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Abstract:

Research purpose: This research aims to study the relationship
between the use of digital twin technology and the rationalization
of internal costs in real estate companies in Egypt. It seeks to
understand how digital twinning can help real estate companies
improve the efficiency of their operations and reduce their
internal costs.

Design and Methodology: The researcher relied on the use of
the quantitative analytical method by collecting and analyzing
guantitative data and providing results that can be interpreted and
applied in the field of research, as it helps in understanding the
relationship between variables by analyzing the data on the
variables of the study using statistical methods and methods such
as multiple regression to understand the factors and challenges
associated with the use of digital twinning. And rationalize costs.
Results and recommendations: The research is expected to
provide results that show the relationship between the use of
digital twinning and the rationalization of internal costs in real
estate companies in Egypt. It will also provide recommendations
on how to effectively adopt digital twins to achieve cost savings
and improve operational efficiency.

Originality and Addition: This research is considered original
in its presentation of the topic of digital twinning and its
relationship to rationalizing internal costs in the real estate
companies sector in Egypt, as there are no previous studies that
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have addressed this topic in this context. The research will also
add to scientific knowledge in the field of cost management and
digital twin applications in the real estate sector.

Keywords: digital twinning, rationalization of internal costs, real
estate companies, Egypt.
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oshall g oS L) aladdiul @ mdeedll Gl pde i) 20 bl
zaai @l W) siwe vie (X1) clleal) 3elS duls ) gl o5 (ADF)
Al k8 Alade El aae o laiy o stual) die AldSie Al
i @y Jo¥) 58l 28T dey HELY) Gy W sl die (Y1) Addla)
e ARDL J & jidal JalSill alasiin) st ¢ ds¥) da jall (e dlalSi dlalul
Lagin @ judiall JalSall sl o) ja) Jal

AN wd i g cilbilaad) 3pLS G ABNall (ADF) shal) Jigh- (o JLA) @il (V) Joa

atsal
) Level 1% Difference 2" Difference
Variables
ADF Sig. Result ADF Sig. Result | ADF Sig. Result
-4.96 0.0019 )
X1 stationary
Y1 No stationar Stationar
2667 | 0104 Y| 3458 | o0.0281 y

E-views geali_s clibua il ; juaal)
(Causality Test) dxsedl JLid) o
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F-
Null Hypothesis: Obs  Statistic Prob.
X1 does not Granger Cause Y1 13 1.64959 0.2513
Y1 does not Granger Cause X1 0.01008

E-views gl n Cliluwa il ; juadl)
(Bounds Test) & idall Jalsil) JLid) o
die Aol Cadl&al and 5 g llaall el o b JelSS @lin Gl o iy
V.00 A gira (5 gl
Ala0al Caatlsil) and i g cilaland) 3o lES (pu ABMall & jidial) JalSill LA gl (¥) g

F-Bounds Test Null Hypothesis: No levels relationship
Test Statistic Value Signif. 1(0) 1(2)
Asymptotic:
n=1000
F-statistic 4.141993 10% 3.02 3.51
k 1 5% 3.62 4.16
2.5% 4.18 4.79
1% 4.94 5.58
Finite Sample:
Actual Sample Size 14 n=35
10% 3.223 3.757
5% 3.957 453
1% 5.763 6.48
Finite Sample:
n=30
10% 3.303 3.797
5% 4.09 4.663
1% 6.027 6.76
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Variable Coefficient Std. Error t-Statistic Prob.*

Y1(-1) 0.311719 0.231889 1.344260 0.2059

X1 -8.803215 4.576686 -1.923491 0.0807

C 51.43489 25.34016 2.029778 0.0673
R-squared 0.335439 Mean dependent var 4.009286
Adjusted R-squared 0.214609 S.D. dependent var 1.420755
S.E. of regression 1.259106 Akaike info criterion 3.486090
Sum squared resid 17.43881 Schwarz criterion 3.623030
Log likelihood -21.40263 Hannan-Quinn criter. 3.473413
F-statistic 2.776136 Durbin-Watson stat 1.702079

Prob(F-statistic) 0.105668
E-views gl clibuwa milid ; juaal)
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Cointegrating Form

Variable Coefficient Std. Error t-Statistic Prob.

