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This study aimed to measure the impact of digital transformation on economic
development in a group of Arab countries over the period from 2000 to 2021, using
panel data methodology and the Pooled Mean Group, Mean Group, and Dynamic
Fixed Effects models. The results revealed a significant positive effect of fixed
telephone subscriptions and information and communication technology services
exports on per capita gross domestic product in the long run, while internet users
showed a negative effect attributed to the dominance of consumption-based usage
over productive employment of technology. The study recommends directing
investments toward localizing the information and communication technology
sector and developing complementary policies to ensure that digital transformation
evolves from mere technological diffusion into a genuine driver of sustainable
economic development across the Arab region.

Keywords: Digital Transformation, Economic Development, Panel Data, Arab Countries, Pooled
Mean Group Model, Per Capita Gross Domestic Product, Cointegration, Stationarity, Fixed Effects
Model, Digital Divide.
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summarize 1ln GDP 1ln Ft 1n Fb Ge Se Ui

Variable | Obs Mean Std. dev. Min Max
_____________ o
1n GDP | 484 8.500024 1.354177 5.451177 11.30969

In Ft | 374 2.142824 .8768446 .2418049 3.407816

ln Fb | 330 1.037272 .9056466 0 3.230237

Ge | 440 1.02325 1.801798 0 9.05

Se | 440 8.649673 10.28489 .0080637 60.05719
_____________ o
Ui | 484 31.84224 30.86312 .02 100

Glyuaiall callalayy) .2

3.
4, pwcorr ln GDP 1ln Ft 1n Fb Ge Se Ui, sig star(0.01)
5.
6. | In GDP In Ft In Fb Ge Se Ui
T. ———————————— e e e e e e
8. 1n GDP | 1.0000
9. |
10. |
11. In Ft | 0.7902* 1.0000
12. | 0.0000
13. |
14. In Fb | 0.4370* 0.3892* 1.0000
15. | 0.0000 0.0000
16. |
17. Ge | 0.1024 0.2553* 0.0586 1.0000
18. | 0.0317 0.0000 0.3056
19. |
20. Se | 0.1074 0.0956 -0.0918 -0.1764* 1.0000
21. | 0.0243 0.0828 0.0960 0.0003
22. |
23. Ui | 0.5622* 0.4950* 0.8393* 0.2274* 0.1530* 1.0000
24. | 0.0000 0.0000 0.0000 0.0000 0.0013
25. |
26.
27. .
Ls:en;;ﬂ\<)\d:s§Y\ 3
. reg In_GDP Ge Se In_Ft In_Fb Ui
Source ‘ SS df MS Number of obs = 198
F(5, 192) = 125.91

Model 154.712296 5 30.9424591
Residual 47.1834341 192 .245747052



Prob > F = 0.0000
R-squared = 0.7663 Adj R-
squared = 0.7602 Root MSE =
.49573
1n_GDP | Coefficient Std. err. t P>t [95% conf. interval]
Ge -.0347012 .0321255 -1.08 0.281 -.0980654 .028663
Se .0164001 .0034791 4.71 0.000 .0095379 .0232624
In_Ft .9980639 .0538169 18.55 0.000 .8919157 1.104212
1n_Fb -.0023861 .083214 -0.03 0.977 -.166517 .1617449
Ui .0059785 .0023902 2.50 0.013 .001264 .010693
_cons 6.056925 .1197444 50.58 0.000 5.820742 6.293109
bl BY) ziga .4
. xtreg In_GDP Ge Se In_Ft In_Fb Ui, fe
Fixed-effects (within) regression Number of obs = 198
Group variable: ind Number of groups = 9
R-squared: Obs per group:
Within = 0.2501 min = 22
Between = 0.0065 avg = 22.0
Overall = 0.0003 max = 22
F(5,184) = 12.27
corr(u_i, Xb) = -0.1163 Prob > F = 0.0000
1n_GDP | Coefficient Std. err. t P>|t]| [95% conf. interval]
Ge .0155866 .009332 1.67 0.097 -.002825 .0339981
Se -.0022879 .0013178 -1.74 0.084 -.0048878 .000312
In_Ft .0076817 .0347369 0.22 0.825 -.0608521 .0762155
In_Fb .1398949 .0221142 6.33 0.000 .0962648 .1835249
Ui -.0027971 .0006313 -4.43 0.000 -.0040427 -.0015515
_cons 8.634147 .0816334 105.77 0.000 8.473089 8.795204
sigma_u 1.0715401
sigma_e .11604881
rho .98840688 (fraction of variance due to u_i)

