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1 Introduction and Summary 

Solow (1956) did not differentiate between human and physical capital but indeed provided 

the basic framework for studying economic growth. A framework that to this day has 

dominated growth literature. The next theoretical step is to tell apart the two types of capital.
1
 

The need for doing so springs from the differences in the way the two types of capital are 

produced, which in turn dictates the way they are accumulated. And not from the differences 

in how they enter the production function.
2
 

If both capitals are assumed to be reproducible inputs produced by the same technology and 

enter the production function with increasing but diminishing returns, then distinguishing 

between them in steady state is reduced to an empirical exercise rather than an improvement 

over the theoretical frame work of Solow (1956). And this is the achievement of Mankiw, 

Romer, and Weil (1992), henceforth MRW (1992). 

Therefore the logical way to achieve the next step of distinguishing between the two types of 

capital requires nothing less than a two-sector approach, as in Uzawa (1965) and Lucas 

(1988). A strong candidate would be a two-sector model where both sectors use all three 

inputs human capital, physical capital and labour but in different intensities. But as testing 

such a model empirically is still outside the realm of possibility, primarily due to lack of data. 

In order to achieve any empirical testing we have to compromise. We need to simplify the 

two-sector model such that it can be tested in a meaningful manner by using the available 

data. One way to do this would be to abandon the two-sector assumption altogether. This 

provides us with another perspective on MRW (1992); that it can be seen as an extreme 

simplification of the reality, which is still one step closer to a two-sector model than the 

original one-sector approach adopted by Solow (1956).  

In this thesis we propose a simple formulation of production of human capital. Incorporating 

this alternative production of human capital into a two-sector framework gives us a two-sector 

model of economic growth, which is simple enough to be tested empirically. In this 

                                                 
1
 We use the term theoretical step to distinguish it from empirical, which indeed is yet to be accomplished in an 

agreeable manner. 
2
 The weight here is on how they are accumulated not on how much, which would, at least in part, dependent on 

how they enter in the production function. 
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alternative formulation raw labour is linearly converted into human capital on a one-to-one 

basis. This extreme simplification is motivated, firstly, by the fact that production of human 

capital requires all three inputs but is highly labour intensive. This assumption is strongly 

supported by empirical evidence, Kendrick (1976) and Klenow and Rodriguez-Clare (1997) 

are a few examples. 

Secondly, the fact that the real cost of physical capital used in human capital accumulation 

may vary across countries. This fact is completely ignored by the approach adopted by MRW 

(1992). The real dollar spent on education in India is not likely produce the same amount of 

human capital as a real dollar spent in USA. Notice that this difference in cost of education 

would not have mattered if producing human capital was as labour intensive as physical 

capital. 

In the section 2 we study the MRW (1992) model in the light of latest growth data. After 

presenting a brief derivation of the model we estimate it by using the latest data but using the 

same samples as MRW (1992). We see that the point estimates of reduced form as well as 

structural form coefficients and the fit of the model are quite similar to that of MRW (1992). 

But the restrictions applied are rejected. However updating the samples by using the latest 

data on oil production resolves this issue. One possible reason could be the sampling bias; that 

is to say that the countries that belonged to one particular sample during 1960-1985 might not 

belong to the same sample during 1990-2005. We explore this aspect towards the end of 

section 2.3 by considering different sampling methods. This basic analysis remains 

inconclusive in pinning down the exact reason for restrictions being rejected when we use the 

MRW (1992) sample on the latest data and further in-depth investigation of this aspect it out 

of the scope of this study. 

In section 3 we discuss in greater detail the human capital accumulation in an augmented 

Solow growth model. First we take a closer look at the human capital accumulation in MRW 

(1992) and highlight its shortcomings in section 3.1. Then in section 3.2 we present our 

alternative approach to model human capital accumulation and discuss some of its theoretical 

aspects. We see that in the alternative approach the impact multipliers are smaller for 

investment ratios in both physical and human capital. This is because of the lack of 

technological complimentarity between the two capitals in our formulation. 

Section 3.3 we discuss the construct of the new variable used in the estimation of our model. 
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And in section 3.4 we present the results of estimation. We see that the reduced form of our 

model is identical to the reduced form of MRW (1992). But our formulation predicts 

unrealistic values of structural coefficients and hence is rejected in favour of MRW (1992). 

But overall fit of the model of improved because of the variable used to measure the rate of 

investment in human capital. Hence we conclude that this new variable is a better proxy than 

used SCHOOL as used by MRW (1992), although it theoretical foundations is different from 

SCHOOL and is based in the alternative model proposed in this thesis. 
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2 MRW (1992) Revisited 

In this section we study the results of MRW (1992) in the light of latest available growth data. 

The purpose here is two-fold. Firstly, we want to investigate how well the results drawn in 

section II of MRW (1992) about augmented Solow growth model hold for the latest data. 

Secondly, while using the latest growth data we want to establish a sampling technique, 

namely a criteria for distinguishing between oil and non-oil economies, which empirically 

coincides with that of MRW (1992). This will make our results more easily comparable with 

MRW (1992) in the later sections and we will hopefully, with some degree of certainty, be 

able to say that any differences that might appear are not due to sampling bias. 

First we will derive the augmented Solow growth model in section 2.1 accompanied by the 

due criticism of its approach toward empirical treatment of the technological variable. This is 

followed by section 2.2 on data and sampling where we among other things discuss the 

criteria for distinguishing between oil and non-oil economies, since this is not explicitly 

addressed by MRW (1992). 

Section 2.3 represents the result. First we compare the results of MRW (1992) with that off 

latest growth data using both the original MRW (1992) samples and the updated samples. 

Then we repeat the exercise but instead of using the samples that separate sampling we 

include only those countries in each sample that belong to the same sample in both original 

MRW (1992 samples and the updated samples.  

2.1 The Model 

By introducing the role of human capital in economic growth the MRW (1992) proved to be 

remarkable in explaining cross-country differences in level of per capita income. Following is 

the brief derivation of MRW (1992) growth model. MRW (1992) starts by taking 

technological progress to be exogenous and maintaining the Solow’s assumption of 

diminishing returns to all capitals and constant returns to scale, resulting in the following 

production function. We are going to maintain these assumptions throughout the paper along 

with the assumptions of constant capitals’ depreciation, savings and population growth rates. 

(1) 𝑌 = 𝐾𝛼𝐻𝛽 𝐿𝐴 1−𝛼−𝛽  
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The notation here is standard, 𝑌 is the output, 𝐾 and 𝐻 denote physical and human capital 

stocks respectively, 𝐿 is the labour input and finally 𝐴 is the state of the technology. I have 

dropped the time subscripts to keep things tidy. By introducing the state variables as per 

effective unit of labour we have 𝑦 = 𝑌 𝐿𝐴 , 𝑘 = 𝐾 𝐿𝐴  and ℎ = 𝐻 𝐿𝐴 . We can rewrite the 

production function in terms of these state variables, also called intensive form, as following. 

(2) 𝑦 = 𝑘 𝛼ℎ 𝛽  

We assume both population and state of technology grow exogenously at constant rates 𝑛 and 

𝑔 respectively. 

(3) 𝐿𝑡 = 𝐿0𝑒
𝑛𝑡  

(4) 𝐴𝑡 = 𝐴0𝑒
𝑔𝑡  

In MRW (1992) both physical and human capital are produced using same technology as for 

output. Hence output can either be consumed or converted into either form of capital on a 

one-to-one basis. Let 𝑠𝐾
𝑌 and 𝑠𝐻

𝑌  be the constant fractions
1
 of output invested in physical and 

human capital respectively. Also assume that both human and physical capitals depreciate at 

exogenously determined rates 𝛿𝐻 and 𝛿𝐾 respectively. Hence the evolution of physical and 

human capital over time is governed by following set of differential equations. 

(5) 𝐾 = 𝑠𝐾
𝑌𝑌 − 𝛿𝐾𝐾 

(6) 𝐻 = 𝑠𝐻
𝑌𝑌 − 𝛿𝐻𝐻 

Equation (5) and (6) can be expressed in terms of the state variables 𝑘  and ℎ . 

(7) 𝑘  = 𝑠𝐾
𝑌𝑦 −  𝑛 + 𝑔 + 𝛿𝐾 𝑘  

(8) ℎ  = 𝑠𝐻
𝑌𝑦 −  𝑛 + 𝑔 + 𝛿𝐻 ℎ  

Equations (7) and (8) govern the evolution of state variable 𝑘  and ℎ  over time.  (7) and (8) 

also imply that over time the economy converges to steady-state ratios 𝑘 ∗ and ℎ ∗ given by 

following set of equations. These steady-state ratios are obtained by setting 𝑘  = ℎ  = 0 and 

rearranging the resulting expressions. 

                                                 
1
 Here 𝑠𝑁

𝑀  donates share of 𝑀 spent on/in/by 𝑁 and henceforth. 
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(9) 𝑘 ∗ =
𝑠𝐾
𝑌

𝑛+𝑔+𝛿𝐾
𝑦 ∗ 

(10) ℎ ∗ =
𝑠𝐻
𝑌

𝑛+𝑔+𝛿𝐻
𝑦 ∗ 

Substituting (9) and (10) into the production function given by (2) and solving in terms of 

output per unit of labour (𝑦 = 𝑌 𝐿 ) yields the following steady state-solution of the economy. 

(11) 𝑦∗ =  
𝑠𝐾
𝑌

𝑛+𝑔+𝛿𝐾
 

𝛼

1−𝛼−𝛽
 

𝑠𝐻
𝑌

𝑛+𝑔+𝛿𝐻
 

𝛽

1−𝛼−𝛽
𝐴𝑡  

In equation (11) the only thing that varies over time is the state of the technology (𝐴), which 

by assumptions of the model grows exogenously at a constant rate given by 𝑔. Therefore (11) 

implies that in the steady state per capita income grows at a constant rate equal to 𝑔. 

Following MRW (1992) we further assume that both physical and human capital depreciate at 

the same rate (𝛿). Inserting for 𝐴𝑡  from (4) and taking log gives us the following equation. 

(12) 𝑙𝑛 𝑦 = ln 𝐴0 + 𝑔𝑡 +
𝛼

1−𝛼−𝛽
𝑙𝑛 𝑠𝐾

𝑌 +
𝛽

1−𝛼−𝛽
𝑙𝑛 𝑠𝐻

𝑌 −
𝛼+𝛽

1−𝛼−𝛽
𝑙𝑛 𝑛 + 𝑔 + 𝛿  

MRW (1992) assume that 𝑔, which reflects primarily the advancement of the technology, is 

constant across countries. This assumption stems from the convention that knowledge freely 

flows across borders. In contrast they treat 𝐴0 as much broader concept than merely the state 

of the technology a country is endowed with. It encompasses resource endowment, climate, 

institutions, and so forth. Hence they argue that 𝐴0 can be expressed as ln(𝐴0) = 𝑎 + 휀, 

where 𝑎 is a constant and 휀 is a country-specific shock. Using ln(𝐴0) = 𝑎 + 휀 and, for 

simplicity, setting 𝑡 = 0 we can rewrite the equation (12) as following. 

