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Abstract: This paper investigates the effect of human capital on economic growth. Under a hybrid 

specification, for a sample of 100 countries, using panel data for the period 1980-2005, the empirical outputs 

provide considerable evidence for a dual role of human capital in determining economic growth. The sensitivity 

of the findings is evaluated by subjecting the estimations to different sub-samples. Some specific problems 

relating to the measures of human capital and technology gap are also outlined. Future research should focus 

on building more refine hybrid models and constructing more comprehensive measures of human capital. 
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I. Introduction 
 Human capital has been considered as an important determinant of economic growth both theoretically 
and empirically. However, the precise role of human capital in the determination of economic growth is still 

unclear and remains an ongoing debate.  Aghion and Howitt (1998) have categorized the modelling of human 

capital as a factor of growth into two major alternative frameworks. The first is the standard approach based on 

the Lucas (1988) and also shared by the neoclassical growth theory which treat human capital as an ordinary 

input in the aggregate production function. Under this structure, economic growth is determined by the 

accumulation of human capital and the differences in output growth across countries is due to the differences in 

the rate of change in human capital. The alternative framework, first proposed by the Nelson and Phelps (1966), 

retorts against the role of human capital as a factor input, instead suggests that human capital aids in domestic 

innovation and adaptation of foreign technologies. Under this structure, a country’s economic growth is 

determined by the level of human capital, and it suggests a higher stock enhances productivity through faster 

innovation and through speeding technological diffusion throughout the economy. 

 While theoretically it is quite straightforward, empirically, the importance of human capital for 
economic growth generated some puzzling outcomes.  Many cross-sectional studies have found a weak 

relationship between the accumulation of human capital and economic growth [for example, Benhabib and 

Spiegel (1994) and Pritchett (2001)]. Some earlier papers such as Mankiw et al.(1992) and Barro(1991)  found 

significant outcomes for human capital as a factor input, however the papers have been criticized for their 

choices of human capital measures and also for their econometric specifications. Even though few studies like 

Temple (1999) and Krueger and Lindahl (2001) were able to reverse the puzzling findings using educational 

attainment data as a measure of human capital, other literatures, for instance Benhabib and Spiegel (1994), 

Engelbrecht(2003), and Papageorgiou(2003) started to cast importance upon  the Nelson-Phelps approach. 

Benhabib and Spiegel (1994) confirms some considerable evidence for human capital’s role in assisting 

technology diffusion. However the combined effect of human capital for domestic innovation and technology 

imitation is found to be negligible. Following this, Engelbrecht(2003) and Papageorgiou(2003) constructed and 
estimated a hybrid structural specification in which human capital influences growth both as a factor of 

production and as a facilitator of technological innovation and diffusion.  

 This paper uses Benhabib and Spiegel (1994) as a starting point and following Engelbrecht(2003), it 

uses a structural specification to examine the possibility of a dual role of human capital in determining economic 

growth. The study extends from the existing literatures in several important ways. While the previous studies 

have mostly used cross-sectional growth regression procedures, this paper utilizes panel data and estimation 

technique to study the growth-human capital relationship for a relatively recent period: 1980-2005. I have also 

incorporated a larger sample size including 25 OECD countries and 75 developing countries. In addition, 

possible endogeneity of the physical capital stock can derive implausible results for the basic Ordinary Lease 

Squares Estimation; to account for that, Instrumental Variable (IV) Estimation technique has been employed. 

The main findings drawn from the empirical analysis are as follows. For the growth regressions when human 

capital enters the equation as a factor of production, estimated results fail to provide significant effect on output 
growth. Thus the results are aligned with the findings of Benhabib and Spiegel (1994).  For the alternative 

model with the Nelson-Phelps approach, findings support the importance of the stock of human capital in 

explaining growth; however the combined effect for innovation and imitation term is almost negligible.  The 

empirical evidence leads me to the prime objective of the paper which is to study the combined role of human 
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capital in the determination of economic growth. From the study, the results endorse considerable evidence for 

both the major approaches proposed by Aghion and Howitt (1998) for modelling human capital. More precisely, 

the econometric specification performs better in explaining economic growth when human capital is used as an 
ordinary input and as a facilitator of innovation and technology diffusion simultaneously in the growth model.  

When subjected to different sub-sample estimations, the results show some variations across different regions. 

The findings also indicate that all countries may not be catching up to a single technology leader and there could 

be possible club convergence which is discussed in further details in the later part of the paper. The empirical 

evidence from this paper cannot be taken as conclusive as there are certain limitations of the study related to the 

proxy variables of human capital and technology. In addition, the econometric specification does not take into 

consideration other factors which could be essential for the diffusion of the technology (for example, 

international trade, foreign direct investment (FDI) etc.) .In summary, the findings of this study are indicative of 

requirement for future empirical work in this area with using better data and econometric specifications. 

 This paper is organised as follows. Section 2 describes and outlines the standard methodologies used 

by Benhabib and Spiegel (1994) and Engelbrecht (2003) and how I extend their models into panel econometric 
framework for the growth regressions. Section 3 discusses the data used in the study and the specific problems 

for the estimations. Section 4 presents and analyses the estimated results and the robustness check; and finally 

section 5 concludes the study. 

 

II. Methodology And Structural Specification: 

 This section outlines the standard methodologies used in the previous empirical literatures and how 

they are extended for the empirical part of this study. The section starts with the description of the growth 

accounting methodology used in the Benhabib and Spiegel (1994) paper which uses human capital as a factor of 

production. Then I represent from the same paper the alternative model which accounts for the Nelson-Phelps 
approach.  In section 2.3: I show how the two models can be merged to derive the hybrid model following 

Engelbrecht (2003). The model extensions from cross country growth specifications to panel specifications are 

discussed in section 2.4. 

