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Abstract :

This study aims to measure the impact of foreign direct investment (FDI) on innovation in
a sample of Arab countries during the period 1990-2023. It seeks to understand the nature of
the relationship between the two variables in a precise and comprehensive manner, with a focus
on the economic specificities of the Arab countries under study, by examining the dynamic
relationship between FDI inflows and innovation indicators.

The study employs a set of advanced econometric methods, including the Time-Varying
Parameter Least Squares model (TVP-LS), Dominance Analysis, and Quantile Regression, in
addition to machine learning techniques such as Random Forest analysis. The sample includes
five Arab countries: Algeria, Egypt, Tunisia, Morocco, and Saudi Arabia. A more in-depth case
study was conducted for Algeria during the period 1990-2022 using the Autoregressive
Distributed Lag (ARDL) approach.

The results of the TVP-LS model indicate a positive and increasing impact of FDI on
innovation over time. Dominance analysis shows that FDI is among the most influential factors
affecting innovation compared to other variables. Quantile regression reveals that countries
with higher innovation performance have benefited more from FDI inflows. Random Forest
analysis FDI ranked high in all cases. This underscores the importance of interaction among
various economic factors. Regarding Algeria specifically, the ARDL model results indicate a
positive short-run impact of FDI on innovation.

Keywords: Foreign Direct Investment, Innovation, Patents, Algeria, Distributed Lag
Autoregression
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1 Fan J, Liao Y, Yao J, Power Enhancement in High-Dimensional Cross-Sectional Tests,
Econometrica, Vol 83, No 4, 2015, pp :1497-1541.

2 Breitung J, The analysis of panel data with cross-sectional dependence, Oxford Handbook of
Panel Data, 2015, p :219

3 Swamy PA, Efficient inference in a random coefficient regression model, Econometrica, Vol

38, No 2, ,1970 pp :311-323
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! Pesaran. MH, Yamagata T, Testing slope homogeneity in large panels, J Economtrics, vol
142, 2008, p :50-93.
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! yoshihiro.H & Shigeyuki .H, small sampple properties of CIPS panel unit root test under

conditional and unconditional heteroscedasticity, MPRA paper, No 24053, 2010, p : 6.
2 Pesaran, M. H., “A Simple Panel Unit Root Test in the Presence of Cross Section
Dependence,” Cambridge University DAE Working Paper, 2005, pp : 1-18.
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HC -2.203 -1.853 41592

A1 5, el WISTATA 17 oz e slazeVU aeU) slite] 2 jtald

B bl agll il ohlas b aoldl il e sy (6.3) 3) Jodk) I e o3
D bl CIPS

! Pesaran, M. H, op.cit, p :31
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! Casas, 1., Gao, J., Peng, B. and Xie, S. Time-Varying Income Elasticities of Healthcare
Expenditure for the OECD and Eurozone. Journal of Applied Econometrics, 36, (2021), p :3.

163



i ot Jolt Al IS s il @,&\ Shois¥) SN Lol d duslys (W faadll

B(8) = (X'WsX) X' WY .....(11.3)
Kh(Tt — 5).855\ s e doxs Gl Ol shize sn Ws -
WS i o RO o i3 algdl s s K (4) -

K, (1, — &) = %K (Tf ; 5) e (12.3)

o) Sgtms 3 WS @V Bl oo 2 R -

L ololpy o

P TAVRETIF T PTICHIINSNUSS SV RSFRE SRUI DY

o) e ) Slakall egn 1 JgY1 2l 23Y)
e 1Sy (e aizaall G B (T) cladall @lls Of 2l ods ppss -
(B s Ak Bl B ey (2,4 Vs ey -

Ayl slls Y atlas gl o) 7Y
rsT Sy ae ) Sldsg) e it & algial) slas Y OF s —

(133)1’?[5” | Xit] = 0, Vﬂr(git | Xit) = 0.2 < ..
3902 0685 Of bty cellast W)y Gl L) e dmps Lol (S -
133y il 055 et K(0) alsd) s Jlas) o -

flK(x)dx =1, flxK(x)dx =0.....(14.3)