(13) 𝑙𝑛 𝑦 = a +
𝛼

1−𝛼−𝛽
𝑙𝑛 𝑠𝐾

𝑌 +
𝛽

1−𝛼−𝛽
𝑙𝑛 𝑠𝐻

𝑌 −
𝛼+𝛽

1−𝛼−𝛽
𝑙𝑛 𝑛 + 𝑔 + 𝛿 + 휀 

However this approach toward empirical treatment of the technological variable is rightfully 

criticized. For (13) to give unbiased estimates of its coefficients all the omitted variables have 

to be orthogonal to the model regressors. And it makes sense to assume that the country 

specific technological shocks (휀), especially when considered in a broader sense as MRW 

(1992), are correlated with the investment rates in physical and human capitals. And including 

these shocks into the error term would lead to an omitted variable bias, though we are not 

going to further address this issue in this study. Islam (1995) addresses this issue by 
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employing a panel data approach to the study of cross-country growth in contrast to the single 

cross-section regression of MRW (1992). 

2.2 Data and sampling 

The data on investment in physical capital is from Penn World Table (PWT) 6.2. The data on 

output, population and secondary school enrolment rate is taken from World Bank’s EdStats 

(Education Statistics) which draws on data from the UNESCO Institute for Statistics (UIS), 

the Organisation for Economic Cooperation and Development (OECD) and other 

international agencies. All the variables used are from 1990 to 2005. 

The SCHOOL variable, used as a proxy for the share of the output invested in human capital 

(𝑠𝐻
𝑌), is constructed in the same way as in MRW (1992). We begin with data on the fraction of 

the eligible population (aged 12 to 17) enrolled in secondary school. We then multiply this by 

the fraction of the working-age population (aged 15 - 64) that is of the school age (aged 15 to 

19). 

We intend to use the same sampling approach as MRW (1992) i.e. non-oil, intermediate and 

OECD samples. Where the non-oil sample includes all the countries with available data but 

the countries for which oil is not the dominant industry. However MRW (1992) does not 

elaborate on the precise methodology used to distinguish between non-oil and oil-countries. 

One way is to use exactly the same samples as used by MRW (1992). Advantage in doing so 

is that it makes the results directly comparable to those in MRW (1992). But in this way we 

cannot benefit from the data available for the countries for which no data was available in at 

the period 1960 - 1985. 

To make use of additional data available we need to make the more precise the concept of 

“non-oil” countries. In order to do this we use the data from The World Fact book of Central 

Intelligence Agency (CIA), available on CIA’s website. We use the data on oil production per 

day measured in billions of barrels. We then construct an index variable, oil dominance index 

(ODI), by dividing the oil production per day on country’s GDP and normalized it such that 

the value for all the courtiers range between 0 and 1
1
. We use this as a measure of the 

dominance of oil production in a country’s economy. We then choose a value of 0.1 as the  

                                                 
1
 Except for Chad that gets a value 4.8. In the graph below however Chad is depicted at 1. See appendix for 

complete list of countries along with index values. 
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cut-off point; as we will see in the following section that this choice coincides reasonably well 

with that of MRW (1992). The figure above plots ODI along the vertical axis and the 

horizontal axis gives the number of countries above a given ODI value. We can read from the 

figure that this excludes about 30 countries from our sample. All the countries with the ODI 

value below 0.1 are considered as non-oil counties. 

2.3 Results 

We calculate the results of regression on equation (13) above using both of the sampling 

alternatives, namely the original MRW (1992) samples and the updated samples. Table I 

below compares the results of MRW (1992) with the updated growth data and updated 

samples. First set of results is simply a copy of Table II in MRW (1992) in which output per 

working age (15-64) person in 1985 is the dependent variable. The second set of results 

provides an updated version of Table II in MRW (1992); it uses output per working age 

person in 2005 as the dependent variable but retains, to the extent possible, the exact same 

samples as used by MRW (1992). The third set of results uses both the latest growth data and 

the extended samples and employs ODI to discriminate between oil and non-oil countries. 

The last set of results also uses the 2005 output as dependent variable but the sample used are 

an intersection of original MRW (1992) sample and the updated samples based on ODI. 

Countries with Oil as Dominant Industry
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First we look at the first and second set of results. Both use the same samples but different 

time periods. We see in the Table I below that the results for non-oil and intermediate samples 

compare fairly well in terms of the point estimates. Coefficients on all three variables are 

fairly close and fit of the model is also quite similar. However for OECD sample there are two 

important differences. Firstly the coefficient on investment in physical capital is much closer 

to the value for the non-oil and intermediate samples in the second set of results than the 

original MRW (1992) results. Secondly and more importantly the coefficient on SCHOOL in 

the middle set is not significant (t-value = 1.77) while the corresponding coefficient in the 

MRW (1992) is statistically significant (t-value 2.62). Looking at the point estimates and fit 

of the restricted regression, similar comparisons can be drawn between the results from MRW 

(1992) as and the second set of the results. 

The point estimates for the structural form coefficients or implied α and β are also quite 

comparable in the first and second set of results. In the second set of results, like reduced 

form coefficients, the value of α implied by OECD sample is close to that of non-oil and 

intermediate sample, however in the MRW (1992) OECD sample implies a very different 

value for α. This is again due to the fact noted above, namely that coefficient on investment in 

physical capital in the second set of results is very similar for all three sample, while in MRW 

(1992) it is significantly lower for OECD sample as compared to other two samples. 

But we notice one important difference between the first and second set of results. The 

restriction that coefficients on ln(I/GDP), ln(SCHOOL) and ln(n+g+d) sum to zero is rejected 

for non-oil sample. And the the p-value of the test of restriction is lower for than the MRW 

(1992) for other two samples as well. We leave the discussion of possible reason for this 

difference until the end of this section. 

But this difference hints that, while using the latest growth data, we cannot use the same 

samples as MRW (1992) did if we want to make our results comparable with theirs. Now we 

turn to the third set of results to see if using the updated sample based on ODI provides a 

remedy. The third and the last part of the Table I above shows the regression output for 

equation (13) using both the latest growth data and the updated samples based on ODI. 

Because data is available for more countries now, the size of all three samples is somewhat 

larger than used in MRW (1992). We can hope that this larger sample size will compensate 

for the shorter time series used. 
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 Table I - Augmented Solow Model 

 Dependent Variable 
Log GDP per working-age 

person in 1985.  
Log GDP per working-age 

person in 2005.  
Log GDP per working-age 

person in 2005.  
Log GDP per working-age 

person in 2005. 

Sampling method MRW 1992 samples  MRW 1992 samples  Updated samples  Common samples 

Sample Non-oil Inter OECD  Non-oil Inter OECD  Non-oil Inter OECD  Non-oil Inter OECD 

Observations 98 75 22  90 70 22  131 103 29  79 62 21 

                 
Unrestricted regression                

Constant 6.89 7.81 8.63  1.99 2.73 5.66  6.10 6.93 8.27  1.89 2.76 5.79 
 (1.17) (1.19) (2.19)  (1.41) (1.72) (2.94)  (1.01) (1.08) (2.91)  (1.49) (1.81) (2.89) 

Ln (I/GDP) 0.69 0.70 0.28  0.77 0.91 0.70  0.99 1.15 0.95  0.79 0.93 0.72 
 (0.13) (0.15) (0.39)  (0.14) (0.18) (0.56)  (0.13) (0.14) (0.45)  (0.15) (0.19) (0.55) 

Ln (n+g+d) -1.73 -1.50 -1.07  -2.86 -2.57 -1.55  -1.56 -1.35 -1.16  -2.89 -2.60 -1.52 
 (0.41) (0.40) (0.75)  (0.44) (0.49) (0.73)  (0.33) (0.33) (0.77)  (0.47) (0.52) (0.72) 

Ln (SCHOOL) 0.66 0.73 0.76  0.60 0.75 0.69  0.43 0.48 0.18  0.61 0.71 0.68 
 (0.07) (0.10) (0.29)  (0.12) (0.20) (0.39)  (0.13) (0.16) (0.44)  (0.13) (0.21) (0.38) 

s.e.e. 0.51 0.45 0.33  0.52 0.51 0.29  0.65 0.63 0.39  0.52 0.52 0.28 
Adj. R^2 0.78 0.77 0.24  0.80 0.78 0.22  0.63 0.66 0.15  0.81 0.77 0.23 

                 
Restricted regression                

Constant 7.86 7.97 8.71  5.74 5.00 6.00  6.38 6.37 8.32  5.66 5.15 6.05 
 (0.14) (0.15) (0.47)  (0.54) (0.91) (2.02)  (0.53) (0.69) (2.23)  (0.60) (0.95) (1.98) 

Ln (I/GDP) - Ln (n+g+d) 0.73 0.71 0.29  1.00 1.09 0.77  1.01 1.11 0.96  1.02 1.11 0.78 
 (0.12) (0.14) (0.33)  (0.12) (0.14) (0.33)  (0.12) (0.13) (0.34)  (0.13) (0.16) (0.32) 

Ln (SCHOOL) - Ln (n+g+d) 0.67 0.74 0.76  0.62 0.75 0.70  0.45 0.45 0.19  0.63 0.72 0.68 
 (0.07) (0.09) (0.28)  (0.13) (0.20) (0.38)  (0.12) (0.15) (0.42)  (0.14) (0.21) (0.37) 

s.e.e. 0.51 0.45 0.32  0.54 0.51 0.28  0.65 0.63 0.38  0.55 0.53 0.28 
Adj. R^2 0.78 0.77 0.28  0.79 0.77 0.26  0.64 0.67 0.19  0.79 0.77 0.28 

                 
Test of restriction:                

p-value 0.41 0.89 0.97  0.01 0.12 0.87  0.75 0.50 0.98  0.01 0.13 0.90 
                 
Implied α 0.30 0.29 0.14  0.38 0.38 0.31  0.41 0.44 0.45  0.38 0.39 0.32 
                

Implied β 0.28 0.30 0.37  0.24 0.27 0.28  0.18 0.17 0.09  0.24 0.25 0.28 
                

Note: Standard errors are in the parentheses. Results for regression of log output in 1985 are copied from MRW (1992). For the regression of log output in 2005 the investment and population growth rates are averages 

for the period 1990-2005. (g+d) is assumed to be 0.05. SCHOOL is the average percentage of the working-age population in the secondary school for the period 1990-2005. 
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First we see that in the unrestricted regression estimates for coefficients on investment in all 

three samples are larger than those obtained in MRW (1992) while the coefficients on 

SCHOOL on the other hand are smaller. And also the overall fit of the model has deteriorated, 

indicated by decreased value of adj.R
2
. However the regression from this expanded and 

updated sample sizes retains one property from the second set of the results, where we used 

the same samples as used in MRW (1992). Namely the coefficients on investment is much 

closer in all three samples, in contrast to MRW (1992) where the OECD sample gives a much 

different estimate for the investment coefficient. Similar comparison can be drawn for the 

restricted regression.  

However when it comes to withstanding the test of restriction, the regression performs much 

better than the second set of results where the original MRW (1992) samples were used. 

Restriction is not rejected for all three samples, and p-values are even higher than original 

MRW (1992) results in case of non-oil and OECD samples. This is despite the fact that adj.R
2
 

is lower in the regression with updated data compared to MRW (1992). 

Hence we conclude that the results indeed indicate that the sampling criteria based on the ODI 

produces the results very similar to those of MRW (1992). And therefore the samples based 

on ODI can be used as a base line samples to compare further results with MRW (1992). Next 

we get back to the second set of results where we used the original MRW (1992) samples and 

try to explore the possible reasons behind the low p-values of test of restriction. 

