctional kidney is supplanted by a viable
kidney sourced from either a living or deceased donor[15]. In
this paper we investigate the potential of applying the radial
basis function (RBF) neural network architecture for the
prediction by Normalized independent variables
Importance(regression algorithms) , Classification and [ ROC —
Curve] Both classification and regression algorithms can be
employed for prediction in machine analyses focusing on the
six risk factors caused Kidney Transplant to emphasize
significate these factors .the researcher by using those three
methods of RBF analysis the results refer tolntegrating these
normalized risk indicators using RBF classification improves
prediction accuracy and offers critical insights for evaluating
kidney transplant risks, hence facilitating clinical decision-
making and targeted interventions.[Congenital kidney diseases
has most effect follows it polycystic kidney disease then
Disease of the immunity then Renal artery stenosis74.4%,
Diabetes71.7% and finally Chronic, uncontrolled high blood
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pressure(60.4%)In a sequence,Classification Analysis emphasize
that Kidney transplanted cases show overall a currency and
finally ROC —Curve analysis the refers of(0. 835) of all area
under the ROC —curve indicates that all risk factors have
significantive effect on dependent variable.

2.0Dbjective:

This study aims to demonstrate the benefits of RBF, as a tool for
Prediction by Classification, and Normalized independent
variables Importance focusing on the risk Factors caused Kidney
Transplant,

3. Literature Review

3.1-Murat Kirisci (2019)[17] conducted an investigation aimed
at juxtaposing the efficacy of ANN and logistic regression
analyses to elucidate the determinants influencing birth weight.
Thisinquiry encompassed a sample size of 223 neonates. The
analyses derived from ANN and logistic regression
methodologies, based on the gathered data, were meticulously
evaluated. Both analytical frameworks possess the capability to
serve as complementary tools to assist in decision-making
processes. Moreover, both models hold substantial potential to
aid clinicians in understanding the risk factors associated with
birth weight and in estimating those risks.

3.2-Dong Chen (2021)[8] undertook a research initiative
employing an innovative system for swarm optimization neural
network (RBFNN-PSO), which was applied to assess the
effectiveness of physical education teaching methodologies. To
validate the evaluative performance of the RBFNN-PSO system,
the traditional RBF neural network served as a control for
comparative purposes during the training phase. The outcomes
revealed that the RBFNN-PSO system achieved convergence
more rapidly than the conventional RBF neural network system,
with a concomitantly lower training error.
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3.3-Md. Imam Hossain and Mehadi Hasan Maruf
(2023)[16]have made concerted efforts to enhance the diagnosis
and treatment of cardiovascular diseases, given their profound
Impact on societal health. With the increasing synergy between
technological advancements and medical diagnostics, the
utilization of data mining and the preservation of medical
knowledge can significantly bolster patient management
outcomes. Consequently, it is imperative to investigate the
interplay of risk factors within patients’ medical histories and to
comprehend their respective roles in the prognostication of heart
disease. This study aims to meticulously analyze various
components within patient data to facilitate precise heart disease
predictions.  Artificial intelligence methodologies were
employed and compared across two distinct heart disease
datasets (comprising all features and selected features). The
random plantation approach utilizing selected features attained
an impressive accuracy rate of 90%, surpassing the performance
of models that incorporated the entirety of input features and
other artificial intelligence techniques. The proposed
methodology could serve as an auxiliary framework for the early
prediction of heart disease.

3.4: Zhao, A., Xing, S., Wang, X., & Sun, J. Q. (2024)[29].
presents a method for computing optimal control strategies for
multi-degree-of-freedom dynamic systems using Radial Basis
Function (RBF) neural networks with Gaussian activation
functions. The Hamilton—Jacobi—Bellman (HJB) equation is
used to define the control problem, with RBF networks
approximating the value function via a policy iteration
algorithm. A stabilizing initial control ensures convergence,
particularly in open-loop unstable systems. A modified
truncation technique reduces the system’s dimensionality,
making RBF application more efficient in high-dimensional
spaces. Additionally, transfer learning is employed to enhance
performance using experimental data. Simulations and
experiments demonstrate the method’s effectiveness in
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achieving accurate optimal control, trajectory tracking, and
system stabilization

3.5Xin Zhang .Weihua Luo (2024)[27]In this study, aiming at
the problem that the spread coverage ability determined by the
trial method is limited and easy to fall into localoptimum (Zhao
et al, 2021), a RBF network diffusion velocity function
optimization method based on the PSO algorithm is proposed to
realize the large-scale and efficientsearch of RBF network
diffusion function. On this basis, in view of the fact that it is
difficult to guarantee the prediction accuracy of the data-driven
model based on the displacement increment sequence
constructed by a single RBF intelligent algorithm when the
displacement increment mutation point exists (Li and Liu,
2005), the PSO-RBF intelligent coupling model based on the
graying layer pre-processing is established to improve the
prediction accuracy of the model from the perspective of
improving the prediction accuracy of displacement increment
mutation point.

3.6 Nguyen, V. T., Nguyen, Q. C., Van, M., Su, S. F.,, Garg,
H., Duong, D. N., & Tan, P. X. (2025)[20]. This paper proposes
a novel adaptive nonlinear PID controller based on Radial Basis
Function Neural Networks (NPID-RBFNN) for controlling
ballbots under external forces. Combining nonlinear PID
control, RBFNN, and Balancing Composite Motion
Optimization (BCMO), the controller offers lightweight
computation, reduced chattering, and strong robustness against
model uncertainties and disturbances. Unlike conventional PID
or sliding mode control (SMC), the NPID-RBFNN ensures
smoother and more stable motion. BCMO optimizes control
gains, while RBFNN continuously learns during operation.
Stability is verified via the Lyapunov method, and simulations
confirm its effectiveness in maintaining balance under external
forces.
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4. Methodology (Theoretical Aspect)

4.1Artificial Intelligence (Al)