CointEq(-1)* -0.688281 0.179608 -3.832134 0.0028

Long Run Coefficients

Variable Coefficient Std. Error t-Statistic Prob.
X1 -12.79014 7.892078 -1.620630 0.1334
C 74.72945 43.64083 1.712374 0.1148
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. Level 1% Difference 2" Difference
Variables
ADF Sig. Result ADF Sig. Result ADF Sig. Result
X2 -3.3095 | 0.0346 stationary
No .
Y1 -2.667 0.104 . -3.458 0.0281 Stationary
stationary

E-views gt n Gl il : juadl)
(Causality Test) dxsedl JLid) o
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Null Hypothesis: Obs  F-Statistic Prob.
X2 does not Granger Cause Y1 13 0.98628 0.4141
Y1 does not Granger Cause X2 0.03516
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Test Statistic Value Signif. 1(0) 1(1)
Asymptotic:
n=1000
F-statistic 12.17226 10% 3.02 351
k 1 5% 3.62 4.16
2.5% 4.18 4.79
1% 4.94 5.58
Finite Sample:
Actual Sample Size 11 n=35
10% 3.223 3.757
5% 3.957 4.53
1% 5.763 6.48
Finite Sample:
n=30
10% 3.303 3.797
5% 4.09 4.663
1% 6.027 6.76
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Variable Coefficient Std. Error t-Statistic Prob.*
Y1(-1) -0.081411 0.274638 -0.296428 0.8165
Y1(-2) 0.246256 0.138037 1.783987 0.3252
Y1(-3) -0.259228 0.114151 -2.270919 0.2641
Y1(-4) -0.435724 0.155202 -2.807456 0.2178
X2 0.042410 0.010405 4.076001 0.1532
X2(-1) 0.075204 0.019262 3.904334 0.1596
X2(-2) 0.039052 0.023059 1.693541 0.3396
X2(-3) 0.056929 0.021448 2.654262 0.2294
X2(-4) 0.169772 0.029436 5.767538 0.1093
C -22.25220 5.916090 -3.761302 0.1654
R-squared 0.995526 Mean dependent var4.050000
Adjusted R-squared 0.955262 S.D. dependent var1.393765
S.E. of regression 0.294800 Akaike info criterion-0.184755
Sum squared resid 0.086907 Schwarz criterion0.176968
Log likelihood11.01615 Hannan-Quinn criter.-0.412771
F-statistic 24.72494 Durbin-Watson stat2.524964

Prob(F-statistic) 0.154915
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Cointegrating Form

Variable Coefficient  Std. Error t-Statistic Prob.
C -22.25220 5.916090 -3.761302 0.1654
Y1(-1)* -1.530106 0.348637 -4.388820 0.1426
X2(-1) 0.383367 0.094737 4.046647 0.1542
D(Y1(-1) 0.448696 0.131561 3.410562 0.1816
D(Y1(-2)) 0.694952 0.174264 3.987919 0.1564
D(Y1(-3)) 0.435724 0.155202 2.807456 0.2178
D(X2) 0.042410 0.010405 4.076001 0.1532
D(X2(-1)) -0.265753 0.070345 -3.777867 0.1647
D(X2(-2)) -0.226702 0.048768 -4.648542 0.1349
D(X2(-3)) -0.169772 0.029436 -5.767538 0.1093

EC =Y1-(0.2505*X2 -14.5429)

Long Run Coefficients

Variable Coefficient  Std. Error t-Statistic Prob.
X2 0.250549 0.031079 8.061769 0.0786
C -14.54291 2.297477 -6.329947 0.0997
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JalSil) alasiud o1 43l sl Gl die GilelSie Guilded) (Y 5 o Y1 ds all
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. Level 1** Difference 2" Difference
Variables
ADF Sig. Result ADF Sig. Result ADF Sig. Result
X3 1504 | 045 No 737546 | 0.000 | Stationary
stationary
Y1 -2.667 0.104 !\lo -3.458 0.0281 Stationary
stationary

E-views gl n Cliluwa il ; juadl)
(Causality Test) sl 331 o
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Null Hypothesis: Obs F-Statistic Prob.

