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ABSTRACT 

 

     Economic growth and development are dynamic processes, focusing on how and 

why output, capital, consumption and population change over time. The study of 

economic growth and development therefore necessitates dynamic models. Despite 

its simplicity, the Solow growth model is a dynamic general equilibrium model. In 

this paper we will review a few empirical studies on Solow-type growth model.  

 

An important feature of the Solow model, which will be shared by many models we 

will see in this paper, is that it is a simple and abstract representation of a complex 

economy. Therefore, for us the Solow model with technological progress and human 

capital will be a good starting point. In chapter 2, all theoretical models and 

assumptions made by different authors in their articles will be given.  

 

Since the Solow model is the workhorse model of macroeconomics in general, a 

good grasp of its workings and foundations is not only useful in our investigations of 

economic growth, but also essential for modern macroeconomic analysis. In chapter 

3, we will use some empirical studies from their articles to prove the theoretical 

assumptions. 
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Chapter 1: Introduction 

 

1.1 Background 

This model, developed by Robert Solow and Trevor Swan in the 1950s, was the first 

attempt to model long-run growth analytically. An important feature of the Solow model, 

which will be shared by many models we will see in this paper, is that it is a simple and 

abstract representation of a complex economy. At first, it may appear too simple or too 

abstract. After all, to do justice to the process of growth or macroeconomic equilibrium, we 

have to think of many different individuals with different tastes, abilities, incomes and roles 

in society, many different sectors and multiple social interactions. Instead, the Solow model 

cuts through these complications by constructing a simple one-good economy, with little 

reference to individual decisions. Therefore, for us the Solow model will be both a starting 

point and a springboard for richer models. 

The purpose of selecting these five (5) articles was to show different and various 

conceptions of the authors regarding steady-state, convergence process and stages, human 

and physical capital, labor productivity growth and other factors mentioned in this study 

which, in general embodies the Neoclassical growth model and uses the model as a base for 

introducing economic growth in an economy. 

 

1.2 Aim of the thesis 

    The aim of this thesis is to review some empirical studies with Solow-type growth models 

applied.  
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1.3 The Methodology 

    A general review of five (5) empirical studies carried out in connection with the neoclassical 

model. The interpretation will be presented critically, showing the methods, how the 

regression are modeled and measured within these variables.  

The empirical articles are 

 Endogenous growth, the Solow Model and Human Capital by Norman Gemmell 

 An Empirical Reexamination of the Solow Growth Model by Hideki Nakamura 

  Land and population growth on Solow growth model: Some empirical evidence by 

Georgios Karras 

  Unemployment and productivity growth: an empirical analysis within an augmented 

Solow model by Michael Bräuninger and Markus Pannenberg 

 Education and Health in an Effective-Labor : Empirical Growth Model by Stephen 

Knowles and P. Dorian Owen 

 

 

1.4 Limitations stating the problem 

    Economic institutions are the biggest setback and also the foundation to sustainable 

growth combined with the exogenous/endogenous parameter of growth in economies. The 

mathematical and theoretical formulated models stated cannot be perfectly predicted to show 

accurate and stable growth figures in some aforementioned countries due to setbacks like 

wars, political instabilities, cultural and geographical differences.  
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Chapter 2: The Neoclassical Growth Model 

 

The neoclassical growth model, also known as the Solow – Swan growth model or exogenous 

growth model, is a class of economic models of long-run economic growth set within the 

framework of neoclassical economics.  The Solow Model was one of the first attempts to 

describe how: saving, population growth and technological progress effect the growth of 

output per worker over time. 

 

2.1 The Solow Model with Technological progress 

Define the production function as: 

                                                                  where:         (1) 

Denote: Y is output or real income; K is capital input; A is labor efficiency; L is labor input; α 

is the output elasticity of capital (K) and       is the output elasticity of efficiency labor 

input (AL). 

Output per unit of effective labor as:        

Capital per unit of effective labor as:         

    Since the production function still assume constant returns to scale, so we can define 

output per unit of effective labor   ̃ in terms of capital per unit of effective labor ( ̃ : 

 
  ⁄     

       

  
              ̃    ̃  

The capital accumulation equation:  ̇         where:  ̇  
  

  
  with constant saving rate 

and depreciation rate. 
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To find the evolution capital per unit of effective labor over time: 

 ̇̃

 ̃
 (

 ̇

 
 

 ̇

 
 

 ̇

 
)   ̇̃   

 

  
 (

     

 
 

 ̇

 
 

 ̇

 
)   

     

  
   ̃  (

 ̇

 
 

 ̇

 
) 

where g is the exogenous annual growth rate of technological progress,    
 ̇

 
 ; n is the 

exogenous annual growth rate of the labor force,   
 ̇

 
 . Then we can get the key equation of 

the Solow model with technological progress: 

 ̇̃    ̃           ̃   (2)  

Denote:   ̇̃  is a capital stock per worker;   is saving rate;  ̃  is capital per worker;    is 

depreciation;   is population growth rate. 

Growth of the capital stock per unit of effective labor over time,  ̇̃ 

 Is an increasing function of investment, i.e.      

 A decreasing function of the depreciation rate  

 A decreasing function of the growth rate of the labor force 

 A decreasing function of the growth rate of technological progress (g) 

and the steady state level of the capital stock per unit of effective labor, will occur when :                                 

 ̇̃        ̃            ̃ solve this equation for  ̃, we can obtain the steady state levels 

of capital per unit of effective labor: 

 ̃   (
 

     
)

 

   
    (3) 

 which implies that the steady state level of output per unit of effective labor: 

 ̃   (
 

     
)

 

   
   (4) 

At steady state,   and   are constant, since        and   grows at the rate   while   grows 

at the rate  , the   must grows at the rate    , similarly, since        , k much grows at 

the rate of     , therefore the technology causes growth in Solow.  
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2.2 Human Capital: The Mankiw-Romer-Weil Model. 

To analyze the effect of human capital accumulation on growth of output per worker, we will 

use a model developed by N. Gregory Mankiw, David Romer and David N. Weil in 1992.  

Mankiw, Romer and Weil assume that: 

 output is produced using physical capital (K), human capital(H) and effective labor 

(AL).  

 as the available technology improves, labor efficiency (A) rises 

 the production function exhibits constant returns to scale(CRS) 

 

                    (5) 

where                      

Define:  

 output per unit of effective labor as:       ⁄  

 physical capital per unit of effective labor as:    
  ⁄  

 human capital per unit of effective labor as :       ⁄  

we get 
 

  
       

         

  
                              

Let    denote the annual depreciation rate of the physical capital stock,         implies 

that annual investment in physical capital is a fraction,   , of  the total output per year, 

i.e.         

Therefore:   ̇           where   ̇  
  

  
 

Let    denote the annual depreciation rate of the human capital stock,         implies that 

annual investment in human capital is a fraction,   , of the total output per year,                    

i.e.         

Therefore:  ̇           where  ̇  
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The two key equation of the model1: 

Growth of the physical capital stock per unit of effective labor,  ̇, 

 ̇                    (6) 

Growth of the human capital stock per unit of effective labor,  ̇, 

 ̇                    (7) 

 

2.3 Endogenous growth, the Solow model and human capital 

Both endogenous growth theory and the Solow model propose a role for human capital in 

the growth process though each is based on different conceptual arguments. Norman 

Gemmell in his article reviewed the alternative ways in which human capital (HC) has been 

modeled recently in both the Solow and endogenous growth traditions in order to identify 

differences and similarities between the two. 