Acrtificial intelligence (Al) refers to computer systems capable of
performing complex tasks that historically only a human could
do, such as reasoning, making decisions, or solving problems.
The criterion of Artificial Intelligence (Al) is fundamentally
anchored in cognitive tasks, an idea of origins spanning several
centuries and is revolved in various mythological narratives, The
emergence of contemporary Al, as it is recognized today, while
the term "Artificial Intelligence" was first articulated by John
McCarthy in 1956 The cardinal aim of Al is this technology
permits intelligent systems to realized, interpret, and assimilate
information from data, accelerating the scope to make informed
decisions established on cognizance derived from that data.[12]

dendrites
Nnucleus

cell

body axon
axon
- terminals
n,
in Z out
2 .J
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»
bias

Figure (1): A biological and an artificial neuron

4.2 Machine Learning

Within the domain of machine learning, referred to an artificial
neural network ANN, and abbreviated as constitutes a model
that draws inspiration from the architecture and operational
dynamics of biological neural networks found in the brains of
animals. An (ANN) artificial comprises interconnected units or
nodes termed artificial neurons, which serve as the brain's
neurons. Each artificial neuron receives input signals from
affiliated neurons, subsequently processes these inputs, and
transmits a signal to additional connected neurons. The "signal”
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Is represented as a real number, and the fabrication generated by
each neuron is determined through a non-linear function applied
to the aggregate of its inputs, referred to as the activation
function. The efficacy of the signal at each connection is
governed by a weight that is subject to modification throughout
the learning process The first use of artificial neural networks
(ANNSs) was made by psychologist Frank Rosenblatt, who also
created the perceptron.However, some of the computational
applications of ANNs are relatedto previous mathematical
findings. Research on ANNs was performed in the 1970s and
1980s.The creation of Alex Net, deep neural network with
several layers, occurred in the 2010s. as it shown in Figure

(V)[22].

4.3: Model Types for Artificial Neural Nets:

Figure (2) shows Types for Artificial Neural as follows:

1. The Perceptron Single Layer.

2. Feed Forward Neural Network with Radial Basis Functional
Neural Network.

3. A multilayer perceptron.

4- Neural Network with Recurrence.

5. Boltzmann apparatus

6. The Hopfield Network

7.Long Short-Term Memory, or LSTM

4.4 Definition of the Radial Basis Function (RBF)

In the field of mathematical modeling, a radial basis function
network is an artificial neural network that uses radial basis
functions as activation functions. The output of the network is
a linear combination of radial basis functions of the inputs and
neuron parameters. Radial basis function networks have many
uses, including function approximation, time series
prediction, classification, and system control. They were first
formulated in a 1988 paper by Broomhead and Lowe, both
researchers at the Royal Signals and Radar is one of the simplest
form of ANN consisting of exactly three layers, namely, input,
hidden, and output layer. The restriction of only three layers
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makes it simplest and somehow efficient ANN architecture. The
idea of RBFNN has been derived from function approximation.
An RBF network positions one or more RBF neurons in the
space described by the predictor variables. This space has as
many dimensions as there are predictor variables. The Euclidean
distance is computed from the point being evaluated to the
center of each neuron. The RBF is so named because the radius
distance is the argument to the function. Output of RBFNN
depends on the distance of the input from a given stored
vector.The RBF neural network is described by[4].

4.5. Basic functions in Radial Basis Function (RBF)
The RBF encompasses various basis interpolation functions
as outlined as table (1) in below[18].

Table (1): Basic functions in Radial Basis Function (RBF)[5]

Basic function Formulas¢p(r) = ¢p(||lx — u|)) /o
abbreviation
Gaussian(GA) e—cr’
Generalized C€*+1r>)P,c>0 ,1> >0
Multiguadratic (GMQ)
Inverse Multiquadratic 1/

(IMQ) VC? + r?
Inverse Quadratics(IQ) | (€2 + r?)~1

Multi Quadratics(MQ) [c? + 12

Hyperbolic secant (sech) | Sech(cr)

Cubic function r3

Linear function T

Monomial(MN) r2k-1

Thin-plate spline r?log(r)

Poly harmonic spline ¢(r)=1r*k=1,3,5,..
o) =r*In(r) . k=2,46,..

4.5.1Kernel:The kernel function serves the purpose of
converting n-dimensional inputs into m-dimensional inputs,
where m significantly exceeds n, thereby facilitating the
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efficient computation of dot products in a higher-dimensional
space. The fundamental principle underlying the utilization of a
kernel is that a linear classifier or regression line in elevated
dimensions is transformed into a non-linear classifier or
regression curve within lower dimensions[7].

4.5.2 Kernel Radial Basis Function
Within the domain of machine learning, the radial basis function
kernel, commonly referred to as the RBF kernel, is a widely
utilized kernel function employed across various kernelled
learning algorithms. Notably, it finds frequent application in the
classification tasks performed by support vector machines[7].
The RBF kernel on two samplesXeRX and X', represented as
feature vectors in some input space, is defined as

N (lx=x"ID*
K(x,x")= exp (_T> .............. (1)
where, (]|X — X'||)? the squared Euclidean distance between the
two data points is denoted by the expression above. The
parameter represented by o is commonly referred to as the
bandwidth or width of the kernel, which regulates the
smoothness of the decision boundary.
Upon the elaboration of the aforementioned exponential
expression, it shall extend to an infinite degree ofX and X'
consistent with the expansion of the value of the Radial Basis
Function (RBF) kernel diminishes with increasing distance and
spans from zero (in the limit of infinite distance) to one (when x
= X'), it readily lends itself to interpretation as a measure of
similarity The feature space associated with the kernel possesses
an infinite number of dimensions; for o = 1, its expansion via
the multinomial theorem is[10]:

1 , 2 , 1 1 wr
exp (=2 11X = X'II?) = exp (SXTX" = 21X IIZ =S IX"]1?)
!/ 1 1 !
= exp(X"X") exp(— 3 IXII*) exp (= 1X"1I?)