1 1

J’ K*(x)dx < o ... ... (15.3)

1

AW E e ameead oSy Bled) b plasaa) B ) 3 sed) gl

! Casas, I., Gao, J., Peng, B. and Xie, S.C, op.cit, pp :1452-1458 P :4.
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! Casas, I., Gao, J., Peng, B. and Xie, S.C, op.cit, pp :1452-1458 P :5
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! Firpo. S, Fortin. N. M, Lemieux. T, Unconditional Quantile Regressions, Econometrica, vol.
77, no. 3, 2009, pp : 955-958.

2 Abdulrahman Abdullahi Nadani and al, Effect of Monetary policy on food inflation in
Nigeria: Evidence from Quantile Regression Model, Advanced Research in Economics and
Business Strategy Journal, Vol.04 No.02 (2023), p :9.
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' Luchman, J. N. Determining Relative Importance in Stata Using Dominance Analysis:
Domin and Domme. The Stata Journal 21, 2021, pp. 510-511.
%> R. Azen and D. V. Budescu, Comparing Predictors in Multivariate Regression Models: An

Extension of Dominance Analysis, Journal of Educational and Behavioral Statistics 31, 2006,
pp. 157-180.
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551.
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! Muchlinski, David, David Siroky, Jingrui He, and Matthew Kocher. “Comparing Random
Forest with Logistic Regression for Predicting Class-Imbalanced Civil War Onset Data.”
Political Analysis 24, no. 1 (Winter 2016) , p P :93-94

2 Scornet, Erwan, Gérard Biau, and Jean-Philippe Vert. "Consistency of Random Forests." The
Annals of Statistics 43, no. 4 (2015): 1716-1718
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N TO GDFP FDI ATE HC
M 1.000000 0.521198 0.817878 0.242959 -0.377568 0.909936
TO 0.521198 1.000000 0.097836 0.581579 -0.690963 0.518470
GDP 0.817878 0.097836 1.000000 -0.011820 0.067913 0.852137
FDI 0.242959 0.581579 -0.011820 1.000000 -0.497464 0.379125
ATE -0.377568 -0.680963 0.067913 -0.497464 1.000000 -0.316649
HC 0.909936 0.518470 0.852137 0.379125 -0.316649 1.000000
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UNIT ROOT TEST RESULTS TABLE (ADF)

ikl dis
IN TO GDP FDI HC ATE
t— _ _
With Constant | Statistic| 0.0345| 1.7626| 4.7474| -2.6966| -5.0983| -2.2790
Prob.| 0.9483| 0.3915| 1.0000 0.0856| 0.0003| 0.1845
t— _ _
With Constant & Trend | Statistic| 1.7064| 1.5972| 0.1849| -2.4749| -1.8510| -2.1488
Prob.| 0.7250| 0.7717| 0.9967 0.3374| 0.6504| 0.5004
t—
Without Constant & Trend | Statistic| 1.4274| 0.1466| 7.9994| -1.5062| 2.6410| -1.1708
Prob.| 0.9587| 0.7218| 1.0000 0.1216| 0.9969| 0.2154
Jo¥l 3,40 e
dIN)| 4TO)| H)d(GDP| d(FDI)| dHC)| d(ATE)
t— _ _ _
With Constant | Statistic | 3.8732 | 5.0401 | -0.3740 | 5.6479 | -3.3116 | -5.7283
Prob.| 0.0059 | 0.0003 | 0.0001 | 0.0001 | 0.0247 | 0.0000
t— _ _ _
With Constant & Trend | Statistic | 3.8589 | 5.3488 | -5.6494 | 5.9533 | -6.5764 | -5.7652
Prob.| 0.0265 | 0.0008 | 0.0004 | 0.0002 | 0.0001 | 0.0003
t— _ _ _
Without Constant & Trend Statistic| 3.5437 | 5.1168 | 0.8823 | 5.7523 | -1.2929 | -5.8232
Prob.| 0.0009 | 0.0000 | 0.0004 | 0.0000 | 0.0001 0.000
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Akaike Information Criteria (top 20 models)
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Breusch-Godfrey Serial Correlation LM Test:
Null hypothesis: No serial correlation at up to 2 lags