Indifferent to the traditional Solow–type human capital, the alternative model has two 

types of labor (L), -skilled labor (S) and unskilled labor (U) - where these are distinguished by 

the fact that the former embodies production–relevant skills acquired through education 

while the latter does not 2 .      . Specifying a Cobb-Douglas aggregate production 

function and differentiating gives: 

 ̇   ̇    ̇    ̇    ̇   (8) 

where   is output,   is physical capital,   is the exogenously determined level of technical 

progress or total factor productivity (TFP).           are the respective output elasticities of 

 ,   and  . Since measuring  ̇ can be problematic most empirical studies estimate the form:  

   ̇   ̇       ⁄     ̇    ̇   (8’) 

where     , and    is the marginal product of K. Starting from an aggregate production 

given by Eq(5) and solving for the steady-state of K and H yields( see MRW, 1992,pp.416-417): 

                                                           
1
 See derivations in Appendix 1 Human capital 

2
 This could refer to a particular type or level of education. Thus all labor may embody some common 

education, but skilled labor embodies additional educational skills not experienced by unskilled labor. 
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 ̇             ⁄                ̇        ⁄   (9) 

where  ̇ is per capita income growth,    ⁄  is the fraction of income devoted to human capital 

investment,  ̇ is defined in effective labor units (d(AL)/AL),    is the initial level of per capita 

income. The parameters       , etc.         are functions, inter alia, of the production 

function exponents    . 

 

2.4 Land and population growth in the Solow growth model3 

    The Solow model with land predicts that the effect of population growth on the growth rate 

of income per capital decrease with the share of agriculture. The empirical evidence suggests 

that the effect of population growth on the growth rate of income per capital does vary across 

countries, and in particular it is decreasing in the country’s share of agriculture. This is 

consistent with the theoretical prediction of the Solow model with land.  

    Assume that the production function of land in Solow model is given by the Cobb-Douglas 

specification: 

       
 
    

     
           (10) 

Where:  Y is output; K is capital stock; A captures the level of technology; N is 

employment; V is land. Exogenous growth rate for N is 
 ̇ 

  
⁄   , for A is  

 ̇ 
  

⁄   , where a 

dot above a variable indicates a time derivative. Denote    
  

  
⁄ . Capital accumulation 

then is given by:  ̇       
 
    

  
         

 

 

 

 

                                                           
3 See more additional information at Land and population growth in the Solow growth model: Some empirical 

evidence by Georgios Karras  
 



11 

 

2.5 Unemployment and productivity growth 

Does a country’s level of unemployment have an impact on the long-run growth rate? In the 

traditional Solow model, unemployment has no long-run influence on the growth rate and 

the level of productivity. The long-run productivity is reduced if higher unemployment leads 

to less formal education or to less learning-by doing. If we allow for endogenous growth, 

unemployment reduces long-run productivity growth. 

The production function4 is given by: 

                                 ̅ ̅                  (11) 

The production function encompasses five special cases. 

(1) With     and     human capital is unproductive and there is no learning-by-

doing efficiency units of labor depend only on the number of workers and on the 

exogenous technological state of the economy, as in the traditional Solow growth 

model. 

(2) With     labor is unproductive and labor supply depends only on human capital 

built up by formal education. Therefore we obtain an endogenous growth model in the 

spirit of Lucan (1993). 

(3) With        and     we get the augmented Solow model introduced by Mankiw 

et al. (1992). 

(4) With     and        human capital depends on leaning-by-doing and formal 

education is unimportant. 

(5) With     and     we obtain a complete learning-by-doing effect and raw labor as 

well as formal education are unimportant. In this case the model is of AK type, as in 

Romer(1986). 

   

 

 

                                                           
4 See more additional information at Unemployment and productivity growth: an empirical analysis within an 

augmented Solow model by Michael Bräuninger, Markus Pannenberg. 
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  In each period physical capital is augmented by investment  ̇   . The author assumes that 

all savings are invested    . Savings are proportional to income     . Hence ̇    , 

divide both sides by K and use Eq(11) to obtain the growth rate of physical capital: 

 ̂             (
 

 
)
      

(
 ̅ ̅

 
)
               

   (12) 

Human capital is augmented by education. Spending on education is proportional to 

income and therefore:  ̇     where z is the educational spending rate. Use the production 

function to substitute Y and divide by H to obtain the growth rate of human capital: 

 ̂             (
 

 
)
              

(
 ̅ ̅

 
)
               

  (13) 

 

 

2.6 Education and health in an effective labor empirical 

growth model 

Most empirical growth studies incorporating human capital have emphasized educational 

capital and included variables such as years of schooling, school enrolments or literacy rate. 

How every it has long been recognized that human capital can also be accumulated through 

improvements in health. Poor health is likely to make individuals less productive by reducing 

their capacity to work. For developing countries existing theoretical work and a large number 

of empirical micro studies strongly suggest that improved nutritional and health status has 

significant positive effects on labor productivity. Although it may be reasonable for studies on 

industrial countries to concentrate on the education and training aspects of human capital, 

there appear to be strong a priori grounds for including health aspects of human capital in 

studies of developing countries or cross sections that span a wide range of levels of 

development. In the relatively few cross-country empirical growth studies that include health 

status variables, these are significant. Therefor they include both education and health as 

labor augmenting factors in their model. 
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An effective-Labor growth model5 

The Cobb-Douglas production function is specified as 

           
     

      (14) 

where Y is output, K is the stock of physical capital and   

 ̅            
      

        (15) 

where L is the labor input, A is the level of technology, E and X are measures of educational 

and health status respectively. Subscripts i and t denote country i and period t respectively. 

Hence,  ̅ represents and effective-labor input, adjusting raw labor for the level of education 

and health of the workforce as well as the state of technology.           represent the labor-

augmenting elasticities of education and health respectively 

 

  

                                                           
5
 See more additional information at Education and Health in an Effective-labour Empirical Growth Model by 

Stephen Knowles and P.Dorian Owen. 
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Chapter 3: Empirical studies  

3.1 An empirical reexamination of the Solow growth model 

Recent years have seen many empirical studies of economic convergence using two 

different terms,  -convergence and  -convergence.  -convergence means that the coefficient 

of initial income is negative in a regression of the growth rate of income on initial income. 

That is,  -convergence implies that the output per unit of labor of a country converges to its 

own steady state. In contrast,  -convergence means that the dispersion of income per unit of 

labor across countries diminished.  -convergence is a necessary but not a sufficient condition 

for  -convergence. 

 

3.1.1 Estimation of the production function 

           The estimation of equation is: 

                            ,   (16)

                                                                          and            

 where T = 24, times, 1,2, and 24 are the years 1966, 1967, and 1989, respectively, 

      (    
 ), and      is mutually independent of any   and any  . 

The estimation was performed using cross-country and time-series data applying the 

Berndt, Hall, Hall, and Hausman (BHHH) method of maximum likelihood estimation. The 

data on GDP per unit of labor,      , and capital per unit of labor,      , were taken from the 

Penn World Table(Mark5.6) constructed by Summer and Heston(1991)6. Fifty countries, 

called the full sample, were chosen according to the availability of data. That is , N=50 in the 

full sample. The time-series data were annual data from the years 1966-1990, to coincide 

with the sample size used in the estimation of the convergence process. The empirical results 

of the full sample are shown in Table I.  

 

 

 

                                                           
6
 The author included residential construction and transportation equipment in the physical capital. They used 

the Penn World Table that was available for the year 1998. 