= (XTX") 1 1
=2 e (<5 e (=51
}:
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el oilian Y olsif dlso

® r Nq 1 Nk

1 x™MLx 1 X X

= exp (— = 1X12 ) =2 exp (— = 1x7)12 ) =2
J'Zon1+n2+z-.+nk=j ( 2 )an!""nk! ( 2 ) nyl..my!

=((X).d(X"))... (2)

dX) =

exp (‘%”Xllz) (a{)o(o). a,@®..oap, W g, O agj(j))Where

k+j—1 ; x1™M..xp Mk ,
‘ej: ] ),agj(f) ZW |7’l1 +ny, + AN, =] A
<r<?

4.6Gaussian kernel in RBF

4.6.1 Gaussian Kernels

The Gaussian kernel is widely used in probabilistic models such
as Gaussian Processes [21], where it plays a key role in defining
the covariance structure of the distribution.also known as the
squared exponential kernel — SE kernel — or radial basis function
(RBF) is defined by

1
K(X.X") = (exp—z(x — NIy t(x - x’))
2 the covariance of each feature across observations, is a
p —dimensional matrix. When X' is a diagonal matrix, this kernel
can be written as
p
, 1 1
K(X.X") = exp —3 (x]—x])
j=1 %
oj can be interpreted as defining the characteristic length scale of
feature j. Furthermore, if X' is spherical, i.e., o;=o0, V],

MXX%ww<”X“w 3)

For this kernel, the dimension of the feature space defined by
¢(-) is D = oo. Our methods will allow us to avoid explicit
computation of ¢ (). We can easily compute the n X n Gram
matrix using this relative of the Mahalanobis Distance, even
though we have implicitly projected our objects to an infinite
dimensional feature space.

A Gaussian handle with RBF kernel is

a effective modeling instrument since it
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has expansive bolster and all-

inclusive approximates.RBF kernels are the most

generalized frame of kernelization and is one of the

most broadly utilized parts due to its closeness tothe

Gaussian distribution.A kernel (covariance function) depicts the
covariance of the Gaussian handle irregular factors. Together
with the mean function the kernel totally characterizes a
Gaussian process.

The Gaussian kernel is a normal choice for part functions

X1A) =X a;b;(x), where}il;a; =1

bi(X) = Gommgyepl=1/2(E = O Lihy(E - O]..(4
A mean vector and a covariance matrix (¢ and o ) together
provide the most comprehensive representation of a Gaussian
kernel.. The inverse of the covariance matrix serves to elucidate
the interrelations among various features, endowing each kernel
with an n-dimensional ellipsoidal geometry. This approach is
typically more adaptable than employing the straightforward
distance to the kernel centroid, which presupposes rigid
independence among the variables.[1].

¢ (x) =
J(l )

1
ey
<1+O‘—2]>
J

Their actuation for designs distant from the centroid of the RBF
which is more noteworthy than the actuation of the standard
frame for these designs. In expansion, Conditions they displayed
g-Gaussian RBFs as an elective to Gaussian RBF. The g-
Gaussian RBF for the ith unit is characterized as:

$i(x) =
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( e—ci|[\1/174
1-(1-q) (”xag ’”)
]
¢@=jir1-a-9 ()20 3.6
J
0 otherwise
\
Where g is agenuine esteemed parameter. The g-Gaussian
RBF permits diverse RBFs to be spoken

to by upgrading the modern parameter q [13].

4.6.2 Supervised Learning for Gaussian RBF

For the Gaussian RBF organize, the RBF at each nods can
be relegated a different widtho; The RBFs can
be encourage generalized to permit for self-
assertive covariance networks X;

H(E) = e @EDTIE-D (7
where X;eR/1*J1 represents a positive definite, symmetric

covariance matrix. When Z;~tis expressed in its general form,
the configuration and orientation of the axes of the hyper
ellipsoid are arbitrary within the feature space. In the case that
1

>t =di

i diag( 021,1/ / 021,11)
is a diagonal matrix characterized by non-constant diagonal
entries, it is entirely defined by a vector o,€ R™, and each
¢;constitutes a hyperellipsoid whose axes align with the axes of
the feature space, . For the J;-dimensional input space,each
Radial Basis Function (RBF) employing a diagonal X;~!
possesses a total of J1(J1 + 3)/2 independent adjustable
parameters, whereas each RBF utilizing a uniform ¢ across all
directions and each RBF employing a diagonal Z;~* contains
merely (J1 + 1) and 2J1 independent parameters, respectively. A
trade-off exists between the deployment of a compact network
with a multitude of adjustable parameters and the utilization of a
larger network with a reduced number of adjustable parameters.
When employing the RBF with a uniform o across all directions,
the gradients are derived as
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- Z b i) Z eni Wi

0E ” IXn—=Cmll m”
EZ_EZ =1 Pm( n) s Zl 16ni Wim:- (8)

Similarly ,for the RBF usmg diagonal Z;~! the gradients are
given by

I3
oE —cC
P = Z¢m(xn) J mjzenlwlm
Cmj O, i=1
OE Xn Cm
60'mj= __Zn 1¢m( n)( J ]) Zl 16ni Wim:-- (9)

Adaptations for'¢; and X; occur along the directions of negative
gradients. The W parameters. To avert the imposition of
unreasonable radii, the updating algorithms may also be derived
by incorporating a constraint term into the Mean Squared Error
(MSE) that penalizes diminutive radii.[27]

EC = Zi 1/O'l' or Ec = Zi,j 1/0'1"]'... (10)

4.7 Training RBF Neural Networks

The training of a neural network entails the identification of
appropriate values for weights and biases. In the majority of
instances, training is executed via a methodology commonly
referred to as the train-test paradigm. As delineated by
Dhubkarya (2010), Radial Basis Function (RBF) networks are
predominantly employed in supervised contexts. The training
dataset comprises specific conditions where the corresponding
network outputs are predetermined. The works .The training
procedure is utilized to as a certain the values of weights,
centers, and widths. The optimization algorithm employed for
minimizing a suitable error function (e) is applied to compute
the weights, as referenced by Hamadneh (2012). RBF networks
are generally trained utilizing pairs of input and target values
x(t),y(t).t = 1.....T through a two-stage algorithm.