F-statistic 2934769 Prob. F(2,8) 0.1107
Obs*R-squared 12.69589 Prob. Chi-Square(2) 0.0018

eviews12ol 2 e slazeVU as-Ul slas) e 1yl

G i) j2dy & Cum o Jad) LY S o Y (3yed) O Slel Sall s o U s
Ssims e 0.05 G5 (011 J apledd F aflon) 050 1y csllas Y1 313 B3yl 3somse alslal)
%5 & gimn
ARCH Ls3 gt gy b padt bl O ads jles) .3
U e e a8 puses @ aslas Y ol Yl el e ARCH jlas) e
gl el (3 Ll

ARCH 530 g1l sy by 2l bl O aus jlast 1(16.3)03 Jgus

Heteroskedasticity Test: ARCH

F-statistic 2.139646 Prob. F(1,27) 0.1551
Obs*R-squared 2.129392 Prob. Chi-Square(1) 0.1445

eviews12ole 2 e slazeVU a-Ul slie) - 1l

o sl s ol (ARCH) s 3 3101 VL Ly bl bl ol pie jlasl W s
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%05 asms st e 0.05 3 0i5
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(Ramsey test) z3goll JI) JKadl byt :(17.3)08y Jgud!

Ramsey RESET Test

Equation: UNTITLED

Omitted Variables: Squares of fitted values

Specification: PATENT PATENT(-1) PATENT(-2) PATENT(-3) OPP3
OPP3(-1) OPP3(-2) OPP3(-3) HT HT(-1) HT(-2) HT(-3) HC2 HC2(
-1) GDP_PER_CAP GDP_PER_CAP(-1) GDP_PER_CAP(-2)
FDI2 FDI2(-1) FDI2(-2) C

Value df Probability
t-statistic 0.651022 9 0.5313
F-statistic 0.423830 (1,9) 0.5313
Likelihood ratio 1.380511 1 0.2400

eviews12obm 2 e slazeVU a-Ul slis) s sl
@ el Q) Sl ds W s (Ramisey) jles) L) et ) led) I35
Aad O e g pasnnd) L) S8 dos ptm AW 20 31 28y G (m3sad)
05 &ysime Ggimn L= 0.05 3955 3y (0.5313)J a5ldl (Jlo!
(ol el gl et 5
s 8 Al sl ) O Laslie gl )il Jlas b Slod) mjss A e Sl

celidl ble o sasm oy (Jarque-Bera) jles| Js 0 I3 Sy 1 ankall

« Skewness L, Kurtosis
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7 Series: Residuals
e Sample 1993 2022
s Observations 30
a8 nMean 1.23e-12
nMedian 0.322850
3 MaaEmun 59.83178
2 Minaimum -59.66144
Std. Dev. 30.3811a4
1 Skewness -0.081a14
o - -- Kurtosis 2.639823
-0 -50 -20 -30 -20 -10 o 10 20 30 |0 50 80
Jarque-Bera 0.195300
Probabifity 0.905966

eviews12o 2 e slazeWU &=Ll sl e 1 el

¢ ekl msdl as Al Zsal) aflpal) a1 OF W man. el (7.3) o3, K2 B e
= bes) Jlem] Rl ¢ ekl el alsiall elas V) 0L AW padl B Jid ol
iygins Sytms L 0.05 3455 (0.195) 35l Jarque Bera

izdgedl yl il ylas) .6

2 WS Slad @6 e A auhll eds 3 desald) UL OF e aSTTD Lt Y s pased

(CUSUM) a2l 3lsdl oS £ sestl Sl oy bl sl P 0 Sl L))
(CUSUM of Squares).zadl Slsl olal oSTH g gostl sy