One possible reason for low p-values of test of restriction in second set of data might be the 

sampling bias. That is to say that the countries that belonged to one particular sample during 

1960-1985 might not belong to the same sample during 1990-2005. The non-oil sample is 

most vulnerable to these kinds of changes. There are a number of countries that have 

discovered oil since late 1970’s. This reason is also supported by the fact that the p-value of 

restriction test is lowest for the non-oil sample and remains high for the OECD sample; the 

sample that is least likely to have been changed since 1960-1985. 

We noticed in third set of results that of the results that using updated samples resolves the 

issue of low p-values. To verify if sampling bias is indeed the reason for low p-vales on the 

second set of results it would be natural to derive a sample that us intersection of the original 

MRW (1992) samples and the updates samples based on ODI. In other words we include only 
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those countries that belong to the same sample during both time periods. Results of this 

approach are reported in the fourth and last section of Table I above. 

We see that this approach does not result in any significant change from second set of results. 

Hence we rule out the sampling bias as the possible reason for restrictions being rejected. 

This leaves a lot of room for speculation. One possible reason could be the shortened time 

series used for latest growth data. MRW (1992) use averages over a period of 25 years (1960 

– 1985) and we use the averages over a period of 15 years (1990 – 2005). One might argue 

that as a result of this shorter time span used, here is more noise in our data. Because 

averaging over a longer time period smoothes out year to year shocks, which are a source of 

noise. 

This deterioration of p-values is indeed a very interesting finding and it warrants further 

investigation but that is out of the scope of this study. 
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3 Human Capital Accumulation 

In this section we will discuss in greater detail the human capital accumulation in the 

augmented Solow model. First we take a closer look at the human capital accumulation in 

MRW (1992) and highlight its shortcomings. Then in section 3.2 we present an alternative 

approach to modelling human capital accumulation. In section 3.3 data and sampling issues 

are discussed. And finally we report the empirical results using this alternative approach in 

section 3.4 along with discussion of these results. 

3.1 Human Capital Accumulation in MRW (1992) 

 For the sake of easy reference I rewrite the equation (4) below. 

(4)     𝐻 = 𝑠𝐻
𝑌𝑌 − 𝛿𝐻𝐻 

One serious criticism of the above formulation is that it inherently implies that the same 

technology is used in production of both physical and human capital. Whereas it would be 

reasonable to assume that the production of human capital is more labour intensive than the 

production of physical capital. This assumption is strongly supported by empirical evidence. 

Kendrick (1976) estimates that 50% of investment in human capital in United States is in the 

form of opportunity cost of students’ time- the output they could have produced otherwise. 

The remaining 50% is divided in between expenditures on teachers (human capital) and 

facilities (physical capital). According to the 1996 Digest of Education Statistics, as reported 

by Klenow and Rodriguez-Clare (1997), expenditures on teachers represent about 80% of all 

expenditures. These figures suggest factor shares of 10%, 40% and 50% for physical capital, 

human capital and raw labour as opposed to 30%, 28% and 42% as estimated by MRW 

(1992). 

Failure to recognize the labour intensive nature of human capital accumulation process has 

both theoretical and empirical consequences. We take a closer look at the theoretical aspect in 

the next section. 

Even if we look away from the fact that human capital accumulation is much more labour 
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intensive than the physical capital accumulation, the formulation in (4) has other draw back as 

well. It inherently implies that a real dollar spent on education in India produces the same 

amount of human capital as a real dollar spent in USA, which is too counter factual. Cost of 

schooling and hence the acquiring of human capital is far from being same in all the 

countries. 

Firstly because the real cost of physical capital used in human capital accumulation may vary 

across countries. Even in real terms a school building in India would cost less than an 

equivalent building in USA. Secondly because the marginal effect of an extra dollar invested 

in different countries can also be different. And there seem to be no easy way to incorporate 

these differences in the model that is also possible to estimate with the available data. 

3.2 An alternative Approach 

In my opinion it would be more reasonable to evaluate human capital accumulation by share 

of population engaged in producing human capital. Hence the change in stock of human 

capital over time is given by 𝐻 = 𝐿𝐻 − 𝛿𝐻𝐻 or equivalently. 

(14) 𝐻 = 𝑠𝐻
𝑃ℒ − 𝛿𝐻𝐻 

The notation here needs some elaboration. In MRW (1992) working-age population and 

labour force are equivalent concepts. In other words they define their state variables in terms 

of per labour force unit and also solve the steady state in terms of output per labour force. 

And for estimation purposes they use working-age population as a measure of labour force. 

However for the alternative approach adopted here we need to distinguish between the two, 

because some of the working-age population is busy acquiring human capital and is no longer 

participating in output production. In addition we have some people (children under the age of 

15) who are attending school and accumulating human capital but are not of the working-age 

yet.  

This necessitate introduction of the new variable (ℒ) that we will call the “active population”. 

It is the sum of the actual labour force (𝐿𝑌), the people who are busy producing output, and 

the part of the population who are busy accumulating human capital (𝐿𝐻). Hence we have the 

following equation. 

(15) ℒ = 𝐿𝑌 + 𝐿𝐻  
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Equivalently we can write 1 = 𝑠𝑌
ℒ + 𝑠𝐻

ℒ. We assume that the active share of the population, 

like labour force (𝐿) in MRW (1992), is exogenously given by the demography of the 

country. Where 𝑠𝑌
ℒ and 𝑠𝐻

ℒ constant shares of active population allocated to output production 

and human capital accumulation respectively. 

We redefine the state variables accordingly; 𝑦 = 𝑌 ℒ𝐴 , 𝑘 = 𝐾 ℒ𝐴 , ℎ = 𝐻 ℒ𝐴 . We need to 

do this because level of labour force (𝐿) in MRW (1992) is given exogenously and hence state 

variable can be defined in terms of per labour unit in the economy. As a result a change in the 

output invested in the capital accumulation does not directly change the value of the state 

variable by changing its denominator, but only indirectly through change in steady state level 

of the capitals in the economy. 

However, this is no longer the case in our variant of the model. In our model active part of the 

population is allocated to either production of output or is invested in human capital. And a 

change in this allocation directly changes state variables. So in order to highlight this aspect 

we need to express the state variables in this alternative form
1
. Alternatively we could have 

defined the state variables as per unit of working-age population or simply as per person, 

without any consequences to the analysis. The point is that as long as we define the state 

variables such that their value is not directly changed when any of the saving rates is changed, 

we have a suitable formulation. The intensive form of the production function now takes the 

following form. 

(16) 𝑦 = 𝑘 𝛼ℎ 𝛽 𝑠𝑌
ℒ 

1−𝛼−𝛽
 

Next we solve the equation (14) in terms of the state variable ℎ , giving us the following 

differential equation that governs the path of human capital per effective unit of labour over 

time. Differential equation for the physical capital accumulation remains unchanged. 

(17) ℎ  = 𝑠𝐻
ℒ 1

𝐴𝑡
−  𝑛 + 𝑔 + 𝛿𝐻 ℎ  

From (17) we can solve the steady state ratio between human capital and effective labour 

giving us our counterpart to equation (8) above. 

                                                 
1
 Remember that redefining the state variables does not have any consequences for the solution of the model, it is 

merely a notational convention adopted to make further analysis more coherent. Any differences that emerge in 

the solution of out model are due to the different formulation of human capital accumulation given by equation 

(11) above. 
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(18) ℎ ∗ =  
𝑠𝐻
ℒ

𝑛+𝑔+𝛿𝐻
 

1

𝐴𝑡
 

We can insert the steady state value of 𝑘  and ℎ .  from (9) and (18) into the intensive form of 

the production function given by (16) and solve for the steady state output per active person 

given by the following expression. 

(19) 𝑦∗ =
𝑌∗

ℒ
=  

𝑠𝐾
𝑌

𝑛+𝑔+𝛿𝐾
 

𝛼

1−𝛼
 

𝑠𝐻
ℒ

𝑛+𝑔+𝛿𝐻
 

𝛽

1−𝛼
𝑠𝑌

ℒ
1−𝛼−𝛽

1−𝛼 𝐴𝑡

1−𝛼−𝛽

1−𝛼  

Some Theoretical Considerations: 

We can clearly see that exponents of each of the constant terms in equation (19) are smaller 

than their counterparts in equation (11) resulting in a lower level of steady state per capita 

income.  And even more importantly in equation (19) per capita income grows at a lower rate 

equal to 𝑔1−𝛼−𝛽 1−𝛼  instead of 𝑔. How striking these differences might be, we would have to 

postpone the detailed discussion of their implications and economic interpretation until a later 

point.  

We assume, as before, that both physical and human capital depreciate at the same rate 

(𝛿𝐾 = 𝛿𝐻 = 𝛿). Taking logarithm of equation (19) above and using the same specification as 

adopted by MRW (1992), that is 𝑙𝑛  𝐴0
1−𝛼−𝛽 1−𝛼 

 = 𝑎 + 휀 and 𝑡 = 0, gives us the following 

equation. 

(20) 𝑙𝑛 𝑦 = 𝑎 +
𝛼

1−𝛼
𝑙𝑛 𝑠𝐾

𝑌 +
𝛽

1−𝛼
𝑙𝑛 𝑠𝐻

ℒ +
1−𝛼−𝛽

1−𝛼
𝑙𝑛 𝑠𝑌

ℒ −
𝛼+𝛽

1−𝛼
𝑙𝑛 𝑛 + 𝑔 + 𝛿 + 휀 

Let’s look at impact of changes in investment rates in both physical and human capital. 

Taking the total derivative of (20) with respect to  𝑠𝐾
𝑌. 

𝑑𝑙𝑛 𝑦 

𝑑𝑠𝐾
𝑌 =  

𝛼

1 − 𝛼
 

1

𝑠𝐾
𝑌 

This term can be interpreted as the change in the steady-state level of per capita income as a 

result of change in share of output invested in physical capital. As expected the derivative has 

a positive sign but impact of the increased investment is diminishing as the rate of investment 

increases. The counterpart of the above derivative in MRW (1992) is given as following. 
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 𝑑𝑙𝑛 𝑦 

𝑑𝑠𝐾
𝑌  

𝑀𝑅𝑊

=  
𝛼

1 − 𝛼 − 𝛽
 

1

𝑠𝐾
𝑌 

This expression has the same sign and also depicts diminishing effect of increased rate of 

investment in physical capital. But for a given level of investment and given parametric 

values the effect of an increase in investment rate in MRW (1992) model has a larger impact 

on the steady-state level of output per capita. 

The roots of the difference can be traced back to our formulation of human capital 

accumulation in equation (14) above. In MRW (1992) an increase in investment rate in 

physical capital first increase the output level in the economy as the direct result of increased 

amount of capital in the economy and secondly as a increased investment in human capital. 

The reason for this is two-fold. Firstly the output increases due to increased amount of 

physical capital in the economy and some of that increased output will in turn be invested 

back to both physical and human capital. Secondly the increased amount of physical capital 

now increases the marginal product of human capital in the economy, which makes it more 

productive to invest in human capital. This is due to the technological complementarity 

between the two types of the capital in MRW (1992) model that is lacking in our version.  

Similar analysis can be done for investment rates in human capital. These feedback 

mechanisms, that cause the multiplier effect, are missing in our formulation and hence the 

lower value of the above derivatives.  But first notice that in equation (20) 𝑠𝑌
ℒ can also be 

written as 1 − 𝑠𝐻
ℒ  for isolating the effect of 𝑠𝑌

ℒ. On this note we can proceed as following. 

