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Summary

Investment in higher education is a key tool in building sustainable and
diversified economies by providing workers with the necessary skills to compete
in the global market. Universities and research centers play a pivotal role in this
context as hubs of innovation and the generation of new knowledge. This study
aimed to understand the impact of investment in higher education on innovation
in research centers in Algeria. A quantitative analytical approach was adopted
using the panel statistical model to analyze data related to investment in higher
education and innovation rates in 9 research centers over the period 2011-2021.

The study found that the Algerian state has increased its spending on the
research centers in the sample during the studied period, but it is still somewhat
limited and does not significantly affect scientific and innovative production. The
econometric study revealed that the only noticeable effect between the variables
was between the equipment budget and the number of scientific publications,
though this effect remains very weak. No effect was observed between the
equipment and operational budgets on patents.

Keywords: higher education, investment in higher education, equipment budget,
operational budget, innovation, scientific publications, patents.
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Test cross-section fixed effects
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Correlated Random Effects - Hausman Test
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12 Series: Standardized Residuals

Sample 2012 2021
Observations 88

Mean 1.28e-15
Median -1.642819
Maximum 7006155
Minimum -65.64096
Std, Dev, 2520433
Skewness 0.353407
Kurtosis 3,959733
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Prabability 0.073919
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Redundant Fixed Effects Tests
Equation: Untitled
Test cross-section fixed effects

Effects Test Statistic df. Prob.
Cross-section F 26.542472 (8,86) 0.0000
Cross-section Chi-sgquare 120.656916 a 0.0000
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Caorrelated Random Effects - Hausman Test
Equation: Untitled
Test cross-section random effects

Test Summary Chi-3q. Statistic  Chi-3q. d.f. Prob.

Cross-section random 2 065443 2 0.3560
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3 | Series: Standardized Residuals
12 Sample 2012 2021
Observations 88
10
Mean 3.23e-16
8 Median -2.566829
6 Maximum 41.84579
Minimum -47.29569
< Std. Dev. 15.50647
Skewness 0.372603
2 h Kurtosis 3.828274
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Dependent Variable: MBR.
Method: Panel Least Squares
Date: 06/08/24 Time: 05:18
Sample: 2011 2021

Periods included: 11
Cross-sections included: 9

Total panel (unbalanced) observations: 97

Variable Coefficient Std. Error t-Statistic Prob.

SE 4 29E-10 9.82E-10 0.436410 0.6635

SF -4 G4E-09 4 30E-09 -1.078315 0.2837

C 2013117 0.334803 6.012838 0.0000
R-squared 0.013786 Mean dependentwvar 1824742
Adjusted R-=quared -0.007187 S.0D. dependentwvar 2520790
5. E. of regression 2829832 Akaike info criterion 4 T24623
Sum squared resid 601.6048 Schwarz criterion 4 804253
Log likelinood -226.1442 Hannan-Quinn criter. 4 TH6821
F-statistic 0657481 Durbin-Watson stat 0475483
Prob{F-statistic) 0.520521

Al BV Z3gd 12 gl

Dependent Variable: NBR
Method: Panel Least Squa

res

Diate: 06/08/24 Time: 05:20

Sample: 2011 2021
Periods included: 11

Cross-sections included: 9
Total panel (unbalanced) observations: 97

WVariable Coefficient Std. Error t-Statistic Prob.
SE G.62E-10 7.00E-10 0.946170 0.3467
SF -4 57E-08 3.09E-08  -1.481763 01421
C 1.882451 0.234510 8496230 0.0000
Effects Specification
Cross-section fixed (dummy variables)
R-squared 0.581677 MWean dependentvar 1.824742
Adjusted R-squared 0533035 5.D. dependentvar 2520790
S.E. of regression 1.722577 Akaike info criterion 4 031961
Sum squared resid 2551854 Schwarz criterion 4 323938
Log likelihood -184.5501 Hannan-Quinn criter. 4.150022
F-statistic 11.895830 Durbin-Watson stat 1.120192

Prob(F-statistic)

0.000000
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Dependent Yariable: NBR

Method: Panel EGLS (Cross-section random effects)
Date: 06/08/24 Time: 05:21

Sample: 2011 2021

Periods included: 11

Cross-sections included: 9

Total panel (unbalanced) observations: 97

Swamy and Arora estimator of component variances

Wariable Coefficient Std. Error t-Statistic Prob.
SE 6.49E-10 6.98E-10 0929723 0.3549
SF -4 58E-08 3.08E-08  -1.488301 0.1400
C 1.8996139 0. 732956 2549493 0.0124
Effects Specification
s.0. Rho
Cross-section random 2242166 0.6288
|diosyncratic random 1722577 03712
Weighted Statistics
R-squared 0.032355 Mean dependentvar 0416076
Adjusted R-squared 0.011767 S.D. dependentwvar 1.713832
S.E. of regression 1703706 Sum squared resid 272 8458
F-statistic 1.571556 Durbin-Watson stat 1.047726

