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The impact of digital transformation on the growth of gross domestic product
in a sample of developed countries during the period (2000-2021)
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: Abstract : :

Through this study, we aim to measure and determine the impact of digital transformation indicators
on the growth of gross domestic product in a group of developed countries during the time period 2000-
i 2021, using Panel models. The independent variables utilized as digital transformation indicators include
i the percentage of mobile and fixed phone subscriptions, internet usage rates, and the proportion of ICT
i services exports. GDP growth rates serve as the dependent variable. Our statistical analysis of the panel
models led to the determination that the random effects model is the most suitable, accounting for random '
disparities among developed nations. Dynamic analysis revealed a positive and statistically significant
i correlation between mobile phone and internet usage indicators and GDP growth, indicating a direct
i relationship. Conversely, both fixed telephone usage and exports of ICT services exhibited significant and
negative correlations with GDP growth, suggesting an inverse association. :
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rull hypotheses: Mo effects

Alternative hypotheses: Two-sided (Breusch-Pagan) and one-sided
fall others) alternatives

Test Hypothesis

Cross-section Time Both
Breusch-Pagan 1580.151 7030978 1587.182
(0.0000) (0.0020) (0.0000)
Honda 3975112 -2.651599 26.23332
(O.0000) (0.9950) (O.0000)
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Test Summary Chi-3q. Statistic  Chi-Sq. d.f. Prob.
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Im, s Breitung t-stats *Levin, Lin & Chu t <l L=l e sbaxs¥u &35l (2)5 1 (1)l (0)obszd

PP - Fisher Chi-square sADF - Fisher Chi-square s Pesaran and Shin W-stat
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PP -Fisher ADF — | Im, Pesaran | Breitung Levin, Sl A
Chis- FisherChi- and Shin t-stat Lin & Ot el
quare square W-stat *Chut

29.0090 31.5240 -0.83899 214561 | -1.60489 Lnexp,

(0.1446) (0.0859 0.2007y | (0.9840 (0.0543,

59.7541 18.8584 2.58443 | 3.53828 1.16692 Lnfix,

(0.0000y 0.6541, 0.9951y | (0.9998, (0.8784y

541.894 307.743 -13.7573 | 0.64193 -20.2036 Lninter,

(0.0000y 0.0000, 0.0000y | (0.7319 (0.0000y

50.5503 14.5641 0.83792 | 3.53022 -3.17710 anObiz

(0.0005y (0.8803) 0.7990y | (0.9998, 0.0007y

42.3907 57.6837 -3.96914 | 0.65119 | -5.48426 Lngdp ,

0.0056) (0.0000y 0.0000y | (0.7425) (0.0000y

T(1) Ja¥ 3 a3 0l O el B 1 e Sl ! il

514.308 74.9384 -5.97820 | -5.65263 | -6.01903 D(Lnexp,)

(0.0000y 0.0000, 0.0000y | (0.0000y (0.0000y

93.5424 46.2843 -2.32171 2.81006 | -1.67059 D(Lnfix,)

(0.0000y 0.0018, 0.0101y | (0.9957, 0.0474y

115.692 31.5076 -1.43939 | -3.72347 0.43667 D(Lnmob,)

(0.0000y (0.0862) 0.0750y | (0.0001) (0.6688y

[(2) g 3801 ws 23 0t &l pied Bt Py O jl) il
214.409 101.276 -8.36536 | -4.18090 | -2.76335 DD(Lnmob,,)
(0.0000y 0.0000, 0.0000y | (0.0000y 0.0029y

EVIEWS 12 w2 s 1slas] sl slis] o yokaal
Oy g=lli 3 355l

o WelSae Lnmob, sl s 1(1) LoV oyl n 3elSas Linfix, < Lnexp, <\dly 1(0) e Byl o 2lSas