 

2.1. Growth regression model with human capital as a factor of production 

 In this methodology,human capital enters the production function as a factor input and the human 

capital’s accumulation rate effects output growth.  In the growth accounting framework, output per capita is 

specified as a function of following input factors: labour force, physical and human capital. Assuming a Cobb-

Douglas representation, Benhabib and Spiegel (1994) show at time t, the aggregate production function can be 

explicitly expressed as: 

 (1)𝑌𝑡 = 𝐴𝑡𝐾𝑡
𝛼𝐿𝑡

𝛽
𝐻𝑡

µ
 

Where Y is output, K is physical capital, L is labour force, H is human capital and A is the level of technology 

which grows at an exogenous rate. To express the growth relationship, Benhabib and Spiegel (1994) have taken 

the log differences of the above model which relates the log differences of output to the log differences of the 

factor inputs. It is expressed as: 

   (2) 𝑙𝑜𝑔𝑌𝑡 − 𝑙𝑜𝑔 𝑌0 =  𝑙𝑜𝑔 𝐴𝑡 − 𝑙𝑜𝑔 𝐴0 + 𝛼 𝑙𝑜𝑔 𝐾𝑡 − 𝑙𝑜𝑔𝐾0 + 𝛽 𝑙𝑜𝑔𝐿𝑡 − 𝑙𝑜𝑔𝐿0 + µ 𝑙𝑜𝑔 𝐻𝑡 −
𝑙𝑜𝑔𝐻0+(𝑙𝑜𝑔ɛ𝑡−𝑙𝑜𝑔ɛ0) 

Based on this specification, human capital effects the output growth through its rate of accumulation. Benhabib 

and Spiegel (1994) used Equation (2) for cross country regressions, thus  𝑌0 is denoted as the initial level of 
output from the sample data. 

 

2.2. Growth regression model using Nelson-Phelps approach 

 Benhabib and Spiegel (1994) found no significant role for human capital in determining growth under 

the above specification. Instead they estimated an alternative specification using the Nelson-Phelps hypothesis 

of modelling human capital. As discussed before, Nelson and Phelps (1966) argued that human capital 

represented as a factor of production is a misspecification of the growth process. Rather they suggest countries 

endowed with high stock of human capital are good innovators and are quicker to adapt to new ideas and 

technologies. So a higher level of human capital would speed up the technological diffusion process. Hence the 

theory strays away from the notion of exogenous rate of technological progress and allows it to depend on the 

level of human capital. Benhabib and Spiegel (1994) using this approach develop the alternative growth model 
in which total factor productivity growth relies on: (i) the level of human capital and (ii) an interaction term 

allowing for the catching up to the leading country’s technology.  Thus for a specific country i, the growth rate 

of total factor productivity or the technological progress at time t is represented as: 

(3)
Ȧi (𝑡)

Ai (𝑡)
= 𝑔 𝐻𝑖 + 𝑐 𝐻𝑖  

max 𝐴𝑗  𝑡 −𝐴𝑖(𝑡)

𝐴𝑖(𝑡)
 ,       𝑖 = 1, …… , 𝑛. 
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Where 𝑔 𝐻𝑖 is the endogenous growth rate for the innovation factor and the second component on the right 

hand side of the equation is the catch-up term. Both the factors are non-decreasing functions of the level of 

human capital  𝐻𝑖. . Thus the equation (3) implies that a country with a high level of education has the potential 

to overtake the leading country’s technology irrespective of the difference between each country’s initial levels 

of technology.  And the country can also maintain the lead provided it can sustain its educational advantages 

(Benhabib and Spiegel, 1994). 

For a structural model following directly from the theory, Benhabib and Spiegel (1994) used the Cobb- Douglas 

production function: 

(4)𝑌𝑡 = 𝐴𝑡 𝐻𝑡 𝐾𝑡
𝛼𝐿𝑡

𝛽
 

Where, 𝑌𝑡  is the per capita income, 𝐾𝑡 is the physical capital, 𝐿𝑡  is the labour force and 𝐴𝑡 is the level of 

technology which is a function of human capital𝐻𝑡. In similar manner to equation (2), the growth equation is 

expressed by taking the log differences: 

 

 (5) 𝑙𝑜𝑔𝑌𝑡 − 𝑙𝑜𝑔 𝑌0 = [𝑙𝑜𝑔 𝐴𝑡 𝐻𝑡 − 𝑙𝑜𝑔 𝐴0(𝐻𝑡)] + 𝛼 𝑙𝑜𝑔𝐾𝑡 − 𝑙𝑜𝑔𝐾0 + 𝛽 𝑙𝑜𝑔𝐿𝑡 − 𝑙𝑜𝑔𝐿0 + (𝑙𝑜𝑔 ɛ𝑡 −
𝑙𝑜𝑔 ɛ0) 

Contrary to equation (2) in which change in the level of technology or the growth accounting residual is 

exogenously determined, in the above equation (5), the first component specified as the total factor productivity 
growth now incorporates the Nelson-Phelps approach. Hence the change in the level of technology now depends 

on the level of human capital for the ability to innovate and on an interaction term that relates human capital and 

the technological lag for the catch-up factor. For the difficulty of observing technology, Benhabib and Spiegel 

