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Abstract
This paper extends a two-period Overlapping Generations model of endogenous growth 
where the interactions between public infrastructure, human capital with R&D activities, 
and growth are studied. The paper makes two important contributions. First, it accounts 
for the spillover effect of the stock of ideas on learning which in turn promotes the
production of innovative technologies. In doing so, it brings to the fore a two-way 
interaction between human capital and innovation. The paper then applies various 
econometric methods which confirm the above theoretical thesis. Second, the solutions 
of the model emphasise the important role public spending on infrastructure, human 
capital and R&D can play in promoting economic growth. In order to study the 
transitional dynamics of the model and to illustrate the impact of public policy, the model 
is calibrated using the average data for low-income countries and a sensitivity analysis is 
reported under different parameter configurations. The findings of the numerical analysis 
show that trade-offs in the allocation of public spending may inevitably emerge. In 
particular, investment in public infrastructure at the expense of spending on R&D is less 
likely to succeed in promoting economic growth, whereas it may be more effective to 
foster growth through an offsetting cut in another productive component, namely, 
education. In light of these potential trade-offs, governments in low-income countries 
need to use their limited budgets as part of holistic measures in order to achieve efficient 
outcomes.
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Appendix B 
Summary Statistics 

 

 

Table B1: Summary Statistics – Main Results 

Obs. Mean Sd. Min. Max. 
HC (ln) 1225 1.068 0.163 0.385 1.318 
Stock of knowledge (ln) 1225 8.637 1.916 1.902 13.615 

 

 

Table B2: Summary Statistics – Extension Results 

Obs. Mean Sd. Min. Max. 
HC (ln) 1155 1.061 0.163 0.385 1.313 
Stock of knowledge (ln) 1155 8.642 1.899 2.721 13.615 
Initial HC (ln) 1155 0.952 0.175 0.498 1.208 
Education exp. (ln) 1084 6.594 0.976 3.798 8.194 
Infrastructure (ln) 1044 5.711 1.182 1.247 8.275 

      

 

List of Countries: Australia; Austria; Belgium; Bulgaria; Canada; Chile; Cyprus; Denmark; Finland; France; Germany; Greece; 

Hungary; Iceland; Ireland; Israel; Italy; Japan; Korea; Luxembourg; Malta; Mexico; Netherlands; New Zealand; Norway; 

Poland; Portugal; Romania; Singapore; Spain; Sweden; Switzerland; Turkey; United Kingdom; United States. 

 



Table 2
Increase in Share of Government Spending on Infrastructure Investment1/

(Absolute deviations from baseline)

Financed by a Cut in Unproductive Spending Education R&D Activities
Benchmark Values Impact Long run Impact Long run Impact Long run
Public private capital stock ratio 0.0504 0.0504 0.0504 0.0504 0.0504 0.0504
Technical knowledge human capital ratio -0.0141 -0.0626 0.0138 0.0456 -0.0165 -0.0710
Growth rate of final output 0.0494 0.0098 -0.0273 -0.0019 0.0569 -0.0026

Experiment: 3 = 0.1 2/ Impact Long run Impact Long run Impact Long run

Public private capital stock ratio 0.0504 0.0504 0.0504 0.0504 0.0504 0.0504
Technical knowledge human capital ratio -0.0346 -0.1338 -0.0075 -0.0382 -0.0369 -0.1432
Growth rate of final output 0.1116 0.0192 0.0305 0.0070 0.1196 0.0061

Experiment: 3 = 0.1 3/ Impact Long run Impact Long run Impact Long run

Public private capital stock ratio 0.0504 0.0504 0.0504 0.0504 0.0504 0.0504
Technical knowledge human capital ratio -0.0183 -0.0852 0.0088 0.0218 -0.0188 -0.0867
Growth rate of final output 0.0430 0.0160 -0.0330 0.0053 0.0498 0.0052

Experiment: 2 = 0.4 4/ Impact Long run Impact Long run Impact Long run

Public private capital stock ratio 0.0504 0.0504 0.0504 0.0504 0.0504 0.0504
Technical knowledge human capital ratio -0.0157 -0.0512 0.0152 0.0360 -0.0177 -0.0560
Growth rate of final output 0.0491 0.0075 -0.0271 -0.0006 0.0563 -0.0044

Experiment: 2 = 0.6 Impact Long run Impact Long run Impact Long run

Public private capital stock ratio 0.0504 0.0504 0.0504 0.0504 0.0504 0.0504
Technical knowledge human capital ratio -0.0173 -0.0367 0.0166 0.0249 -0.0190 -0.0387
Growth rate of final output 0.0487 0.0055 -0.0269 0.0005 0.0558 -0.0057

Experiment: 2 = 0.7 with 2 = 0.6 5/ Impact Long run Impact Long run Impact Long run

Public private capital stock ratio 0.0504 0.0504 0.0504 0.0504 0.0504 0.0504
Technical knowledge human capital ratio -0.0175 -0.0355 0.0167 0.0240 -0.0190 -0.0370
Growth rate of final output 0.0464 0.0046 -0.0248 0.0011 0.0533 -0.0065

1/ Increase in I from 0.061 to 0.081.
2/ 3 is the elasticity of human capital with respect to public private capital ratio and set equal to 0.0 in the benchmark case.
3/ 3 is the elasticity of the flow of new ideas with respect to public private capital ratio and set equal to 0.0 in the benchmark case.
4/ 2 is the elasticity of human capital with respect to externality of technical knowledge and set equal to 0.3 in the benchmark case.
5/ 2 is the elasticity of the flow of new ideas with respect to existing stock of ideas and set equal to 0.6 in the benchmark case.