𝑑𝑙𝑛 𝑦 

𝑑𝑠𝐻
ℒ

=  
𝛽

1 − 𝛼
 

1

𝑠𝐻
ℒ

−  
1 − 𝛼 − 𝛽

1 − 𝛼
 

1

1 − 𝑠𝐻
ℒ
 

The above expression highlights two types of effects of an increased rate of investment in 

human capital. The first part of the expression gives the increase in the steady state through 

increased amount of human capital in the economy. And the second expression gives the 

negative impact of increased investment in the human capital as fewer people are now 

available to produce output. 

This is also feature unique to over formulation. As part of our criticism on the formulation of 

human capital accumulation on MRW (1992) in section 3.1 we argued that it underestimates 
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the cost of acquiring human capital in terms of forgone income of the people who are busy 

accumulation human capital. The above expression points to somewhat extreme solution of 

that problem. 

But notice as a result we the above expression can also take the negative values if too much of 

the labour force is invested into human capital. For example for 𝛼 = 𝛽 = 1 3 , the above 

derivative becomes 𝑑𝑙𝑛 𝑦 𝑑𝑠𝐻
ℒ = 0.5 1 𝑠𝐻

ℒ − 1  1 − 𝑠𝐻
ℒ   . Nor for all values of 𝑠𝐻

ℒ > 0.5 

this expression is negative. 

Dynamics of the Model: 

No we analyze the dynamics of the model by looking at the phase diagram. In order to solve 

for the null cline, characterized by 𝑘  = 0, for physical capital for MRW (1992) we insert the  

expression for 𝑦  from (2) into (9) and solve for 𝑘 . This gives us the following expression. 

 𝑘 ∗ 
𝑀𝑅𝑊

=  
𝑠𝐾

𝑌

𝑛 + 𝑔 + 𝛿𝐾
 

1 1−𝛼 

ℎ 𝛽 1−𝛼  

For our version of the model this expression takes the following form. 

𝑘 ∗ =  
𝑠𝐾

𝑌

𝑛 + 𝑔 + 𝛿𝐾
 

1 1−𝛼 

ℎ 𝛽 1−𝛼  𝑠𝑌
ℒ 

1−𝛼−𝛽
 

For human capital the corresponding expression for MRW (1992) and our model are given 

below respectively. 

   

 ℎ ∗ 
𝑀𝑅𝑊

=  
𝑠𝐻

𝑌

𝑛 + 𝑔 + 𝛿𝐻
 

1 1−𝛽 

𝑘 𝛼 1−𝛽  

   

ℎ ∗ =  
𝑠𝐻

ℒ

𝑛 + 𝑔 + 𝛿𝐻
 

1

𝐴𝑡
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All these null-clines are depicted in the diagram below. The figure on the left shows the phase 

diagram for MRW (1992). We both capitals are increasing function of each other but with 

diminishing effect. Steady state persists when 𝑘  = ℎ  = 0 it is asymptotically globally stable 

stationary point. The second figure depicts the alternative approach. We see the steady state 

exists and it is also asymptotically globally stable stationary point. But stationary level of 

human capital in the economy is independent of amount of physical capital, again due to lack 

of technological complementarity in our model. 

Estimation: 

Running the regression on equation (20) is possible but it makes the comparison with MRW a 

bit difficult. Hence we rearrange (20). Let’s define 𝑦 = 𝑌 𝐿𝑌 = 𝑦 𝑠𝑌
ℒ . Then we can rewrite 

the (19) as following. 

(21) 𝑙𝑛 𝑦  = 𝑎 +
𝛼

1−𝛼
𝑙𝑛 𝑠𝐾

𝑌 +
𝛽

1−𝛼
𝑙𝑛 𝑠𝐻

ℒ 𝑠𝑌
ℒ  −

𝛼+𝛽

1−𝛼
𝑙𝑛 𝑛 + 𝑔 + 𝛿 + 휀 

Notice that the reduced form is the same as its counterpart in MRW (1992) given by equation 

(13) above. Only difference is that variable 𝑠𝐻
𝑌  is replaced by 𝑠𝐻

ℒ 𝑠𝑌
ℒ , which is the only new 

variable. However the structural form coefficients are different. 

But we know that MRW (1992) uses a proxy variable SCHOOL instead for 𝑠𝐻
𝑌  to estimate the 

model. This proxy variable, by definition, is very similar to the variable 𝑠𝐻
ℒ 𝑠𝑌

ℒ . On the other 

hand in the approach proposed in this thesis 𝑠𝐻
ℒ 𝑠𝑌

ℒ  appears as a theoretically motivated 

variable in the model rather than as a proxy variable. 

Figure 2a – MRW (1992) Figure 1b - Thesis 
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Already here we have a caveat regarding interpretation of (21) in comparison with (12). If we 

say that equation (12) is the correct model then one can argue that we can use 𝑠𝐻
ℒ 𝑠𝑌

ℒ  as a 

proxy variable rather than SCHOOL and then the hypothesis will be that 𝑠𝐻
ℒ 𝑠𝑌

ℒ  serves as a 

better proxy variable than SCHOOL. Alternatively one can insist that equation (21) is the 

correct model and we do not need a proxy variable. In that case the implied values of α would 

be a key piece of evidence to decide whether equation (21) is indeed the correct model or 

equation (12). 

3.3 Data and Sampling 

The only new variable in this model is 𝑠𝐻
ℒ 𝑠𝑌

ℒ . We estimate the numerator by average years of 

formal schooling received by adults (15+) during the period 1990 – 2005 as a share of number 

of year a person is expected to be part of active population (active-life expectancy) as define 

in section 3.2. This ratio is directly proportional to the share of active population busy in 

acquiring human capital as long as we assume steady state. 

To get to active-life expectancy we begin with the data on life expectancy at birth. For 

countries with life expectancy above 64 we set the working-life expectancy equal to 59. And 

for countries with life expectancy less than 64 we calculate the working life expectancy by 

subtracting preschool age (5) from the total life expectancy. For the denominator we divide 

the working age population by the total population and average it over the period 1990 – 

2005. Again as long as we assume steady state in the economy this variable is directly 

proportional to the share of active-population busy in producing output. 

Data on life expectancy, working-age (15-64) population and total population is taken from 

World Banks’ EdStats (Education Statistics). World Bank’s gathers this data from Barro-lee 

Data Set. The sampling technique employed here is same as discussed section 2.2 and 2.3 

above. See Appendix I on data sets for detailed description of variables and sources. 

3.4 Results and Discussion 

Table II below reports the regression output for equation (12) or (21)1. The left hand side uses 

the SCHOOL variable as the measure of investment level in human capital accumulation and 

                                                 
1
 We say (12) or (20) since in this regard both mean the same regression equation as discussed at the end of 

section 3.2. 
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the right hand side reports the result for 𝑠𝐻
ℒ 𝑠𝑌

ℒ  as the measure of rate of investment in human 

capital accumulation. For the sake of comparison we include only those countries for which 

data is available on both SCHOOL and 𝑠𝐻
ℒ 𝑠𝑌

ℒ . Further, following the lines of MRW (1992), 

we extract three samples from this data set, namely, non-oil, intermediate and OECD. There 

are several important features in this output that we discuss below. 

Fit of the Model: 

Let us first consider the overall fit of the model to see if there is any difference between the 

explaining powers of SCHOOL and 𝑠𝐻
ℒ 𝑠𝑌

ℒ  when it comes to cross country variation in per 

capita output levels. We are using exactly the same samples and have same degrees of 

freedom in both cases because of same number estimated parameters. Hence we can compare 

the fit of both equations by directly comparing adj.R
2
 or just R

2
 for that matter. 

We can see that adj.R
2
 is almost the same for estimation by 𝑠𝐻

ℒ 𝑠𝑌
ℒ  rather than SCHOOL for 

non-oil and intermediate but higher for 𝑠𝐻
ℒ 𝑠𝑌

ℒ  in OECD sample. This is true for both the 

restricted and non-restricted regressions. We also see that coefficient on 𝑠𝐻
ℒ 𝑠𝑌

ℒ  is significant 

in all three samples in contrast to SCHOOL which is not significant (t-value = 1.67) for 

OECD sample. And finally we see that, for both SCHOOL and 𝑠𝐻
ℒ 𝑠𝑌

ℒ , regression restrictions 

are not rejected. But notice that while p-values for intermediate sample and OECD samples 

are quite close for both the variable but for non-oil sample 𝑠𝐻
ℒ 𝑠𝑌

ℒ  produces a much higher p-

value.  

These observations lead us to the conclusion that 𝑠𝐻
ℒ 𝑠𝑌

ℒ  explains the variations in output at 

least as well as SCHOOL if not slightly better. Since both (12) and (20) are in essence same 

regression equation it would be incorrect to infer from the improvement of the fit of the model 

that the model adopted in this study is better than that of MRW (1992). For that we will have 

to look at the estimates of the structural form parameters. However what we can say 

something about is that whichever is the “better” model 𝑠𝐻
ℒ 𝑠𝑌

ℒ  helps explain more cross-

country variation in per capital income levels than SCHOOL. 

In Table II above we use the data on both 𝑠𝐻
ℒ and 𝑠𝑌

ℒ to derive the ratio between them. But 

recall from section 3.2 that theoretically 𝑠𝐻
ℒ 𝑠𝑌

ℒ  is the same as 𝑠𝐻
ℒ  1 − 𝑠𝐻

ℒ  . Therefore it 

would be interesting to see if this also holds empirically. It turns out to be the case that the 
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above results hold even if we use 𝑠𝐻
ℒ  1 − 𝑠𝐻

ℒ   instead of 𝑠𝐻
ℒ 𝑠𝑌

ℒ . The results using this 

alternative measure along with a brief discussion is left to the Appendix II – Table III. 

 

 Table II - Augmented Solow Model 

 Dependent Variable 
log GDP per working-
age person in 2005.  

log GDP per working-
age person in 2005. 

        
Sample Non-oil Inter OECD  Non-oil Inter OECD 

Observations 94 82 27  94 82 27 

         
Unrestricted regression        

Constant 4.28 4.33 5.15  8.44 8.77 9.42 
 (1.34) (1.34) (2.88)  (1.41) (1.38) (1.94) 

Ln (I/GDP) 0.91 0.99 0.79  1.03 1.10 0.58 
 (0.15) (0.16) (0.42)  (0.14) (0.15) (0.39) 

Ln (n+g+d) -2.09 -2.02 -1.73  -1.57 -1.52 -1.14 
 (0.42) (0.40) (0.72)  (0.44) (0.42) (0.59) 

Ln (SCHOOL) 0.57 0.71 0.70     
 (0.14) (0.18) (0.45)     

Ln (𝑠𝐻
ℒ 𝑠𝑌

ℒ ) 
    

0.74 0.75 0.83 

 
    (0.17) (0.20) (0.31) 

s.e.e. 0.62 0.57 0.35  0.61 0.57 0.32 
Adj. R^2 0.71 0.73 0.24  0.72 0.73 0.35 

         
Restricted regression        

Constant 5.68 5.04 5.64  7.95 7.96 8.80 

 
(0.62) (0.79) (2.30)  (0.12) (0.14) (0.44) 

Ln (I/GDP) - Ln (n+g+d) 1.00 1.04 0.87  1.00 1.07 0.51 

 
(0.13) (0.14) (0.31)  (0.12) (0.13) (0.32) 

Ln (SCHOOL) - Ln (n+g+d) 0.61 0.74 0.72     

 
(0.14) (0.17) (0.44) 

    

Ln (𝑠𝐻
ℒ 𝑠𝑌

ℒ ) – Ln (n+g+d)     0.72 0.69 0.79 

 
    (0.14) (0.17) (0.29) 

s.e.e. 0.62 0.57 0.35  0.60 0.57 0.32 
Adj. R^2 0.71 0.74 0.27  0.72 0.73 0.38 

         
Test of restriction:        

p-value 0.24 0.51 0.77  0.73 0.56 0.75 
         
Implied α MRW 0.38 0.37 0.34  0.37 0.39 0.22 
Implied α Thesis 0.50 0.51 0.47  0.50 0.52 0.34 

Implied β MRW 0.23 0.27 0.28  0.26 0.25 0.34 
Implied β Thesis 0.30 0.36 0.38  0.36 0.33 0.53 

NOTE: “Implied α MRW” and “Implied β MRW” denote the structural form coefficients derived 
using MRW (1992) model. Where as “Implied α Thesis” and “Implied β Thesis” denote the 
reduced form coefficients derived using the model proposed in this thesis. 