F test that all u_i=0: F(8, 184) = 414.94 Prob > F = 0.000

Adlgdall JEY) z3san5

. xtreg In_GDP Ge Se In_Ft In_Fb Ui, re

Random-effects GLS regression Number of obs = 198

Group variable: ind Number of groups = 9
R-squared: Obs per group:

Within = 0.2411 min = 22

Between = 0.1051 avg = 22.0

Overall = 0.0861 max = 22

Wald chi2(5) = 47.50

corr(u_i, X) = @ (assumed) Prob > chi2 = 0.0000

1n_GDP | Coefficient Std. err. z P>|z| [95% conf. interval]

Ge .0152499 .0106854 1.43 0.154 -.005693 .0361928

Se -.0018755 .0015024 -1.25 0.212 -.0048201 .0010692

In_Ft .0558711 .0390497 1.43 0.152 -.020665 .1324072

1n_Fb .1358564 .0253313 5.36 0.000 .0862079 .1855049




Ui -.0025584 .0007227 -3.54 0.000 -.003975 -.0011419
_cons 8.516177 .1651879 51.55 0.000 8.192414 8.839939
sigma_u .35941833
sigma_e .11604881
rho .90559107 (fraction of variance due to u_i)

Breusch_pagan ,luil. 6
xttesto

Breusch and Pagan Lagrangian multiplier test for random effects
In_GDP[ind,t] = Xb + u[ind] + e[ind,t]

Estimated results:

Var SD = sqrt(Var)
1n_GDP 1.024851 1.012349
e .0134673 .1160488
u .1291815 .3594183

Test: Var(u) = ©

chibar2(@1) = 545,83
Prob > chibar2 = ©.0000

sargan and hansen laal.7

19 . xtoverid
Test of overidentifying restrictions: fixed vs random effects

Cross-section time-series model: xtreg re
Sargan-Hansen statistic 65.454 Chi-sq(5) P-value = 0.0000

okl s lasl. 8
22 xttest3

Modified Wald test for groupwise heteroskedasticity
in fixed effect regression model

HO: sigma(i)A2 = sigma”2 for all i
chi2 (9) = 698.54

Prob > chi2 = 0.0000

23 xtserial In_GDP Ge Se In_Ft In_Fb Ui
Wooldridge test for autocorrelation in panel data
HO: no first-order autocorrelation
F( 1, 8) = 2.195

Prob >F = 0.1767



robust lasl.10

24 xtreg In_GDP Ge Se In_Ft In_Fb Ui, fe robust

Fixed-effects (within) regression Number of obs = 198
Group variable: ind Number of groups = 9
R-squared: Obs per group:
Within = 0.2501 min = 22
Between = 0.0065 avg = 22.0
Overall = 0.0003 max = 22
F(5,8) = 4.43
corr(u_i, Xb) = -0.1163 Prob > F = 0.0312

MJ\)BLAY\ 2 fg&l&dl
LLC.1

xtunitroot 1llc 1ln GDP, lags (1)

Levin-Lin-Chu unit-root test for 1ln GDP

HO: Panels contain unit roots Number of panels = 22
Ha: Panels are stationary Number of periods = 22
AR parameter: Common Asymptotics: N/T -> 0

Panel means: Included

Time trend: Not included

ADF regressions: 1 lag

LR variance: Bartlett kernel, 8.00 lags average (chosen by LLC)
Statistic p-value
Unadjusted t -6.2519

Adjusted t* -3.0120 0.0013



xtunitroot 1llc 1In Ft, lags(l)

Levin-Lin-Chu unit-root test for 1ln Ft

HO: Panels contain unit roots Number of panels = 17
Ha: Panels are stationary Number of periods = 22
AR parameter: Common Asymptotics: N/T -> 0
Panel means: Included