Pl G 8 e QS5 5 g ks B 3 e gy ool e o 5 s 28 Sl O o U (1(2) W) 2
A, ) ik 2z )

ibwly  :Slope homogeneity tests 31 AY¥1  aed Y Sldme  uld Oljle 2-2
bl 2ol Ao eibnze LY EMlee O el Bl & jiall 25,40 33 5 Blomquist, Westerlund. (2013 Lz
P gl ali b oy it g Y1 eSLledl J g5 )
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Blomquist,Westerlund. (2013) 35 yuf¥) Cldal uilnd) et wils (08) oy J gt

Il 4eal) ey ded) Slayl
0.000 5.310 Ayyc
0.000 6.236 (A0 g

02y 3, 5=l 3 1z 0 Statal7 ol 2 e blazel Ul slied e - ydall

J e 05 a ol Jlam1 03 OY s VU o 3 K il Hyp 2 i) b5 jLas Y1 il I3 e
bl 8 Bl SlaB Cab 5 Cor gty Wil Ol e Wil aie Bl Oy dedlnze o JIAEY) S alee OF e
o S A e IS 0laa® L ot e W peiailzind ylll Ol i D il RS BV ys 32
Be 3 gy Soba el s clogiy e ST sy e ) p i St ) 5 0 eany iy Y1 2l
St e psk @l (Kao1999) jlest e slasl L Lol gl @ Jla) ) sy alisd) ol dl oy oSS
w28 A Lo i do (S i PSS ds s Y Al JoB & el Bes ) el U1y ((ADF) el S SO
G Bl i) O 230 S 22l Sl )LV e el o8 cUIPedroni sl BLoYL o8 i oSS 5 g
(Dimitrios& Stephen G., & sl o dl (3 8 zad) Sl Oy o Al wblill Sl 3oy Lo 3 e ook
P bl (3 e e ol LYl o s yWesterlund L $is™, 2007, pp. 371-373)
Kao sPedronicWesterlund ;» JS & zid) ol O jlest wits :(09) o35 J g

dadl | &) Lol il
PRI t
S

0.0182 -2.0928 Variance ratio Westerlund
0.1576 1.0044 Modified Phillips-Perron t Pedroni
0.0000 -4.6898 Phillips-Perron t

0.0000 -4.1763 Augmented Dickey-Fuller t

0.0025 2.8059 Modified Dickey-Fuller t Kao
0.0182 2.0934 Dickey-Fuller t

0.0022 2.8433 Augmented Dickey-Fuller t

0.0000 -18.4802 | Unadjusted modified Dickey-Fuller t

0.0000 -12.8568 Unadjusted Dickey-Fuller t

(03) 3, 5l 3 2o b Statal7 ol 2 e blozel sl 3lasl a2yl
R Wi 2z Lo~ (Westerlund s Kao s Pedroni s [ ol letl mils J gl oy
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Lnfix § pi.

Lnexp 3 pie

Panel unit root test: Summary
Series: LNFLX

Date: 12/30/23 Time: 16:50
Sample: 2000 2027
Exogenous variables
User-specified lags
Newey-West automatic bandwidth selection and Bartlett kernel
Balanced observations for each test

Individual effects, individual linear trends

Panel unit root test: Summary

Series: LMEXP

Date: 12/30/23 Time: 16:46

Sample: 2000 2021

Exagenous variables: Individual effects, individual linear trends
User-specified lags: 1

Mewesy-West automatic bandwidth selection and Bartlett kernel
Balanced observations for each test

Cross- Cross-

Method tatisti Prob**  sections Obs Method Statistic _ Prob." _ sections Obs
MUl Unit root (3ssumes common unit root process) Null. Unit root {(assumes common unit roof process)

Levin, Lin & Chu t* 116692  0.8784 11 220 Levin, Lin & Chu t -1.60488  0.0543 11 220
Breitung t-stat 353828 09998 11 209 Breitung t-stat 214551  0.9840 11 209
Null Unit root (assumes individual unit root process} Null: Unit root {assumes individual unit root process)

Im, Pesaran and Shin W-stat 258443  0.9951 11 220 Im, Pesaran and Shin W-stat  -0.83898  0.2007 11 220
ADF - Fisher Chi-square 18.8584  0.6541 11 220 ADF - Fisher Chi-square 315240  0.0859 1 220
PP - Fisher Chi-square 59.7541 0.0000 11 231 PP -Fisher Chi-square 29.0090 0.1446 11 231

== Probabilities for Fisher tests are computed using an asymptotic Chi
-square distribution. All other tests assume asymptotic narmality.