CGlaSany oyl de duam Pesaran o6 (oLl 3 4lSs ©lpss sy pde e gl
S g el 3 oY LYl i bghally el il e 3L bl KAL) i)
(CUSUM of il wlab oS3 el aWl LYl 54 Ly « (CUSUM) G150

Squares).
ohlayY gl (el o1 Giz ARDL #2346 ¢ 506l odbledd KA jhaea) jum
oda 3905 Ggime Syime ks 2 b spuddt 215 2 CUSUM of Squares ,CUSUM

Uil o g ALl o ) g codlalall Ll sde ) 5 &) daall Ao 4l abs (UL
i s Sy

! Pesaran, M. H., and Shin, Y. "An Autoregressive Distributed-Lag Modelling Approach to

Cointegration Analysis.” In Econometrics and Economic Theory in the 20th Century: The
Ragnar Frisch Centennial Symposium, 371-413. Cambridge: Cambridge University Press,
1999
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pailly fogladt o1 8 23 st Sledas BV st s EIW) Gkl
peailly Joskall a1 (3 3y i) olpad) n Srie JalSS seag 1K) Ls e
(Bounds Test) 3943 mgws aluseint Siad) JalSI1 jlast Y5l

Bad ColSTIS) ogdl g Wby Al Slaze (Do Bl 35y BISG s e 28

Gl e il (Bounds Test) jlasl sbae¥l @ Wy i b ooil) JeV a0 ;ST 252 B
Al Olgaze (St IS5 sgmy 25150 [ (H . Pesaran, 2001)

1 M. Hashem PESARAN, Yongcheol SHIN & Richard J. SMITH, Bounds testing approaches to the
analysis of level relationships», Journal of Applied Econometrics, John Wiley & Sons, Ltd., New
Jersey, vol. 16, n° 03, 2001, pp :289-326,
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ARDL Bounds Test
Null Hypothesis: No long-run relationships exist
Test Statistic Value K
F-statistic 6.03 5

Critical VValue Bounds

Significance 10 Bound 11 Bound
10% 2.08 3
5% 2.39 3.38
2,5% 2.7 3.73
1% 3.06 4.15

(18) o3y 5=l il eviews12ob- 2 e slaxeV 2Ll sliaed a2yl

o S ol sgmg Wil il e ez i il Ly Wl s9adt [(T) 5 [(0)
il I(1) LV adl e 58T agudtl Fostat e OF e colad) o 21 alsh agjly s
A 5wy H(O), paddl 23 (28 0z als 1y 905,910, %2.5 ygimn (g5t ks 2gad|
Slre & Y A A5l5 e g &l ) cond g bl o a5k L pay H(T), Lad
2022-1990 s IS s34 & z35ad)
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Juskd! ¥ s it 1(19.3) o3y Joud!

Levels Equation
Case 2: Restricted Constant and Mo Trend

“Wariable Coefficient Std. Error t-Statistic Prob.
T 2110603 T 826455 2 696755 00224
GDPF 0. 002460 0000559 4 400930 00013
FDI -38.79177T 51_ 29755 -0.7a6211 04670
ATE -F7. 79388 19 98500 -3.892614 00030
H -30.38847 14 61371 -2.080133 00542
_ 1671 642 832 4484 2008102 0.0724

EC =IN-(21.1060°TO + 0.0025*GDPFP -38.7918*FDI -7 7. 79309"ATE
-30.3985"HC + 1671.6418)
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af e vedd B8 Lo gpmng o 56 13 (ATE) 2eiidl L el sl il (Uaf
ol Bl 2l Cind oS bosay (2 Laysls a Yo Ly slienl e 1S sl
Lagsl I Jes 3 KV Jg (2016) OECD aulys 4] «oylal LS ¢ yshally

ax ey by IS e ste e gl Ip Y AR G e OF asE il 0B ¢ lastl
55 A 8 Bl Sleldl O sy L el Gell ey ) ZiiY) it (o) iaslll Lulsal
b al) el LW B3 asl ety (il JW ) s e ST
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ECM Regression
Case 2: Restricted Constant and No Trend

Variable

Coefficient

Std. Error

t-Statistic

Prob.