Estimation of the Structural Form: 

As mentioned above, in order to evaluate the two alternative approaches we have to see the 

estimates of the structural form coefficients. Last four rows of the Table II report the implied 

values of α and β for both models and for both variables SCHOOL and 𝑠𝐻
ℒ 𝑠𝑌

ℒ . Here it is 
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important that implied αs and βs are derived from the restricted regression and these 

restriction are not rejected across all three samples. 

Firstly we see that the values of implied α and β are higher for the alternative approach 

adopted in this thesis. Estimates for α and β sum to above 0.85 across all three samples 

L

Y

L

H ss  and for two of the samples for SCHOOL. For the non-oil samples SCHOOL gives the 

sum to 0.8. But notice that this is also the sample where the restrictions’ tests have lowest p-

values. This leaves the labour share of output to be less than 15%. This can be traced back to 

lack of complimentarity discussed towards the end of section 3.2 above. 

These values of the output shares of the two types of the capital are not consistent with the 

empirical evidence. Whereas the values of α and β implied by MRW (1992) approach are 

much more realistic. Notice that the difference between the implied values by the two 

approaches is considerable large. Hence we conclude that although proper treatment of human 

capital warrants nothing less than a proper two-sector model, using the extremely simplified 

two-sector model where raw labour is linearly converted into human capital does not improve 

over the one-sector approach adopted by MRW (1992). Hence we reject the model proposed 

in this thesis in favour of the augmented growth model of MRW (1992). 

𝒔𝑯
𝓛 𝒔𝒀

𝓛  a Better Proxy than SCHOOL: 

Even though the fit of the model is not significantly improved using 𝑠𝐻
ℒ 𝑠𝑌

ℒ  instead of 

SCHOOL still 𝑠𝐻
ℒ 𝑠𝑌

ℒ  can be seen as a superior proxy for the investment rate in the human 

capital. MRW (1992) is criticized for employing only the secondary enrolment ratios are not 

primary and/or tertiary as a proxy. In this sense 𝑠𝐻
ℒ 𝑠𝑌

ℒ  is a much more comprehensive 

measure of share of population attended school than SCHOOL. We use 𝑠𝐻
ℒ 𝑠𝑌

ℒ  instead of 

SCHOOL and show the all of the results of Table II in MRW (1992) still hold. This answers 

much of the criticism directed at MRW (1992) because of using just secondary enrolment 

ratios. 

Klenow and Rodriguez-Clare (1997) is one example of such criticism. It advocates that it is 

the differences in total factor productivity (TFP) that mainly accounts for the cross country 

differences in per capita income. It rejects findings of MRW (1992) in the light of criticism 

that they include only the secondary enrolment rates in constructing the SCHOOL variable. 

They then go on and construct SCHOOL by using both primary and secondary enrolment 
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rates and use the updated data. They show that using this approach the SCHOOL (an 

accumulated factor) accounts only for 11% of the cross country variations in the per capita 

income in contrast to 49% in MRW (1992). And their approach results in TFP accounting for 

67% of the variations in the data. 

While the criticism by Klenow and Rodriguez-Rodriguez-Clare (2001) of the SCHOOL is a 

valid one the solution suggested is not so much. One might suggest that the reason for 

decrease in the explaining power of the new SCHOOL, after including primary enrolment, is 

that primary enrolment rates vary less across country than secondary. Hence the new 

SCHOOL varies a less than the SCHOOL in MRW (1992). However there is no evidence that 

same goes for the other enrolment rates. One should in essence include all of them and then 

see how well the model performs. 

The variable we use instead here, the average years of schooling received by an adult, is a 

more comprehensive than both the original SCHOOL and the new SCHOOL. And the results 

indeed show that using this variable indeed rejects the findings of Klenow and Rodriguez-

Clare (1997) in favour of MRW (1992). 

Abstracting from Cross-country Variation in Active-life Expectancy: 

In deriving denominator of the ration 𝑠𝐻
ℒ 𝑠𝑌

ℒ  we use data on life-expectancy at birth to 

calculate active-life expectancy. Data on life-expectancy is typically of relatively low quality 

and might be a source of noise in the estimation. To address this issue an alternative approach 

would be to assume that life-expectancy in all countries is at least 64 and hence the active-life 

expectancy is constant across countries. Although this assumption is after from true but is still 

worth exploring. 

Hence we use just average years of formal schooling (𝑆) received by adults (15+) during the 

period 1990 – 2005 to estimate the share of active population busy in acquiring human 

capital. Results are reported in the Apendix II – Table IV. As it turns out the this approach 

results in both improving the fit of the model by higher R
2
 and also gives the estimate of the 

structural form coefficients, α and β, much closer to the empirically observed shares of 

capitals of 1/3. This holds for all three samples. And also notice that the restrictions of the 

model become more significant when estimation is done using 𝑠𝐻
ℒ 𝑠𝑌

ℒ this approach instead of 

𝑆. 
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4 Conclusions 

We start with the discussion that production of physical capital is different from the 

production of human capital especially in terms of capital intensities employed. We argue that 

a proper treatment of this aspect warrants no less than a full fledge two-sector model where all 

three factors of production physical capital, human capital and raw labour are used in both 

production technologies but in different steady-state ratios. 

We then adopt an extremely simplified “two-sector” model, where only one factor of 

production, raw labour, is linearly converted to human capital. We see that this approach does 

not produce better point estimates of the structural form than one-sector approach adopted by 

MRW (1992). Moreover we find that the resulting regression equation, apart from some 

minor details, looks exactly the same for both approaches. 

However, a slight improvement in overall fit of the model, indicated by and higher adj.R
2
 is 

seen. This improvement is even greater if we abstract from the cross-country variation in 

active-life expectancy. In any case the improvement can be associated with the variable we 

use to estimate the investment in human capital. We use share of labour force (𝑠𝐻
ℒ 𝑠𝑌

ℒ ) 

attending school rather than just secondary enrolment ratios as done in MRW (1992). This 

result leads to the conclusion that our variable serves as a better proxy for the output invested 

in human capital than the SCHOOL variable. This holds even if we use 𝑠𝐻
ℒ  1 − 𝑠𝐻

ℒ   instead 

of sH
ℒ sY

ℒ  as a proxy, which theoretically are the same variable. 

In the wake of these results we confront the criticism by Klenow and Rodriguez-Clare (1997) 

of the SCHOOL variable. They show that a more comprehensive SCHOOL, that also includes 

primary enrolment, explains only 11% of the variation in the data whereas TFP ends up 

explaining 67% of the variation. We reject their criticism in favour of MRW (1992). Firstly 

because they too only include primary and secondary enrolment rates and not tertiary. And 

secondly average years of schooling that we use in our data, is an even more comprehensive 

measure of schooling. And it supports findings of MRW (1992)  

We also discover that estimating the model using exact same samples as used in MRW (1992) 

but latest available data renders the results meaningless. But using both the updated samples 
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and latest data does not show any such characteristic and produce results almost identical to 

that of MRW (1992). Sampling is primarily based on oil and non-oil countries. 

One possible explanation would be that some countries no longer belong to same sample as 

they did in 1985. To verify this we run the regression using only those countries that belong to 

same sample both in 1985 and in the updated sample. This reduces slightly the sample size 

but to our surprise does not produce any better results than using the original samples of 

MRW (1992) on the latest data. This is indeed a very interesting finding and it warrants 

further investigation but that is out of the scope of this study. 

And finally we also notice that choosing output per-capita, output per working-age person or 

output per labour force unit as our dependent variable is insignificant to the results produced 

in all samples and model variants considered in this study. 
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Appendix I    – Data Sets 

 

Oil Dominance Index (ODI) 

 

  
Data from CIA The World Factbook – 2005 

 
 

Country  

Non-
oil 

Real GDP  

 
Oil – Production 

(bbl/day)  ODI 

 Chad  0 14980  3135000  4.8391 

 Kuwait  0 55910  2418000  1.0000 

 Angola  0 53060  1600000  0.6972 

 Qatar  0 26370  790500  0.6931 

 Gabon  0 10170  268900  0.6114 

 Saudi Arabia  0 366200  9475000  0.5983 

 Iraq  0 87900  2130000  0.5603 

 Libya  0 72680  1720000  0.5472 

 Brunei  0 9531  219300  0.5320 

 United Arab Emirates  0 129500  2540000  0.4535 

 Yemen  0 20630  387500  0.4343 

 Oman  0 44530  740000  0.3842 

 Venezuela  0 186300  3081000  0.3824 

 Equatorial Guinea  0 25690  420000  0.3780 

 Norway  0 213600  3220000  0.3486 

 Nigeria  0 191400  2451000  0.2961 

 Congo, Democratic Republic of the 0 44440  512400  0.2666 

 Virgin Islands  0 1577  17110  0.2509 

 Bahrain  0 18020  188300  0.2416 

 Colombia  0 374400  3631000  0.2242 

 Mauritania  0 8124  75000  0.2135 

 Cote d'Ivoire  0 29050  267100  0.2126 

 Kazakhstan  0 143100  1300000  0.2101 

 Ecuador  0 61520  493200  0.1854 

 Azerbaijan  0 59710  477000  0.1847 

 Trinidad and Tobago  0 21120  150000  0.1642 

 Iran  0 599200  3979000  0.1535 

 Algeria  0 250000  1373000  0.1270 

 Russia  0 1746000  9400000  0.1245 

 Syria  0 77660  405000  0.1206 

 Turkmenistan  0 42840  213700  0.1153 

 Congo, Republic of the  1 5099  21090  0.0956 

 Cyprus  1 18040  72000  0.0923 

 Sudan  1 97470  344700  0.0818 

 Papua New Guinea  1 15410  50000  0.0750 

 Suriname  1 3136  9462  0.0698 

 Mexico  1 1149000  3420000  0.0688 

 Uzbekistan  1 55750  142000  0.0589 

 Malaysia  1 313800  770000  0.0567 

 Egypt  1 334400  700000  0.0484 

 Denmark  1 201500  342000  0.0392 

 Vietnam  1 262800  400000  0.0352 
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Country  
 