RBF networks are typically trained from pairs of input and
targetvalues X (t).y(t).1.2....T by algorithm of simply fits a
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linear model with coefficients w; to the hidden layer's outputs
with respect to some objective function. A common objective
function, at least for regression/function estimation, is the least
squares function:

K(w) & 3T, K (w)... (12)

Where

K (w) € [y(®) — oX(©).w)]?... (12)

There are occasions in which multiple objectives, such as
smoothness as well as accuracy, must be optimized. In that case
it is useful to optimize a regularized objective function such as
Hw) & K(w) +AS(w) & ¥T_ H.(w)...(13)

Where S(w) & ¥T_. S,(w) And H(w) & K(w) +

AS(w) S(w) & i Sy (w)

where optimization of S maximizes smoothness and Ais known
as a regularization parameter [23].

4.8Testing

Upon the construction of a machine learning model (utilizing the
training dataset), it is imperative to obtain unseen data to
evaluate the efficacy of the model. This dataset is referred to as
the testing data,that we find it in practical aspect which can be
employed to assess the performance and advancement of the
algorithms' training while allowing for adjustments or
optimizations for enhanced outcomes. The objective of testing is
to juxtapose the outputs generated by the neural network against
the targets contained within an independent set (the testing
instances). It is noteworthy that the testing methodologies are
contingent upon the type of project (either approximation or
classification).

4.9 Architecture:

The architecture of a Neural Network - RBF delineates the
specific configuration of layers and nodes within the network as.
1- layers -2 weights 3- Bais 4-Activation Function

RBFN can be presented as a three-layer feed for-ward structure)
see Fig. 2) The input layer serves only as input distributor tothe
hidden layer. Each node in the hidden layer is aradial function,

_73-



2025 il (SO sal] aolial] Alsal] e ol Gpileas Y/ s dlae
www.uarabs.org

its dimensionality being the same asthe dimensionality of the
input data. The output fromthe j™ function for the input object x;
has the following form[23].

bji = j(x) = ¢ (||x: — ¢l])... (19)

where [|...|| is a distance measure and c; describes the center

of the j" radial basis function and j=1, . . ., K.

At this point the notation of the centers of RBFs has been
changed to stress that they are no longer constrained to be
defined by the input data vectors

outTput Iavyer

hidden Ilavyver

imNmput Iayer

Figure(2):Architecture of radial basis function network.
The output is calculated by a linear combination (i.e. a weighted
sum. of the radial basis functions plus the bias, according to:

(X)) = [Zizzewj @ (||x: — <) + wo]-.. (15)
In matrix notation:  y = ¢w...(16 )
where

¢11 ¢12 T ¢k1 1
p=| P2 Pree P Uoie g, gl
¢1m ¢2m ¢km 1

w=[W Wy.... Wi wo T
For multiple y the Eq. 15. has the following form:

Vo (XD) = Yiz1aewp; ¢(||xi — i) + wro-.. (17)
In matrix notation:
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Y =oW... (18)
W11 W12 Wh1
W12 W32 .. Wh2
Where W =
Wik Wok Whi
W1o W70 Who

In the RBFN, all basis functions have the same width parameter
o. In the more general case the width parameters can be tuned
for each basis function individually. In the so-called hyper radial
basis functions each argument is scaled by the matrix Q:

[l = ¢ I1” = [0}, (i = )] [0 (xi = ¢)']-- a9)

i Qll(j) le(f) an(f) .
Where Qj _ le(j) QZZ(.]') o Qz.n(j)
Qn'l(j) Qn.z 0 Qm;(j)

4.9.1 Layers

a-lnput Layer

The first layer is known as the input layer which accepts input
for the network, The input layer are the input variables they
referred to the visible layer, which includes multiple predictor
variables, which accepts input for the network, with each
variable corresponding to an independent neuron. At the input of
hi(EI]den unit I, the input vector x is weighted by input weights
W-'..

Sy = [Xa W X W o Xy Wit Xy Wit ... (20)

Where: n is the index of input; I is the index of hidden units; X,,
is then™ input; W.,is the input weight between input and hidden
unit; is the input weight. RBF network with N inputs, L hidden
units, and M outputs [8]
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b -Hidden Layer or a Processing Layer:

comprises a specific number of nodes with RBF non-
linear activation function (conventionally it is implemented as
Gaussian function), and the last layer is responsible to generate
the final output of the network. The layers of nodes situated
between the input and output layers are referred to as hidden
layers. There can exist one or multiple instances of these layers.
The hidden layer is responsible for processing the outputs
derived from the input layer utilizing a distance metric of

d; = / n_ ki [ —mi]A2])

and the transfer functions in. The resultant output of the network
is represented as a weighted summation of the outputs of ¢(di)
emanating from the hidden layer and is articulated by the hidden
layer, which comprises a Radial Basis Function (RBF) centered
at a specific point, contingent upon the dimensionality of the
input/output predictor variables. The activations of the hidden
units are described by fundamental functions that typically
encompass the activation function of the Radial Basis Function.
This activation function is contingent upon the Euclidean
distance between the input pattern vector and the center of the
hidden neuron, which possesses a multitude of neurons. The
function of clustering in the architecture of Radial Basis
Function Networks (RBFN) is to establish an initial distribution
of receptive fields (hidden neurons) throughout the input space
of the input variables. Each neuron's output within the hidden
unit | is computed by

o) = exp (L) 22)

where the activation functiong,(.) for the hidden unit is
conventionally selected as a Gaussian function: c is the center of
the hidden unit,1 and o,is the width of the hidden unit||. ||, with
denoting the Euclidean distance. This indicatesg;(s;) that

possesses a feasible value solely when the distance||s; — cq]|is
less than the width [28]
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c- Output Layer

The output layer is constituted of nodes that generate the output
variables, which typically include a linear activation function
that subsequently transmits the values to each neuron. The
computation of the network output m is performed by:

Om = Z%zl (pl(sl)Wl?m + VVo(,)m--- (23)

Where: m represented the index of output;Wp,, is the output
weight between the hidden unitl and the output unit;Wg,is the
bias weight of output unitm.