15 

 

TABLE I: Estimation of the production function (16) full sample 

 ̂ 0.0132 

 ̂ (38.10**) 

 ̂  (194.59**) 

      3167.6 

Note.  ̂  ̂  ̂  are the estimates respectively. The figure in ( ) is the value of the Wald test which has a    

distribution with one degree of freedom under the null hypothesis that each parameter has a value of zero. L.L.F is 

the maximum log of the likeihood function.** indicates significance at the 1% level. The sample size is 1200. 

    The estimate of the capital share was significant and took a value between zero and unity in 

accordance with the assumption of the Solow model. The capital share is usually believed to 

take a value near 1/3 based on empirical findings.  Theirs estimates of 0.375was similar to 1/3. 

The estimate of the TFP growth rate was 1.32%and was significant. 

The author Nakamura, H. sort 50 countries according to the initial income of the year 1965 

and divide those countries into a high initial income (HI) subsample and a low initial income 

(LI) subsample by considering the structural change of parameters on      . 

Heteroscedasticity of the error terms is considered because the estimator of the variance 

could be the function of the technological parameters,        , in the maximum likelihood 

estimation. All of the possible sample splits are examined for the estimation of the following 

equation. The split,   , is determined when the highest value of the likelihood function is 

obtained:  

                                                     

                                          (17) 

                                 

where       (     
 ), for             and       (     

 ), for                  

The highest value of the likelihood function was obtained for the split      . That is, the 

HI subsample includes 19 countries and the LI subsample includes 31 countries. The country 

names of those samples are show in Table II7.  Columns 1 and 2 of table III report the 

empirical results for the production function of the HI subsample and the LI subsample, 

respectively. The estimate of the TFP growth rate of the HI subsample was close to that of the 

                                                           
7
 See table II in Appendix 2 for the full country sample. 



16 

 

LI subsample. The estimate of the capital share of the HI subsample was lower than 1/3 and 

that of the LI subsample was higher than 1/3.  

The highest value of the likelihood function was obtained at the split        That is, the 

LIHG subsample includes 10 countries and the LILG subsample includes 21 countries. 

Columns 3 and 4 in table III report the empirical results of the production function of the 

LIHG subsample and the LILG subsample, respectively. The estimate of the capital share of 

the LIHG subsample was similar to that of LILG subsample. The estimate of the TFP growth 

rate of the LIHG subsample was higher than that of the LILG subsample, and both were 

significant.  

Table III: Estimation of the production function (17) 

(1)  HI sample (2)     LI sample (3)  LIHG sample (4)      LILG sample 

 ̂  0.0134  ̂  0.0151  ̂  0.0347  ̂  0.0080 

 (42.43**)  (21.45**)  (74.91**)  (4.33**) 

 ̂  0.193  ̂  0.411  ̂  0.368  ̂  0.338 

 (15.45**)  (108.97**)  (34.98**)  (38.12**) 

 ̂   0.0292  ̂   0.0497  ̂   0.0347  ̂   0.0574 

L.L.F 1384.2 L.L.F 1860.3 L.L.F 686.7 L.L.F 1212.6 

Note. ̂   ̂        ̂          are the estimates, respectively. The figure in ( ) is the value of the Wald test which has 

a    distribution with one degree of freedom under the null hypothesis that each parameter has a value of zero. 

L.L.F, is the maximum log of the likelihood function. ** indicates significance at the 1% level. The samples of sizes 

of the HI and the LI subsamples are 456 and 744 respectively. The sample sizes of the LIHG and the LILG 

subsamples are 240 and 504, respectively.  

     According to the availability of data on physical and human capital, the time-series data 

were taken at intervals of five years from the year 1965-1990. The estimation equation 

derived from the production function is specified as 

                 

            (                           )

  (                 )          

                           (18) 

where                 ⁄ is the stock of human capital per unit of labor, times 0, 5, and 20 are 

the years of 1965,1970,and 1985, respectively,       (    
 ), and       is mutually independent 

of any   and any  . 
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Note. ̂  ̂  ̂      ̂  are the Estimates, respectively. The figure in ( ) is the value of the Wald test  which has a     

distribution with one degree of freedom under the null hypothesis that the parameter has a value of zero. L.L.F  is 

the maximum log of the likelihood function.*,** represent significance at the 5 and 1% levels, respectively. The 

sample sizes of the full sample and the HI, the LIHG, and the LILG subsamples are 235,90,50, and 95 respectively. 

    The data on human capital per unit of labor,       , were taken from the data set on 

education attainment constructed by Barro and Lee (1996). The data of average schooling 

years in the population aged 15 and over were used as a proxy for the stock of human capital 

per unit of labor. The growth rates of these data were not likely to take a value of zero although 

it might be considered that a value of the stock of human capital changed little for such a short 

time period. Columns 1, 2, 3 and 4 of table IV report the empirical results of N=47 in the full 

sample, N=18 in the HI subsample, N=10 in the LIHG subsample, and N=19 in the LILG 

subsample, respectively. 

    The estimates of the capital share and the TFP growth rate seemed to take slightly different 

values in each of the samples, because the time-series data were taken at intervals not of on 

year but of five years. The estimates of human capital share were not significantly different 

from zero in any samples, that is, the growth rate of human capital had little power to explain 

the growth rate of output. 

 

  

TABLE IV:  Estimation of the production function (18) 

(1) Full sample (2)HI sample (3)LIHG sample (4) LILG sample 

 ̂  0.0056  ̂  0.0075  ̂  0.0316  ̂  -0.0071 

 (1.07)  (5.31*)  (21.16**)  (0.16) 

 ̂  0.503  ̂  0.371  ̂  0.413  ̂  0.478 

 (216.68**)  (53.46**)  (21.34)  (51.45**) 

 ̂  0.128  ̂  0.050  ̂  -0.074  ̂  0.221 

 (3.31)  (0.53)  (0.15)  (2.65) 

 ̂  0.1059  ̂  0.0676  ̂  0.0954  ̂  0.1274 

L.L.F 410.3 L.L.F 197.4 L.L.F 9.25 L.L.F 148.2 
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3.2 Endogenous growth, the Solow model and human capital 

3.2.1 Testing for human capital effects using school enrolment rates     

 In this section, the author Norman Gemmell explored how levels of, and changes in, 

secondary SERs affect growth and examine whether higher SERs affect growth as 

hypothesized by Romer(1990) and Barro and Lee(1993). Changes in tertiary enrolments may 

also provide a more useful HC indicator in countries where secondary school enrolments 

have been close to 100% for some time. The author also considered the possibility that SERs 

and income growth are jointly endogenously determined and examine Romer’s(1990) 

suggestion that human capital effects on income growth impact mainly via physical capital 

investment. 

The dataset which the author used is from MRW (1992) and cover 96 developed and less 

developed countries over the period 1960-1985. School enrolment data from 1960, 1970 and 

1985 were collected from UNESCO Yearbooks, from which changes in SERs (1960-70 and 

1970-85) were obtained. 

Table V below gives some summary statistics on education and growth-related variables. 

The top panel confirms some established stylish facts-OECD countries over the 1960-85 

periods generally had higher growth rates of income per capita, lower labor force growth, and 

higher investment ratios though, as the rage of values indicates, some LDCs did have sizeable 

investment rates. Secondary and tertiary enrolment ratios, in the lower panels of the table, 

reveal some interesting characteristics, though secondary school enrolment (SSERs) 

averaged only about 20% for the sample as a whole these more than doubled during the 

period for the full sample and increased about threefold for LDEs. There is however a large 

variance associated with the LDS data suggesting a wide diversity of experience across LDCs 

in their expansion of secondary education. The increase was also substantial in OECD 

countries, though by 1985, with an average SSWE of 89%, these countries are probably 

approaching a realistic maximum. Despite the larger percentage increase in SSERs for LDCs 

on average (compared to the average for the OECD), the average absolute increase in SSERs 

for individual LDCs was less than that in OECD countries ( at about 1.0 and 1.5 percentage 

points per annum respectively).  A similar pattern emerges with tertiary enrolment rates 

(TERs) though these begin from a much smaller base-at about 2% and 10% in LDCs and 

OECD respectively in 1960. TERs rise to 12% and 30% respectively by 1985. 
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Table V: Human capital and growth: descriptive statistics. 

