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Abstract 

This study investigates the effect of human capital, using gross enrolment 

rate as a proxy, on labor productivity. It also investigates if a larger public 

effort in providing education opportunities would lead to a more efficient 

distribution of skills and therefore give a positive effect on labor 

productivity. We use a panel data approach to estimate an endogenous 

growth model on countries that are selected as to be reasonably similar. The 

main results are that growth in gross enrolment rate have a positive effect on 

labor productivity, while the level of government expenditure on tertiary 

education (measured as a percentage of GDP) has a negative effect on labor 

productivity. 
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1 Introduction 

Efficiency is at the heart of economic research and in a general sense a way to figure out how 

to make as many options as possible available to us. In a world with scarce resources, 

studying productivity in general and labor productivity in specific becomes very important. 

The more labor put to work the more production we can do but if we keep labor constant and 

increase our efficiency this increase in production is still available. As labor productivity 

grow, we are offered a choice. Produce more with what we have or produce the same with 

less. For social or environmental concerns, the latter may be preferable, and this is why labor 

productivity is so important. We open new paths that may be needed to solve the stressing 

issues of today. If we have a formula for increasing labor productivity, certainly we shed light 

on how to increase equality across countries and improve the standard of living. Although 

labor productivity is not the only reason some countries do better and some do worse, it 

certainly is a factor. Two countries could be equally rich, however in one of those the labor 

necessary perhaps eliminate time spent outside the job, hence we could pose the question if 

the equally wealthy are truly equal? 

In a general sense, doing things more efficient may have several sources, for example job 

experience, educational attainment, interest etc. In this essay, we are mostly interested in the 

role of tertiary education as a means of raising labor productivity. To do this we will make 

some restrictions. For example, it is not reasonable to believe that the effect of tertiary 

education have a uniform effect across countries, given the differences in primary and 

secondary education that exist around the world and the differences in terms of business 

structure that follows. Surely an economy at early development stages could not capitalize as 

much on a higher educated workforce as an industrial- or service economy. Therefore, we 

include countries that are at a similar economic development status. This is why we limit 

ourselves to the Organization for Economic Co-operation and Development (OECD) 

countries. Certainly there are still a wide array of differences between them, but to study a 

general effect of tertiary education we can’t limit ourselves to just a very select few countries 

since this would vastly limit the possible conclusions to be drawn from such a study. 

The aim for this study is to provide both some insight into the role of tertiary education for 

labor productivity, but also some insight on whether we may distribute skills in a more 

efficient way and therefore experience additional gains in terms of labor productivity. The 

idea behind this is that the skill distribution may be dependent on the design of the education 



 

 

system and whether educational attainment is possible for those most willing or interested 

rather than merely to those who may afford it. 

In section two a literature review is provided. In section three the theoretical framework I use, 

derived from the literature review, will be explained. In section four the methodology of this 

study is explained. In section five I go through the data used and some descriptive statistics. 

In section six I go through the results, which is then discussed in section seven. In section 

eight I draw some conclusions. Section nine is the reference list and section ten consist of two 

appendices with test outputs and further descriptive statistics. 

2 Literature review 

There are several ways of studying the role of education for labor productivity. In this section 

I will go through some articles in detail to give a brief overview of the different 

methodologies, data choices, results and arguments presented in the respective articles. In 

following sections I discuss the choices I made and the rationale for doing so. There are 

several ways of defining labor productivity and how to think of it, but the basic idea is that it 

is the effectiveness of production by the labor force. Therefore, we could naturally use a 

slightly revised growth model to understand this issue better. 

 

When studying growth, one often derives from the classical Solow model from 1956 that 

eventually landed him the Nobel price. The basic idea behind the Solow model is that in a 

country’s production function they experience decreasing returns on investments. This implies 

some convergence towards a steady state of growth (which may differ between countries). 

Solow showed that in a model with savings rate (i.e. proxy for investments) and population 

growth a regression would explain roughly 50% of the variance (Mankiw, Romer and Weil, 

1992). However, Romer (1992) and others have criticized this model to be too narrow since it 

did not do well in cross-country comparisons. One of the reasons, argued by Mankiw, Romer 

and Weil (1992) is the exclusion of human capital, therefore they attempt to extend the Solow 

model to try and get a better fit. Their reasoning is that although the model may correctly 

predict the direction in which investments and population growth affects GDP growth, the 

estimates may be biased, for example because of potential correlation between the savings 

rate and human capital accumulation. This could then bias the estimates of technology, 

investments or population growth. Instead, they add on to this model by including the growth 

of human- and physical capital as well. Doing so they managed to increase the fit of the 



 

 

model from to roughly 80% in their OLS regression. But it is worth noting that the 

regressions of the Solow model also assume equal depreciation rates between countries and 

equal technological growth, because technology is free and available for everyone to use. 