DON(C-1))
DON(-2))
D(TO)
D(TOG1)»
D(TO2)»
D(HC)
D(GDP)
D(GDP(-1))
D(FDI)
D(FDI(-1))
DATE)
DATE(-1))
DATE(2))
CointEq((-1)~™

0.311660
0.302099
0.450536
-16.29793
-10.84898
74 096549
0.003470
0.001598
9.708092
112.3991
-8.155277
42 24941
23.37443
-1.052386

0.116799
0.109550
2.388301
3.189388
3 249554
14 77944
0.000552
0.000565
20.07911
20.14660
8 158719
9.545469
8877549
0.127982

2.668343
2.757630
0.188643
-5.110048
-3.338607
5013487
6.282213
2.827081
0.483492
5. 579063
-0.999578
4. 426122
2.632982
-8 222913

0.0236
0.0202
0.8541

0.0005
0.0075
0.0005
0.0001

0.0179
0.6392
0.0002
0.3411

0.0013
0.0250
O.0000

R-squared
Adjusted R-squared
S . E. of regression
Sum squared resid
Log likelihood
Durbin-VWatson stat

0.898058
0.815231
40.90187
26767.40
-144. 4743
2 747807

Mean dependent var
S.D. dependent var
Akaike info criterion
Schwarz criterion
Hannan-Quinn criter.

31.46667
95 15422
10.56495
11.21885
10.77414
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## [1] "KMO Test Result:"™

print(kmo_result)

## Kaiser-Meyer-o0olkin factor adequacy

## Call: KMO(r = cor_matrix)

## Owverall MsA = ©.56

## MSA for each item =

HH fdi innovation ATE GDP TO hc
HH e.67 2.4a9 2.62 e.26 2.39 e.68

R-studio <la_de e alaie YU Dl dlae) (e

bartlett jlas1 gits :(7) 3y el

<

corte
est

J
bartlett_result
print("Bartlett

[ I |

print(bartlett_result)

T (s}

R “"Bartlett" s Test

(2]

st.bartlett(cor_matrixx, nrow(data))

f sSphericity Result:"

of Sphericity Result:

## $chisqg
## [1] =282.194a9
o
#¥+ FTp.-.value
#3# [1] =3 .787891le-72
I
+H# FHdF
## [1L] s
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Ul o byt e (aaSU CD test st gl (8) o8y el
- Xtcd22 innovation Ffdi ATE GDP TO hc

Testing for weak cross-se

ctional dependence (CSD)

HO: weak cross-section dependence

H1l: strong cross-section dependence
<D CDws CDw+ CcD*>
innovation A1A1.1S 2.81 38.06 1.63
(o .o0e) (e.ees) (o .oee) (e.1e3)
fdi 3.84 .54 i1z2.8e 2.1
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GDP a.63 2.19 16.49 7 .5e
(e .oee) (e.234) (e .eoee) (e .eee)
TO 6 .85 -e.89 23 .31 3.79
(eo.oeoe) (e.371) (o .oee) (e.oeoe)
hc 16.17 2.56 53.69 .29
(e.oce) (e.ei1e) (e.oce) e.775)
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- xthst innowvation fdi ATE GDP TO hc

Testing for slope heterogeneity

(Pesaran, Yamagata. 2008. Journal of Econometrics)
H@: slope coefficients are homogenous