(1994) used output per capita to roughly proxy for the level of technology. Thus the structural specification for 

the growth of total factor productivity for a country iis as follows: 

(6)[𝑙𝑜𝑔 𝐴𝑡 𝐻𝑡 − 𝑙𝑜𝑔 𝐴0(𝐻𝑡)]𝑖 = 𝑐 +  𝑔𝐻𝑖 + 𝑚𝐻𝑖  
(𝑌𝑚𝑎𝑥 −𝑌𝑖)

𝑌𝑖
  

Where c is the exogenous technological progress, 𝑔𝐻𝑖is the domestic innovation term and 𝑚𝐻𝑖 (𝑌𝑚𝑎𝑥 − 𝑌𝑖)/𝑌𝑖  
is the interaction term reflecting the technology diffusion from abroad. Rearranging equation (6) gives: 

(7)[𝑙𝑜𝑔 𝐴𝑡 𝐻𝑡 − 𝑙𝑜𝑔 𝐴0(𝐻𝑡)]𝑖 = 𝑐 + (𝑔 − 𝑚)𝐻𝑖 + 𝑚𝐻𝑖  
𝑌𝑚𝑎𝑥

𝑌𝑖
  

This is then inserted in equation (5) to yield: 

(8) 𝑙𝑜𝑔𝑌𝑡 − 𝑙𝑜𝑔 𝑌0 = 𝑐 +  𝑔 − 𝑚 𝐻𝑖 + 𝑚𝐻𝑖  
𝑌𝑚𝑎𝑥

𝑌𝑖
 + 𝛼 𝑙𝑜𝑔 𝐾𝑡 − 𝑙𝑜𝑔𝐾0 +    𝛽 𝑙𝑜𝑔𝐿𝑡 − 𝑙𝑜𝑔𝐿0 + (𝑙𝑜𝑔 ɛ𝑡 −

𝑙𝑜𝑔 ɛ0) 

From the above equation, it can be seen that the impact of the stock of human capital on growth would depend 

on the cumulative effect of the domestic innovation and the technology diffusion terms 

 

2.3. The Hybrid Model: 

 Papageorgiou (2003) and Engelbrecht (2003) stressed upon the hypothesis of multiple roles of human 

capital for determining economic growth. It implies that human capital is an important factor of growth for its 

role as an input in the production function and as an input for technology innovation and technology diffusion. If 
there exist more than one mechanism through which human capital effects growth, modelling based on only 

either one of the approaches would lead to omitted variable bias. To account for both the theories, Engelbrecht 

(2003) constructed a hybrid model allowing human capital to enter as a production factor of final output and as a 

basis of technology innovation and diffusion. So starting with the basic Cobb-Douglas representation: 

(9)𝑌𝑡 = 𝐴𝑡 𝐻𝑡 𝐾𝑡
𝛼𝐿𝑡

𝛽
𝐻𝑡

µ
 

The notations remain the same as the above equations. Here human capital enters the aggregate production 

function both as a factor input and as a determinant of technological progress. Analogously taking the log 

differences, the econometric framework can be represented as: 
 

 (10) 𝑙𝑜𝑔𝑌𝑡 − log 𝑌0 = [log 𝐴𝑡 𝐻𝑡 − log 𝐴0(𝐻𝑡)] + 𝛼 log 𝐾𝑡 − 𝑙𝑜𝑔𝐾0 + 𝛽 𝑙𝑜𝑔𝐿𝑡 − 𝑙𝑜𝑔𝐿0 + µ log 𝐻𝑡 −
𝑙𝑜𝑔𝐻0+(logɛ𝑡−logɛ0) 

 

And inserting the specification of the total factor productivity growth (7) gives the hybrid model: 

(11) 𝑙𝑜𝑔𝑌𝑡 − log 𝑌0 = 𝑐 +  𝑔 − 𝑚 𝐻𝑖 + 𝑚𝐻𝑖  
𝑌𝑚𝑎𝑥

𝑌𝑖
 + 𝛼 log 𝐾𝑡 − 𝑙𝑜𝑔𝐾0 + 𝛽 𝑙𝑜𝑔𝐿𝑡 − 𝑙𝑜𝑔𝐿0 +

µ log 𝐻𝑡 − 𝑙𝑜𝑔𝐻0 + (log ɛ𝑡 − log ɛ0) 
 

 

2.4. Panel Specification of the Growth Models: 

 Benahbib and Spiegel (1994) and Engelbrecht (2003) use the above growth regression models for 

cross-country estimations with time averaged data.  The advantage of time average data is that it allows 
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reducing the measurement errors associated with the data and such measurement errors can create potential 

noise (Engelbrecht, 2003). However time-averaged data also can lead to loss of information and thus I extend 

the study using panel data for a relatively recent time- interval. The advantage of using panel data is it provides 
more information and variability. It increases the precision of the estimation for the presence of higher number 

of observations. Other advantage of panel data includes allowing consistent estimation with fixed effects model 

which accounts for unobserved cross-sectional heterogeneity. In addition, it also allows Instrumental Variable 

estimation with availability of lagged variables for instruments.  