Time trend: Not included
ADF regressions: 1 lag

LR variance: Bartlett kernel, 8.00 lags average (chosen by LLC)

Statistic p-value
Unadjusted t -5.6673
Adjusted t* -1.7454 0.0405
xtunitroot 1llc 1ln Fb, lags(l)

Levin-Lin-Chu unit-root test for 1ln Fb

HO: Panels contain unit roots Number of panels = 15
Ha: Panels are stationary Number of periods = 22
AR parameter: Common Asymptotics: N/T -> 0
Panel means: Included

Time trend: Not included

ADF regressions: 1 lag

LR variance: Bartlett kernel, 8.00 lags average (chosen by LLC)
Statistic p-value
Unadjusted t -4.2747

Adjusted t* -2.5360 0.0056



xtunitroot 1llc Ge, lags(l)

Levin-Lin-Chu unit-root test for Ge

HO: Panels contain unit roots Number of panels = 20
Ha: Panels are stationary Number of periods = 22
AR parameter: Common Asymptotics: N/T -> 0
Panel means: Included

Time trend: Not included

ADF regressions: 1 lag

LR variance: Bartlett kernel, 8.00 lags average (chosen by LLC)
Statistic p-value

Unadjusted t -6.4828

Adjusted t* -1.9801 0.0238

xtunitroot 1llc Se, lags(l)

Levin-Lin-Chu unit-root test for Se

HO: Panels contain unit roots Number of panels = 20
Ha: Panels are stationary Number of periods = 22
AR parameter: Common Asymptotics: N/T -> 0
Panel means: Included

Time trend: Not included

ADF regressions: 1 lag
LR variance: Bartlett kernel, 8.00 lags average (chosen by LLC)

Statistic p-value



Unadjusted t -5.9649

Adjusted t* -1.3361 0.0908

xtunitroot 1llc Ui, lags(l)

Levin-Lin-Chu unit-root test for Ui

HO: Panels contain unit roots Number of panels = 22
Ha: Panels are stationary Number of periods = 22
AR parameter: Common Asymptotics: N/T -> 0
Panel means: Included
Time trend: Not included
ADF regressions: 1 lag
LR variance: Bartlett kernel, 8.00 lags average (chosen by LLC)
Statistic p-value
Unadjusted t -1.5113
Adjusted t* 1.4437 0.9256
Ips .2
xtunitroot ips 1n GDP, lags (1)
Im-Pesaran-Shin unit-root test for 1ln GDP
HO: All panels contain unit roots Number of panels = 22
Ha: Some panels are stationary Number of periods = 22
AR parameter: Panel-specific Asymptotics: T,N -> Infinity
Panel means: Included sequentially

Time trend: Not included



ADF regressions: 1 lags

xtunitroot ips 1ln Ft, lags (1)

Im-Pesaran—-Shin unit-root test for 1ln Ft

HO: All panels contain unit roots Number of panels = 17
Ha: Some panels are stationary Number of periods = 22
AR parameter: Panel-specific Asymptotics: T,N -> Infinity
Panel means: Included sequentially
Time trend: Not included
ADF regressions: 1 lag
Statistic p-value

W-t-bar -0.6440 0.2598

xtunitroot ips 1n Fb, lags(l)
Im-Pesaran-Shin unit-root test for 1ln Fb
HO: All panels contain unit roots Number of panels = 15
Ha: Some panels are stationary Number of periods = 22
AR parameter: Panel-specific Asymptotics: T,N -> Infinity
Panel means: Included sequentially

Time trend: Not included



ADF regressions: 1 lags

xtunitroot ips Ge, lags(l)

Im-Pesaran-Shin unit-root test for Ge

HO: All panels contain unit roots Number of panels = 20

Ha: Some panels are stationary Number of periods = 22

AR parameter: Panel-specific Asymptotics: T,N -> Infinity
Panel means: Included sequentially
Time trend: Not included

ADF regressions: 1 lag

xtunitroot ips Se, lags(l)

Im-Pesaran-Shin unit-root test for Se

HO: All panels contain unit roots Number of panels = 20

Ha: Some panels are stationary Number of periods = 22

AR parameter: Panel-specific Asymptotics: T,N -> Infinity
Panel means: Included sequentially
Time trend: Not included