== Probabilities for Fisher tests are computed using an asymptotic Chi
-square distribution. All other tests assume asymptotic normality.

Lnmob & yize

Lninter & pa

Panel unitroottest Summary

Series: LNMOB

Date: 12/30/23 Time: 17:17

Sample: 2000 2021

Exogenous variables: Individual effects, individual linear trends
User-specified lags: 1

Newey-West automnatic bandwidth selection and Bartiett kernel

Cross-
Method tatistic Prob~~ cections Obs
Mull; Unit root (assumes commen unit roct process)
Levin, Lin & Chu t* -3.17710 0.0007 11 219
Breitung t-stat 3.53022 0.9998 11 208
Mull: Unit root (assumes individual unit root process)
Im, Pesaran and Shin W-stat 8379 0.7990 11 219
ADF - Fisher Chi-square 145641 08803 11 219
PP - Fisher Chi-square 50.5503 0.0005 11 230

** Probabilities for Fisher tests are computed using an asymptotic Chi
-square distribution. All other tests assume asymptotic normality.

Lnfix § pi

Panel unit root test Summary
Series: LNGDP

Lngdp 5 yss
Date: 12/30/23 Time: 17:21 :é}‘y‘ b)JJ‘ y JJL
Sample: 2000 2021

Exogenous variables: Ingividual effegts, individual linear trends
User-specified lags: 1 ri; }SP W

Mewey-West autormnatic Ganawi ol selrclion and Bartlett kernel
Balanced obeervations for each test

Panel unit root test: Summary

Series: D(LNFIX)

Date: 12/30/23 Time: 18:25

Sample: 2000 2021

Exogenous variables: Individual effects,
User-specified lags

MNewey-West automatic bandwidth selection and Bartlett kernel
Balanced observations for each test

individual linear trends

Cross-

Method Statistic  Prob™ sections Obs
Null: Unit root (assumes common unit root process)

Levin, Lin & Chu t* -1.67059  0.0474 RN 209
Breitung t-stat 2.81006 09975 1 198
Mull: Unit root (assumes individual unit root process)

Im, Pesaran and Shin W-stat  -2.32171  0.0101 RN 209
ADF - Fisher Chi-square 46.2843  0.0018 11 209
PP - Fisher Chi-square 93.5424  0.0000 Rh 220

** Probabilities for Fisher tests are computed using an asymptotic Chi
-square distribution. All other tests assume asymptotic normality.

143

Panel unit root test Summary
Series: DI(LNEXP

Date: 12/30/23 Time: 18:20

Sample: 2000 2021

Exogenous variables: Individual effects, individual linear trends
User-specified lags

MNewey-West automatic bandwidth selection and Bartlett kernel
Balanced observations for each test

Cross-
Method Statistic Prob ** sections Obs
Mull: Unit root (assumes common unit root process)
Levin, Lin & Chu t* -6.01903 0.0000 11 209
Breitung t-stat -5.65262  0.0000 11 198
Mull: Unit root (assumes individual unit root process)
Im, Pesaran and Shin W-stat  -5.97820  0.0000 11 209
ADF - Fisher Chi-square 749384  0.0000 11 209
PP - Fisher Chi-square 514.308  0.0000 11 220

** Probabilities for Fisher tests are computed using an asymptotic Chi
~square distribution. All other tests assume asymptotic normality

Syl

Lnmob & iz

Panel unit root test: Summary

Series: D{LNMOB)

Date: 12/30/23 Time: 18:31

Sample: 2000 2021

Exegencous variables: Individual effects, individual linear trends
User-specified lags: 1

MNewey-West automatic bandwidth selection and Bartlett kernel

Cross-

Method Statistic  Prob**  sections Obs
Null- Unit root (assumes common unit root process)

Levin, Lin & Chu t* 0.43647 06688 11 208
Breitung t-stat -3.72347 0.0001 11 197
Null: Unit root (assumes individual unit root process)

Im, Pesaran and Shin W-stat -1.43939 0.0750 11 208
ADF - Fisher Chi-square 31.5076 00862 11 208
PP - Fisher Chi-square 115.692 0.0000 11 219

** Probabilities for Fisher tests are computed using an asymptotic Chi
-square distribution. All other tests assume asymptotic normality.