Mankiw, Romer and Weil (1992) uses a Cobb-Douglas production function as the basis for 

their analysis when extending the Solow-model, having the form Y=Kɑ*Hβ*(A*L)1-ɑ-β. Where 

Y is output, K is capital, H is human capital, A is total factor productivity (TFP) and L is 

population growth. The variable of choice for human capital is the fraction of working-age 

population that is enrolled in secondary education, however the authors acknowledges flaws 

in this measure, but due to lack of available alternatives this was a concession they deemed 

necessary. 

 

In contrast with the Solow model, when Romer (1992) made his case for the endogenous 

growth model, he allowed for returns to not be decreasing. This implies that there must not be 

convergence between countries, because the impact of investments must not decrease as the 

amount of investments increase. Therefore, instead of restricting the Cobb-Douglas 

production function the way it is done by Solow it could be expressed as Y=(K/L) ɑ*L, where 

Y is GDP, K is capital and L is labor, so long as we have constant returns to scale. This also 

meant that Romer did not provide an equilibrium solution. Instead this model is developed in 

an exploratory fashion because Romer argues the Solow model is not satisfactory when fitted 

to actual data. Some justification for this is provided. Romer (1992) argues that although 

innovation would imply costs on research and development, the actual production has no 

reason to experience a decreasing returns to scale. Furthermore, the innovation may provide 

excludability (for example patents), hence the technological growth remains with the private 

firm for some years and eventually should pay for the investments made. Therefore, we may 

divide up this technology in two parts, one that is made privately and therefore enjoys 

excludability, and one that is produced publicly (basic research) and although non-excludable 

some private entity then must apply this research to creating designs (innovate). He also 

argues that the more specific knowledge from educational activities in the aggregate 

production function by definition is bound to people, because the property of limited life. This 

means that human capital accumulated by a person is not automatically transmitted to 

someone else, however general scientific knowledge may and hence could grow indefinitely. 

This is the reasoning behind including human capital as its own explanatory variable. Romer 

(1992) also do provide some hypothetical arguments for convergence between countries, 

despite allowing for increasing returns to scale. He believes, for obvious reasons, poorer 



 

 

countries would produce fewer goods (i.e. the technology part from private investments), 

hence they would by this and the non-excludability of basic science be able to experience a 

faster growth in the sense that they may broaden their production, and therefore also 

experience a faster growth in GDP per capita. But this growth would require openness to trade 

and investments in human capital so that available labor may utilize the new technology. 

Furthermore, the measure for this increase is no longer the savings rate, but investments 

expressed as (K/L) due to the fact that labor and capital are complements in production. The 

reasoning behind this change is that investments should proxy the increase in the firm specific 

designs risen out of private investment. The final theoretical point is that when doing 

regressions, the variable for human capital may not be significant even though it in reality 

would be. Romer (1992) argues that this is because the nature of the correlation between 

investments and human capital accumulation. That is, when human capital increases, this 

allows for investments in capital goods as we now have the labor to utilize them. Therefore, 

we may suffer from multicollinearity. 

 

Kocourek and Nedomlelová (2017) examines the role of human capital over 125 countries 

during the period 1999-2014. They use measures of average years of schooling in the different 

levels of education, primary, secondary and tertiary. To estimate productivity growth on a 

decomposed level they divide the human capital stock in to three levels based on the school 

life expectancy, that is, a measure of how many years of education a person is expected to 

receive during a lifetime. They are then attributed a certain return to education based on 

previous studies. This is what they call the income approach. That is, they use an estimate of 

returns to education and from this derive the stock of human capital at an aggregate level. The 

authors use a Cobb-Douglas production function of Y=AKɑ(hL)1-ɑ where Y is output, A is 

TFP, K is capital, h is human capital and L is labor, as a basis for their analysis, which is an 

extended form of the Solow-model. This is then rewritten in per-capita terms (divide by L on 

both sides), and finally log-transformed, estimating three parameters, the log of TFP, and the 

coefficients of capital over labor and human capital. The interpretation of the regression 

coefficients will be that a 1% rise in the average length of education at a specific level, will 

correspond to the coefficient as a percentage rise in labor productivity, that is, the elasticity of 

length of education (for tertiary education estimated at 0.8723%). 