 96 countries 75non-OECD 

countries 

22 OECD countries 

 Mean 

(st.dev) 

 

range 

Mean 

(st.dev) 

 

range 

Mean 

(st.dev) 

 

range 

Per capital GDP growth 1.8 -2.7 6.6 1.5 -2.7 6.6 2.9 1.0 5.5 

(% p.a) (1.7)  (1.8)  (1.0)  

Labor force growth 2.2 0.3 4.3 2.5 0.6 4.3 1.0 0.3 2.5 

(% p.a)* (0.9)  (0.6)  (0.6)  

Inv/GDP ratio 17.4 4.1 36.9 15.1 4.1 32.2 25.8 17.7 36.9 

% (7.8)  (6.9)  (5.0)  

Secondary sch.enrol(%)       

1960 19.8 0.3 86.0 10.8 0.3 48.0 51.9 14.0 86.0 

 (21.5)  (11.0)  (19.4)  

1985 46.2 3.0 105.0 34.2 3.0 90.0 89.0 42.0 105 

 (31.2)  (22.6)  (16.3)  

Change 1960-85 1.06 0.04 3.0 0.94 0.04 2.5 1.49 0.4 3.0 

(% points p.a.) (0.7)  (0.6)  (0.65)  

Tertiary enrol. (%) (n=80) (n=59) (n=22) 

1960 4.2 0.01 3.21 2.2 0.01 12.7 9.5 2.9 32.1 

 (5.1)  (2.8)  (6.1)  

1985 16.5 0.6 57.7 11.5 0.6 50.0 29.2 9.6 57.7 

 (13.6)  (11.4)  (10.5)  

Change 1960-85 0.49 0.02 1.7 0.37 0.02 1.7 0.79 0.3 1.5 

(% points p.a.) (0.39)  (0.38)  (0.2)  

*These data, from Mankiw et al.(1992), exclude an arbitrary 5%p.a. added to growth rates of working population 

to account for the combined effects of increasing labor quality and depreciation(see Mankiw et al., 1992, 

pp.409,412-413) 
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3.2.2 Regression analysis 

The regression equation is given by: 

                               (  {  
 ⁄ })              

                                         (19) 

Where: YG= (average annual) per capita GDP growth, 1960-85 (capturing  ̇, in Eq( )); 

GDP60=GDP per working age person in 1960(capturing   ); INV.= investment/GDP ratio: 

average 1960-85;     = labor force growth, 1960-85; SEC(TER)60= secondary school 

(tertiary) enrolment rate in 1960;          = (percentage point) change in enrolment rates 

1960-85. 

  TABLE VI: Growth regression results: OLS   

(Dependent variable = YG) 

 Full sample LDC sample OECD sample 

lnGDP60 -0.014* -0.015* -0.021* -0.017* 

 (0.003) (0.003) (0.004) (0.003) 

lnINV 0.020* 0.019* 0.013* 0.014* 

 (0.003) (0.004) (0.006) (0.006) 

Ln(dL/L) -0.008 0.021 -0.036* -0.031* 

 (0.011) (0.019) (0.013) (0.012) 

lnSEC60 0.006* 0.006* - - 

 (0.002) (0.002)   

ΔSEC 0.005* 0.007 - - 

 (0.002) (0.004)   

lnTER60 - - 0.004 - 

   (0.004)  

ΔTER - - 0.013** 0.014 

   (0.005) (0.005) 

F(educ.=0) 13.5* 10.1* 4.9* 8.3* 

No.of obs. 96 75 22 22 

Adj. –   0.51 0.45 0.74 0.73 

B-P-G    10.6 7.0 9.7 9.2 

Hausman F 0.02 0.09 0.27 0.27 

Notes: Standard errors are in parentheses;     indicates significantly different from zero at 5%, 10%. 
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    As in table VI, the regressions show that about 45% and 74% respectively of LDC and 

OECD variation; the equivalent percentages for MRW’s (1992) regressions are 46% and 65% 

respectively. Significant growth effects of initial income, lnGDP60, are confirmed, suggesting 

the presence of conditional convergence in both LDC and OECD sub-sample. In addition, 

higher investment ratios appear to be associated, with significantly faster growth in all cases.  

The impact of investment on growth is estimated to be smaller in the OECD sub-sample than 

the LDC sub-sample (0.013 compared to 0.019) though the difference is not statistically 

significant.  

TABLE VII: Growth regression results: 3SLS 

 Full sample LDC sample OECD sample 

Dependent 

variable 

 

LnINV 

 

YG 

 

lnINV 

 

YG 

 

lnINV 

 

YG 

lnGDP60 0.17* -0.068 0.18  -0.049* -0.25* -0.042* 

 (0.08) (0.071) (0.10) (0.017) (0.09) (0.007) 

lnINV - 0.245 - 0.123 - 0.038* 

  (0.408)  (0.106)  (0.018) 

Ln(dL/L) - -0.015 - 0.011 - -0.076* 

  (0.030)  (0.096)  (0.029) 

lnSEX60 0.09  0.004 0.07 0.011* 0.46* - 

 (0.05) (0.028) (0.06) (0.005) (0.11)  

ΔSEC  -0.031  0.002   

  (0.080)  (0.032)   

ΔSEC(-1) 0.09   0.006 - 0.10* - 

 (0.05)  (0.08)  (0.03)  

ΔTER - -  - - 0.033* 

      (0.014) 

No. of obs. 94 94 73 73 21 21 

   0.40 0.41 0.88 

  Notes. See table X.         =change in secondary school enrollment 1960-70. 

 

Using school enrolment rather than literacy, table VII reports three stage least squares 

(3SLS) regressions testing the impact of human capital on investment and income growth. 

The investment regression here may be regarded as empirical counterparts of the ‘Romer’ 

equations:  ̇   ̇    ̇  and  ̇   ̇     ̇           
  ⁄  where  ̇ and  ̇  are the 
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autonomous components of  ̇ and  ̇  respectively.     
 ⁄  is the relative initial per capita 

income levels.  

For the full sample countries, some evidence of significant positive effects of education on 

investment, but insignificant direct effects on income growth appears to support Romer’s 

argument. Table VII suggests that for LDCs the only discernible effects of human capital on 

growth are direct, while for OECD countries both direct and indirect effects appear strong. 

Notice also for OECD countries that secondary enrolment (SEC and ΔSEC) appear to be 

important for investment (TER and ΔTER reveal no significantly positive effects) but direct 

growth effects come through increased tertiary enrolment. Since R&D activities are known to 

reside essentially in developed countries, it is mainly in those countries that human capital 

effects on investment might be expected to be stronger, as indicated in table VII. 