Delta p-value
5.660 o.o00
adj - 6.3251 2. 000

variables partialled out: constant

STATA 17 oz Je slaeVU =L slasl (e 0 al)

gyl maNCIpS st il (10) 3y goeke

Pesaran’'s CADF test for innovation

Cross-sectional average in first period extracted and extreme t-values tru
> ncated

Deterministics chosen: constant

t-bar test, N, T = (5,34) Obs = 160

Augmented by 1 lags (average)
t-bar cvlo cvS cvl Z[t-bar] P-value
-1.403 -2.210 -2.330 -2.550 ©.897 ©.815

pescadf d.innovation.,lag(l)

Pesaran' s CADF test Ffor D.innowvation
Cross -sectional average in first period extracted and extreme t-wvalues tru

> ncated

Deterministics chosen: constant

t-bar test, N,T = (5,323) Obs — 1S5S

Augmented by 1 lags (average)
t-bar Cwle cwS cwd ZLt-bar] P-wvalue
-3.114 -—2.21o -2.330 -2.55© -3.174a e .ol

. pescad¥f Ffdi ,lagd(l)

Pesaran®s CADF test for fdi
fross-sectional average in first period extracted and extreme t-values tru

> ncated

Ppeterministics chosen: constant

k-bar test, N,T = (5,34) Obs = 160

Prugmented by 1 lags (average)
t-bar cwvle cwvS cwl Zlt-bar] P-value
-2 .64 =2.21e -2.33e -2.55 -2 .046 2.a2e
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Pesaran's CADF test for D.ATE
Cross-sectional average in fTirst period extracted and extreme t-values tru

> ncated
JDeterministics chosen: constant

t-bar test, N,T = (5,33) Obs = 155
lAugmented by 1 lags (average)

t-bar cvle cvS cwvl Z[t-bar] P-value
-4.188 -2.21e -2.33@ -2.55@ -5.728 ©.eeeoe

- pescadf GDP _,lasdCl)

Pesaramn ™ s CADF tTest For GDP
Fross-—sectional averase in first period extracted and extreme t-values tru

- ncatea
Ppeterministics chosen: constant
e —bar test., MN.T = (S5.34a> Obs = 16
Pirugmented by 1 lags (average)
t-bar cwle cws el ZLt-bar] P-value
-3 .7e3 —2.21e -2.332 -—2.s552 —a.s7s o .ccoe

- pescadf TO ,lagdl)

Pesaran's CADF test for TO
Cross-sectional average in first period extracted and extreme t-values tru

> ncated

Deterministics chosen: constant

t-bar test, N,T = (5,34) Obs = 16

Augmented by 1 lags (average)
t-bar cwvle® cvS cwl ZLlt-bar] P-value
-e.7ez2 -2.21e -2.33e -2.55@ 2.565 ©.995

Pescadf ATE Lilas(l)

Pesaran"s CADF test for ATE
[ross-sectional average in first period extracted and extreme t-wvalues trg
b nmncated

peterministics chosen: constant

F-bar test, N,T = (5,34) Obs = 16©

hpugmented by 1 lags (average)
t-bar cwvle cwvsS cwvl ZLt-bar] P-value
-1 .292 -2.21e -2.330 -2.552 A1A.167 2.878

. pescadf d.TO ,lag(l)

Pesaran’'s CADF test for D.TO
Cross-sectional average in first period extracted and extreme t-values tru

> ncated
Deterministics chosen: constant

t=bar testy N,T = (5,33) Obs. = 1SS
Augmented by 1 lags (average)

t-bar cvlo cvS cvl Z[t-bar] P-value
-4.489 -2.21© -2.330 -2.550 -6.445 © .00
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- pescadf d2.hc ,lag(l)

Pesaran's CADF test for D2.hc

Cross-sectional average in first period extracted and extreme t-values tru
> ncated

Deterministics chosen: constant

t-bar test, N,T = (5,32) Obs = 15
Augmented by 1 lags (average)

t-bar cvle cvs cwvl Zlt-bar] P-value
-4 .159 -2.21e -2.330 -2.55@ -5.66© o .o

STATA 17 Cla i e alaie VL Lald) dlae ) e 1 juadl

dolall drendl Ol :(11) ol

General domlnance statistics: Linear Peére551on

Number of obs - i17©

Overall Fit Statistic - e.6577

Dominance Standardized Ranking

innovation Stat. Domin. Stat.