Real GDP  

 
Oil – Production 

(bbl/day)  ODI 

 Bolivia  1 27870  42000  0.0348 

 Argentina  1 608800  745000  0.0283 

 Indonesia  1 948300  1136000  0.0277 

 Chile  1 202700  225000  0.0257 

 United Kingdom  1 1930000  2075000  0.0249 

 Aruba  1 2258  2363  0.0242 

 Belize  1 2307  2413  0.0242 

 Brazil  1 1655000  1590000  0.0222 

 Tunisia  1 89740  81530  0.0210 

 Nicaragua  1 17330  14300  0.0191 

 Australia  1 674600  530000  0.0182 

 Peru  1 186600  120000  0.0149 

 Romania  1 202200  119000  0.0136 

 United States  1 13130000  7610000  0.0134 

 Croatia  1 60260  32900  0.0126 

 Cuba  1 45510  20500  0.0104 

 Belarus  1 82940  34260  0.0095 

 South Africa  1 587500  229900  0.0090 

 Thailand  1 596500  230000  0.0089 

 Serbia  1 44830  14660  0.0076 

 Hungary  1 175200  47530  0.0063 

 Guatemala  1 61380  16370  0.0062 

 New Zealand  1 106900  27860  0.0060 

 Lithuania  1 54900  14000  0.0059 

 Estonia  1 26850  6819  0.0059 

 Ukraine  1 364300  90400  0.0057 

 Cameroon  1 42480  9500  0.0052 

 Barbados  1 5146  1000  0.0045 

 India  1 4156000  785000  0.0044 

 Netherlands  1 529100  95800  0.0042 

 Albania  1 20460  3600  0.0041 

 Pakistan  1 437500  63000  0.0033 

 Mongolia  1 5852  822  0.0032 

 Kyrgyzstan  1 10730  1378  0.0030 

 Ghana  1 60000  7477  0.0029 

 Slovakia  1 99190  11480  0.0027 

 Georgia  1 17880  1981  0.0026 

 Austria  1 283800  25360  0.0021 

 Italy  1 1756000  145100  0.0019 

 Turkey  1 635600  50000  0.0018 

 Canada  1 1178000  82300  0.0016 

 Singapore  1 141200  9701  0.0016 

 Czech Republic  1 224000  15240  0.0016 

 Cyprus  1 4540  300  0.0015 

 Poland  1 552400  35880  0.0015 

 Germany  1 2630000  167400  0.0015 

 Philippines  1 449800  25320  0.0013 

 Finland  1 176400  9105  0.0012 

 France  1 1891000  73500  0.0009 

 Bulgaria  1 78680  3000  0.0009 

 Belgium  1 342800  10690  0.0007 

 Japan  1 4218000  125000  0.0007 
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Country  
 

Real GDP  

 
Oil – Production 

(bbl/day)  ODI 

 Spain  1 1109000  31250  0.0006 

 Tajikistan  1 9521  253  0.0006 

 Greece  1 256300  5401  0.0005 

 Bangladesh  1 336700  6813  0.0005 

 Uruguay  1 37540  514  0.0003 

 Zambia  1 11640  140  0.0003 

 Taiwan  1 680500  7755  0.0003 

 Sweden  1 290600  3208  0.0003 

 Puerto Rico  1 75820  722  0.0002 

 Switzerland  1 255500  2241  0.0002 

 Korea, South  1 1196000  7378  0.0001 

 Madagascar  1 17270  91  0.0001 

 Korea, North  1 40000  139  0.0001 

 Morocco  1 152500  300  0.0000 

 China  1 10170000  15100  0.0000 

 Sierra Leone  1 5452  4  0.0000 

 Israel  1 170300  100  0.0000 

 Slovenia  1 47010  8  0.0000 

 Dominican Republic  1 77090  12  0.0000 
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Latest Growth Data & Updated Samples 

 

Variable 
 

Description 
 

Source 

𝑦   Real GDP per working-age (15-64) person in 2005  World Bank’s EdStats 
(Education Statistics) 

𝑠𝐾
𝑌    Average investment share of real GDP during the 

period 1990-2005. 
 Penn World Table 6.2 

SCH  SCHOOL  World Bank’s EdStats 

S  Average years of formal schooling received by 
adults (15+) during the period 1990-2005. 

 World Bank’s EdStats 

L_exp  Life expectancy at birth averaged over the period 
1990-2005. 

 World Bank’s HNPStats 
(Health, Nutrition and Population 
Statistics) 

𝑠𝐻
ℒ = 𝑆/"𝐿_𝑒𝑥𝑝"   Share of active population invested in human 

capital accumulation averaged over the period 
1990-2005. 

 World Bank’s EdStats 

𝑠𝑌
ℒ   Working age (15-64) population as a share of total 

population averaged over the period 1990-2005. 
 World Bank’s EdStats 

𝑛   Average growth rate of working age (15-64) 
population during the period 1990-2005. 

 World Bank’s EdStats 

             Country CODE N I O 𝑦  𝑠𝐾
𝑌

 SCH S L_exp 𝑠𝐻
ℒ

 𝑠𝑌
ℒ

 𝑛 

Afghanistan AFG 1 0 0 

 

0.06 
 

1.52 
  

0.51 0.05 

Albania ALB 1 1 0 8211 0.38 9.09 
 

73.45 
 

0.63 0.00 

Algeria DZA 0 0 0 10732 0.11 12.03 4.82 69.39 0.08 0.60 0.03 

Angola AGO 0 0 0 4571 0.05 2.49 
 

40.32 
 

0.50 0.03 

Antigua ATG 1 1 0 

 

0.17 
  

74.60 
   

Argentina ARG 1 1 0 22528 0.14 12.08 8.47 73.24 0.14 0.62 0.01 

Armenia ARM 1 1 0 7369 0.11 12.85 
 

70.77 
 

0.64 -0.01 

Australia AUS 1 1 1 46997 0.25 15.18 10.66 78.88 0.18 0.67 0.01 

Austria AUT 1 1 1 49855 0.24 8.98 8.06 77.42 0.14 0.67 0.00 

Azerbaijan AZE 0 0 0 7474 0.15 12.20 
 

70.93 
 

0.62 0.02 

Bahamas BHS 1 1 0 

 

0.18 13.32 
 

68.94 
 

0.64 0.02 

Bahrain BHR 0 0 0 30752 0.09 11.04 5.53 73.22 0.09 0.68 0.03 

Bangladesh BGD 1 1 0 3371 0.10 8.54 2.40 59.70 0.04 0.58 0.03 

Barbados BRB 1 1 0 

 

0.04 11.84 8.33 75.43 0.14 0.67 0.01 

Belarus BLR 1 0 0 11287 0.15 10.44 
 

68.85 
 

0.67 0.00 

Belgium BEL 1 1 1 48969 0.23 13.28 9.10 76.35 0.15 0.66 0.00 
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Country CODE N I O 𝑦  𝑠𝐾
𝑌

 SCH YoS L_exp 𝑠𝐻
ℒ

 𝑠𝑌
ℒ

 𝑛 

Belize BLZ 1 1 0 12054 0.16 11.94 
 

72.29 
 

0.57 0.04 

Benin BEN 1 1 0 2148 0.08 3.54 2.14 53.71 0.04 0.51 0.04 

Bermuda BMU 1 1 0 

 

0.14 
  

76.16 
   

Bhutan BTN 1 0 0 

 

0.22 
  

59.02 
  

0.03 

Bolivia BOL 1 1 0 4913 0.09 11.65 5.30 62.00 0.09 0.56 0.02 

Bosnia and 
Herzegovina 

BIH 1 0 0 
10982 

0.06 
  

73.16 
 

0.70 -0.01 

Botswana BWA 1 1 0 20985 0.18 12.55 5.83 50.21 0.13 0.57 0.02 

Brazil BRA 1 1 0 12728 0.15 11.64 4.45 68.75 0.08 0.64 0.02 

Brunei BRN 0 0 0 

 

0.05 11.73 
 

75.64 
 

0.65 0.03 

Bulgaria BGR 1 1 0 13007 0.07 8.73 
 

71.52 
 

0.68 -0.01 

Burkina Faso BFA 1 1 0 2422 0.10 2.15 
 

47.02 
 

0.49 0.03 

Burundi BDI 1 1 0 1337 0.05 1.71 1.38 43.11 0.04 0.50 0.02 

Cambodia KHM 1 0 0 4583 0.05 5.09 
 

55.43 
 

0.55 0.03 

Cameroon CMR 1 1 0 4172 0.04 6.30 3.33 48.86 0.08 0.53 0.03 

Canada CAN 1 1 1 48228 0.24 10.40 11.33 78.55 0.19 0.68 0.01 

Cape Verde CPV 1 0 0 10330 0.15 11.26 
 

68.15 
 

0.52 0.03 

Central African 
Republic 

CAF 1 0 0 
2311 

0.07 2.08 2.45 42.93 0.06 0.53 0.02 

Chad TCD 0 0 0 2871 0.12 2.22 
 

44.82 
 

0.50 0.03 

Chile CHL 1 1 0 17942 0.21 9.77 7.25 75.95 0.12 0.65 0.02 

China CHN 1 1 0 9519 0.28 6.67 6.10 70.14 0.10 0.68 0.01 

Colombia COL 0 0 0 11431 0.12 10.28 4.98 70.55 0.08 0.62 0.02 

Comoros COM 1 0 0 3600 0.09 5.51 
 

59.96 
 

0.42 0.03 

Congo, Dem. 
Rep. 

ZAR 0 0 0 
1427 

0.09 4.41 2.91 43.42 0.08 0.50 0.03 

Congo, Republic 
of 

COG 1 1 0 
2527 

0.09 9.51 5.13 52.24 0.11 0.50 0.03 

Costa Rica CRI 1 1 0 15466 0.10 8.69 5.79 77.40 0.10 0.62 0.03 

Cote d`Ivoire CIV 0 0 0 3002 0.04 4.52 
 

48.16 
 

0.53 0.03 

Croatia HRV 1 1 0 19384 0.14 8.90 
 

73.35 
 

0.67 -0.01 

Cuba CUB 1 0 0 

 

0.04 8.08 
 

76.29 
 

0.69 0.01 

Cyprus CYP 1 0 0 29830 0.15 10.57 8.92 77.86 0.15 0.72 0.02 

Czech Republic CZE 1 1 1 28970 0.19 8.89 
 

73.96 
 

0.69 0.00 

Denmark DNK 1 1 1 51319 0.22 9.76 9.55 76.17 0.16 0.67 0.00 

Djibouti DJI 1 0 0 3911 0.08 2.61 
 

52.07 
 

0.54 0.03 

Dominica DMA 1 1 0 

 

0.12 
  

75.19 
   

Dominican 
Republic 

DOM 1 1 0 
13015 

0.13 9.32 4.67 70.00 0.08 0.60 0.02 

Ecuador ECU 0 0 0 7024 0.17 9.76 6.15 72.15 0.10 0.60 0.02 

Egypt EGY 1 1 0 7033 0.05 14.21 4.92 67.05 0.08 0.59 0.03 

El Salvador SLV 1 1 0 8662 0.08 7.68 4.70 68.96 0.08 0.59 0.03 

Equatorial 
Guinea 

GNQ 0 0 0 
13525 

0.23 5.92 
 

44.65 
 

0.52 0.02 

Eritrea ERI 1 0 0 2094 0.07 5.09 
 

51.60 
 

0.52 0.03 

Estonia EST 1 1 0 22681 0.14 10.89 8.97 69.96 0.15 0.67 -0.01 

Ethiopia ETH 1 1 0 2007 0.04 3.23 
 

43.19 
 

0.49 0.02 

Fiji FJI 1 1 0 9387 0.11 12.90 8.08 67.22 0.14 0.62 0.02 

Finland FIN 1 1 1 48108 0.23 11.50 9.67 76.97 0.16 0.67 0.00 

France FRA 1 1 1 46690 0.23 11.19 7.41 78.36 0.13 0.65 0.00 

Gabon GAB 0 0 0 12508 0.05 8.02 
 

57.26 
 

0.53 0.03 

Gambia GMB 1 1 0 3421 0.11 5.23 1.96 53.53 0.04 0.55 0.04 

Georgia GEO 1 1 0 5038 0.07 10.51 
 

70.44 
 

0.66 -0.01 

Germany GER 1 1 1 44013 0.23 8.34 9.98 77.14 0.17 0.68 0.00 

Ghana GHA 1 1 0 4326 0.06 6.29 3.75 56.76 0.07 0.55 0.03 

Greece GRC 1 1 1 34678 0.22 8.86 8.33 77.95 0.14 0.68 0.01 

Grenada GRD 1 1 0 

 

