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Abstract: We examine the effect of human capital on income growth using data for East Asia. The World Bank website provides 

data on education expenditures and school enrollments per year, which are flow variables. We supplement the data with 

information from each country’s websites and estimate the impact of stock of human capital using a method based on the 

conventional production function.  The results show that the effects of human capital on per capita income growth for the period 

2000-2012 are higher than those of period 2012-2024. We also find that the effects are very different for individual economies. 
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1. Introduction 

The traditional production function in any nation comprises 

capital and labor. Capital can be divided into physical and human 

capital.  

Previous authors have tried to estimate stocks of physical 

capital as discussed in Dadkiah and Zahedi (1990), Hulten and 

Wykoff (1981), Hulten, C.R. (1991), Prucha (1997), Gábor Pula 

(2003), Ward (1973), and OECD manuals (2001, 2009). However, 

capital estimates are extremely sensitive due to strong assumptions. 

Pula (2003) points out that this led to the estimated capital-output 

ratios fluctuate greatly and therefore, there is no way to guest what 

is the close estimation. In addition, the above literature only 

focusses on physical capital, leaving the human capital impact 

inaccurately addressed in literature.  

Authors, who estimate impact of investment in human capital 

often use education expenditures or school enrollments per year as 

its proxy. Bils and Klenow (2000) find that this investment only 

has a weak effect on per capita income. On the reverse causality, 

this income increase has a direct impact on school enrollments.  

Hojo (2003) uses the residual from the estimation by Caselli et al. 

(1996) as a proxy for productivity.  Using Arellano and Bond 

(1991) procedure, he finds that education has a direct relation with 

productivity.     

Among papers on Asia, Demuger (2001) and Chen and Feng 

2000) have shown that education has a direct correlation with per 

capita income.  Hua (2006) finds that secondary and primary 

education has inverse relation with output per worker, but that of 

university education has a direct relation. Vu (2011) finds that 

direct relation between vocation school enrollments and provincial 

development.  

Kumar (2003) finds that school enrollments have a direct 

relation with output per worker, but the reverse relation is negative, 

but his data set is small.  Vu and Hammes (2007) use larger 

datasets and find that the two-way relations are both direct and 

significant. 

For Vietnam, Henaff (2005) emphasizes that it is tough to 

estimate the impact of education: Costs of education are too high to 

give a positive rate of return.  Moock et al (1998) and Doan (2011) 

use data for households. Both papers find that returns to education 

in Vietnam are very weak.  

For Pacific region, Turpin (2010) finds that Australian higher 

education has positive impact on industrial development.  

Later papers discuss the different topics. Castelló-Climent and 

Doménech (2021) the relationship between human capital and 

income inequality. The authors find that human capital has a direct 

relationship with income inequality. However, the effects are very 

different in individual countries. Zhao and Hou (2025) examine the 

impact of (Artificial Intelligence) AI development on inter-industry 

income disparity in China. They find that AI also has a direct 

relationship with income inequality, and the disparity varies greatly 

across regions.   

In brief, none of the above articles focus on human capital and 

per capita income growth in East Asian economies utilizing the 

data modifying approach. Our paper aims to fill this gap.   

East Asian economies in this paper comprises China, Hong 

Kong, Japan, South Korea, Macao, and Taiwan. Data on 

investment in education such as expenditures and school 

enrollments per year are flow variables.  We use our previous 

method in Im and Vu (2012) for physical capital, which is a stock 

variable, to estimate human capital per person. We then analyze the 

effect of human capital growth on per capita income growth in East 

Asia. 