Prob({F-statistic) 0213130

Ayt 61y amemedl oy AWkl 14 ol

Redundant Fixed Effects Tests
Equation: Untitled
Test cross-section fixed effects

Effects Test Statistic df Prob.
Cross-section F 14 593345 (8,86) 0.0000
Cross-section Chi-square 83188212 g 0.0000
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Lagrange Multiplier Tests for Random Effects

Mull hypotheses: Mo effects

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

Test Hypothesis

Cross-section Time Both

Breusch-Pagan 140.5576 0680124 141.2377
(0.0000) (0.4085) (0.0000)

Honda 11.85570 0824696 8.966394
(0.0000) (0.2048) (0.0000)

King-Wu 11.88570 0824696 9386514
(0.0000) (0.2048) (0.0000)

Standardized Honda 1279244 1.114350 6.631732
(0.0000) (0.1326) (0.0000)

Standardized King-¥Wu 1279244 1.114350 7.114698
(0.0000) (0.1326) (0.0000)

Gourieroux, et al. - - 141.2377
(0.0000)

i\ gidly Al o oWl 16 gl

Correlated Random Effects - Hausman Test
Equation: Untitled
Test cross-section random effects

Test Summary Chi-5q. Statistic  Chi-Sqg. d.f. Prob.

Cross-section random 0.083096 2 0.9593
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Dependent Yariable: NBR

Method: Panel EGLS (Cross-section random effects)
Date: 06/08/24 Time: 05:21

Sample: 2011 2021

Periods included: 11

Cross-sections included: 9

Total panel (unbalanced) observations: 97

Swamy and Arora estimator of component variances

Wariable Coefficient Std. Error t-Statistic Prob.
SE 6.49E-10 6.98E-10 0929723 0.3549
SF -4 58E-08 3.08E-08  -1.488301 0.1400
C 1.8996139 0. 732956 2549493 0.0124
Effects Specification
s.0. Rho
Cross-section random 2242166 0.6288
|diosyncratic random 1722577 03712
Weighted Statistics
R-squared 0.032355 Mean dependentvar 0416076
Adjusted R-squared 0.011767 S.D. dependentwvar 1.713832
S.E. of regression 1703706 Sum squared resid 272 8458
F-statistic 1.571556 Durbin-Watson stat 1.047726

Prob({F-statistic) 0213130

T35 i dulys 18 gl

Residual Cross-Section Dependence Test

Mull hypothesis: Mo cross-section dependence (correlation) in residuals
Equation: Untitled

Periods included: 10

Cross-sections included: 9

Total panel (unbalanced) observations: 88

Test employs centered correlations computed from pairwise samples

Test Statistic d.f. Prob.

Pesaran CD 1.317579 01578
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DependentYariable: MBS
Method: Panel Least Squares
Date: 06/08/24 Time: 05:25
Sample: 2011 2021

Periods included: 11
Cross-sections included: 8

9 sl

Series; Standardized Residuals
Sample 2012 2021
Ohservations 88
Mean 1.29e-15
Median -1.642819
Maximum 7006155
Pinimurm -65.64096
Std, Dew, 25.20493
Skewness 0.353407
Kurtosis 3,8597583

. Jarque-Bera 3, 209557
Probability 0.073919

NBS 736 -2

M\ G}}«J\ :10‘5’45.\

Total panel (unbalanced) observations: 97

Std. Error t-Statistic Prob.

1.94E-08 2071201 0.0411
847E-08  -0.024652 09804
6.594164 7.452541 0.0000

Variable Coefficient

SE 4 01E-08

SF -2 09E-08

c 4814328
R-squared 0.043686
Adjusted R-squared 0.023339
S.E. ofregression 49 32667
Sum squared resid 23337358
Log likelinood -515.2427
F-statistic 2147048
Prob{F-statistic) 0122523

Mean dependent var
3.0. dependent var
Akaike info criterion
Schwarz criterion
Hannan-Cuinn criter.
Durbin-Watson stat

5207216
50.41851
10.68542
10.76505
10.71762
0160174
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Dependent Variable: NBS

Method: Panel Least Squares

Date: 06/08/24 Time: 05:25

Sample: 2011 2021

Periods included: 11

Cross-sections included: 9

Total panel (unbalanced) observations: 97

WVariable Coefficient Std. Error t-Statistic Praob.
SE 222E-08 1.14E-08 1.857530 0.0535
SF 3.24E-08 5.01E-08 0.546351 0.5188
C 43.84909 3807614 1282932 0.0000

Effects Specification

Cross-section fixed (dummy variables)