 

3.3 Land and population growth in the Solow growth model 

3.3.1 The dataset 

    The dataset in this empirical study consists of 152 countries, for which annual data exist for 

all variables for each of the years 1971-2003. They are obtained from the Penn World Table 

(PWT,Mark 6.2). The variable growth is constructed as the average growth rate of real GDP 

per capita measured in PPP terms, pop is defined as the average population growth rate, and 

inv as the average investment rate (investment as a fraction of GDP). These are all averaged 

over 1971-2003. The importance of land in the production function is proceed by the variable 

agr, measured by the share of agriculture in value added, again averaged for each country 

over the 1971-2003 period. The source is the Main Aggregates Database of the UN National 

Accounts8. 

  

 3.3.2 Empirical results and discussion 

   The first simple cross-sectional regression of population growth (pop) on the real income 

per capita growth rate (growth) is given by: 

                                         (20) 

                                                           
8
 Country selection has been dictated by data availability. 
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where   is indexing over countries;          and the elements of the vector    are parameters 

to be estimated;    is a vector of the other standard control variables that include the starting 

level of income and investment rate(inv);    is the error term.  

In order to use Eq(20) as a benchmark and facilitate comparisons with the existing literature, 

the author imposed the restriction that the effect of population growth on income growth is 

the same for all countries:      does not vary by    . 

Table VIII: Model (20) No interaction term 

                                                

    O.873**  1.438**  

  (0.103)  (0.381)  

      -0.205**  -0.143**  

  (0.055)  (0.055)  

    -  -0.160**  

  -  (0.041)  

    -  0.042**  

  -  (0.007)  

    0.142  0.321  

N  152  152  

Notes: Estimated heteroskedasticity-consistent (White, 1980) standard errors parentheses. ** Significant at 1%;*   

Significant at 5% 

   Table VIII reports two versions of Eq(20)- one with and one without the controls in  .The 

results are as expected:  

 The coefficient of population growth        is negative in both specifications; 

 The coefficient of investment      is positive. 

All coefficients are highly statistically significant. The estimated value of      suggests that 

an increase in the population growth rate by 1% will reduce the growth rate of GDP per capita 

by 0.14%, but this is constant across countries.  

Next, the author relaxes the restriction so that now       is allowed to vary across countries 

as a function of agr, the share of agriculture:          (      )  Recall that the theoretical 

prediction is that     . Note that      captures the effects of the share of agriculture on the 

relationship between population growth and the growth rate per capita income. 
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So the estimated equation becomes 

             (             )                     (21) 

with the linear interaction term or with the logarithmic specification 

             (               )                      (22) 

Table IX: Model (21) linear interaction term and model (22) logarithmic 

interaction term. 

                                                

                                        

   0.877** 3.602**    0.880** 3.385** 

 (0.085) (0.521)  (0.085) (0.605) 

   -0.132* -0.044    -0.263** -0.431 

 (0.066) (0.049)  (0.057) (0.099) 

     -0.004* -0.009**      -0.024 -0.088** 

 (0.002) (0.002)  (0.023) (0.032) 

   - -0.383**    - -0.365** 

 - (0.059)  - (0.065) 

   - 0.031**    - 0.037** 

 - (0.006)  - (0.007) 

   0.192 0.455    0.155 0.403 

N 152 152 N 152 152 

** Significant at 1%; *   Significant at 5% 

    Table IX reports two versions of Eq (21) in columns 1 and 2, following the format of the last 

table. The estimated     are unsurprising, so the focus is on the    . The estimated   is 

negative as expected, though statistically significant only in the model of the first column. 

The estimated     is negative and statistically significant in both models. This means that 

not only does      vary across countries, but also that it varies in a way that is consistent 

with the prediction of the Solow model with land. In particular,      is shown to be 

decreasing with the share of agriculture. In columns 3 and 4 repeats the exercise for the 

logarithmic specification of Eq (22), and the results are qualitatively very similar. The 

estimated     are virtually unchanged. Once again, the estimated      is negative, though 

now statistically significant in the second column only. As expected, the estimated    is again 

negative. 
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3.4 Unemployment and productivity growth 

3.4.1 The dataset 

    The dataset covers 13 OECD countries from three sources9. Real GDP per worker as a 

measure of labor productivity, the investment share of GDP in percentage points as a proxy 

for the saving rate, capital stock per worker (all three at constant 1985 international prices) 

and the average population growth are drawn from the Penn World Tables version 5.6. 

The unemployment rates are the OECD standardized unemployment rates. Their proxy for 

the country’s stock of human capital is the percentage of secondary school attainment in the 

total population aged 15 and over, which is drawn from the Barro and Lee(1996)dataset. They 

opt for a 5-year time interval to remove the effects of business cycles, but 5 –year averages 

leaves a small dataset with respect the time dimension. They therefore run regressions with 

annual data from 1960-1990 within an error correction framework  

 

 

3.4.2 Empirical results and discussion 

The authors started with a dynamic analysis of the bivariate relation between the level of 

productivity and lagged unemployment, using both the usual least square dummy variable 

estimator (LSDV) and the generalized method of moments (GMM) estimators. The 

underlying argument of their theoretical model is that productivity growth might be reduced 

by an increase of unemployment via reduced saving and educational expenditures 10 . 

Therefore, they also analyzed bivariate correlations between lagged unemployment and 

physical capital and lagged unemployment and human capital per worker. 

The general specification of their growth regressions11 as a dynamic two-way fixed effects 

model is 

                             
                (23) 

where      is the log of the dependent variable,         is the log of the country’s lagged 

unemployment rate,       
  is a vector of the log of lagged variables controlling for observed 

time variant country characteristics,              are the parameters, and vector of the 

                                                           
9
 The countries are Australia, Belgium, Canada, Finland, France, Germany, Italian, Japan, Netherlands, Spain, 

Sweden, United Kingdom and USA. 
10

 See Eq(12) and Eq(13) in section 2.5. 
11

 See more information at Unemployment and productivity growth: an empirical analysis within an augmented 
Solow model by Michael Bräuninger ,Markus Pannenberg. 
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interest,   is a fixed country effect,    is a fixed time effect and      is a standard error term 

with            
    (           )                (         )                 (           )  

             

Table X: Parsimonious specifications a  

Productivity Capital per worker Human capital 

[  (    )      ] [  (  ⁄ )
   

  
    

⁄ ] [             ] 

 LSDV GMM  LSDV GMM  LSDV GMM 

      
 0.578** 0.600**          0.731** 0.794**        0.406** 0.652** 

 (0.062) (0.048)  (0.043) (0.044)  (0.104 (0.107) 

      
 -0.040* -0.040*        -0.081** -0.058*        -0.029 -0.170 

 (0.016) (0.018)  (0.019) (0.023)  (0.060) (0.150) 

       -0.005 -0.001        -0.102** -0.117*        0.088 -0.048 

 (0.024) (0.026)  (0.031) (0.037)  (0.058) (0.092) 

  [     ] -0.139* -0.152*   [     ] -0.067 -0.022   [     ] 0.606** -0.022 

 (0.065) (0.065)  (0.083) (0.066)  (0.221) (0.308) 

         

    
  0.97 -  0.98 -  0.89 - 

BP(d.f.) 7.4(2) -  16.7(3) -  15.6(3) - 

Wald_P(d.f.) 264.8(13) -  419.0(13)   87.8(13)  

Wald_C(d.f.) 48.8(12) -  85.4(12)   56.0(12)  

Wald_X(d.f.) 155.69(4) 233.4(4)  503.3(4) 677.0(4)  27.1(4) 60.6(4) 

Wald_T(d.f.) 236.10(5) 52.6(4)  137.8(5) 58.6(4)  53.9(5) 11.4(4) 