 

Chatterji (1998) uses tertiary enrolment rates from WorldBank data in 81 countries when 

examining the role of human capital on productivity. This method is chosen, among others 



 

 

because it is expected that productivity gained when a country changes business structure 

(moving from agricultural to industrial to service sector) and from innovation is mainly driven 

from skill acquired at the tertiary level, especially in the more modern days with an economy 

in transition, leaving agricultural sectors for example. The author constructs a quite complex 

regression model but with the main explanatory variables being on investments, secondary 

education enrolment rates and tertiary education enrolment rates, combined with some logged 

versions, changes over time etc. The author omits several countries based on the availability 

of data, noting that mainly countries that are less developed become excluded. This may be an 

issue, since one would expect that less developed countries could see a different effect from 

specific human capital accumulation. Since Chatterji starts out with lots of control variables, 

variable deletion is performed to try and find the best model. This is done in several steps and 

some conclusions is drawn from it. When deleting the main variable of interest, that of tertiary 

enrolment rate the significance of other variables dropped, and so it was concluded that it had 

to remain in the model, instead removing that of enrolment rate for secondary education. 

Another significant finding is that he does find convergence between countries. This could 

raise concerns if not anticipated by our model. An important distinction is also made that this 

relationship should have some upper bound, hence we can not expect that increased 

investments in tertiary education must always have a positive effect on growth, but within the 

studied framework it did. 

 

Neycheva (2010) uses public expenditure on education as a ratio to GDP to investigate the 

relationship between investments in human capital and growth in 20 European countries. The 

countries are also divided in sub-groups of so-called OMS (European union old member 

states) and NMS (European union new member states, or post-communist economies). To 

capture a more stable measure of growth than some other studies, the author uses a five-year 

moving average of the real growth rate. This is a way of dealing with the inherent 

inconsistencies over a smaller period of time, as to combat single-year shocks to a measure 

such as GDP that is outside the model, but it is also a way of filling holes in the data, as this 

was an issue with some of the post-communist countries. The author uses an extended Cobb-

Douglas production function with constant returns to scale, taking the form of Y=AKɑHβL1-ɑ-β 

where Y is output, A is total factor productivity, K is capital, H is human capital and L is 

labor, as a basis for the analysis. This model is then log transformed and differentiated, so the 

growth rates are used in the actual estimation. The authors reasoning for using public 

expenditure is that this represents the majority of overall spending on education in the studied 



 

 

countries. However, this means that in countries with tuition fees in tertiary education, this 

will not be included in the measure of human capital, which may be significant when 

considering tertiary education. When regressing, the model is also tested with several other 

variables that may affect the growth rates, such as taking into account the initial GDP levels to 

account for convergence between countries. An initial check confirms that in fact the NMS 

grew much faster, indicating a negative relationship between wealth and growth. Other 

control variables are such as R&D spending, exports, and a corruption index. As panel data is 

used, several tests were also conducted to deal with heteroscedasticity, stationarity and 

autocorrelation, this was the reasoning behind using the differentiation in the model. The 

study found significant results for public education expenditure, however only for the OMS 

are they conclusive, according to the author. The author argues that this may be due to the fact 

that NMS have a higher degree of people with completed secondary education, hence there 

may be an “upper bound” to at which point public spending on education would contribute to 

growth (i.e. quality vs quantity). They also found some counter-intuitive results, such as a 

negative result for investments. 

 

Neamtu and Hapenciuc (2016) compares participation rate in tertiary education in five 

selected countries with per capita growth over a period of 40 years. The authors use several 

methods to investigate any relationship. By plotting a correlogram for each country, they may 

find graphical clues to the nature of the relationship between the participation rate and GDP 

per capita. Some interesting results are found here. The authors argue that the relationship is 

different for different countries. For Great Britain, it seems to be a non-linear model. 

Estimation of a cubic model suggested that the explanatory variable could account for over 

86% of the growth in Great Britain. In Poland, they find the relationship to rather be an 

exponential form. The main points of this article is to investigate if tertiary educational 

participation have a uniform effect across countries. The main results indicate that the 

relationship seems stronger in initially poorer countries. This is something I have to consider 

moving forward in this essay, because if the countries included in the study show different 

effects from tertiary educational attainment then our regression results will be biased. 

3 Theoretical framework 

This essay is interested in the role of human capital accumulation on labor productivity 

growth. Now, we believe that human capital accumulation is a contributor to growth, as 



 

 

previous studies have indicated. This effect is quite intuitive. If a worker with no education or 

experience find himself at a workplace performing tasks of which he knows nothing he would 

not produce a lot of value for the firm. However, as he learnt, either by education, on the job 

training or both, he would produce faster and better. This is the essence of productivity, and 

so it is natural to expect educational attainment to provide growth, given that individuals and 

firms (at least in some sense) are maximizing entities. As productivity is a measure of 

efficiency of sort, it is also hugely complex. Traditionally we expect individuals to be 

maximizing utility and a common proxy for utility is some form of an income measure. But if 

we believe income to be an imperfect proxy for utility, we also believe there are other 

determinants of utility. For example, a person interested by its work could be expected to be 

more efficient than a less inspired colleague. Therefore, if individuals have more accessible 

educational opportunities, they may be more likely to work in a sector of their choice rather 

than out of economic necessity. In turn, that should distribute the workforce as to get the 

“right person at the right job”. This leads to the two hypothesis of this essay;  

(1) Increased human capital has a positive effect on labor productivity. 