R-squared 0724331 Mean dependent var H207216
Adjusted R-squared 0.692277 S.0. dependentwvar 50.41851
S.E. of regression 2796857 Akaike info criterion 9. 606430
Sum squared resid 6727271  Schwarz criterion 9398458
Log likelihood -454 9143 Hannan-Cluinn criter. Q724542
F-statistic 2259685 Durbin-VWatson stat 0462482
Prob(F-statistic) 0.000000

il gl HEU 3ed 112 3ol

Dependent Variable: NB3

Method: Panel EGLS (Cross-section random effects)
Date: 06/08/24 Time: 05:26

Sample: 2011 2021

Periods included: 11

Cross-sections included: 9

Total panel (unbalanced) observations: 97

Swamy and Arora estimator of component variances

Variable Coefficient Std. Error t-Statistic Prob.
SE 2.30E-08 1.13E-08 2.024549 0.0458
SF 312E-08 5.00E-08 0.624338 0.5339
C 4543034 14.86812 3257327 0.0016
Effects Specification
5.D. Rho
Cross-section random 4313131 0.7040
Idiosyncratic random 27.96857 0.2960
Weighted Statistics
R-squared 0.045613 Mean dependentvar 10.04432
Adjusted R-squared 0.025306 3.D. dependentvar 28.30976
S.E. of regression 27.96458 3Sum squared resid 73509.67
F-statistic 2246246 Durbin-Watson stat 0.424803

Prob(F-statistic) 0.111445
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Redundant Fixed Effects Tests
Equation: Untitled
Test cross-section fixed effects

Effects Test Statistic df. Praob.
Cross-section F 26542472 (8,86) 0.0000
Cross-section Chi-sguare 120656916 a 0.0000

il gl JEWNg amored) Cp Akl 14 goll

Lagrange Multiplier Tests for Random Effects

Mull hypotheses: Mo effects

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

Test Hypothesis

Cross-section Time Both

Breusch-Pagan 220.9265 0426314 221.3528
(0.0000) (0.5138) (0.0000)

Honda 14.86360 0652928 10.97184
(0.0000) (0.2568) (0.0000)

King-¥Wu 14 86360 0652928 11.51396
(0.0000) (0.2569) (0.0000)

Standardized Honda 15.97564 0.933098 3.862694
(0.0000) (0.1754) (0.0000)

Standardized King-Wu 15.97564 0.8933098 9431004
(0.0000) (0.1754) (0.0000)

Gourieroux, et al. - - 221.3528
(0.0000)

i gty Al o Aot 115 gl

Caorrelated Random Effects - Hausman Test
Equation: Untitled
Test cross-section random effects

Test Summary Chi-Sq. Statistic  Chi-Sq. d.f. Praob.

Cross-section random 2 065443 2 0.3560
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Dependent Variable: NBS

Method: Panel EGLS (Cross-section random effects)
Diate: 06/08/24 Time: 05:26

Sample: 2011 2021
Periods included: 11

Cross-sections included: 9
Total panel (unbalanced) observations: 97
Swamy and Arora estimator of component variances

Variable Coefficient Std. Error t-Statistic Prob.
SE 2.30E-08 1.13E-08 2.0245449 0.0458
SF 312E-08 5.00E-08 0.624338 0.53349
C 48 43034 14 86812 3257327 0.0016
Effects Specification
s.0. Rho
Cross-section random 4313131 0.7040
|diosyncratic random 27.96857 0.2960
Weighted Statistics
R-squared 0.045613 Mean dependent var 10.04432
Adjusted R-squared 0.025306 S.0D. dependentvar 28.30976
S.E. ofregression 2796458 Sum squared resid 73509.67
F-statistic 2246246 Durbin-Watson stat 0424303
Prob(F-statistic) 0111445

G.S}o.ﬁ\ &Moo dulys

Residual Cross-Section Dependence Test
Mull hypothesis: Mo cross-section dependence (correlation) in residuals

Equation: Untitled

Periods included: 11

Cross-sections included: 9
Total panel {unbalanced) observations: 97
Test employs centered correlations computed from pairwise samples

:17‘5’;&\

Test

Statistic df.

Prob.

Pesaran CD

-1.816063

0.0694
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14 Series; Standardized Residuals
12 Sample 2012 2021
Observations 88
10
Mean 3.23e-16
8 Median -2.566829
6 Maximum 41,84579
Minimum -47.29569
4 Std. Dev. 15.50647
Skewness 0.372603
2 h Kurtosis 3.828274
ol W 5}
-40 -30 20 30 40 Jarque-Bera  4.551691
Probability 0.102710

bilgy¥t ddgis 119 ol

Covariance Analysis: Ordinary
Date: 06/19/24 Time: 19:04
Sample: 2011 2021

Included observations: 97

Balanced sample (listwise missing value deletion)

Correlation
Probability NER NBS SE SF
1.00000
NBR 0
0.49702 1.00000
NBS 4 0

0.0000 ——-

0.03996 0.20899 1.00000
SE 0 8 0
0.6976 0.03%% ———

0.10861 0.00655 0.04326 1.00000
SF 8 7 1 0
0.2896 09492 06739 —-—
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