 

 

https://wasrpublication.com/wjebm/
http://creativecommons.org/licenses/by-nc/4.0/
https://www.tandfonline.com/author/Castell%C3%B3-Climent%2C+Amparo
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2. Model and Data 

We use the Cobb-Douglas production function, focusing on 

human capital and labor—temporarily eliminating physical capital, 

which might result in increasing returns to scale. Thus, assuming a 

constant return to scale function, we have:  

 

1t

t t tY Ae K L                (1) 

 

where ( , , )A   
 
is a vector of unknown parameters whose 

estimations require observations on 
tY  as income,

tK as  human 

capital, and
tL as labor.  If we can estimate   in Equation (1) 

without using 
tK , then growth rate of 

tK can be deduced from 

Equation (1) as long as data on 
tY  and 

tL are available. We then 

follow a method outlined in Im and Vu (2012) to obtain: 

 

LKAY GGGG )1(                               (2) 

 

where GY is growth of income per person in this paper, GA is 

growth of technology, GK is growth of human capital, and GL is 

growth of labor, the parameter α is the growth of human capital 

that contributes to growth of per capita income.  Estimate equation 

(7) will provide information for calculating human capital growth 

per person using Equation (9). 

Data on income, population, employment, and real interest 

rates for 2000-2024 are from the World Bank website. We 

supplement the dataset with information from each country’s 

website. Data with current values are converted into real values 

using GDP deflation provided by the US Department of 

Agriculture. We then generate dummies to account for the different 

effects on individual economies. 

3. Results  

We perform Hauman tests and find that the fixed effect is the 

most appropriate method. The modified Hauman tests do not reveal 

any endogenous variables.  We then follow Im and Vu (2012) to 

obtain parameters to use in Equation (2) for the effects of human 

capital growth on income per person. The results are similar to 

Summers-Heston (1991) for physical capital using different 

methods.   

Table 1 reports the aggregate results. They show that human 

capital growth accounts for 29.42% of value-added growth per 

person in East Asia during 2000-2012 (Column 1.1) but only 

25.57% of this growth during 2012-2024 (Column 1.2).  

 

Table 1. Aggregate Effects of Capital Growth on Growth of Per Capita Income 

Dependent variable: Log of income per person. 

 Column 1.1. Period 2000-2012 Column 1.2. Period 2012-2024 

Variable Coefficient p-value Coefficient p-value 

Trend 0698** .033 .0679** .041 

Log of interest rate -.487** .019 -.3276** .037 

Growth of human capital .2942** .045 .2557*** .006 

Sample Size 86  77  

Prob. > F .003  .002  

Average R-Square .7425  .7024  

White test: p-value .3523  .4176  

Autocorrelation coefficient .4523  .3978  

Note: ** and *** denote statistically significant at 5% and 1% levels, respectively.  Coefficients for growth of capital are calculated using 

Equation (9), and p-values of the Wald tests for the significance of these coefficients are reported. 

 

 

Using South Korea as the base group, we generate five 

dummies for other economies. The results for 2000-2012 are 

reported in Table 2, Column 2.1.  They show that the coefficient of 

South Korea is 4% higher than the East Asian average.  The 

highest economy is Hong Kong, of which the coefficient is 3% 

higher than that of South Korea and significantly so. The 

remaining economies have the coefficients lower than the base 

group and statistically significantly so. The raking of the 

economies is as follows: Hong Kong, South Korea, Taiwan, Japan, 

China, Macao. 

The results for 2012-2024 are reported in Table 2, Column 

2.2.  The ranking of the economies is like those in Column 2.1 with 

one exception: Hong Kong now have coefficient not statistically 

different from that of South Korea.   

 

 

 



  

 
33 

Table 2. Individual Effects of Human Capital Growth on Growth of Per Capita Income 

Dependent variable: Log of income per person for each economy.   