   - -2.1  - -1.7   -1.9 

   - -0.1  - -1.6   -0.8 

a N(LSDV)=65(13 countries x 5 intervals), N(GMM)=52. Robust standard errors in parentheses. Test statistics are 

robust to heteroscedasticity. Time dummies included in all regression. BP, Breusch-Pagan test for 

heteroscedasticity using within residuals (H0: homoscedasticity). Wald_P, Walk test with H0:no joint significance 

of country effects; Wald_C, Wald test with H0: identical country effects; Walk_X,Wald test with H0:no joint 

significance of all independent variables(excluding time dummies);Wald_T,Wald test with H0:no joint 

significance of time dummies. Degrees of freedom for X2-statistics are reported in parentheses. m1, test of  -order 

correlation of disturbances; m2, test of 2 -order correlation of disturbances. H0, no #-order correlation. Both tests 

are distributed N (0, 1). Instruments used in the GMM-estimates are all available lagged values of       , all time 

dummies and all other explanatory variables. *       ;  **       . 
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Columns 1 and 2 of the Table X show the results of the LSDV- as well as the GMM-

estimator for the productivity equation. The estimated parameters for lagged unemployment 

are both significantly negative. Hence, they find a negative effect from lagged unemployment 

to productivity, which is in line with their theoretical model. In addition, the estimated 

parameters of the short-run effect of unemployment are significantly negative. Therefore, 

within their 5-year time span the initially positive effect of an increase in unemployment on 

productivity is totally purged by the following adjustment process. Columns 3 and 4 show the 

results for capital per worker. The effect from lagged unemployment to capital per worker is 

significantly negative and is greater than the negative effect from labor productivity to 

unemployment. This provides supportive evidence for the underlying link that an increase in 

unemployment goes along with a decrease in capital accumulation. Columns 5 and 6 indicate 

that they did not find any significant effect from lagged unemployment to human capital 

measured by the secondary school attainment rate. Only the estimated parameter for the 

short-run averaged growth rates of unemployment in the LSDV-model is significantly 

positive, which is not in line with their simple model, but might be explained by the fact that 

young people might stay at school in the short run when unemployment increases. 

    In the second step, they estimate their extended version of the standard augmented growth 

regression introduced by Mankiw et al.(1992). Instead of employment rates they used 

unemployment rates to assess the effect of unemployment directly. In addition to the lagged 

unemployment rate they introduced somewhat ad hoc the change in the averaged 

unemployment rate       , and the average annual growth rate of unemployment over the 5 

years proceding     [     ] to capture short-run dynamics: 

                                    [   
  ]  

  [          ]                   (24) 

where     is the log of the average investment share of GDP over the 5 year preceding t, h  is 

the log of the secondary school attainment rate as provided by Barro and Lee(1996) 12, 

         is the log of the average rate of population growth in the relevant 5-year interval 

plus exogenous technological progress   and depreciation  . In line with large parts of the 

literature they take           . Table XI shows their results. 

 

 

                                                           
12

 Following previous panel data estimates, they used this stock measure for human capital. Flow measures 
used by Mankiw et al.(1992) are not available for 5-years intervals. 
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Table XI: Standard growth regressions a 

 LSDV GMM b GMM c 

       0.562** 0.577** 0.546** 

 (o.047) (0.039) (0.052) 

       -0.031* -0.030* -0.037* 

 (0.016) (0.014) (0.014) 

       -0.006 -0.0003 -0.015 

 (0.025) (0.029) (0.039) 

  [     ] -0.143* -0.136* -0.125 

 (0.062) (0.068) (0.073) 

           0.174* 0.246* 0.216 

 (0.074) (0.101) (0.143) 

  0.013 0.011 0.019 

 (0.029) (0.032) (0.023) 

    
  0.97 - - 

BP(d.f) 8.4(3) - - 

Wald_P(d.f) 105.7(13) - - 

Wald_C(d.f) 69.5(12) - - 

Wald_X(d.f) 181.4(6) 729.0(6) 455.4(6) 

Wald_T(d.f) 96.1(5) 60.9(4) 55.7(4) 

   - -2.0 -2.1 

   - 0.6 0.8 

a see table X; b instruments used in the GMM-estimated are all available lagged values of        , all time 

dummies and all other explanatory variables.; c additionally instrumenting unemployment and both capital shares 

by lagged values                                     of relevant variables. 

 

Column 1 and 2 report LSDV- and GMM- estimates of Eq (24). The estimated parameters 

for         are both significantly positive and clearly unequal from 1.  

The estimated parameters for the lagged level of unemployment are both significantly 

negative. Hence they observed a negative effect from the lagged level of unemployment to 

productivity, as suggested by their model. The implied long-run elasticity of productivity with 

respect to unemployment is roughly -0.08.  This indicates that unemployment does indeed 

have a remarkable long-run effect on productivity in their data: since unemployment in some 

countries roughly doubled over the observed period, their estimates imply that their 
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productivity today would be 8-10% higher than it would have been without the increase in 

unemployment. 

The estimated parameters for   are never significantly different from zero. This result 

might be due to measurement error (Krueger and Lindahl, 1999). Secondary school 

attainment rates are clearly a very poor proxy for human capital, in particular if only OCED 

countries are considered. However, if they took the result at face value then they had to 

conclude that the negative effect of unemployment on productivity is due to learning-by-

doing. The estimated parameters for            are positive and significant.  

 

3.5 Education and health in an effective – labor empirical 

growth model 

3.5.1 The dataset 

The empirical work is based on cross-section data for 77 countries13. Empirical results are 

reported for the full sample of 77 countries and also for a sub-sample of 55 ‘less developed 

countries’ (LDCs) obtained by deleting 22 high-income developed countries, as classified by 

the World Bank (1993, p.327). 

 

3.5.2 Empirical results and discussion 

The first growth regression is based on the models in equations14 

  (
   

   
)    

  

   
        

  

   
                             (

   

   
)  

                                                         (25) 

and 

  (
   

   
)                                       

    (
   

   
)  

  
           

                                 (26)     

Eq (26) imposes the restrictions                                and       

    . 

                                                           
13

 Exact definitions and sources of all the data used are given in an appendix 4. 
14

 See more additional derivations at Education and Health in an Effective-labour Empirical Growth Model by 
Stephen Knowles and P.Dorian Owen. 
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     The models in the equations above are non-linear in the parameters and were estimated 

using non-linear least squares (NLS), which is equivalent to maximum likelihood estimation 

when the error terms are normally distributed. Estimates for different variants of the 

‘restricted’ effective labor growth model (ELGM) are reported in Table XII. Diagnostic tests 

for functional-form misspecification, FF (1), heteroskedasticity HEY(1), and non-normality of 

the errors, NORM(2), are also reported in Table XII.  

