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The Long-Run Causal Relationship Between Human
Investment and Economic Growth in Singapore

Abstract

Using annual data from January 2000 to December 2023, this research aims to demonstrate the causal relationship between
economic growth represented by (GDP) and human capital investment represented by public expenditure on education, public
expenditure on health, and expenditure on research and development, in Singapore. Based on the results extracted from the
EViews-14 program, we discovered the following: 1) When conducting a unit root test for the model variables, it was found that
GDP and the independent variable RAD appeared stationary at the level; meaning that these two variables do not have a unit root.
As for the remaining independent variables EDU & HEL, they appeared non-stationary at the level; This means that these variables
contain a unit root because the probability value of the test for these two variables is at a significance level greater than (5%) and
thus they became stationary when taking their first differences. 2) The model passed all diagnostic tests: the model is stable when
taking the inverted roots AR, there is no autocorrelation between the residuals according to the Lagrange multiplier test (LM), the
residuals follow the normal distribution according to the (Jarque-Berra) test, the residuals are homogeneous according to the (VAR
Residual Heteroskedasticity "Levels and Squares" test). 3) There is a significant long-term causal relationship between all study
variables towards each of the economic growth rate, public spending on education, public spending on health, spending on research
and development with degrees of freedom of (6) according to the (Toda and Yamamoto) methodology.

Keywords: Economic growth; Human capital; Total public spending on education; Total public spending on health; Total
spending on research and development; Toda and Yamamoto methodology.
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:Unit Root Test by
"Augmented Dickey-Fuller "ADF
At First Difference At Level Variables
Constant and Trend Constant Constant and Trend Constant
5.9209- 6.0414- 4.4700- 4.9888- GDP
***0.0005 ***0.0001 ***0.0089 ***0.0005 .Prob
3.5468- 3.7684- 2.5856- 1.1817- EDU
*0.0577 ***0.0097 0.2890n.s 0.6650n.s .Prob
5.2805- 5.0561- 2.4669- 0.4951- HEL
***0.0017 ***0.0006 0.3394n.s 0.8759n.s .Prob
5.1461- 5.2279- 3.3384- 3.0449- RAD
***0.0023 ***0.0004 *0.0851 **0.0449 .Prob

- Probability based on MacKinnon (1996) one-sided P-values.
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Inverse Roots of AR Characteristic Polynomial
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VAR Residual Serial Correlation LM Tests
Sample: 2000 2024
Lag: 2
Included observations: 23

Null hypothesis: No serial correlation at lag h

Lag LRE* stat df .Prob Rao F-stat df .Prob
1 17.52535 16 0.3524 1.141253 (22.0,16) 0.3797n.s
2 20.30924 16 0.2066 1.394713 (22.0,16) 0.2309n.s
3 13.08636 16 0.6664 0.784181 (22.0,16) 0.6872n.s
4 10.52195 16 0.8380 0.601465 (22.0,16) 0.8498n.s
5 14.36880 16 0.5713 0.881793 (22.0,16) 0.5954n.s
6 15.86134 16 0.4627 1.000963 (22.0,16) 0.4893n.s
7 19.96015 16 0.2220 1.361581 (22.0,16) 0.2469n.s
8 12.33426 16 0.7207 0.728911 (22.0,16) 0.7390n.s
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VAR Residual Normality Tests

Orthogonalization: Cholesky (Lutkepohl)

Null Hypothesis: Residuals are multivariate normal
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Sample: 2000 2024
Lag: 2
Included observations: 23
Component Skewness Chi-sq df *.Prob
1 0.340518- 0.444484 1 n.s 0.5050
2 0.111972 0.048062 1 n.s 0.8265
3 0.140607- 0.075786 1 n.s 0.7831
4 0.636807 1.554505 1 n.s 0.2125
Joint 2.122836 4 n.s 0.7132
Component Kurtosis Chi-sq df .Prob
1 2.785614 0.044046 1 n.s 0.8338
2 1.657115 1.728201 1 n.s 0.1886
3 3.445681 0.190355 1 n.s 0.6626
4 2.821938 0.030385 1 n.s 0.8616
Joint 1.992988 4 n.s 0.7370
Component Jarque-Bera df .Prob
1 0.488530 2 n.s 0.7833
2 1.776263 2 n.s 0.4114
3 0.266141 2 n.s 0.8754
4 1.584890 2 n.s 0.4527
Joint 4.115824 8 n.s 0.8465
Approximate p-values do not account for coefficient estimation (*)
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VAR Residual Heteroskedasticity Tests: (Levels and Squares)
Sample: 2000 2024
Lag: 2
Included observations: 23
:Joint test
Chi-sq df .Prob
168.0871 160 0.3150n.s
:Individual components
Dependent R-squared F(16,6) .Prob Chi-sq(16) .Prob
res1*res1 0.667374 0.752392 0.6992n.s 15.34960 0.4992n.s
res2*res2 0.845032 2.044850 0.1929n.s 19.43573 0.2467n.s
res3*res3 0.522090 0.409667 0.9280n.s 12.00808 0.7434n.s
res4*res4 0.830964 1.843458 0.2314n.s 19.11216 0.2629n.s
res2*res1 0.528345 0.420073 0.9224n.s 12.15195 0.7335n.s
res3*res1 0.512094 0.393591 0.9363n.s 11.77816 0.7591n.s
res3*res2 0.370829 0.221022 0.9927n.s 8.529063 0.9315n.s




res4*res1 0.753530 1.146485 0.4638n.s 17.33120 0.3645n.s
res4*res2 0.604244 0.572555 0.8258n.s 13.89762 0.6063n.s
res4*res3 0.531802 0.425943 0.9192n.s 12.23144 0.7279n.s
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Toda-Yamamoto Teat
Sample: 2000 2024
Lag: 2
Included observations: 23

Variables GDP EDU HEL RAD
GDP [5.4398] [2.6925] [4.6922]
Prob 0.0659 0.2602 0.0957
EDU [7.4089] [9.3777] [1.7755]
Prob 0.0246 0.0092 0.4116
HEL [3.2973] [6.0565] [3.2330]
Prob 0.1923 0.0484 0.1986
RAD [11.7825] [1.9601] [10.3867]

Prob 0.0028 0.3753 0.0056
Al [17.4322] [13.4263] [15.7841] [10.8938]
DF 6 6 6 6
Prob 0.0078 0.0367 0.0150 0.0917
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