So under the Cobb-Douglas representation, for the first approach with factor input human capital, nominal 

income of country i at time t can be expressed as 𝑌𝑖𝑡=𝐴𝑖𝑡𝐾𝑖𝑡
𝛼𝐿𝑖𝑡

𝛽
𝐻𝑖𝑡

µ
  and in similar manner: 𝑌𝑖𝑡 =𝐴𝑖𝑡 (𝐻𝑖𝑡)𝐾𝑖𝑡

𝛼𝐿𝑖𝑡
𝛽

 and 

𝑌𝑖𝑡=𝐴𝑖𝑡 (𝐻𝑖𝑡 )𝐾𝑖𝑡
𝛼𝐿𝑖𝑡

𝛽
𝐻𝑖𝑡

µ
 for the Nelson-Phelps growth model and the hybrid model respectively. The panel 

specification of the equation (2), (5) and (8) for the growth models with log differences are as follows: 

- With the accumulation of Human Capital: 

(12) 𝑙𝑜𝑔𝑌𝑖𝑡 − 𝑙𝑜𝑔 𝑌𝑖𝑡−1 =  𝑙𝑜𝑔 𝐴𝑖𝑡 − 𝑙𝑜𝑔 𝐴𝑖𝑡−1 + 𝛼 𝑙𝑜𝑔 𝐾𝑖𝑡 − 𝑙𝑜𝑔𝐾𝑖𝑡−1 + 𝛽 𝑙𝑜𝑔𝐿𝑖𝑡 − 𝑙𝑜𝑔𝐿𝑖𝑡−1 +
µ 𝑙𝑜𝑔 𝐻𝑖𝑡 − 𝑙𝑜𝑔𝐻𝑖𝑡−1 + (𝑙𝑜𝑔 ɛ𝑖𝑡 − 𝑙𝑜𝑔 ɛ𝑖𝑡−1) 

 

-With the stock of Human Capital: 

(13) 𝑙𝑜𝑔𝑌𝑖𝑡 − 𝑙𝑜𝑔 𝑌𝑖𝑡−1 = 𝑐 +  𝑔 − 𝑚 𝐻𝑖𝑡 + 𝑚𝐻𝑖𝑡  
𝑌𝑚𝑎𝑥 𝑡

𝑌𝑖𝑡
 + 𝛼 𝑙𝑜𝑔 𝐾𝑖𝑡 − 𝑙𝑜𝑔𝐾𝑖𝑡−1 +   𝛽 𝑙𝑜𝑔𝐿𝑖𝑡 −

𝑙𝑜𝑔𝐿𝑖𝑡−1+(𝑙𝑜𝑔ɛ𝑖𝑡−𝑙𝑜𝑔ɛ𝑖𝑡−1) 

 

-With both the accumulation and stock of human capital: 

(14) 𝑙𝑜𝑔𝑌𝑖𝑡 − 𝑙𝑜𝑔 𝑌𝑖𝑡−1 = 𝑐 +  𝑔 − 𝑚 𝐻𝑖𝑡 + 𝑚𝐻𝑖𝑡  
𝑌𝑚𝑎𝑥 𝑡

𝑌𝑖𝑡
 + 𝛼 𝑙𝑜𝑔 𝐾𝑖𝑡 − 𝑙𝑜𝑔𝐾𝑖𝑡−1 +  𝛽 𝑙𝑜𝑔𝐿𝑖𝑡 −

𝑙𝑜𝑔𝐿𝑖𝑡−1+µ𝑙𝑜𝑔𝐻𝑖𝑡−𝑙𝑜𝑔𝐻𝑖𝑡−1+(𝑙𝑜𝑔ɛ𝑖𝑡−𝑙𝑜𝑔ɛ𝑖𝑡−1) 

 
Equation (12), (13) and (14) are the econometric specifications used in this paper for the empirical estimations. 

The primary regression technique involves ordinary least squares with White’s heteroskedasticity corrected 

errors which takes into consideration the heteroskedasticity prevalent in cross sectional observations. Since this 

study is using panel data which is a combination of both cross sectional and time series data, there can be 

possible serial correlation along with heteroskedasticity in the errors. Thus to derive robust standard errors of 

regression coefficients, I have also tested estimations with panel corrected standard errors.  Giving importance 

to Temple (1999) emphasis on the effect of outliers, robust regression is conducted which down weights the 

effect of outliers using iterative reweighted least squares (Yaffee, 2002). The growth regressions assume that the 

all countries have the same production function which implies there is no cross-sectional heterogeneity among 

the sample countries. Harberger (1987) counterviewed the above assumption for the concern of cross-sectional 

parameter heterogeneity and advocated the use of fixed effects estimator. Presence of cross-sectional 

heterogeneity can cause the basic pooled regression to be biased and inconsistent. With the advantage of panel 
data which allows taking into account differences in the production function, I therefore looked into the fixed 

effects estimation technique for possible heterogeneity.  Caselli et al (1996) proposed that the physical capital 

stock is endogenous in the growth equations. The choice variable physical capital is derived from the rate of 

investment, and economic growth is likely to influence the optimal rate of investment which could lead to 

physical capital being possibly endogenous. To take into consideration the endogeneity problem, Instrumental 

Variable technique is implemented to correct the potential bias using lagged logged differences of physical 

capital and output as instruments. 

 

III. Data And Specific Limitations 
3.1. Data 

 The estimations in this paper involve a total sample of 100 (25 OECD and 75 developing) countries for 

the period between 1980 and 2005. The countries and the time period are determined based on the data 

availability. The dataset contains observations on gross domestic product per capita (GDP per capita), total 

physical capital stock, labour force and the average years of schooling along with disaggregated average for 

each level of schooling (primary, secondary and tertiary).  GDP per capita or output per capita is retrieved from 

the World Development Indicators (2011). 