One may observe from this fundamental computation the
presence of four distinct types of parameters: the input weight
matrix WP, the output weight matrixW,, the center matrix c, and
the width vectoro. Typically, the input weights are uniformly
initialized to the value of ‘1°.

4.9.2-Weights

These are the real values related with the traits. They are
significant as they tell the prominence of each trait which is
thread as an input to the artificial neural network.

Neurons in neighboring layers are fully related to each other.
Each connection has connected weight, which decide the
strength of the connection. These weights are literate during the
instruction operation[24] .

4.9.3-Bias Neurons

Bias in a neural network is desired to move the activation
function towards the level either towards the left or the right. We
will pall it in more posterior state .In the bonus to the input and
hidden neurons, each layer (except the input layer) generally
includes a bias neuron that allows a constant input to the
neurons in the next layer. The bias neuron has its own weight
related with each connection, which is also liberated during
training. bias can mention to two connected but definite ideas:
bias as a common expression in machine learning and the bias
neuron , bias mentions to the error proposed by approaching to a
real-world problem with a clarified model. Bias computes how
well the model can arrest the underlying styles in the data. A
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high bias designates that the model is too naive and may under
fit the data, while a low bias propose that the model is catching
the underlying samples well.

4.10Specialized algorithmsnormalized importance
independent variables using neural networks

A higher normalized importance percentage he Gini's method.
Having the higher importance percentage is meant the higher
reliability and productivity, identification of significant
independent variables through neural networks can be
accomplished via a multitude of methodologies. One strategy
involves evaluating the relative significance of each variable
through an analysis of the connection weights and the sensitivity
analysis inherent to the neural network model. An alternative
approach entails employing an ensemble of neural networks
rather than relying on a singular model, a strategy which
enhances the consistency of the results derived from various
methodologies Moreover, a technique that utilizes a combination
of partial or wholly determined indices can be employed to
ascertain the importance of specific nodes within the neural
network. Independent variables serve as a crucial component of
experimental design, allowing to investigate cause-and-effect
relationships between variables.

Normalized architecture[6].

RBF networks canbe normalized. In this case the mapping is

N —eer _ PAX=cilD
where u(|lX — cill) == v

Is known as a normalized radial basis function.

There is theoretical justification for RBF architecture in the case
of stochastic data flow. Assume a stochastic

kernel approximation for the joint probability density

PX AY) ==L, p(IX = cilDa(ly — el)... (24)

where the weights c; and e;are exemplars from the data and we
require the kernels to be normalized [ p(J|1X — ¢;|) d"X =1
Andf o(ly — ) dy =1

The probability densities in the input and output spaces are
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[P Ay)dy =~F, p(IX — cill)
And the expectation of y given an input X is
p(x) €L E(Y|X) = [yP(Y|X)dy
where P(y|X)
Is the conditional probability of y given X The conditional
probability is related to the joint probability through Bayes'
theorem
P(XAy)

which yieldsg(X) = [y
This becomes

ity eip(IX—cill)
000 = SF=man = ZimeIX = cill)... (26)

P(XAy)
P(X)

4.11Performance Measurement [Classification, ROC and
AUC ]

In Machine Learning, performance measurement is an essential
task. So when it comes to a classification problem, we can count
on an AUC - ROC Curve. When we need to check or visualize
the performance of the multi-class classification problem, we use
the AUC (Area Under The Curve) ROC (Receiver Operating
Characteristics) curve. It is one of the most important evaluation
metrics for checking any classification model’s performance. It
is also written as AUROC (Area Under the Receiver Operating
Characteristics[2].If you want to evaluate a model's quality
across all possible thresholds, you need different tools

4.11.1Classification table and Confusion Matrix

During the data training phase, a confusion matrix was
employed to assess the multilayer perceptron classification
model presented in Table 2. that delineates the number of
observation cases that exhibit a particular attribute alongside the
number of observation cases that lack that characteristic, in
contrast to the anticipated instances that display the attribute and
those that do not. Consequently,
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The fundamental premise of the analysis is to anticipate the
accurate classification of cases based on a specified criterion, as
this serves as evidence that the model aligns with the
observational data. Table (2) illustrates the overarching structure
of the classification table.

Confusion Matrix
Confusion matrix is a matrix which maps the predicted outputs
across actual outputs.[1]

Table (2) Classification Table [Confusion Matrix
Expected

Classification Predictive Predictive Negative
Positive
Actual True Positive | False Negative (FN)
Observation | Positive (TP)

Actual False Positive | True Negative Rate
Negative (FP) (TN)

Crucial metrics were derived from the classification matrix to

facilitate a precise evaluation of the classification model,
thereby enabling the prediction of one variable based on the
known values of other variables. This process involves mapping
the data item into a continuous real-valued variable. A plethora
of soft-computing algorithms are available for data mining,
including neuro-fuzzy computing, genetic algorithms, neural
networks, rough sets, decision trees, and their respective
hybridizations[3].

In statistical analysis pertaining to binary classification and
information retrieval systems, the F-score, also referred to as the
F-Measure as Eq.(27), serves as an indicator of predictive
efficacy. This metric is derived from the precision and recall
associated with the evaluation, wherein precision is defined as
the ratio of true positive results to the total number of samples
predicted to be positive, encompassing those incorrectly
classifiedas Eq.(28),while recall is characterized as the ratio of
true positive results to the total number of samples that should
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have been accurately classified as positiveas Eq.(29). Precision
Is alternatively termed as positive predictive value, whereas
recall is commonly referred to as sensitivity within the context
of diagnostic binary classification[19].

2 — 9 precision.recall

F,_score =
2T

Py el 7)

2TP+FP+FN’

Precision = ﬁ+ FP ...(28)

recall"1+precision™1 precision+recall

Recall == + FN...(29)
TP

Since both precision and recall are rates (ratios) between 0 and 1
. This ensures that a low value in either precision or recall has a
significant impact on the overall F1 score,

The highest possible value of an F-score is 1.0, indicating
perfect precision and recall, and the lowest possible value is O, if
the precision or the recall is zero.