>
fdi e.3412 e.s518s8 i
ATE e.113s8 e.173e 3
GDP e.eels e.eez2s S
TO e.1392 e.2117 2
hc e.esls6 e.e937 -
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Conditional dominance statistics

>

fdi
ATE
GDP
TO
hc

#indepvars: #indepvars:
1 2

©.49097 ©.4360
©.1467 ©e.137e
©e.e017 ©.0007
©.e582 ©.1431
©e.l1e1s8 ©.0939

#indepvars:
3
©.3566
©e.1144
©.0022
©.1784
©.0686

#indepvars:

a4
©.2620
©.e914
©.e034
e.1747
©.e365

#indepvars:

5
©.16e9
©.e793
©.e012
e.1417
©.0e075

WS el Oldla :(13) gl

Complete dominance designation

>

dominates?:Ffdi
dominates? :ATE
dominates? : GDP
dominates?:TO
dominates?:hc

dominates? :fdi
dominates? :ATE
dominates? : GDP
dominates?:TO
dominates?:hc

dominated? :

fdi
=]
-1
-1
-1
-1

dominated? :

hc
L
B R
-1
e
e

dominated? :

dominated? :

GDP

HROHR

dominated? :

TO

STATA 17 s i e slaie YU &bl ae) (e 1 yaadll
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SN