Table XII: NLS Estimates of the effective-labor growth mode 

 (i) (ii) (iii) (iv) (v) (vi) 

Sample(N) Full(77) Full(77) Full(77) LDC(55) LDC(55) LDC(55) 

  0.599 0.597 0.786 0.599 0.596 0.737 

 (9.31)** (9,59)** (17.30)** (7.78)** (7.58)** (10.59)** 

   -0.024 - -0.079 -0.047 - -0.044 

 (0.016) - (0.45) (0.29) - (0.27) 

   0.583 0.582 - 0.603 0.598 - 

 (5.11)** (5.18)** - (3.20)** (3.14)** - 

  0.310 0.314 0.152 0.286 0.290 0.167 

 (4.14)** (4.37) (2.86)** (3.60)** (3.58)** (2.65)** 

Intercept 0.686 0.696 -1.326 0.655 0.649 0.808 

 (0.89) (0.90) (2.89)* (0.76) (0.72) (1.34) 

       

   0.914 0.914 0.895 0.847 0.847 0.826 

LLF -16.732 -16.741 -24.326 -13.097 -13.137 -16.594 

FF(1) 0.209 0.127 4.497* 0.465 0.198 5.762* 

NORM(2) 0.909 1.054 4.023 1.486 1.821 0.879 

HET(1) 0.225 0.248 0.475 0.563 0.485 0.054 

Note 1: N is the number of observations. Absolute values of asymptotic t statistics are given in brackets. * denotes 

significance at the 5% and * at 1% levels respectively (against two-sided alternatives). 2: FF (1) is a RESET test 

using the square of the fitted values, HET (1) is based on a regression of squared residuals on squared fitted values, 

and NORM (2) is based on the skewness and kurtosis of the residuals. 3: The dependent variable is log of the real 

GDP per working-age person in 1985. LLF is the maximized value of the log-likelihood function. Each is 

asymptotically distributed as a central chi-square with the degrees of freedom give in brackets. 
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     In Table XII the capital elasticity    , the labor augmenting health elasticity      and the 

adjustment parameter    have the expected signs and are all significant at the 1% level. 

However, unlike health, the labor-augmenting role of educational status is not significant. 

Although the educational and health status proxies are highly correlated, deleting education 

has very little effect on the estimated parameters in the restricted effect labor growth model 

(cf. Table XII columns (i) and (ii)). A similar pattern of results was obtained for the LDC sub-

sample (see column (iv) to (vi)). Moreover, the educational status parameter      is not 

significant even if health is deleted as in Table XII, columns (iii) and (vi). This suggests that 

its lack of significance is not due solely to multicollinaerity. Diagnostic tests for functional-

form misspecification, FF(1), heteroskedasticity, HET(1), and non-normality of the errors, 

NORM(2), are also reported in Table XII. These did not suggest any obvious problems with 

the model in equation (25) when health is included. However, deleting health (column (iii) 

and (vi)) leads to significant values for FF(1), suggesting misspecification. 

  For cases where the maintained model is linear in the parameters, estimates were obtained 

using ordinary least squares (OLS) and linear restrictions were tested using conventional   or 

  tests. Where a test rejects the restrictions implied by a particular model, further 

simplification of that model are not reported. The null hypothesis          , where    is any 

scalar value, can be re-parameterized as                  , which is a linear 

restriction on the   parameters in a linear-in-the-parameters regression model. Under the 

classical linear regression model assumptions, this can be tested using a standard F test. 

Similarly,          and          can be re-parameterized as                   

and                   respectively. 

    The reported confidence intervals for           were obtained as the sets of values of 

            for which the respective re-parameterized null hypotheses are not rejected at the 

relevant significance level15. The results for the AMRW models in Table XIII suggest that   is 

significant in both the full sample and the LDC sample, while   , the health capital elasticity, 

is significant in the full sample and when education is deleted, in the LDS sample. 

 

 

  

                                                           
15

 See Alexander, Hansen and Owen(1996) for a more detailed discussion of this approach in the context of 
inference on the parameter reflecting marginal factor productivity differentials in multi sector growth models. 
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Table XIII: OLS Estimates of the Augmented MRW growth model 

 (i) (ii) (iii) (iv) (v) 

Sample (N) Full(77) Full(77) Full(77) LDC(55) LDC(55) 

                   0.373 0.396 0.491 0.366 0.387 

 (3.64)** (4.00)** (4.73)** (3.19)** (3.51)** 

        0.308 0.333 - 0.284 0.328 

 (3.47)** (3.96)** - (1.93) (2.47)* 

        0.099 - 0.216 0.089 - 

 (0.91) - (1.96) (0.72) - 

      ⁄      -0.376 -0.346 -0.254 -0.323 -0.304 

 (4.82)** (4.91)** (3.40)** (3.63)** (3.60)** 

Intercept 2.005 1.850 -0.527 1.579 1.560 

 (2.16)* (2.03)* (0.86) (1.39) (1.38) 

      

    0.454 0.447 0.363 0.357 0.351 

LLF -16.509 -16.951 -22.448 -12.234 -13.519 

Implied   0.498 0.534 0.659 0.531 0.561 

           (0.30,0.66) (0.36,0.68) (0.50,0.82) (0.28,0.74) (0.34,0.76) 

      

Implied   0.132 - 0.290 0.129 - 

           (-0.16,0.45) - (0.00,0.66) (-0.24,0.56) - 

      

Implied   0.411 0.449 - 0.413 0.475 

           (0.17,0.76) (0.21,0.80) - (-0.02,0.97) (0.09,1.01) 

Note: See table XII note 1.The dependent variable is log difference of real GDP per working-age person, 1960-1985. 

   is the average share of real investment in real GDP, and   the average rate of growth of the working-age 

population. Both averaged over the period 1960-1985.       is assumed to be 5%.     ⁄      is real GDP per 

working-age person in 1960.    is the average number of years of schooling attained by the population aged 25 and 

over.        is                                         . LLF is the maximized value of the log-likelihood 

function.           are implied elasticities of the factors of production physical capital, educational capital and 

health capital respectively.          is the 95% confidence interval for the relevant elasticity.  
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One possible source of bias in OLS- and NLS- based estimates is simultaneity. As 

Mushkin(1962) noted, education and health are similar in that they are both consumer and 

producer goods. The significance of education and/or health variables in growth regressions 

may partly (or even totally) reflect the desire and ability of countries with higher productivity 

or faster growth to devote more resources to investment in the provision of education and 

health care. Reverse causation is a potential problem in interpreting the size and significance 

of most explanatory variables in existing cross-country growth studies. It is often ignored 

because of the difficulty in obtaining suitable instruments (e.g MRW 1992, p.411). To 

examine the sensitivity of their results, the authors re-estimated equation (23) using non-

linear instrumental variables (NLIV). They also calculated a Darbin-Wu-Hausamn(DWH) 

test of the consistency of the NLS estimates. The DWH test was calculated using an artificial 

regression approach. Under the null hypothesis that NLS estimates are consistent, DWH is 

asymptotically distributed as an   test with   and       degrees of freedom, where   is the 

number of restrictions and       the degrees of freedom in the artificial regression.  

Representative selections of results for the restricted ELGM are reported in Table XIV.  
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Table XIV: NLIV Estimates of the Effective –Labor Growth Model 

 (i) (ii) (iii) (iv) (v) 

Sample (N) Full (77) Full (77) LDC(59) LDC(59) LDC(59) 

   0.527 0.489 0.275 -0.855 0.429 

 (5.16)** (2.56)* (1.69) (0.33) (2.02)* 

    -0.240 - 0.974 0.429 - 

 (0.49) - (2.09)* (0.63) - 

    0.783 0.797 0.499 1.037 0.808 

 (4.04)** (2.60)* (2.08)* (2.19)* (2.95)** 

   0.336 0.378 0.573 0.654 0.422 

 (4.37)** (2.60)* (6.97)** (3.14)** (2.72)** 

Intercept 1.682 1.997 3.422 8.166 2.733 

 (1.44) (0.85) (2.40)* (1.55) (1.07) 

    0.908 0.909 0.887 0.832 0.906 

SARG(m-k) 0.998(1) 1.286(1) 2.475(5) 0.279(4) 4.135(3) 

DWH 1.084 0.740 1.630 2.105 0.477 

         (4.68) (3.70) (4.50) (4.50) (3.52) 

FF(1) 3.618 0.907 4.822** 2.277 0.692 

NORM(2) 0.177 0.596 9.156** 0.008 0.791 

HET(1) 0.094 0.077 4.820* 0.370 0.332 

      

Instruments     ⁄         ⁄         ⁄         ⁄         ⁄     

                   

                    

                      

         -                

                    

          

           

           

Note: See table XII note 1 and 2. The dependent variable is log of real GDP per working –age person in 1985. 