2

AWyl e oS e L3

Lnmob & yize

Panel unit root test Summary

Series: DILNMOB,2)

Date: 12/30/23 Time: 18:35

Sample: 2000 2021

Exogenous variables: Individual effects, individual linear trends
User-specified lags: 1

MNewey-West automatic bandwidth selection and Bartlett kernel

Cross-

Method Statistic Prob.** sections Obs
MNull: Unit root (assumes commen unit roet process)

Levin, Lin & Chu t* -2.76335 0.0029 11 197
Breitung t-stat -4.18090 0.0000 11 186
Mull: Unit root (assumes individual unit reot process)

Im, Pesaran and Shin W-stat -8.36538 0.0000 11 197
ADF - Fisher Chi-square 101276 0.0000 11 197
PP - Fisher Chi-square 214 409 0.0000 11 208

** Probabilities for Fisher tests are computed using an asymptotic Chi
-square distribution. All other tests assume asymptotic narmality.
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Blomquist,Westerlund yA£Y) SOledes il jLas1:(02) el

- wthst lIngdp lnmob Infix Ininter Inexp, hac
Testing for slope heterogeneity

(Blomquist, Westerlund. 2813. Economic Letters)

HB8: slope coefficients are homogenous
Delta p-value
5.31e 2. 0o
6.236 B .00

HAC Kernel: bartlett

with average bandwith 2

variables partialled ocut: constant

d padt JolS et il 1(03) oell

Pedroni test for cointegration
. xtcointtest kao Ingdp lnmob Infix Ininter lnexp —_—
He: No cointegration Number of panels 11
Ha: All panels are cointegrated Avg. number of periods = 20.818
Kao test for cointegration
Cointegrating vector: Panel specific
Panel means Included Kernel Bartlett
He: llo cointegration lumber of panels = un Tine trend: Not Included Logs 2:00 (Newey-iest)
AR parameter Panel specific Augmented lags: 1
Ha: ALl panels are cointegrated Avg. number of periods = 19.818
Statistic p-value
Cointegrating vector: Sane Hodified Phillips-Perron € 1.0044 0.1576
Phillips-Perron t -4.6898 ©0.0000
Panel means: Included Kernel: Bartlett Augmented Dickey-ruller t -a.1763 ©0.0000
Time trend: Not included Lags: 1,18 (Newey-Hest)
AR paraneter: Same Augnented lags: L . xtcointtest westerlund lngdp lnmob Infix Ininter Inexp
Uesterlund test for cointegration
statistic p-value Ho: No cointegration Number of panels -
Ha: Some panels are cointegrated Avg. number of periods = 21.818
Modified Dickey-
Modified Dickey-Fuller t 2.8059 0.0025 Cointegrating vector: Panel specific
Dickey-Fuller t 2.0934 0.0182 Panel means Included
\ Time trend: Not included
Augnented Dickey-Fuller t 2.8433 0.0022 AR parameter Panel specific
Unadjusted modified Dickey-Fuller t -18.4802 0.0000
Statistic p-value
Unadijusted Dickey-Fuller t -12.8568 0.0000
variance ratio -2.0928 0.0182
X LA S £t . 04 -
PARDLC LYY gYRY-L c:\..» (V4 |
Focled een Sroup Regression tpng d. (Ingdp lnmeb Infix Ininter 1 1r(1.1ngdp Inmob Infix Ininter lnexp) df