4.11-2 Receiver-operating characteristic curve (ROC)

The ROC curve is an analytical method, represented as a graph,
that is used to evaluate the performance of a binary diagnostic
classification method. The diagnostic test results need to be
classified into one of the clearly defined dichotomous
categories, such as the presence or absence of a disease[19].

4.11.2.1Area under the curve (AUC)

The area under the ROC curve (AUC) represents the
probability that the model, if given a randomly chosen positive
and negative example, will rank the positive higher than the
negative.The perfect model above, containing a square with
sides of length 1, has an area under the curve (AUC) of 1.0. This
means there is a 100% probability that the model will correctly
rank a randomly chosen positive example higher than a
randomly chosen negative example. In other words, looking at
the spread of data points below, AUC gives the probability that
the model will place a randomly chosen square to the right of a
randomly chosen circle, independent of where the threshold is
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set.In general, an AUC of 0.5 suggests no discrimination (i.e.,
ability to diagnose patients with and without the disease or
condition based on the test),but(0.7 to 0.8) is considered
acceptable,( 0.8 to 0.9) is considered excellent, and more than
(0.9 )is considered outstanding.A ROC curve shows the
relationship between clinical sensitivity and specificity for every
possible cut-off. The ROC curve is a graph with[9].

The x — axis showing (1 - specificity =

FP
(FP4+TN) ™ (30)

false positive fraction =

The y — axis showing (sensitivity = true positive fraction
TP

~ (TP + FN)
The ROC curve is drawn by calculating the true positive rate
(TP) and false positive rate (FP) at every possible threshold (in
practice, at selected intervals), then graphing TP over FP. A
perfect model, which at some threshold has a TP of 1.0 and a FP
of 0.0, can be represented by either a point at (0, 1) if all other
thresholds are ignored, or by the following:

4.12. Model information criterion or Model selection in
machine learning

4.12.1Model selection

Is @ machine learning operation utilized to select the finest model
for a given task from a group of possible models? The possible
models are estimated using different model selection methods
The result of model selection depends on a strong validation plan
and suitable estimation metrics. Model Selection task to
Maximize achievement[11].

4.12.1.1-Akaike information criterion (AIC)

The Akaike Information Criterion (AIC) count the type of a
statistical model for a given dataset. It stabilities the trade-off
between the goodness of the model’s fit on the training data and
the complexity of the model. It is an estimator of forecast error
and just like comparative quality of statistical models for a given
set of data. Given a groups of models for the data, evaluates the

-82-



www.uarabs.org

kind of each model, comparative to each of the other models.
AIC penalizes models with more parameters, propitious the
selection of easy that still illustrate the training data well(training
dataset is the sample of data used to fit the model). A lower AIC
value specifys a better-fitting model. specify a means for model
selection. Akaike’s Information Criteria (AIC ) One of the most
regularly used information criteria.AIC is focused to finding the
finest approximating model to the unknown true data causing
procedure and its applications[25].

The method of AIC (Akaike, 1973) is to chose the model that
reduce the negative likelihood penalized by the number of
parameters as identified in the equation

AIC = 2k —2log(L).......... (31)

Where L refers to the likelihood under the fitted model and

k is the number of parameters in the model. Specifically,

k = the number of parameters in the model. Specifically,

L = the log-likelihood of the model under the fitted model, i.e.,
how well the model sees its training data

4.12.1.2. Bayesian Information Criterion (BIC)

Obtained from Bayesian probability and conclusion, the
Bayesian Information Criterion (BIC) is a model selection
statistic identical to AIC butcontains a powerful penalty for
model complication. BIC is especially fitting for models trained
using maximum likelihood estimation. More compound models
will have a larger BIC score, which means weak
modelsFormula[25]:

BIC = —2log(L) + klog(n)...(32)

K = the number of parameters

L = the log-likelihood of the model for the training data

N = the number of data points/samples

4.12.2 Model Fitting Information -Likelihood Ratio Test
-The likelihood ratio test can be utilized to estimate the
goodness of fit of a model of calculation if the sample is
sufficiently large. In this case H1 identify to a ‘filled" model in
which the number of parameters equals the sample size n[14].
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D = likelihood ratio test =
Likelihood for null model
—2*Ln

] Likelihoc_)d _for alternative model
D is the test statistic.

.(33)

5-Practical Aspect

5.1 A brief explanation about kidney transplant

Kidney transplants are done to help people with chronic kidney
disease or end-stage kidney failure. When the kidneys cannot
filter waste properly, they need either dialysis (a device used to
remove waste from the blood) or a kidney transplant.This
medical procedure entails a surgical operation whereby the
nonfunctional kidney is supplanted by a viable kidney sourced
from either a living or deceased donor[15]. The inaugural
successful live-related kidney transplant, performed in1953.

| Inferior Vena Cava

 Right Diseased Kidney |

hransplmtod Kidmy. = —_—
‘ Renal/lliac Artery |

Transplanted Ureter | —————+ |} 'Renal/lllac Vein |

Figure (3): Kidney location after transplant[15]

The kidneys, which are two organs resembling the shape of
beans, are situated bilaterally along the spine, just inferior to the
ribcage. Each kidney is approximately the size of an adult fist.
Their primary role is to filter and eliminate waste products,
essential minerals, and excess fluid from the bloodstream via the
production of urine. When the kidneys lose their capability to
filter effectively, detrimental levels of fluid and waste begin to
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accumulate within the body, potentially leading to elevated
blood pressure and eventual kidney failure, clinically referred to
as end-stage renal disease (ESRD). End-stage renal disease is
characterized by the loss of approximately 90% of the kidneys'
functional capacity[26].