 Column 1.1. Period 2000-2012 Column 1.2. Period 2012-2024 

Variable Coefficient p-value Coefficient p-value 

South Korea     

Log of interest rate -.6479**  .025 -.4987** .035 

Human capital growth .3312** .026 .2895** .039 

Hong Kong     

Log of interest rate -.3298** .018 -.5365*** .004 

Human capital growth .3621*** .006  .2902 .213 

Taiwan     

Log of interest rate -.5231** .018 -.3197** .037 

Human capital growth .2959** .034 .2543** .033 

Japan     

Log of interest rate -.4132** .026 -.3109** .041 

Human capital growth .2364*** .008 .2312** .025 

China     

Log of interest rate -.3109** .034 -.4657** .024 

Human capital growth .1978** .017 .1878** .046 

Macao     

Log of interest rate -.9807** .019 -.6387*** .001 

Human capital growth .1865** .048 .1756** .027 

Sample Size 91  87  

Prob. > F .000  .000  

Average R-Square .7542  .7231  

White test: p-value .3512  .4958  

Autocorrelation coefficient .2867  .5201  

Note: ** and *** denote statistically significant at 5% and 1% levels, respectively.  Coefficients for growth of capital are calculated using 

Equation (9), and p-values of the Wald tests for the significance of these coefficients are reported. 

 

4. Conclusion  

There are several implications.  First, COVID-19 might have 

a long-lasting impact on investment in human capital worldwide. 

Second, the efficient use of human capital might be a problem in 

East Asian economies even though investment in education is often 

high in these countries   Third, the empirical results confirm the 

theory on catching up phenomenon in economics, which suggests 

that higher development results in lower return to capital, in this 

case, human capital. Finally, there is needs for education reforms 

to allow more vocational education instead of university education 

in these countries so that direct skills can directly contribute to 

economic development instead of general knowledge.  

These comments are only suggestions and require empirical 

studies to confirm their accuracy in the future.  

References 

1. Arellano, M., and Bond, S. (1991), “Some Test of 

Specification for Panel Data: Monte Carlo Evidence and an 

Application for Employment Equations,” The Review of 

Economic Studies, 58 (2): 277-297. 

2. Bils, M., and P.J. Klenow (2000), “Does Schooling Cause 

Growth?”  American Economic Review, 90: 1160-1183. 

3. Blundell, R., and S. Bond (1998), “Initial conditions and 

moment restrictions in dynamic panel data models,” Journal 

of Econometrics, 87: 11–143. 

4. Bond, S.  (2002), “Dynamic panel data models: A guide to 

micro data methods and practice,” CEMMAP working paper; 

CWP09/, 02. 

5. Caselli, F., Esquivel, G., Lefort, F. (1996), “Reopening the 

convergence debate: a new look. at cross-country empirics,” 

Journal of Economic Growth 1, 363-389. 

6. Castelló-Climent, A. and Doménech, R. (2021, “Human 

capital and income inequality revisited,”   

Education Economics, 29 (2). 

https://doi.org/10.1080/09645292.2020.1870936 

https://www.tandfonline.com/author/Castell%C3%B3-Climent%2C+Amparo
https://www.tandfonline.com/journals/cede20
https://www.tandfonline.com/journals/cede20
https://doi.org/10.1080/09645292.2020.1870936


  

 
34 

7. Chen, B. and Y. Feng (2000), “Determinant of Economic 

Growth in China: Private Enterprise, Education, and 

Openness," China Economic Review, 11 (1): 1-15. 

8. Dadkiah, K and Zahedi, F. (1990), “Estimating a cross-

country comparison of the capital stock,” Empirical 

Economics, Vol. 25, 383-408. 

9. Demuger, S. (2001), "Infrastructure and Economic Growth: an 

Explanation for Regional Disparities in China,"  Journal of 

Comparative Economics, 29: 95-117. 

10. Doan, T. (2011), “Labour Market Returns to Higher 

Education in Vietnam,” economics, No. 2011-4, 1-23. 

11. Fernald J. and Ramnath, S. (2004), “The Acceleration in US 

Total Factor Productivity after 1995: The Role of Information 

Technology,” Economic Perspectives, 52-67.  