GDP per capita or output per capita is retrieved from the World Development Indicators (2011). The labour 

force data is taken from the Penn World Table (7.1). Theoretically human capital has not been defined in a 

specific manner. It is an extensive theoretical concept which can be summarised as the skills and resources 

embedded in each individual. Schütt (2003) describes human capital as the knowledge, skills and attributes of 
people that are pertinent for economic activity. However empirical studies have mostly resorted to using formal 

education as a rough proxy of human capital for the unavailability of data encompassing all the measures of 
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human capital. Engelbrecht(2003) explains that all the measures of human capital contain some kind of  

measurement errors and a particular proxy is suitable if it is related to the human capital stressed by the theory. 

With empirically education being narrowly defined as the proxy for human capital, I have used the Barro and 
Lee (2010) dataset on educational attainment for the measure of human capital. Cohen and Soto (2007) criticize 

the Barro and Lee (1993) data for measurement errors and for using homogenous mortality rate.  I still primarily 

used the Barro and Lee (2010) data as this updated version has taken into consideration reducing the 

measurement errors with using consistent census data and also has the sorted the issue of the mortality rate. In 

addition, with the disaggregated data on average years of schooling, it allows me to use the different levels of 

schooling as alternative measures for the sub-categories of human capital stressed by the different theories 

Of considerable interest is the data on the stock of physical capital. It needs to be constructed from the 

investment flow data. The main references for the construction of the stock of capital are the papers by 

Bernanke and Gurkaynak( 2001) and Safdari et al. (2010). Bernanke and Gurkanayak (2001) retrieved the 

investment flow data from the Penn World Table (6.0) to derive the capital stock by using the perpetual 

inventory calculation method. Based on their approach, Safari et al. (2010) extended five-yearly data up to 2005 
which is used for the estimations for this study. 

 

3.2. Specific limitations for the growth regressions: 

 Before discussing the empirical results, it is important to highlight some of the specific problems 

related to the data, proxy measures and econometric specifications. 

 

3.2.1. Measurement Errors of Human capital: 

 Measurement errors in the data of the proxy for human capital are pervasive. As discussed before, the 

existing literatures have stressed upon the different possible errors in the measurement of human capital. Earlier 

studies use enrolment rates or literacy rates which are argued as inappropriate proxy measures by Pritchett 

(2001).  With educational system generalised as the source of acquiring knowledge, human capital stock is 

mostly characterized by schooling attainment data. But whether this data constitutes to the rate of investment in 
human capital is questionable. Also, as pointed by Aghion and Howitt (1998), the proxy should be determined 

by the type of human capital that goes into the production function. Other alternative measures, for example, 

research and development expenditure or public expenditure on human capital may be more suitable to represent 

the investment in human capital in the aggregate production function. Tiruneh and Radvansky (2009) in their 

paper use research and development (R & D) expenditure as one of the alternative measure for human capital 

accumulation. For a sample of European countries, they found R & D expenditure to be positively related to 

economic growth. I could not extend the investigation for this paper due to the lack of data available for the R & 

D expenditure of the developing countries. Hence I leave this for future research to explore whether R&D 

expenditure as a proxy of human capital gives more a convincing result for determining economic growth.  

 The educational attainment data primarily focuses on the quantity measures of human capital rather 

than the quality measures. Due to the heterogeneity of the countries in the data, there is a high likelihood of 
variation in the quality of education across the different countries that can cause differences in the stock of 

human capital. Hanushek and Kimko (2000) acknowledge the importance of quality measure of human capital 

as a key for determining a positive liaison between human capital and growth. Instead of using schooling data, 

they have used internationally comparable mathematics and science test scores to reflect the qualitative 

difference in the labour force. Estimated results show a strong positive correlation between growth and the 

quality measure. However the problem with the Hanushek –Kimko data is it only considers the qualitative 

aspect of human capital not the quantitative measures. Hence for the time being, the quality adjusted schooling 

data is preferable for empirics.  However, for future reference, construction of data accounting for both 

qualitative and quantitative variation should be of high priority. 

 On a different note, Machin and Macnally (2007) pointed out that individuals are studying subjects in 

higher education which may not be required in the output market.  This can imply that the expansion of tertiary 

education may not reflect the increase in the level of human capital that can contribute to the output growth. 
Also the formal education measure disregards the human capital that could be attained from other sources such 

as vocational training or through job experience (Engelbrecht, 2003).   

 

3.2.2. Proxy for technology catch-up term: 

 As discussed previously, Benhabib and Spiegel (1994) use per capita GDP as a rough approximation 

for the technology gap.  Following them, Engelbrecht(2003) also applies the same approach to determine the 

technology diffusion factor in the hybrid model.  Both the papers implement cross-sectional regression approach 

using data  from the period between 1965 and 1985.They have assumed USA to be the technology leader and 

thus used  1965’s  GDP per capita  of USA to proxy  for the technology gap. However in the context of this 

paper, which is using data period 1980-2005, USA’s GDP per capita is not the highest in 1980. Also based on 
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the notion of using highest GDP per capita to represent the technology leader, with the use of five yearly panel 

data, the catch-up component is operating at higher frequency which requires adjusting for 𝑌𝑚𝑎𝑥   for each period 
t. 

Clearly from the fig (1), it can be seen the highest GDP per capita is represented by different countries’ GDP. 

For the periods 1980 and 1985 it is Switzerland and for the latter periods it is Luxembourg. GDP per capita may 

not be a perfect proxy for technology as there can be other factors that can enhances it; for instance, for 

Luxembourg, the high GDP per capita is possibly due to the financial services which account for a major portion 

of the nation’s GDP.   