5.2Practical AspectAnalysis

5.2.1 Data Description

The researchers contacted several institutions specializing in
kidney disease, including the Shar hospital in Sulaimania
governoratein Kurdistan, 267 patients were registered with
kidney disease only the data from 150 patients in that hospital
enrolled between February 2015 and May 2022 were eligible for
this analysis

5.2.2 Variables Description

Dependent Variable (Y): defined as binary variable [patients
withKidney transplanted , Kidney prepare for
transplantpatients]

Independent Variables :In this paper we have deal with
commonrisk factors caused Kidney transplant as independent
variablesfor this purpose of the paper, many doctors specialized
in kidney diseaseswere consulted, and confirmed that those
variables are six risk factors caused Kidney transplantation (X,
,X2,X3,X4,X5 ,XG)they explained in table(3)
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5.2.3Statistical Analysis
5. 2.3.1:first: Descriptive Statistics of Kidney dataset

Table (3): Shows descriptive statistics of Kidney
transplantation dataset

Variables Frequency| Percent
Dependent Y Kidney transplanted 88 58.7%

Kidney prepare for 62 41.3%
transplant

X1: Renal Artery Stenosis Semi Control 54 36.0%

Out Control 96 64.0%
X,: Polycystic Kidney Semi Control 57 38.0%

Disease Out Control 93 62.0%
X3:: Diabetes Semi Control 62 41.3%

Independents
Out Control 88 58.7%

X4: Congenital Kidney Semi Control 48 32.0%

Diseases Out Control 68.7%
Xs5: Chronic, Semi Control 62 41.3%

Uncontrolled High Blood Out Control 88 58.7%
Pressure .

Xe: Systemic Lupus Semi Control 56 37.3%

Erythematosus Out Control 94 62.7%

The result of descriptive statistics :

1-The dependentvariable referred to the number of kidney
transplanted are (88) with (58.7%) and it is higher than those
number of Kidney prepare for transplant (62) with (41.3% )
2-independentsvariables out-control is higher than Semi Control
in all variables

[X1=64.0% ,X,=62.0% , X3=58.7% , X,= 68.7% , Xs=
58.7% , Xg=62.7%]

it indicate that every risk factors has effect on the
kidneytransplant and the 62%of patients affected by risk factors
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5.2. 3.2: Second: Advanced Statistics ANN -RBF of Kidney
dataset
1 -Case Processing Summary

Table(4):Case Processing Summary

Numbers Percent

Sample Training 115 76.7%

Testing 35 23.3%
Excluded 0
Total 150 100.0%

Table (4) gives information about the datasets used to build the
RBF neural network modelThe Case Processing Summary
shows that the training samplehas 115 cases it equal t076.7%
was used it ensure to 76.7%is larger portiondesigned the model
by the effect of risk factors on KidneyTransplantation The
testing sample has 35 case it equal to 23.3% of sample used a
smaller part of the dataset, used to estimate how well the model
generalizes to new hidden cases. It means it’s sufficient portion
was used for testing to a generalization. Butexcluded has zero
because no data records,this means the full dataset was used.

2-Network Information

figure(4) The neural network is structured to classify kidney
transplant status based on 6 clinical input variables risk factors
considered by the model to predict the kidney transplant, It has
one hidden layer with 12 neurons. The output layer uses
Identity activation with 2 units, reflecting binary classification
output (e.g., transplanted vs. prepare for transplant).
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utput Layer
Dependent Variable Y

Kidney Kidney prepare for
transplanted transolant

L

N Hidden Layers
A  Activation Function

= 4 1 dum | = e = e = Input Layers
] c Factors

X1 X2 X3 X4 Xs= Chronic, ——
Renal polycystic Diabetes Congenital uncontrolled ?\6—Dl§ezse of the'
artery kidney kidmey high blood immunity [Systemic
stenosis  disease diseases pressure e A

Figure (4): Network Information Diagram
3-The NormalizedImportant Independent Variables

Table (5): The relative importance of each factor affecting
Kidney transplant

Normalized
Independent Variables Importance Importance
Renal Artery Stenosis 0.158 74.4%
Polycystic Kidney Disease 0.179 84.4%
Diabetes 0.152 71.7%
Congenital Kidney Diseases 0.212 100.0%
Chronic, Uncontrolled High Blood 0.128 60.4%
Pressure
Systemic Lupus Erythematosus 0.171 80.4%
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Figure (5):Feature Normalizedimportance of each factor
affecting Kidney transplanted

Normalized Importance
0% 20% 40% 60% 80% 100%
1 1 1 1 L

Xs4=Congenital 4
kidney diseases

X2= polycystic -
kidney disease

lupus erythematosu

X1=Renal artery -
stenosis

Xs= Diabetes 7

Xs= High blood —
pressure

T T T T
0.00 0.05 010 015 0.20

Importance

Fromtable (5) and the figure (5) and the relativenormalized
importance of eachindependent variables(risk factor affectingon
the dependent variable Kidney transplantby using the RBF
model, The model identifies "Congenital kidney diseases" (X,)
as the most significant factor, with a normalized importance of
100%, the highest relative effect on the dependent Kidney
transplantedvariableit’s more than (polycystic  kidney
disease)which has 84.4%,then(Systemic lupus erythematosus)
with  80.4%, then (Renal artery stenosis) 74.4%,
Diabetes71.7%, (Chronic, uncontrolled high blood pressure)
60.4%. So, these values reflect how much each variable
contributes to predicting the Kidney transplant in the RBF
model.
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4- The Performance of Diagnostic Tests
a—Classification(Confusion matrix)

Table (6): Classification
Observed Predicted for the dependent variable: Y

sample Kidney Kidney Percent

transplanted prepared | Correct
for

transplant

Training | Kidney 67 2 97.1%
transplanted

Kidney prepare 9 37 80.4%
for transplant

Overall Percent 90.4%

Testing | Kidney 19 100.0%
transplanted

Kidney prepare 5 68.8%
for transplant

Overall Percent 85.7%

Table(6) displays a classification table or. confusion matrix for
dependent variableKidney transplant defined if the predicted
probability is greater than 0.5 of the ratio of the correct
prediction In the Training Sample the Kidney transplanted and
Kidney prepared for transplant the results in the diagonal are
(67 , 37 with overall accuracy: 90.4%, which is very strong
for a medical prediction taskand in the Testing sample Kidney
transplanted and Kidney prepared for transplant the results in
the diagonal are (19 , 11 withoverall Percent 85.7%) still very
acceptableit predict that the both kinds of patients affected by
the risk factors.In general High overall accuracy (90.4% and