12. Gomme, P. and Rupert, P. (2004), “Measuring Labor’s Share 

of Income,” Policy Discussion Papers, Number 7, November 

2004, Federal Reserve Bank of Cleveland. 

13. Hua, P. (2006), "How education influences productivity 

growth?  Evidence from the Chinese provinces," working 

paper, CERDI-INDIRECT, CNRS-University d' Auvergne. 

14. Henaff, N. (2005), Education and Poverty in Vietnam, Social 

Science, January 2005, 9-26. 

15. Hojo, M. (2003), “An in direct effect of education on growth,” 

Economics Letters, 80, 31-34. 

16. Hulten, C.R. (1991), “The Measurement of Capital,” in Fifty 

years of economic measurement, (Ed) Berndt-Triplett, 

Chicago. 

17. Im, E. I. and Vu, T.B. (2012), “An Econometric Shortcut to 

Capital Stock Estimation,” Working Paper at University of 

Hawaii-Hilo 

18. Islam, N. (1995), “Growth empirics: a panel data approach,” 

Quarterly Journal of Economics 110, 1127-1170. 

19. Kennedy, P. (2006), A guide to econometrics, 6th edition, 

MIT Press, Cambridge, MA  

20. Kumar, K.B. (2003), “Education and Technology Adoption in 

a Small Open Economy: Theory and Evidence,” 

Macroeconomic Dynamic, Vol. 7, No. 4, 586-617. 

21. Moock, P., Patrinos H., and M. Venkataraman (1998), 

“Education and Earnings in a Transition Economy the Case of 

Vietnam,” World Bank’s Vietnam Education Financing 

Sector Study, 1-26 

22. Romer, D. (2006), Advanced Macroeconomics, MacGraw-

Hill, Boston. 

23. Nehru, V. and A. Dhareswar (1994), “New Estimates of Total 

Factor Productivity Growth for Developing and Industrial 

Countries,” World Bank, WPS 1313. 

24. OECD Manual (2001), Measuring capital: Measurement of 

capital stocks, consumption of fixed capital and capital 

services, OECD, Paris, France. 

25. OECD Manual (2009), Measuring capital, OECD, Paris, 

France. 

(http://www.olis.oecd.org/olis/2009doc.nsf/LinkTo/NT00000

962/$FILE/JT03258144.PDF) 

26. Pula, G. (2003), “Capital Stock Estimation in Hungary: A 

Brief Description of Methodology and Results,” Working 

Paper 2003/7, Magyar Nemzeti Bank, Budapest, Hungary. 

27. Summers, R. and A. Heston (1991), “The Penn World Table 

(Mark 5): an Expanded Set of International Comparisons, 

1950-1988”, Quarterly Journal of Economics, Vol.106, 23-

39. 

28. Turpin, T. (2010), “Higher Education and Regional 

Development: Tension, Challenges, and Options” 8th IDP 

International Education Conference, University of Western 

Sydney, 1-9 

29. Vu, T.B. (2011), “Education and Regional Development in 

China,” The International Conference on Quantitative and 

Qualitative Economic Research, Singapore, conference 

proceedings, 

30. Vu, T.B., and D. Hammes (2007), “Education and 

Productivity:  A Three Stage Least Squares Estimation,” The 

10th International Conference for Business and Development, 

Kyoto, Japan, conference proceedings, 1023-1048. 

31. Ward, M. (1976), The measurement of capital: The 

methodology of capital stock estimates in OECD countries, 

OECD, Paris, France. 

32. Zhao, X. and Hou, Z. (2025), “The impact of artificial 

intelligence on inter-industry income disparity: evidence from 

provincial data in China.” Applied Economics 0 (0): 1-14. 

 

https://www.tandfonline.com/doi/full/10.1080/00036846.2025.2509990
https://www.tandfonline.com/doi/full/10.1080/00036846.2025.2509990
https://www.tandfonline.com/doi/full/10.1080/00036846.2025.2509990