 

 
Figure1: Year-wise GDP per capita 

 

 With the view of USA being the worldwide leader of science and technology and keeping in parallel 

with the previous studies, I still represent USA as the technology leader and use its’ GDP per capita to 

approximate for the technology gap in the panel estimation framework. However, future research should be 
directed to this area to derive a more suitable proxy to represent the science and technology endowed in a 

country. 

 The sample used in this paper consists of both OECD and developing countries from different regions 

of the world. When testing for such a diverse sample, it is important to stress on the fact that all the countries 

may not be catching up to the USA’s technology as there could be evidence of possible ‘growth clubs’. It 

implies all the countries may not be converging to a single economy but rather sub-group of economies are 

converging or catching-up to one another or may not be converging towards any economy at all. Ben-David 

(1994) found some evidence for convergence clubs among the wealthier countries and among the low income 

countries.  This issue has not been stressed upon in the previous literatures for the Nelson-Phelps catch-up 

factor. To take this into consideration, for estimations using the developing countries’ sub-samples, I have used 

the average GDP per capita of the OECD countries to proxy for the technology gap. Section (4.3) outlines this in 
more detail. 

 

3.2.3. Mechanisms for technology transfer: 

 It is important to note that there could be few reasons why the imitation term is not significant even 

though there is evidence of considerable increase in the stock of human capital. As the Nelson-Phelps 

hypothesis implies, a country endowed with a high level of human capital will be able to adapt to foreign 

technology faster than a country with a relatively lower level of human capital. However there should be some 

channels through which the transmission of technology can occur between the countries. Grossman and 

Helpman (1991) cast importance upon international trade as the means through which there can be spill over 

effects. The imitation of foreign spill overed technologies can then raise the productivity of an economy. Other 

literatures such as Liu (2008) and Borensztein et al. (1998) support the role of Foreign Direct Investment (FDI) 
as the channel for technology transfers. Hence to derive positive impact of human capital on growth through 

technology diffusion, a high stock of human capital should also be complemented by institutional settings and 

policies which allow for mechanisms through which the technology can transfer from one economy to another. 

Engelbrecht (2002) used trade-weighted foreign R&D capital stock and import share as measures of stock of 

knowledge contained in a country’s trade and trade openness respectively in the total factor productivity 

framework to investigate how international trade can aid in output productivity through technology diffusion. 
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The results generate considerable support for knowledge spill over through trade and for the importance of 

human capital in the absorption of the foreign knowledge. I could not incorporate the different mechanisms of 

technology transfer in the econometric framework for the lack of updated data for the measures for technology 
embodied trade or FDI. 

 

IV. Empirical Results 
 For the empirical estimations, I first evaluate the econometric framework with human capital as a 

factor input following the Benhabib and Spiegel (1994) specification. Then in similar approach to Benhabib and 

Spiegel (1994) and Engelbrecht(2003), I separately estimate the structural equation which models  human 

capital as a facilitator of domestic innovation and technology diffusion.  I then extend my study to investigate if 

the alternative hybrid model combining the two approaches gives better results for the growth-human capital 

relationship. To see how different countries behave in the hybrid growth model, I conduct estimations on 
different sub-group of countries as well. 

 From the tables, regression (1) shows the result for Ordinary Least Squares (OLS) with White’s 

heteroskedasticity corrected errors.  The regressions with panel corrected standard errors show no presence of 

serial correlation in the errors and thus the results are exactly similar to the robust OLS regressions.  Therefore I 

have excluded them from my main findings. To test for the country-specific effect, I implement the fixed-effects 

estimation technique. For the sample data, the joint F-test for heterogeneity rejects the presence of cross-

sectional heterogeneity. With a diverse sample of countries used in this study, the rejection of heterogeneity is 

somewhat troubling.  One of the possible reasons for the test results could be due to the presence of greater 

number of developing countries in the sample.  Fixed effects estimation utilizes within variation and not the 

between variation of the countries. However, most of the developing countries did not have considerable 

variation through time. Also the demographics such as corruption, education system, governmental issues etc. 
are quite similar among the countries, which are why it is possible the joint F test could not capture any cross-

sectional heterogeneity. Fixed Effects estimation even tough allows taking into concern the heterogeneity 

problem, it has few drawbacks. One of the problems related to this study is the possibility of inconsistent 

estimation for relatively smaller time dimension T and lager N (cross sectional data). To account for the country 

specific heterogeneity, the regression requires estimating N extra parameters. It uses up the degrees of freedom 

which is considerable loss of efficiency with a small time dimension T. With the potential problems and with the 

insignificance for heterogeneity, fixed effects estimations are not used for interpretation purposes and have been 

excluded from the main findings.  Instead to investigate the likely heterogeneity, I have split the entire data into 

samples of countries with similar characteristics and by regional sub-samples for estimation.  Finally, robust 

regressions and IV regressions accounting for the problems of outliers and endogeneity respectively are reported 

as regression (2) and regression (3) in the tables 

 

4.1. Results: Human Capital as a factor input 

 Prior to the formal regressions, to explore the correlation between the variables, univariate relationships 

are outlined between the log differences in output and log differences in inputs. From fig 2, it can be seen that 

log differences in physical capital depicts a positive correlation with the log differences in output. For labour, 

the correlation is very close to zero.  The noteworthy observation from the figure is that the correlation between 

the log differences in human capitaland the log differences in output is almost negative.  The regression output 

gives similar result.   