Source: Authors' calculations.



 
 
 
 
 

Table 3: Panel unit root and cointegration results 

 
 
 

Table 4: The impact of the stock of knowledge on human capital 
  N Observations 

WD-DOLS (Kao and Chiang, 2000) 0.020 (0.010)** 35 980 
MG-DOLS (Pedroni, 2001) 0.023 (0.006)** 35 980 
2-step estimator (Breitung, 2005) 0.045 (0.010)** 35 980 
Notes:  Standard errors in parenthesis. ** indicates significance at the 5% or lower.  
The DOLS estimates include three leads and lags. The dependent variable is human 
capital. All variables are expressed in natural logarithms. 

 

 
 

Table 5: Dynamic panel causality 
Dependent variable Source of causality (independent variable) 
 Short-run  Long-run 
     

 - -0.001 (0.001)  0.029 (0.003)** 
 -4.182 (6.648)  -  0.697 (0.388)* 

Notes:  ECT represents the coefficient of the error correction terms, respectively. 
** and * indicate that the null hypothesis of no causal link is rejected at the 5%  
and 10%, respectively. All variables are expressed in natural logarithms. 

 

 Panel A: Panel unit root tests 
 MW IPS  CIPS  
 Levels Diff Levels Diff Levels Diff 
Human capital 60.61 136.02** -0.94 -1.93** -1.87 -1.77 
Patent stock 74.54 120.30** -1.39 -2.33** -1.52 -2.33** 
  Panel B: Panel cointegration tests 
        
Pedroni tests 6.72** -2.27** -4.74** 2.76** -3.06** -7.50** 1.85 
  Gt Ga Pt Pa  
Westerlund tests  -2.88** -55.65** -14.81** -37.69**  
Notes:  MW, IPS and CIPS indicate Maddala and Wu (1999), Im, Pesaran and Shin (2003), and Pesaran (2007) panel unit root tests, 
respectively. Three lags used in the unit root tests to account for autocorrelation and the tests include an intercept. The MW test is 
computed using an asymptotic Chi -square distribution; the other tests assume asymptotic normality. ** indicates rejection of the null 
of non-stationarity and no cointegration at the 5% level or lower. All variables are expressed in natural logarithms. 
 



 
 
 
 
 
 
 
 
 
 

Table 6: Robustness – estimation of the full theoretical model 
 POLS RE FGLS 2-step SGMM 
 [1] [2] [3] [4] 
Stock of knowledge 0.008 

[0.001]*** 
0.008 

[0.003]*** 
0.002 

[0.003]* 
0.030 

[0.013]** 
Initial human capital 0.662 

[0.021]*** 
0.668 

[0.074]*** 
0.753 

[0.024]*** 
0.485 

[0.066]*** 
Education expenditure 0.025 

[0.004]*** 
0.076 

[0.004]*** 
0.008 

[0.001]*** 
0.175 

[0.016]*** 
Public infrastructure 0.012 

[0.005]** 
0.002 

[0.003] 
0.001 

[0.001]* 
0.025 

[0.009]* 
Constant 0.128 

[0.035] 
-0.150 
[0.778] 

0.024 
[0.029] 

-0.958 
[0.192] 

Observations 1034 1034 1034 1034 
R2 0.63    
Wooldridge test (p-values) 0.000 

0.000 
  

Modified Wald test (p-values)   
# Countries (# instruments)    35 (22) 
AR (2)    0.394 
Hansen test    0.109 
Notes:  Standard errors in brackets, the Wooldridge test is distributed as F under the null of 
No autocorrelation. The modified Wald test is distributed as chi-squared under the null of no 
Heteroscedasticity across the panels. The AR (2) is the Arellano-Bond’s 2nd autocorrelation test. 
The Hansen J statistic reports the p-values for the null of instrument validity. *, **, *** denote 
Significance at 10, 5 and 1% levels, respectively. All variables are expressed in natural logarithms. 
The dependent variable is human capital. 

 



0.70

0.75

0.80

0.85

0.90

0.95

1.00

10 20 30 40 50 60 70 80 90 100

Figure 1a: Technical knowledge-human capital ratio
(Baseline Scenario)
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Figure 1b: Growth rate of final output
(Baseline Scenario)



Figure 2 
Increase in Infrastructure Investment 

Financed by a Cut in Spending on Education 
(Absolute deviations from baseline) 

 

 

        
Notes: Increase in I from 0.061 to 0.081, financed by a cut in E. ν₂ is the elasticity of human capital with respect to externality 

of technical knowledge and φ2 is the elasticity of the flow of new ideas with respect to existing stock of ideas. They are set equal 
to 0.3 and 0.6 respectively in the benchmark case.
 
Source: Authors’ calculations. 
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Figure 3a: Technical knowledge-human capital ratio
Permanent increase in infrastructure investment

financed by a cut in unproductive spending
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Figure 3b: Growth rate of final output
Permanent increase in infrastructure investment

financed by a cut in unproductive spending
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Figure 4a: Technical knowledge-human capital ratio
Permanent increase in infrastructure investment

financed by a cut in education
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Figure 4b: Growth rate of final output
Permanent increase in infrastructure investment

financed by a cut in education
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Figure 5a: Technical knowledge-human capital ratio
Permanent increase in infrastructure investment

financed by a cut in R&D activities
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Figure 5b: Growth rate of final output
Permanent increase in infrastructure investment

financed by a cut in R&D activities