. mqreg innovation fdi ATE GOP TO hc,q(.1.2 .3 .4 .5 .6.7 .8 .9) thlel= gtile_6
i-qreg Estinator Tofi| Tsse 2608 245 0004 23978 1269.151 fi] LRAE B34 0L S 19
Nusber of obs = 170 ATE| 246502 400777 5.9 0.000  13.31982 29,0104 ME| DML OSEB W L0 W3
Quantile: . P 19.08375 14.88614 1.8 0.200 -10.09255  48.26004 @ 1074 N3 0.4 0.64  -30.20905 536580
0| -2.981 29808 7.1 0.00 288382 -17.15141 T Db L3S 835 000 RS 10658
innovation | Coefficient Std. err. z Plz] 95 conf. interval] he | 62.4328 3271761 191 0.05  -1.693047  126.5576 ho| B8 B0 L% 04T BN 15
cons | 909.9023 1760757 5.6 0.000  S64.6043  1255.2 Sons | R KELDG6M 0H0 LT N
location
fli | 124515 38.8285 358 0.000  50.4231  1978.606] Jotile 3 gtile T
ATE | 22,0961 5.07253 436 0.000  12.15664 32,0385 fdi | 853.4648 263.0886  3.24 0.001  337.806  1369.109 fil| 1967 M5 3D 0ML 6N M6
1 6P | 12.5173 18.87082  0.66 0.507  -24.4744  49.4978¢) ATE| 2037015 3.876333  5.51 0.000 1377268 28.96762 NE| 66 TS 306 00 8B 3Ty
10| -26.8004 3.789088 -7.08 0.000 -34.24671 -19.3937 QP | 12.6377 144207 L2 0.2 -10.64387  45.9182 @ | LMD NS 0B 0T -3 698
he | 64.85632 44T 156 0.8 -16.4289  146.144) TO| -23.838 298315 818 0.000 2546 -18.12703 T A% S 53 L0 NS0 0T
Cons | ISITSSL I3 678 0.000 107898 195175 ho| 20608 3LESTA 199 0.047  BTTTS 1250888 b WS ADM LW 0SSN
cons | 1043.653 176.4433  S.91 0.00  697.8303  1389.475 Q| USRI 6 000 DL 1%
scale .
fi | amame me9M5 L& 0.0 -ge3ste  90.0u [otile s
i | e Rl TR R S i fii | 107319 284163 362 0.00  470.360  1584.269 ffz TR S KU R Th o R
@F | S.958 14318 041 0.6 B9 212009 AEN| ELIN N6 T S0 Dol 8.0 NE| DAL BIGE L8 0 M0 36
il Db asiali o s @P | 1546915 155787 098 039 152882 45,608 ]G BuB 0D S0 Y
ho | 2186657 3145389 0.07 0.945  -59.46183  63.83514 0= RSN RS S e | RAL SMEL S8 ML LK
cons | S47.6925 1697256 3.3 0.001  215.0364  880.3486) el o ALES) (AWM LBTN DR k| O BND 1R 0W M6 50
- cons | L6 1929192 6.5 0.000 8937416 1649.951 | WS MND 5K 0 U e
qule £ gtile_s qtile_9
foi | 60004 236 219 o.M 6.9 10159 f | tB2 W6 3R 000 SBUM 5.0 | BS0 G L8 0NN SN WM
NTE (209369 43788 476 0.000  12.35738  29.519%9 ME| 208 48R0 450 0.000 143518 3163 NE| B BN 24 005 A I
GP | 20.68127 16.28861 1.7 0.4 112438  52.60636 6P| 09008 18250 071 041 TR 486628 W) LM RO LI G RN 6
0| -2.0602 323918 -6.74 0.000 -28.48168 -15.6481f 0| -26.5674 3.666667 7.5 0.000 -3.I5628 -19.3831 T K LEEB AN LW KT 176
ho| 6184256 3578532 173 0.084 8295375 1319805 ho | 64.69945 40.0363 1.6 0106 B0 143.169 h| BBES DI 6% LM DM S
ons | 720954 197.5844 .86 0.000 349371 1149.454 cons | MTLTEL 22420 665 0.00 1042406  1913.116 | BIMR GRER S 0M0 MEIM M
STATA 17 <layia e alaie YU &aldl dlae) (e 1 jaadll
tvp Im :(15)e3; ele
p# tvPLM(formula = innovation ~ fdi + ATE + GDP + TO + hc, data = data,
e # index = c¢("id", "years"), method = "within")
4
p# Class: tvplm
4
j# Summary of time-varying estimated coefficients:
by = ==
3¢ fdi =
j# Min. 285.8 6.736 -23.7845 -13.43 184.3
f# 1st Qu. 683.2 10.144 -14.1326 -13.15 200.4
k4 Median 965.0 11.846 -5.4522 -12.97 213.1
B4 Mean 887.9 11.804 -8.2619 -12.54 211.8
k# 3rd Qu. 1137.6 13.885 -1.5039 -12.15 222.2
B4 Max. 1226.2 15.147 -0.6995 -10.37 243.7
=3
ji# Bandwidth: 1
j# Pseudo R-squared: @.5096

.R-studio <la jae e aldie YU Aaldl slac) (e 1 jaaall
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Time-Varying Coefficients

ATE fdi
1250
> 1000
750
10 500
= 250
O
= GDP hc
=3
5 8 o
S 5
= 77
S 1990 2000 2010 2020
O LR S
-11
-12
-13
1990 2000 2010 2020
Year
.R-studio <la jie e aldie YU &alldl slae) (e 1 jaadll
(Bounds Test)sgus jlzst Jgr :(17) o3 el
F-Bounds Test MNull Hypothesis: No levels relationship
Test Statistic Value Signif. 1(0) (1)
Asymptotic: n=1000
F-statistic 6.037170 10%0 2.08 3
k 5 5% 2.39 3.38
2.5% 2.7 3.73
1% 3.06 4.15
Actual Sample Size 30 Finite Sample: n=30
10% 2.407 3.517
5% 2.91 4.193
1% 4 134 5761
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