 

 
(a) Output vs. Physical Capital 
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(b) Output vs. Labour 

(c)  

 
(d) Output vs. Human Capital 

Figure 2: Growth in output vs. factor accumulation 

 

 
 

 From the Table 4.1, OLS estimation with White’s heteroskedasticity corrected standard errors shows 

that all the coefficients are statistically insignificant. Even though the physical capital and the labour force enters 

the equation with the expected positive point estimates, human capital depicts a negative relationship with 

output growth when it enters the equation as a factor input.  The residual diagnostic plot post estimation shows 

some reasonably high residual values that could be cumulatively an evidence of outlier effect.  In order to deal 

with this, I estimate regression (2). The result shows no noteworthy difference except for a very high coefficient 

estimate for the change in the physical capital.  However, all the result still remains statistically insignificant.  
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Figure 3: Residual plot 

 

 After taking into consideration the endogeneity problem, regression (3) generates coefficients 

significant at 1% level. The parameter estimates for both physical capital and labour are with the expected signs; 
however human capital is still negatively related to growth. I conduct few diagnostic tests post IV estimation to 

test for the validity of the regression. Results support the use of IV regression as physical capital is indeed 

endogenous. Therefore I use Instrumental variable estimations (regression3) as the benchmark for interpretation 

purposes. And based on regression (3) table 4.1, accumulation of human capital is negatively related to output 

growth. 

 

4.2. Results-Human Capital in the Nelson Phelps Approach 

 Analogous to the Benhabib and Spiegel (1994) findings, this paper also generates negative coefficient 

estimate for the rate of accumulation of human capital using panel data and using different estimation 

techniques. To investigate the claim by Nelson and Phelps (1966), econometric specification (13) is estimated 

and the results are reported in table 4.2. I use the same Barro-Lee data on average level of schooling for the 

measure of human capital. Again prior to the formal regressions, I look at the univariate relationships between 
the output growth and the regressors.   

 

 
Fig 4: Growth in output vs. choice variable 
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 Contrary to the correlation with log differences in human capital which was almost negative, log 

differences in output is positively correlated with the stock of human capital. For the interaction term between 

the level of human capital and the technology gap, the correlation with the log differences in output is almost 
zero. Regression (1) from Table (4.2) illustrates that domestic innovation term enters the growth equation with a 

positive and highly significant coefficient. However the technology catch-up component seems to be statistically 

unimportant. Extending the estimations to robust regression does not affect the result both qualitatively and 

quantitatively except for a relatively higher coefficient value for the physical capital growth. After taking care of 

the endogeneity problem, estimates for both physical capital and labour enter with significant consensus signs. 

The domestic innovation term still remains positive and highly significant. The point estimate for the technology 

diffusion term is now positive, however it remains insignificant. Also, the coefficient value is almost close to 

zero which is analogous to the relationship outlined in fig 4. 

 

 
 

 To stress upon the claim by Aghion and Howitt (1998) for the importance of higher level of education 

for technology diffusion and innovation, I re-estimate the growth specification (13) with using the average 

tertiary level of schooling instead of the overall schooling average for the measure of human capital. Table 4.3 

reports the estimated outputs. The results show considerably little significant change. The coefficient for the 
domestic innovation term increases slightly. With the instrumental variable regression, there is a moderate 

increase in the point estimate for the technology diffusion term; however the magnitude effect is still very small 

and the coefficient remains statistically insignificant. 

 

 
 

 The combined effect of human capital is very little for the specification incorporating the Nelson-

Phelps approach.  The estimated results seem to agree upon the Pritchett (2001) micro-macro paradox for the 

human capital and growth relationship. Before resorting to the paradox, I extend to the main objective of my 

study to examine the concurrent effects of human capital on economic growth and therefore estimate equation 

specification (14). 
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4.3. Results- Human Capital in the hybrid model 

 In this part, I present the estimations conducted with using the hybrid model. Human capital is 

considered to effect economic growth both in level and in difference terms. I use the average tertiary education 
attainment as the proxy measure for the human capital relevant for domestic innovation and technology 

diffusion following the claim by Aghion and Howitt (1998). The average level of the total education attainment 

is used for the human capital contributing to the output production.  

 

    

 In regression 1, Table (4.4), point estimates for the rate of accumulation of human capital, domestic 
innovation and the imitation variable enter with positive coefficients. However except for the domestic 

innovation term, other parameter estimates are statistically insignificant.  Extending to the robust regression (2) 

to account for outliers, the result shows that the log differences in labour enters with a negative coefficient 

which is not aligned with the consensus value. Also, both the human capital accumulation rate and the catch-up 

component generate negative point estimates. Conversely, the qualitative results still remain unaffected meaning 

they all are statistically insignificant, hence much cannot be inferred from the estimated regression.  After 

accounting for the endogeneity problem of the physical capital, regression (3) presents that log differences in 

both physical capital and labour enter with the expected positive significant coefficients. More importantly, the 

estimate for the log differences in human capital is now positive and statistically significant at 10% level. The 

result is contrary to the previous empirical finding in which human capital entered the econometric specification 

solely as a factor of production. The point estimates for the innovation term and technology diffusion are 
positive but it is not significant for the latter. 

 Based on the results for the entire sample, the technology imitation term turns out to be unimportant. 

However the study still supports the view that further research should be focused on building econometric 

models to combine the different impacts of human capital as there is a considerable combined effect of human 

capital on growth when the hybrid model is used. 

 To investigate how different countries are affected, I divided the entire sample into the two following 

groups: OECD countries and developing countries and re-estimate the equation specification (14) of the hybrid 

model for each group. Similar to prior estimation, I have used the higher level of schooling data to proxy for the 

technology innovation and the diffusion term and the average years of schooling to proxy for the factor input. 