X3 does not Granger Cause Y1 13 0.27623 0.7656
Y1 does not Granger Cause X3 0.47975 0.6357
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F-Bounds Test Null Hypothesis: No levels relationship
Test Statistic Value Signif. 1(0) 1(2)

Asymptotic: n=1000
F-statistic 2.300227 10% 3.02 3.51
k 1 5% 3.62 4.16
2.5% 4.18 4.79
1% 4.94 5.58

Actual Sample Size 11 Finite Sample: n=35
10% 3.223 3.757
5% 3.957 4.53
1% 5.763 6.48

Finite Sample: n=30
10% 3.303 3.797
5% 4.09 4.663
1% 6.027 6.76
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Variable Coefficient Std. Error t-Statistic Prob.*
Y1(-1) 1.202757 0.473683 2.539160 0.0640
X3 -0.262766 0.172463 -1.523606 0.2023
X3(-1) -0.029858 0.137535 -0.217093 0.8388
X3(-2) -0.143044 0.154120 -0.928138 0.4059
X3(-3) -0.046278 0.267153 -0.173226 0.8709
X3(-4) -0.800516 0.358503 -2.232943 0.0893
C 115.5825 64.58487 1.789622 0.1480
R-squared 0.752699 Mean dependent var 4.050000
Adjusted R-squared 0.381748 S.D. dependent var 1.393765
S.E. of regression 1.095903 Akaike info criterion 3.282160
Sum squared resid 4.804012 Schwarz criterion 3.535367
Log likelihood-11.05188 Hannan-Quinn criter.3.122550
F-statistic 2.029108 Durbin-Watson stat2.769532

Prob(F-statistic) 0.257172
E-views gl cllua @il ; juadl)
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Cointegrating Form

Variable Coefficient Std. Error  t-Statistic Prob.
D(X3) -0.262766  0.124829 -2.105003 0.1031
D(X3(-1)) 0.989839 0.336721 2.939640 0.0424
D(X3(-2)) 0.846794  0.306586 2.762013 0.0507
D(X3(-3)) 0.800516 0.224186 3.570771 0.0234

CointEq(-1)* 0202757  0.063021 3217300  0.0324

Variable Coefficient Std. Error t-Statistic Prob.
C 115.5825 64.58487 1.789622 0.1480
Y1(-1)* 0.202757 0.473683 0.428044 0.6907
X3(-1) -1.282462 0.729145 -1.758858 0.1534
D(X3) -0.262766 0.172463 -1.523606 0.2023
D(X3(-1)) 0.989839 0.599114 1.652172 0.1738
D(X3(-2)) 0.846794 0.537619 1.575082 0.1904
D(X3(-3)) 0.800516 0.358503 2.232943 0.0893
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. Level 1% Difference 2" Difference
Variables
ADF Sig. Result ADF Sig. Result ADF Sig. Result
X4 4032 | 00095 stationary
Y1 -2.667 0.104 . No -3.458 0.0281 Stationary
stationary

E-views gt n Gl il : juaadl)
(Causality Test) dxsd) L33 o
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Null Hypothesis: Obs F-Statistic Prob.
X4 does not Granger Cause Y1 13 0.10001 0.9059
Y1 does not Granger Cause X4 0.21400 0.8118
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F-Bounds Test Null Hypothesis: No levels relationship
Test Statistic Value Signif. 1(0) 1(2)
Asymptotic:
n=1000
F-statistic 2.209987 10% 3.02 3.51
k 1 5% 3.62 4.16
2.5% 4.18 4.79
1% 4.94 5.58

Finite Sample:

Actual Sample Size 14 n=35
10% 3.223 3.757
5% 3.957 4.53
1% 5.763 6.48
Finite Sample:
n=30
10% 3.303 3.797
5% 4.09 4.663
1% 6.027 6.76
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Variable Coefficient Std. Error t-Statistic Prob.*

Y1(-1) 0.304971 0.270636 1.126869 0.2838

X4 0.011363 0.045339 0.250625 0.8067

C 1.639072 4.506426 0.363719 0.7230
R-squared0.116958 Mean dependent var 4.009286
Adjusted R-squared-0.043595 S.D. dependent var 1.420755
S.E. of regression 1.451394 Akaike info criterion 3.770335
Sum squared resid 23.17199 Schwarz criterion 3.907276
Log likelihood -23.39235 Hannan-Quinn criter.3.757659
F-statistic0.728468 Durbin-Watson stat 1.594599

Prob(F-statistic) 0.504543
E-views gl cilibua il ; juaal)

s o) Ja¥1 5 Jashall Ja¥) B Uadll maaai cilgaia zigal o
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Cointegrating Form

Variable Coefficient  Std. Error t-Statistic Prob.