85.7%) suggests the model is reliable and clinically valuable.
precision * recall 2TP

precision + recall " 2TP+FP+EN

F, score=2

2(67) 134

= =0.9241
2(67)+9 +2 145

F,_training =
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_ 2(19) 38
F,__testing = — = 0.8837

2(19) +5 +0 43
So in both analysesthe values are (0.9241 and 0.8837) it refer
to perfect precision and to best predictive..

b-ROC curve (Receiver Operating Characteristics):

Table (7): Area Under the Curve(AUC)

Dependent Variable

Area Under the Curve(AUC)

Kidney transplanted

0.835

0.835

Y | Kidney prepare for
transplant

—  Kidney transplanted
Kidney prepare for
transplant

Sensitivity

T T T T
o 2 E G a 1.0
1 - Specificity
Dependent Variable Y

Figure (6)ROC curve

In both Table (7) and Figure (6), the area under the ROC curve
(AUC) for both outcomes is 0.835, which is classified as "best"
since an AUC in the range of 0.8 to 0.9 is deemed excellent,
signifying that the model possesses a robust capacity to
accurately classify whether a kidney is suitable for
transplantation or is prepared for transplant.

-01-



2025 il (SO sal] aolial] Alsal] e ol Gpileas Y/ s dlae
www.uarabs.org

5- Model Selection
a-Model Fitting Information
Table (8): Model Fitting Information

Model Fitting Criteria Likelihood Ratio Tests

Model AIC  BIC Log Likelihood | Chi-Square | df | Sig.

Intercept (167.097 [171.312 127.666

Final [162.836 (196.553 99.090 98,576
Model

This table presents the validation plan and appropriate Model
Fitting Information, indicating that the chi-square test for AIC,
BIC, and the likelihood ratio yields a P-value of 0.000, which is
less than 0.05. This encapsulates model fit statistics,
demonstrating the final model's improvement over the simpler
model and assessing its statistical significance.

b-Model Fitting Criteria
Table (9):Model Fitting Criteria Likelihood Ratio Tests of
Reduced Model
Likelihood Ratio Tests

Model Fitting Criteria Likelihood Ratio Tests

AlC BIC -2 Log Chi- Sig.
Likelihood Square

Intercept 119.695 | 149.197 99.090 .000

Renal Artery 125.803 | 151.091 108.579 9.489 0.032
Stenosis

Polycystic 121.929 | 147.217 106.509 7.419 0.041
Kidney Disease

Diabetes 122.803 | 146.091 104.792 6.702 0. 046

Congenital 123.929 | 149.217 111.891 12.801 0.000
Kidney
Diseases

Chronic, 124.803 | 150.091 104.168 5.078 0.049
Uncontrolled
High Blood
Pressure

Systemic 120.295 | 144.583 105.924
Lupus
Erythematosus
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The chi-square statistic represents the disparity in log-
likelihoods between the final model and a constrained model.
The reduced model is created by excluding an effect from the
final model. The null hypothesis posits that all effect parameters
are equal to zero. The reduced model is equivalent to the final
model, as the exclusion of the effect does not augment the
degrees of freedom. As the p-values for all predictor variables
(six risk factors) are >0.05, it demonstrates that the specified
clinical variables significantly enhance the model fit compared
to the intercept-only model. The statistical tests validate that
these elements are crucial predictors in the model.

6.Conclusion

The research illustrates that employing Radial Basis Function
(RBF) for predictive classification, in conjunction with the
normalized significance of independent variables, proficiently
identifies critical risk factors affecting kidney transplant results.
The classification model demonstrates robust performance with
an Area Under the Curve (AUC) of 0.835 and high accuracy in
both training (90.4%) and testing (85.7%) datasets, underscoring
its efficacy in differentiating between transplanted kidneys and
those designated for transplant.
Congenital Kidney Diseases was identified as the most
significant predictor among the risk factors, with a normalized
relevance of 100%, followed by Polycystic Kidney Disease at
84.4% and Systemic Lupus Erythematosus at 80.4%. All
enumerated parameters substantially influence the model, as
evidenced by their likelihood ratio tests with p-values below
0.05, thereby affirming their statistical relevance in forecasting
transplant risk. The final fitted model markedly enhances fit
compared to the intercept-only model, as evidenced by a highly
significant likelihood ratio test (Chi-square = 28.576, p < 0.001).
Integrating these normalized risk indicators using RBF
classification improves prediction accuracy and offers critical
insights for evaluating kidney transplant risks, hence facilitating
clinical  decision-making and  targeted interventions.
This result i1s derived directly from the model fitting
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requirements, displayed in the tables,The decrease in Log
Likelihood values with each factor indicates improved model
fitting.

These results suggest all these normalized risk factors provide
valuable predictive information for kidney transplant risk when
used in the model, confirming the benefits of using RBF and
normalized importance techniques for prediction by
classification in this study .

Recommendations:

1-Integrate the RBF-based prediction model with normalized
variable significance into clinical practice to inform pre-
transplant risk evaluations and post-transplant surveillance.
2-Utilize recognized important risk factors (e.g., congenital
kidney disorders, polycystic kidney disease, diabetes) to
customize patient-specific treatment and follow-up strategies.
3-Investigate the integration of our predictive models with
additional clinical tools and biomarkers for integrated kidney
transplant risk management.

4-Encourage interdisciplinary collaboration among physicians,
data scientists, and academics to enhance and revise predictive
models as new data becomes available.

5-This work corresponds with current advancements in machine
learning applications for predicting kidney transplant risk,
demonstrating enhanced graft survival prediction and facilitating
targeted therapeutic interventions for improved long-term
results.
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