SARG is Sargan’s misspecification test for IV estimation distributed as an asymptotic central chi-square with (m-k) 

degrees freedom under the null hypothesis that the model is correctly specified and the instruments are valid. 

DWH is an asymptotic F test of the consistency of NLS estimates, with       degrees of freedom. All instrument 

sets contain a constant term; all other instruments are in logs.        and      are respectively the primary and 

secondary pupil-teacher ratios in 1960.       and       are the population per physician and population per 

hospital bed in 1960 respectively. Other variables are defined in Table XIII. 
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Conclusion 
    Endogenous growth theories were the first to stress a role for the level of human capital 

within a growth model, test of these theories using regression analysis have included proxies 

intended to capture the level, rather than the growth, of human capital. The variable that 

most commonly used in empirical studies to proxy human capital (level or growth) – school 

enrolment rates (SERs) - may capture both stock and accumulation effects, but changes in 

SERs can provide useful additional dynamic information on the contribution of human 

capital to growth. Regression results indicate significant differences in the behavior of 

developed and less developed countries. 

    The study in ‘reexamination of the Solow model’ has estimated the convergence process by 

using a sampling of countries and estimates obtained from production function estimation.     

Evidence has been found. The LILG subsample has not yet approached the neighborhood of 

the steady state, although the HI subsample seemed to have already been at the steady state.  

Recent economic growth of the LIHG subsample might be explained approximately by the 

convergence process without any explicit account of human capital. The study considered 

that there might be a time lag in the diffusion of production technology from developed 

countries to non-developed countries. In addition, the empirical results implied that there 

might be a difference in production technology between those countries. Therefore, it could 

be considered that insufficient accumulation of human capital of non-developed countries 

curtails diffusion of technology from developed countries to non-developed counties and that 

accumulation of human capital facilitates copying technology from developed countries.  

     The Solow growth model with land predicts that the effect of population growth to the 

growth rate of income per capita depends negatively on the importance of agriculture in the 

economy. It shows that the empirical evidence is consistent with the theoretical prediction.  

    To answer the question whether unemployment influences productivity in the long run, the 

authors incorporate equilibrium unemployment into a generalized augmented Solow-type 

growth model. The model shows that in a neoclassical framework an increase in equilibrium 

unemployment reduced the long-run level of productivity if unemployment has an effect on 

labor efficiency- through either formal education or learning-by-doing.  In an endogenous 

growth framework, unemployment reduces productivity growth. They found supportive 

evidence for the conditional convergence hypothesis, which implies neoclassical growth, and 

for a negative impact of the level of unemployment on the level of productivity. However, 

their empirical analysis did not provide any evidence for an effect of formal schooling on 

productivity. 
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 Their cross-section results in the article ‘Education and health in an effective-labor’,  

suggest that, empirically, whether education and health are treated as labor augmenting or as 

separate factors of production makes little difference to the broad conclusions. A strong 

positive partial effect exists from health to output per worker, and the results obtained from 

investigating the possibility of simultaneity are consistent with an increasing body of 

literature emphasizing the relevance of health status for productivity, both directly and 

through the build-up of educational human capital. 
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Appendix 

1 Human capital 

They assume that physical and human capital depreciates at the same rate:         

To find the evolution physical capital stock per unit of effective labor over time: 
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2 An empirical reexamination of the Solow growth model                             

TABLE II :Country Classification, full sample (N=50) 

                                                                               LI sample(N=31) 

               HI sample (N=19) LIHG sample (N=10)            LILG sample(N=21) 

United States Venezuela Korea Syria Israel 

Switzerland New Zealand Taiwan Ecuador India 

Canada Australia Hong Kong Colombia Mauritius 

Luxembourg Sweden Japan Morocco Dominican R. 

Netherlands Denmark Thailand Mexico Malawi 

Belgium W.Germany Portugal Philippines Kenya 

Norway France Ireland Panama Bolivia 

U.K Iceland Greece Honduras Chile 

Italy Finland Turkey Ivory Coast Jamaica 

Austria  Spain  Zambia 

Argentina 

Zimbabwe 

 

3 Unemployment and productivity growth 

Table A: Descriptive statistics 

Variable Mean  S.D. 

 

      10.11 0.22 

        1.16 0.78 

        0.29 0.34 

  [     ]  0.05 0.10 

            6.12 0.19 

      3.60 0.43 

 
 ⁄   

  10.18 0.42 
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4 Education and health: Derivations for the empirical model 

 
 ⁄  : Real GDP divided by the working –age population (1985 values and 1960 values, 

(  ⁄ )
  

) (MRW 1992, Appendix, ‘GDP/adult 1985’ and ‘GDP/adult 1960’) 

 :    Average rat of growth of the working-age population (15-64) over the period 1960-

1985(MRW 1992, Appendix, ‘growth 1960-1985, working age pop’) 

  :   Average share of real investment (including government investment) in real GDP over 

the period 1960-1985(MRW 1992, Appendix, ‘I/Y’) 

E:    Average number of years of schooling attained by the population aged 25 years and over 

(1985 values,     and 1960 values,    ) (Barn, and Lee 1993. Appendix Table 

A.2) 

      :    -            where LE is the average lige expectancy at birth (1985and 1960 values) 

(Word Bank, World Development Report 1987, Table 6  for1985 values,     ; 

World Development Report 1983, Table 7,8 for 1960 values,     ) 

      :  Sum of the growth rate of technology and the rate of depreciation assumed equal to 

5% (following MRW, 1992, p.413) 

 :     Average growth rate of E calculated as                        

 :    Average growth rate of X calculated as   -                                

    :    Primary pupil-teach ration 1960 (World Bank, Word Tables, 1980, Table 4) 

    :     Secondary pupil- teacher ratio 1960 (World Bank, Word Tables, 1980, Table 4) 

     :   Population per physician, 1960 (World Bank, Word Tables, 1980, Table 3) 

     :   Population per hospital bed, 1960 (World Bank, Word Tables, 1980, Table 3) 

Countries included in the sample (following the order of listing in MRW 1992, Appendix); 

Algeria, Ghana. Kenya, Liberia, Malawi, Niger, Senegal, Sierra Leone, South Africa, Sudan , 

Tanzania, Togo, Tunisia, Uganda, Zaire, Zambia, Zimbabwe, Bangladesh, Burma, Hon Kong*, 

India, Israel*, Japan*, Jordan Republic of Korea, Malaysia, Nepal, Pakistan, Philippines, 

Singapore*, Sri Lanka, Syrian Arab Republic, Thailand, Austria*, Belgium*, Denmark*, 

Finland*, France*, Federal Republic of Germany*, Greece, Ireland*, Italy*,Netherlands*, 

Norway*, Portugal, Spain*, Sweden*,Switzerland*, Turkey, United Kingdom*, Canada*, 
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Costa Rica, Dominican Republic, El Salvador, Guatemala,, Haiti, Honduras, Jamaica, Mexico, 

Nicaragua, Panama, Trinidad & Tobago, United State of America*, Argentina, Bolivia, Brazil, 

Chile, Colombia, Ecuador, Paraguay, Peru, Uruguay, Venezuela, Australia*, Indonesia, New 

Zealand*, Papua New Guinea.  

* denotes countries classified as ‘high-income’ and excluded from the LDS subsample. 

 