CointEq(-1)* -0.695029 0.248297 -2.799180 0.0173

Long Run Coefficients

Variable Coefficient  Std. Error t-Statistic Prob.
X4 0.016349 0.064542 0.253307 0.8047
C 2.358279 6.470078 0.364490 0.7224
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. Level 1% Difference 2" Difference
Variable
S| ADF| sig. Result ADF Sig. Res”: ADF
X1- No X1-
X1- X2- Nostat X2- statio X2-
0 stational
X3- X4 Y xs- | X
1.339508 | 0.9965 X4 1.339508 0.9965 y X4 1.339508
No
Y -2.667 | 0.104 No stationary Y -2.667 0.104 | statio Y -2.667
nary
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Null Hypothesis: Obs F-Statistic Prob.
X1-X2-X3-X4 does not Granger Cause Y 13 1.96023 0.2029
Y does not Granger Cause X1-X2-X3-X4 1.48390 0.2831

E-views gl n Gl il : juadl)
(Bounds Test) & aidal) Jalsil) i) o
Callsal) and yi g dmana JSS A ) Al il alay) & i JelSS la o ity
b)) Ay sine (5 i die 130

Y~Y2dﬂ)§j-&\.ﬂ\d4ﬂ\ e (el Al alall
Yodqv



ety st 2l gl 2 g el sl o B3l

é&;hyughughyugﬂgan/h

Al il and 5 g Anad ) Acaf i) Gy ABMall & idial) Jalsil) L) (YF) Jgaa

F-Bounds Test Null Hypothesis: No levels relationship
Test Statistic Value Signif. 1(0) 1(1)
Asymptotic:
n=1000
F-statistic 8.488085 10% 3.02 3.51
k 1 5% 3.62 4.16
2.5% 4.18 4.79
1% 4.94 5.58
Finite Sample:
Actual Sample Size 11 n=35
10% 3.223 3.757
5% 3.957 4.53
1% 5.763 6.48
Finite Sample:
n=30
10% 3.303 3.797
5% 4.09 4.663
1% 6.027 6.76
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Variable Coefficient Std. Error t-Statistic Prob.*

Y(-1) -0.081411 0.274638 -0.296428 0.8165

Y(-2) 0.246256 0.138037 1.783987 0.3252

Y(-3) -0.259228 0.114151 -2.270919 0.2641

Y(-4) -0.435724 0.155202 -2.807456 0.2178

X1-X2-X3-X4 0.165399 0.040579 4.076001 0.1532

X1-X2-X3-X4(-1) 0.098210 0.068209 1.439833 0.3865

X1-X2-X3-X4(-2) -0.248347 0.043724 -5.679807 0.1109

X1-X2-X3-X4(-3) 0.676098 0.184706 3.660410 0.1698

X1-X2-X3-X4(-4) 0.350808 0.369517 0.949369 0.5165

C -65.51718 20.06837 -3.264699 0.1892
R-squared 0.995526 Mean dependent var 4.050000
Adjusted R-squared 0.955262 S.D. dependent var 1.393765
S.E. of regression 0.294800 Akaike info criterion -0.184755
Sum squared resid 0.086907 Schwarz criterion 0.176968
Log likelihood 11.01615 Hannan-Quinn criter. -0.412771
F-statistic 24.72494 Durbin-Watson stat 2.524964

Prob(F-statistic) 0.154915
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ataal

Variable Coefficient  Std. Error t-Statistic Prob.
D(Y(-1) 0.448696 0.065678 6.831772 0.0925
D(Y(-2) 0.694952 0.091953 7.557704 0.0837
D(Y(-3)) 0.435724 0.085243 5.111533 0.1230
D(X1-X2-X3-X4) 0.165399 0.014620 11.31324 0.0561
D(X1-X2-X3-X4(-1)) -0.778559 0.092053 -8.457711 0.0749
D(X1-X2-X3-X4(-2)) -1.026906 0.094209 -10.90033 0.0582
D(X1-X2-X3-X4(-3)) -0.350808 0.128029 -2.740065 0.2228
CointEq(-1)* -1.530106 0.175063 -8.740296 0.0725

Long Run Coefficients

Coefficie
Variable nt Std. Error t-Statistic Prob.

X1-X2-X3-X4  0.681108 0.117462 5.798525 0.1087
C -42.818717.990774 -5.358518 0.1175
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