ADF regressions: 1 lag



xtunitroot ips Ui, lags(l)

Im-Pesaran-Shin unit-root test for Ui

HO: All panels contain unit roots Number of panels = 22

Ha: Some panels are stationary Number of periods = 22

AR parameter: Panel-specific Asymptotics: T,N -> Infinity
Panel means: Included sequentially
Time trend: Not included

ADF regressions: 1 lags

fisher .3

xtunitroot fisher 1n GDP, dfuller lags (1)

Fisher-type unit-root test for 1ln GDP

Based on augmented Dickey-Fuller tests

HO: All panels contain unit roots Number of panels = 22
Ha: At least one panel is stationary Number of periods = 22
AR parameter: Panel-specific Asymptotics: T -> Infinity
Panel means: Included

Time trend: Not included



Drift term: Not included ADF regressions: 1 lag

Statistic p-value
Inverse chi-squared(44) P 50.3581 0.2364
Inverse normal Z -0.4633 0.3216
Inverse logit t(114) L* -0.5074 0.3064
Modified inv. chi-squared Pm 0.6778 0.2490

P statistic requires number of panels to be finite.

Other statistics are suitable for finite or infinite number of panels.

xtunitroot fisher 1ln Ft, dfuller lags(1l)

(110 missing values generated)

Fisher-type unit-root test for 1ln Ft

Based on augmented Dickey-Fuller tests

HO: All panels contain unit roots Number of panels = 17
Ha: At least one panel is stationary Number of periods = 22
AR parameter: Panel-specific Asymptotics: T -> Infinity
Panel means: Included

Time trend: Not included

Drift term: Not included ADF regressions: 1 lag

Statistic p-value

Inverse chi-squared(34) p 37.3544 0.3176

Inverse normal Z -0.6189 0.2680

Inverse logit t(89) L* -0.6266 0.2663

Modified inv. chi-squared Pm 0.4068 0.3421

P statistic requires number of panels to be finite.

Other statistics are suitable for finite or infinite number of panels.



xtunitroot fisher 1n Fb, dfuller lags(1l)

(154 missing values generated)

Fisher-type unit-root test for 1ln Fb

Based on augmented Dickey-Fuller tests

HO: All panels contain unit roots Number of panels = 15
Ha: At least one panel is stationary Number of periods = 22
AR parameter: Panel-specific Asymptotics: T -> Infinity
Panel means: Included
Time trend: Not included

Drift term: Not included ADF regressions: 1 lag

Statistic p-value

Inverse chi-squared(30) P 27.2604 0.6096

Inverse normal Z 0.9525 0.8296

Inverse logit t(79) L* 0.8538 0.8021

Modified inv. chi-squared Pm -0.3537 0.6382

P statistic requires number of panels to be finite.

Other statistics are suitable for finite or infinite number of panels.

xtunitroot fisher Ge, dfuller lags(l)

(44 missing values generated)

Fisher-type unit-root test for Ge

Based on augmented Dickey-Fuller tests

HO: All panels contain unit roots Number of panels = 20
Ha: At least one panel is stationary Number of periods = 22
AR parameter: Panel-specific Asymptotics: T -> Infinity
Panel means: Included

Time trend: Not included



Drift term: Not included ADF regressions: 1 lag

Statistic p-value
Inverse chi-squared (40) P 48.6002 0.1651
Inverse normal Z -1.6547 0.0490
Inverse logit t(89) L* -1.7048 0.0459
Modified inv. chi-squared Pm 0.9615 0.1681

P statistic requires number of panels to be finite.

Other statistics are suitable for finite or infinite number of panels.

xtunitroot fisher Se, dfuller lags(l)

(44 missing values generated)

Fisher-type unit-root test for Se

Based on augmented Dickey-Fuller tests

HO: All panels contain unit roots Number of panels = 20
Ha: At least one panel is stationary Number of periods = 22
AR parameter: Panel-specific Asymptotics: T -> Infinity
Panel means: Included

Time trend: Not included

Drift term: Not included ADF regressions: 1 lag

Statistic p-value

Inverse chi-squared (40) P 66.8657 0.0049

Inverse normal Z -0.3866 0.3495

Inverse logit t(104) L* -0.8576 0.1965

Modified inv. chi-squared Pm 3.0037 0.0013

P statistic requires number of panels to be finite.