0.25 
  

72.41 
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Country CODE N I O 𝑦  𝑠𝐾
𝑌

 SCH YoS L_exp 𝑠𝐻
ℒ

 𝑠𝑌
ℒ

 𝑛 

Guatemala GTM 1 1 0 8707 0.07 7.18 3.26 64.95 0.06 0.52 0.03 

Guinea GIN 1 1 0 4392 0.08 2.86 
 

51.29 
 

0.53 0.03 

Guinea-Bissau GNB 1 0 0 1673 0.15 2.69 0.76 43.93 0.02 0.50 0.03 

Guyana GUY 1 0 0 6884 0.18 14.31 5.98 61.33 0.11 0.63 0.01 

Haiti HTI 1 0 0 2842 0.04 
 

2.84 50.06 0.06 0.55 0.02 

Honduras HND 1 1 0 6023 0.16 6.66 4.50 66.90 0.08 0.54 0.03 

Hong Kong HKG 1 1 0 47339 0.25 7.38 9.28 79.81 0.16 0.72 0.02 

Hungary HUN 1 1 1 25895 0.19 9.02 8.96 70.75 0.15 0.67 0.00 

Iceland ISL 1 1 1 55429 0.22 12.41 8.47 78.39 0.14 0.65 0.01 

India IND 1 1 0 5509 0.11 7.91 4.56 61.82 0.08 0.60 0.02 

Indonesia IDN 1 1 0 5806 0.15 8.85 4.51 64.77 0.08 0.63 0.02 

Iran IRN 0 0 0 12030 0.25 17.69 4.67 68.30 0.08 0.56 0.03 

Iraq IRQ 0 0 0 

 

0.03 
 

3.65 59.79 0.07 0.54 0.03 

Ireland IRL 1 1 1 55985 0.21 14.49 9.07 76.51 0.15 0.66 0.02 

Israel ISR 1 1 0 41744 0.25 12.55 9.48 78.21 0.16 0.63 0.03 

Italy ITA 1 1 1 44072 0.21 7.11 6.84 78.67 0.12 0.68 0.00 

Jamaica JAM 1 1 0 7000 0.16 12.82 5.01 71.28 0.08 0.59 0.01 

Japan JPN 1 1 1 47111 0.31 8.82 9.22 80.45 0.16 0.68 0.00 

Jordan JOR 1 1 0 9117 0.15 14.95 6.44 69.86 0.11 0.56 0.05 

Kazakhstan KAZ 0 0 0 11623 0.09 13.46 8.87 65.97 0.15 0.65 0.00 

Kenya KEN 1 1 0 2280 0.09 7.30 3.95 51.88 0.08 0.52 0.03 

Kiribati KIR 1 0 0 

 

0.02 
  

59.93 
   

Korea, Dem. 
Rep. 

PRK 1 0 0 

 

0.05 
  

63.86 
 

0.68 0.01 

Korea, Republic 
of 

KOR 1 1 1 
30606 

0.38 10.96 10.45 74.79 0.18 0.71 0.01 

Kuwait KWT 0 0 0 30148 0.11 7.22 6.53 76.46 0.11 0.70 0.02 

Kyrgyzstan KGZ 1 1 0 3080 0.08 15.01 
 

67.60 
 

0.59 0.02 

Laos LAO 1 0 0 3674 0.18 6.28 
 

59.11 
 

0.54 0.03 

Latvia LVA 1 1 0 19961 0.12 10.18 9.45 69.15 0.16 0.67 -0.01 

Lebanon LBN 1 1 0 8725 0.20 15.84 
 

70.62 
 

0.62 0.02 

Lesotho LSO 1 0 0 5940 0.28 7.37 4.07 46.95 0.10 0.53 0.01 

Liberia LBR 1 0 0 

 

0.03 4.03 2.29 41.94 0.06 0.51 0.03 

Libya LBY 0 0 0 

 

0.06 20.64 
 

71.83 
 

0.61 0.03 

Lithuania LTU 1 1 0 21371 0.13 10.22 9.42 70.77 0.16 0.66 0.00 

Luxembourg LUX 1 1 1 89543 0.25 7.13 
 

76.95 
 

0.68 0.01 

Macao MAC 1 1 0 48128 0.14 8.20 
 

78.65 
 

0.70 0.02 

Macedonia MKD 1 1 0 10387 0.11 8.88 
 

72.58 
 

0.67 0.01 

Madagascar MDG 1 1 0 1746 0.04 3.00 
 

53.74 
 

0.52 0.03 

Malawi MWI 1 1 0 1344 0.06 4.45 2.87 42.32 0.08 0.51 0.02 

Malaysia MYS 1 1 0 17269 0.25 10.69 6.44 72.00 0.11 0.61 0.03 

Maldives MDV 1 0 0 

 

0.14 12.18 
 

63.95 
 

0.52 0.04 

Mali MLI 1 1 0 2105 0.07 2.67 0.77 47.29 0.02 0.49 0.03 

Malta MLT 1 0 0 27805 0.16 9.42 
 

77.44 
 

0.67 0.01 

Mauritania MRT 0 0 0 4170 0.09 3.64 2.42 50.98 0.05 0.53 0.03 

Mauritius MUS 1 1 0 18407 0.12 8.85 5.79 70.77 0.10 0.67 0.02 

Mexico MEX 1 1 1 16524 0.18 11.29 6.97 73.65 0.12 0.60 0.02 

Micronesia, Fed. 
Sts. 

FSM 1 0 0 
12569 

0.02 
  

67.07 
 

0.55 0.02 

Moldova MDA 1 1 0 2933 0.11 10.88 9.23 67.32 0.16 0.71 0.01 

Mongolia MNG 1 0 0 3204 0.20 11.79 
 

64.63 
 

0.57 0.03 

Morocco MAR 1 1 0 7106 0.11 6.97 
 

67.60 
 

0.58 0.02 

Mozambique MOZ 1 0 0 2358 0.05 1.68 1.01 42.93 0.03 0.52 0.03 

Namibia NAM 1 0 0 13794 0.11 12.01 
 

58.57 
 

0.53 0.03 

Nepal NPL 1 1 0 2705 0.17 6.79 2.00 55.54 0.04 0.56 0.03 
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Country CODE N I O 𝑦  𝑠𝐾
𝑌

 SCH YoS L_exp 𝑠𝐻
ℒ

 𝑠𝑌
ℒ

 𝑛 

Netherlands NLD 1 1 1 48247 0.22 11.07 9.07 77.80 0.15 0.68 0.00 

Netherlands 
Antilles 

ANT 1 0 0 

 

0.17 13.78 
 

75.34 
 

0.67 0.00 

New Zealand NZL 1 1 1 37564 0.22 11.76 11.49 77.64 0.19 0.66 0.01 

Nicaragua NIC 1 1 0 5969 0.11 11.56 4.11 67.77 0.07 0.54 0.03 

Niger NER 1 0 0 1593 0.07 1.23 0.92 42.55 0.02 0.49 0.03 

Nigeria NGA 0 0 0 2139 0.05 7.02 
 

47.17 
 

0.52 0.03 

Norway NOR 0 0 1 63371 0.22 10.70 11.71 78.25 0.20 0.65 0.01 

Oman OMN 0 0 0 22150 0.08 12.45 
 

72.66 
 

0.59 0.03 

Pakistan PAK 1 1 0 4096 0.11 4.86 3.98 62.54 0.07 0.53 0.03 

Palau PLW 1 0 0 

 

0.03 
      

Panama PAN 1 1 0 11948 0.18 9.95 8.33 73.84 0.14 0.62 0.02 

Papua New 
Guinea 

PNG 1 0 0 
4472 

0.07 3.43 2.59 54.08 0.05 0.56 0.03 

Paraguay PRY 1 1 0 7579 0.12 9.32 6.14 69.73 0.10 0.56 0.03 

Peru PER 1 1 0 9661 0.17 13.55 7.03 68.32 0.12 0.60 0.02 

Philippines PHL 1 1 0 8425 0.14 13.96 7.79 68.46 0.13 0.58 0.03 

Poland POL 1 1 1 19577 0.18 12.32 9.65 72.83 0.16 0.67 0.01 

Portugal PRT 1 1 1 30427 0.23 10.63 5.42 75.49 0.09 0.67 0.01 

Puerto Rico PRI 1 0 0 

 

0.14 
  

76.01 
 

0.65 0.01 

Qatar QAT 0 0 0 

 

0.15 8.38 
 

72.14 
 

0.73 0.04 

Romania ROM 1 1 0 12981 0.13 8.75 
 

70.23 
 

0.68 0.00 

Russia RUS 0 0 0 15281 0.15 10.38 
 

66.04 
 

0.68 0.00 

Rwanda RWA 1 1 0 2232 0.03 2.88 2.34 36.02 0.08 0.50 0.02 

Samoa WSM 1 0 0 11263 0.22 13.27 
 

68.54 
 

0.55 0.01 

Sao Tome and 
Principe 

STP 1 0 0 
3872 

0.16 6.86 
 

62.43 
 

0.52 0.03 

Saudi Arabia SAU 0 0 0 24719 0.09 9.50 
 

70.52 
 

0.58 0.03 

Senegal SEN 1 1 0 3301 0.07 3.00 2.40 54.78 0.05 0.52 0.03 

Serbia and 
Montenegro 

SCG 1 0 0 

 

0.04 
      

Seychelles SYC 1 0 0 

 

0.17 
  

71.46 
   

Sierra Leone SLE 1 1 0 1497 0.03 4.18 2.27 39.72 0.07 0.54 0.02 

Singapore SGP 1 1 0 41116 0.36 
 

6.57 77.28 0.11 0.72 0.02 

Slovak Republic SVK 1 1 1 22204 0.20 10.51 9.09 72.72 0.15 0.68 0.01 

Slovenia SVN 1 1 0 31632 0.22 9.86 6.86 74.94 0.12 0.71 0.00 

Solomon Islands SLB 1 0 0 3566 0.07 4.12 
 

61.57 
 

0.55 0.03 

Somalia SOM 1 0 0 

 

0.09 
  

43.74 
 

0.53 0.02 

South Africa ZAF 1 1 0 18195 0.08 15.29 5.86 51.81 0.13 0.59 0.02 

Spain ESP 1 1 1 39278 0.24 10.74 6.85 78.51 0.12 0.68 0.01 

Sri Lanka LKA 1 1 0 6709 0.12 10.89 6.46 72.94 0.11 0.63 0.02 

St. Kitts & Nevis KNA 1 1 0 

 