xtpng d_(Ingdp Inmob Infix Ininter lnexp), 1r(1 lngdp lnmch nfix ninter Lnexp) mg (Estimate results saved as pmg) xtpng d. (Ingdp lamch Infix Ininter Inexp), lr(l Ingdp lamob Infix Ininter Inexp) dfe
Fanel Varisble (i): id Musber of obs - 225 Dynamic Fixed Effects Regression: Estinated Error Correction Forn
Mean Group Zssimauion: Error Correction For Time Variable (t): year Mumber of groups = 1 stimate results saved as DFE)
- Obs pez gzoup: min = 20
(Estimate results saved as mg)
avg = 208
e = = Coss.  Sed. Err z Bzl [35% Conf. Tnterval]
D.1ngap Cost.  sSta. Exr z Bz [95% Cont. Interval] Log Litelihood = 220.7687
ec
_ec D.1ngdp Caet. F— [958 Cong. Inzervall lmmch | 2082271 2283681 126 0.207  -.1593662 7350204
1nmen 5878165 4539599 1.29 0.195  -.3019285  1.477562 Infix | 0357321 .1235869  0.29 0.772  -.2064938 277958
lnfix | -.7747559 9636216  -0.81 0.416  -2.643624  1.094112 _ec Ininter | 1.033742 2731264 378 0.000 4984244 1.56906
Ininter 5976121 5095126 117 0.241  -.4010143  1.596238 Lamob 5301883 1646646 3.2z 0.0 2074515 8329251 lnexp | -.0504994 1133623  -0.45 0.656  -.2726854 1716866
lnewp | -.0445528 4442858  -0.10 0.920  -.9153369  .6262313 infix | -.3357382 0847042  -3.9¢ 0.000  -.5017554  -.169721
Ininter 6778671 1519586 4.6  0.000 3800337 9757005 «®
= lnewp | -.2170832 0337611  -6.43 0.000  -.2832137 -.1508726
ec | -LOAIIST 0684393 -15.25 0.000  -1.177895 - 3096183
ec | -.8270166  .109117  -7.58 0.000  -1.040882 - .6131513 =
_ec | -.s016299 1367552  -3.67 0.000  -.7626651 -.2335946 Lazch
Lamal DL | -.2643576  1.062146  -0.25 0.803 -2.346125  1.817409
DL | -.2717818 513269  -0.53 0.596  -1.27777L  .7342069 A
L. 0968578 6539413 0.15 0.882  -1.184845  1.37856
-.019937 675913 -0.03 0976  -L.34466  1.304786
o 2236589 .G572785  0.34 0.738  -1.064583  1.511901 Infix
L. | -.3125073 3862146  -0.81 0.418  -1.069475 4442587
Ininter
Ininter
o 011629 1021165 099 0322  -.9898179  3.013076 Ininter DL| 1030372 ETIEISL L8 0074 -.018789 216232
oL 8244205 1.050755  0.78 0.433  -1.235021  2.883862
Lnexp Inexp
o 3966374 7085938 0.56  0.576  -.9921801  1.785455 Inexp 0 0950093 2966189 0.32 0.749 - 48635 .GT637L4
oL 1894649 3093566 0.48 0.629  -.4568628  .7557926
- cons | 1.279600 1.356314 0.9 0.346  -1.373302  3.939105
_cons | 5.961089  6.545246 0.1 0.362  -6.867348  18.78353 Ccons | vessmss  aszsess  ass o.00w coseas 2614757 K

(Hausman L) #3ldl (g oWl Lo mil

:(05) sl

hauaman dfe pmg
Coefficients
(k) (B} (b—-B) sgrtidiag(V_b-V_B))
dfe pmg Difference 5.E.
1lnmob 2882271 .5301883 —.24198612 .1582326
lnfix .03573z21 —.3357382 .3714703 .082524
lninter 1.033742 .BT7TEET1 .3558753 .2263507
lnexp —.0504534 —.2170432 .1665437 .108z1a83
b = consistent under Ho and Ha; obtained from xtpmg
B = inconsistent under Ha, efficient under Ho; obtained from xtpmg
Test: Ho: difference in coefficients not systematic
chiz{4) = (b-B)'[{V_b-V_B)~{-1]1(k-B)
= &0.591
Probx>chil = 0.0000
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