Other statistics are suitable for finite or infinite number of panels.



xtunitroot fisher Ui, dfuller lags(l)

Fisher-type unit-root test for Ui

Based on augmented Dickey-Fuller tests

HO: All panels contain unit roots Number of panels = 22
Ha: At least one panel is stationary Number of periods = 22
AR parameter: Panel-specific Asymptotics: T -> Infinity
Panel means: Included

Time trend: Not included

Drift term: Not included ADF regressions: 1 lag

Statistic p-value

Inverse chi-squared(44) P 12.4849 1.0000

Inverse normal Z 6.5563 1.0000

Inverse logit t(109) L* 7.4476 1.0000

Modified inv. chi-squared Pm -3.3595 0.9996

P statistic requires number of panels to be finite.

Other statistics are suitable for finite or infinite number of panels.

pedroni ai).2

xtcointtest pedroni 1n GDP In Ft 1ln Fb Ge Se Ui

Pedroni test for cointegration
HO: No cointegration Number of panels = 9

21

Ha: All panels are cointegrated Number of periods

Cointegrating vector: Panel specific
Panel means: Included Kernel: Bartlett
Time trend: Not included Lags: 1.00 (Newey-West)

AR parameter: Panel specific Augmented lags: 1



Statistic p-value
Modified Phillips—-Perron t 2.2978 0.0108
Phillips-Perron t -1.6912 0.0454

Augmented Dickey-Fuller t

Kao ,laal.3
xtcointtest kao 1n GDP 1n Ft 1ln Fb Ge Se Ui

Kao test for cointegration

HO: No cointegration Number of panels = 9

Ha: All panels are cointegrated Number of periods = 20
Cointegrating vector: Same

Panel means: Included Kernel: Bartlett

Time trend: Not included Lags: 1.67 (Newey-West)
AR parameter: Same Augmented lags: 1

Statistic p-value

Modified Dickey-Fuller t 0.9605 0.1684
Dickey-Fuller t 0.5520 0.2905

Augmented Dickey-Fuller t 1.9538 0.0254
Unadjusted modified Dickey-Fuller t -3.5723 0.0002
Unadjusted Dickey-Fuller t -2.5923 0.0048

¢ gadl Jasill g

xtcointtest westerlund 1ln GDP 1ln Ft 1n Fb Ge Se Ui

Westerlund test for cointegration

HO: No cointegration Number of panels = 9

Ha: Some panels are cointegrated Number of periods 22



Cointegrating vector: Panel specific

Panel means: Included
Time trend: Not included
AR parameter: Panel specific

Variance ratio

ARDL 3 i 3 ake

Jmadl) Ja¥ly dashall JadU PMG il i 1

xtpmg d.ln GDP d.ln Ft d.ln Fb d.Ge d.Se d.Ui, 1lr(l.ln GDP 1n Ft 1ln Fb Ge Se Ui)
ec(ec) replace pmg

(Estimate results saved as pmg)

Panel Variable (i): ind Number of obs = 189

Time Variable (t): Year Number of groups = 9

Obs per group: min = 21

avg = 21.0

max = 21

Log Likelihood = 450.5866

D.1ln GDP | Coefficient Std. err. z P>|z]| [95% conf. interval]

_____________ o
ec |

In Ft | .2536453 .0873708 2.90 0.004 .0824016 .4248889

In Fb | .0441935 .0313155 1.41 0.158 -.0171837 .1055707

Ge | .0308302 .0282771 1.09 0.276 -.024592 .0862523

Se | .0310681 .0072773 4.27 0.000 .0168049 .0453313

Ui | -.0025902 .0011534 -2.25 0.025 -.0048508 -.0003296
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xtpmg d.1ln GDP d.ln Ft d.ln Fb d.Ge d.Se d.Ui,
ec (ec)

lr(l.1ln GDP 1In Ft 1In Fb Ge Se Ui)
replace mg

Mean Group Estimation: Error Correction Form XTPMG v2.0.1

(Estimate results saved as mg)

D.1n GDP | Coefficient Std. err. z P>|z| [95% conf. interval]
_____________ o
ec |

In Ft | 1.271451 1.059352 1.20 0.230 -.8048401 3.347743
In Fb | .2724445 .1854995 1.47 0.142 -.0911279 .6360169
Ge | -1.578143 1.060571 -1.49 0.137 -3.656825 .5005379



ecC

In Ft

D1.