0.18 
  

69.42 
   

St. Lucia LCA 1 1 0 9962 0.12 12.73 
 

72.02 
 

0.60 0.02 

St.Vincent & 
Grenadines 

VCT 1 1 0 
10228 

0.09 11.00 
 

72.20 
 

0.59 0.02 

Sudan SDN 1 0 0 3644 0.09 4.15 1.90 55.00 0.04 0.56 0.03 

Suriname SUR 1 0 0 12147 0.19 13.84 
 

68.65 
 

0.62 0.01 

Swaziland SWZ 1 1 0 8695 0.08 9.62 5.64 49.17 0.13 0.52 0.03 

Sweden SWE 1 1 1 49812 0.20 12.43 10.72 79.12 0.18 0.64 0.00 

Switzerland CHE 1 1 1 52717 0.28 8.04 10.31 79.20 0.17 0.68 0.01 

Syria SYR 0 0 0 6346 0.07 9.33 5.45 71.37 0.09 0.55 0.04 

Taiwan TWN 1 0 0 

 

0.19 
      

Tajikistan TJK 1 0 0 2372 0.07 16.34 9.79 63.40 0.17 0.54 0.02 

Tanzania TZA 1 1 0 1374 0.06 
 

2.72 49.00 0.06 0.53 0.03 

Thailand THA 1 1 0 12552 0.32 6.85 6.05 69.31 0.10 0.67 0.02 

Togo TGO 1 0 0 2820 0.10 4.92 3.14 55.85 0.06 0.52 0.03 
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ℒ
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Tonga TON 1 0 0 14076 0.09 14.15 
 

71.20 
 

0.56 0.01 

Trinidad 
&Tobago 

TTO 0 0 0 
20533 

0.14 12.77 7.46 70.76 0.13 0.66 0.02 

Tunisia TUN 1 1 0 12355 0.13 11.45 4.49 71.93 0.08 0.62 0.03 

Turkey TUR 1 1 1 12759 0.17 10.34 4.85 68.85 0.08 0.63 0.02 

Turkmenistan TKM 0 0 0 

 

0.25 
  

62.88 
 

0.59 0.03 

Uganda UGA 1 0 0 3087 0.03 2.99 3.39 45.27 0.08 0.47 0.03 

Ukraine UKR 1 1 0 9918 0.11 10.55 
 

68.14 
 

0.67 0.00 

United Arab 
Emirates 

ARE 0 0 0 
33157 

0.20 7.30 
 

76.48 
 

0.73 0.07 

United Kingdom GBR 1 1 1 50300 0.18 10.91 9.09 77.27 0.15 0.66 0.00 

United States USA 1 1 1 62581 0.21 10.29 11.89 76.38 0.20 0.65 0.01 

Uruguay URY 1 1 0 15935 0.12 11.18 7.32 74.20 0.12 0.62 0.01 

Uzbekistan UZB 1 0 0 3270 0.07 17.52 
 

68.41 
 

0.58 0.03 

Vanuatu VUT 1 0 0 5686 0.13 5.67 
 

66.55 
 

0.54 0.03 

Venezuela VEN 0 0 0 10405 0.12 8.13 6.10 72.80 0.10 0.61 0.03 

Vietnam VNM 1 1 0 4732 0.13 9.54 3.84 67.87 0.07 0.60 0.03 

Yemen YEM 0 0 0 1811 0.05 9.37 1.49 58.02 0.03 0.49 0.04 

Zambia ZMB 1 1 0 1999 0.10 5.16 5.02 40.30 0.14 0.51 0.02 

Zimbabwe ZWE 1 1 0 3614 0.13 9.69 5.19 46.01 0.13 0.53 0.02 



 

Appendix II   – Supplementary Results 

Using LL
HH ss −1  Instead of LL

YH ss  

LFollowing table compares the results when we use LL
HH ss −1  instead of LL

YH ss , which 
theoretically are the same variable. The first two section of the following table III are same as 
Table II. Last section uses LL

HH ss −1  instead of LL
YH ss . As we can see that all of the results 

drawn in section 3.4 still hold. 
 Table III - Augmented Solow Model 

 Dependent Variable 
log GDP per working-
age person in 2005.  

log GDP per working-
age person in 2005.  

log GDP per working-
age person in 2005. 

Sample Non-oil Inter OECD  Non-oil Inter OECD  Non-oil Inter OECD 

Observations 94 82 27  94 82 27  94 82 27 

Unrestricted regression            
Constant 4.28 4.33 5.15  8.44 8.77 9.42  9,44 9,63 9,46 

 (1.34) (1.34) (2.88)  (1.41) (1.38) (1.94)  (1,42) (1,41) (1,98) 

Ln (I/GDP) 0.91 0.99 0.79  1.03 1.10 0.58  0,92 0,99 0,50 
 (0.15) (0.16) (0.42)  (0.14) (0.15) (0.39)  (0,14) (0,15) (0,40) 

Ln (n+g+d) -2.09 -2.02 -1.73  -1.57 -1.52 -1.14  -1,24 -1,23 -1,06 
 

(0.42) (0.40) (0.72)  (0.44) (0.42) (0.59)  (0,44) (0,43) (0,60) 

ln(SCHOOL) 0.57 0.71 0.70         

 
(0.14) (0.18) (0.45)         

Ln( LL
YH ss )     0.74 0.75 0.83     

 
    (0.17) (0.20) (0.31)     

ln( LL
HH ss −1 )         0,76 0,75 0,67 

         (0,14) (0,17) (0,27) 

s.e.e. 0.62 0.57 0.35  0.61 0.57 0.32  0,58 0,56 0,33 
Adj. R^2 0.71 0.73 0.24  0.72 0.73 0.35  0,74 0,74 0,33 

Restricted regression            
Constant 5.68 5.04 5.64  7.95 7.96 8.80  8,33 8,32 9,19 
 

(0.62) (0.79) (2.30)  (0.12) (0.14) (0.44)  (0,09) (0,10) (0,40) 

Ln (I/GDP) - Ln (n+g+d) 1.00 1.04 0.87  1.00 1.07 0.51  0,88 0,95 0,47 
 

(0.13) (0.14) (0.31)  (0.12) (0.13) (0.32)  (0,13) (0,14) (0,33) 

ln(SCHOOL) - ln(n+g+d) 0.61 0.74 0.72         
 (0.14) (0.17) (0.44)         
ln( LL

YH ss ) - ln(n+g+d)     0.72 0.69 0.79     
     (0.14) (0.17) (0.29)     
ln( LL

HH ss −1 ) - ln(n+g+d)         0,70 0,67 0,66 
 

        (0,12) (0,15) (0,25) 

s.e.e. 0.62 0.57 0.35  0.60 0.57 0.32  0,58 0,56 0,32 
Adj. R^2 0.71 0.74 0.27  0.72 0.73 0.38  0,74 0,74 0,36 

Test of restriction:            
p-value 0.24 0.51 0.77  0.73 0.56 0.75  0,43 0,35 0,89 

Implied α MRW 0.38 0.37 0.34  0.37 0.39 0.22  0,34 0,36 0,22 
Implied α Thesis 0.50 0.51 0.47  0.50 0.52 0.34  0,47 0,49 0,32 

Implied β MRW 0.23 0.27 0.28  0.26 0.25 0.34  0,27 0,26 0,31 
Implied β Thesis 0.30 0.36 0.38  0.36 0.33 0.53  0,37 0,34 0,45 
NOTE: “Implied α MRW” and “Implied β MRW” denote the structural form coefficients derived using MRW (1992) model. Where 
as “Implied α Thesis” and “Implied β Thesis” denote the structural form coefficients derived using the model proposed in this 
thesis. 
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Abstracting from Cross-country Variation in Active-life Expectancy: 

The table below shows the results if we assume constant active-life expectancy across 
countries. Hence we use just average years of formal schooling ( ) received by adults (15+) 
during the period 1990 – 2005 to estimate the share of active population busy in acquiring 
human capital. We can see that this approach results in both improving the fit of the model by 
higher adj.R

S

2 and also gives the estimate of the structural form coefficients, α and β, much 
closer to the empirically observed shares of capitals of 1/3. This holds for all three samples. 
And restrictions of the model are not rejected in all three samples. 

 
 Table IV - Augmented Solow Model 

 Dependent Variable 
log GDP per working-
age person in 2005.  

log GDP per working-
age person in 2005.  

log GDP per working-
age person in 2005. 

Sample Non-oil Inter OECD  Non-oil Inter OECD  Non-oil Inter OECD 

Observations 94 82 27  94 82 27  94 82 27 

Unrestricted regression            
Constant 4.28 4.33 5.15  8.44 8.77 9.42  5,33 5,36 6,05 
 

(1.34) (1.34) (2.88)  (1.41) (1.38) (1.94)  (1,21) (1,20) (2,07) 

Ln (I/GDP) 0.91 0.99 0.79  1.03 1.10 0.58  0,87 0,90 0,58 
 

(0.15) (0.16) (0.42)  (0.14) (0.15) (0.39)  (0,14) (0,15) (0,39) 

Ln (n+g+d) -2.09 -2.02 -1.73  -1.57 -1.52 -1.14  -1,47 -1,42 -1,14 
 

(0.42) (0.40) (0.72)  (0.44) (0.42) (0.59)  (0,42) (0,40) (0,59) 

ln(SCHOOL) 0.57 0.71 0.70         
 

(0.14) (0.18) (0.45)         

ln( LL
YH ss )     0.74 0.75 0.83     

 
    (0.17) (0.20) (0.31)     

ln( L
YsS )         0,79 0,89 0,83 

 
        (0,14) (0,18) (0,31) 

s.e.e. 0.62 0.57 0.35  0.61 0.57 0.32  0,58 0,55 0,32 
Adj. R^2 0.71 0.73 0.24  0.72 0.73 0.35  0,74 0,75 0,35 

Restricted regression            
Constant 5.68 5.04 5.64  7.95 7.96 8.80  4,93 4,67 5,57 
 

(0.62) (0.79) (2.30)  (0.12) (0.14) (0.44)  (0,57) (0,73) (1,44) 

Ln (I/GDP) - Ln (n+g+d) 1.00 1.04 0.87  1.00 1.07 0.51  0,85 0,87 0,51 
 

(0.13) (0.14) (0.31)  (0.12) (0.13) (0.32)  (0,13) (0,15) (0,32) 

ln(SCHOOL) - Ln (n+g+d) 0.61 0.74 0.72         
 

(0.14) (0.17) (0.44) 
        

ln( LL
YH ss ) - Ln (n+g+d)     0.72 0.69 0.79     

     
(0.14) (0.17) (0.29) 

    
ln( L

YsS ) - Ln (n+g+d)         0,77 0,83 0,79 
 

        (0,13) (0,16) (0,29) 

s.e.e. 0.62 0.57 0.35  0.60 0.57 0.32  0,58 0,54 0,32 
Adj. R^2 0.71 0.74 0.27  0.72 0.73 0.38  0,75 0,76 0,38 

Test of restriction:            
p-value 0.24 0.51 0.77  0.73 0.56 0.75  0,71 0,47 0,75 

Implied α MRW 0.38 0.37 0.34  0.37 0.39 0.22  0,32 0,32 0,22 
Implied α Thesis 0.50 0.51 0.47  0.50 0.52 0.34  0,46 0,47 0,34 

Implied β MRW 0.23 0.27 0.28  0.26 0.25 0.34  0,29 0,31 0,34 
Implied β Thesis 0.30 0.36 0.38  0.36 0.33 0.53  0,42 0,44 0,53 
NOTE: “Implied α MRW” and “Implied β MRW” denote the structural form coefficients derived using MRW (1992) model. Where 
as “Implied α Thesis” and “Implied β Thesis” denote the structural form coefficients derived using the model proposed in this 
thesis. 
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