 

 



Human Capital and Economic Growth: An empirical investigation using panel data 

www.iosrjournals.org                                                             54 | Page 

 Table (4.5) present no notable quantitative and qualitative difference among the results generated 

through different estimation techniques. For endogeneity problem, I use regression (3) for interpretation 

purposes. Coefficient estimates for both physical capital and labour growth enter the equation with the expected 
signs; however the growth of physical capital is statistically insignificant. For the OECD countries, the 

technology catch-up component is now positive and statistically significant at 5% level, which implies there is 

evidence of convergence among the OECD countries and the possibility of ‘club convergence’. Somewhat 

troubling are the coefficient estimates for the domestic innovation term and the human capital growth. The 

technology innovation point estimate is negative and significant. Benhabib and Spiegel (1994) indicated that the 

level of education only has a significant positive effect on economic growth when countries start off from a low 

level of human capital. For OECD countries which have similar attributes and relatively higher levels of human 

capital, it is hard to derive a positive impact on growth from the stock of capital. Human capital growth (DH) is 

negatively related to output growth but it is statistically insignificant. This could imply that for wealthier and 

developed countries represented by the OECD countries, output growth is not effected by the rate of 

accumulation of human capital. Alternatively, as indicated above, it could be also that for the OECD countries 
with existing high level of education, change in educational attainment may not be a good proxy to represent the 

investment in human capital. In summary, for the OECD countries, there is evidence of technology catch-up 

which can positively impact output growth. However, the estimation does not support evidence for positive 

effect of domestic innovation and human capital growth. Possible reasons could be the countries’ output is 

unaffected by the variables or the proxies are not suitable measures for human capital representations. 

 

 
 

 Table (4.6) presents the estimated outputs for the developing countries from the sample. Using USA as 

the technology leader and based on the instrumental variable regression, the results show that both technology 

innovation and accumulation of human capital are positive and significant in explaining output growth. Hence 

the estimation suggests that the developing countries benefit from the contribution of human capital for output 

production. Also the result reinforces the claim by Benhabib and Spiegel (1994) regarding the level of education 
having positive impact on growth for the countries that start off with relatively low levels of human capital. 

Conversely, the point estimate for the technology catch-up is found to be insignificant. Before concluding that 

the developing countries do not benefit from technology diffusion, I further investigate if the insignificant result 

is due to possibility of club convergence. It may be that the developing countries do not catch up to the 

‘technology leader’ which is represented by USA in this study. It could be that they converge to a different 

countries’ technology. However, it is very difficult to inspect for empirical purposes which economy the 

developing countries are converging to or if they are converging to any economy at all. 

Therefore, in the empirical estimation for the developing countries, instead of using USA as the technology 

leader and its GDP per capita as the proxy for the technology gap, I have taken the OECD countries 

cumulatively as the technology leader and calculated the average OECD GDP per capita for the measure of the 

technology gap. 
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 Regression (1) from the Table (4.7), shows the coefficient for the catch-up term is positive however 

insignificant. But after accounting for the endogeneity of physical capital, regression output (3) generates 

positive significant coefficient for the technology diffusion term which reinforces the proposition that the 

developing countries may not be catching up to the USA’s technology.  Both the innovation term and the 

accumulation of human capital come out to be positive and significant as well. To sum up, for the developing 

countries, there is evidence for the importance of human capital for technology innovation and for output 

production. After relaxing the assumption of USA being the technology leader, the result also supports the 

significance of human capital for technology diffusion and thus suggesting that the developing countries may 
not be converging solely to the USA’s technology. 

 

V. Conclusion 
 The objective of this paper is to investigate the impact of human capital on economic growth.  Human 

capital as a factor input has been considered to be an important determinant of growth. However using panel 

estimation technique and quality adjusted updated data, this paper fails to provide positive significant effect on 

output growth for the accumulation of human capital. For the alternative specification based on the Nelson-

Phelps approach, empirical evidence generates some support for the importance of the stock of human capital; 

however the effect is almost negligible. Motivated by Engelbrecht (2003), I test for the hybrid specification 
which models both the accumulation and the level of human capital simultaneously to investigate whether there 

is a dual role of human capital in explaining growth. Empirical results show substantial evidence to support the 

fact that both accumulation and level of human capital are concurrently important for economic growth and the 

previous insignificant or negligible outputs are likely to be results of model misspecification. In addition, 

regression estimates also suggest tertiary education is more relevant for technology innovation and diffusion 

providing evidence in favour of the claim by Aghion and Howitt (1998).  

 Applying the hybrid specification to different sub-samples I find some noteworthy results. For the 

OECD countries, there is a palpable evidence for technology diffusion which implies the countries are catching-

up to the technology leader.  Conversely for the developing countries, the imitation term is insignificant when 

USA’s GDP per capita is represented as the technology gap. Instead a positive relationship is derived when the 

technology gap is denoted as the overall average GDP per capita of the OECD countries. The results are 
indicative for the developing countries not catching up to the technology leader. They could be possibly 

converging to some other country which is considerable evidence for the likelihood of convergence clubs. 

In summary, based on this study, the empirical evidence supports the hybrid specification that incorporates both 

the major approaches of modelling human capital indicated by Aghion and Howitt (1998) for determining 

economic growth.  However it should be kept in mind, the results are only indicative rather than conclusive for 

explaining economic growth under the hybrid model. Further research should focus on studying the dual role of 

human capital with the use of better available data and improved specification to support the findings of this 

paper. 
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