In Fb

D1.
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D1.

Se

D1.
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.000482

6.097339
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xtpmg d.1ln GDP d.ln Ft d.ln Fb d.Ge d.Se d.Ui,
ec (ec)

lr(l.1ln GDP 1In Ft 1In Fb Ge Se Ui)
replace dfe

Dynamic Fixed Effects Regression: Estimated Error Correction FormXTPMG v2.0.1

(Estimate results saved as DFE)

| Coefficient Std. err. z P>|z| [95% conf. interval]

_____________ o
ec |

In Ft | .1104544 .0876655 1.26 0.208 -.0613669 .2822757

ln Fb | .1496701 .0569861 2.63 0.009 .0379795 .2613608



Ge | .0444274 .0260744 1.70 .088 .0066775 .0955323
Se | .0033846 .0036548 -0.93 .354 .0105479 .0037787
Ui | .0040969 .0016695 -2.45 .014 .0073692 -.0008247
_____________ o
SR |
ec | .3110056 .0554524 -5.61 .000 .4196902 -.2023209
|
In Ft |
D1. | .0421454 .0596389 -0.71 .480 .1590356 .0747448
|
1n Fb |
D1. | .0034549 .0461556 0.07 .940 .0870085 .0939183
|
Ge |
D1. | .0079437 .0075175 -1.06 .291 .0226777 .0067903
|
Se |
D1. | .0042674 .0013305 -3.21 .001 .0068751 -.0016597
|
Ui |
D1. | .0004597 .0016184 0.28 776 .0027123 .0036318
|
_cons | 2.623202 .4854641 5.40 000 1.67171 3.574694
PMG 3y MG 33sa o L (lewsa sl 4
hausman mg model pmg model
---- Coefficients ----
| (b) (B) (b-B) sgrt (diag (V_b-V_B))
| mg_model pmg_model Difference Std. err.
_____________ o
In Ft | 1.271451 .2536453 1.017806 1.055743
In Fb | .2724445 .0441935 .2282511 .1828371
Ge | -1.578143 .0308302 -1.608974 1.060194
Se | .006176 .0310681 -.024892 .0576264
Ui | -.0046593 -.0025902 -.0020691 .0125908



b = Consistent under HO and Ha; obtained from xtpmg.

B = Inconsistent under Ha, efficient under HO; obtained from xtpmg.

Ll ol ylaaY 4 gald)

orbaiall slaey) lasl. |

xtcsd, pesaran abs

Pesaran's test of cross sectional independence = 1.837, Pr = 0.0662
Average absolute value of the off-diagonal elements = 0.397
chall a2,
vif
Variable VIF 1/VIF
Ui 4.39 0.227656
In_Fb 4.30 0.232706
Se 1.71 0.584852
In_Ft 1.24 0.806055
Ge 1.17 0.854817
Mean VIF 2.56

sl xalall iyl laal. 3

predict residuals, e
sktest residuals

Skewness and kurtosis tests for normality

Joint test —
> — | -
Variable Obs Pr(skewness) Pr(kurtosis) Adj chi2(2) Prob>ch
> i2
|
I
>
residuals 198 0.3850 0.0006 11.04 0.00

> 40
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  = 𝛽 1 l n _ F t ( 𝔦 t ) + 𝛽 2 l n _ F b ( 𝔦 t ) + 𝛽 3 G e ( 𝔦 t ) + 𝛽 4 S e ( 𝔦 t ) + 𝛽 5 U I ( 𝔦 t ) + ℰ ( 𝔦 t )


  = 𝛽 1 l n _ F t ( 𝔦 t ) + 𝛽 2 l n _ F b ( 𝔦 t ) + 𝛽 3 G e ( 𝔦 t ) + 𝛽 4 S e ( 𝔦 t ) + 𝛽 5 U I ( 𝔦 t ) + ℰ ( 𝔦 t )
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