(2) Government expenditure on tertiary education changes the distribution of skills and 

provides a positive effect on labor productivity. 

These hypotheses capture (1) the increased skills of the labor force and (2) the distribution of 

skills that may be the outcome of a high or low commitment level from the government. 

To study labor productivity growth, we will derive from the standard endogenous growth 

model based on the work of Romer (1992). The model is endogenous in the sense that we 

believe that the variables used may provide causal effects in several directions (e.g. human 

capital may affect GDP, but GDP may also affect human capital, since a higher GDP allows 

for investing in human capital). We will set up a production function of the economy that does 

not make the restriction of decreasing returns to scale. The reason for this is that we believe 

that it does not make sense in the context of a modern economy. In contrast with a classic 

solow-model, we do not believe that knowledge only is free and completely accessible, but 

instead divided up in to the free and accessible part, and an exclusive, protected part owned 

by production entities. This exclusivity is one of the reasons we may expect constant, or even 

increasing returns to scale, because no private investments would ever be done if firms were 

not able to capitalize on their investments. 



 

 

In line with previous studies, this study will use an extended Cobb-Douglas production 

function as the basis of analysis. More concretely the form of the Cobb-Douglas production 

function we will use is: 

Y= Kα*(H*L) β   (1) 

Where Y is output, K is physical capital, L is labor, and H is human capital. We believe what 

is relevant in terms of capital is the amount of capital available per unit of labor because the 

two are complements in production, and as we are interested in labor productivity, the 

function is rearranged as to get a measure of labor productivity, output per labor: 

Y/L=(K/L)α*Hβ    (2) 

4 Data and empirical analysis 

4.1 Choice of variables 
As a measure of output, we will use expenditure-side real GDP measured in purchasing power 

parity dollars. We want to use purchasing power parity because it will more accurately reflect 

the domestic market and possibilities. This is a way to deal with the real economic differences 

rather than those due to currency and exchange rates.  

As a measure of labor, we will use total amount of hours worked in the economy over a year. 

Many other studies would consider the variable L to rather be employment, but I believe that 

the measure of total hours worked is better, because any time we introduce an additional 

variable we are subject to risk of measurement error, however if we don’t we may disregard 

important information. In this case, if the average hours worked per worker is different across 

countries, the crucial data on productivity will for sure be wrong since the number of workers 

alone does not provide full information on the effort put in to production. Therefore, I rather 

run the risk of measurement errors than make a more restrictive assumption.  

As a measure of capital, we will use the capital stock measured in purchasing power parity 

dollars, as presented in Penn World Table (more on this in the data section).  

Lastly, as a measure of human capital, we will use two different measures. The first is gross 

enrolment rate in tertiary education. This is a measure of people, however it does not take age 

or completion in to account. This is the variable also used by Chatterji (1998). The second 

measure intended to proxy distribution of skills is public expenditure on tertiary education as 

a percentage of GDP. This measure is a neat way of doing several things. For example, it 

allows us to make a comparison of the generosity decided by the politicians on how much to 



 

 

spend on tertiary education. This measure is therefore not subject to simply be a reflection of 

initial wealth such as a fixed spending amount. We instead take note of the public will and 

assume that the educational attainment will be distributed to those most engaged (i.e. better 

grades before worse grades etc). However, this is a measure of available resources and 

therefore does not correspond to any specific amount of people. This is a variation of the 

measure used by Neycheva (2010), who used government expenditure on all education as a 

percentage of GDP. 

The main interest of this essay is to investigate the labor productivity effects of tertiary 

education, but human capital is also accumulated in primary and secondary education. We 

justify this narrowing down by the selection of our countries. We’re focusing on a 

comparative study using data on OECD countries. We will therefore assume that they all have 

well-developed primary- and secondary education systems. Although not perfect, using data 

on for example financing does not provide a perfect reflection of human capital accumulation 

either. We instead believe that although some differences exist in primary and secondary 

education, the main difference in terms of labor productivity is that accumulated in tertiary 

education. Additional regressions could then be run on subsets after dividing up the sample to 

increase the similarity of countries. 

The data used in this study is gathered from Penn World Table (Feenstra, Inklaar, and 

Timmer, 2015) and United Nations Educational, Scientific and Cultural Organization 

(UNESCO, 2019). PWT provides data on expenditure side real GDP measured in millions of 

current PPP$, the capital stock measured in millions of current PPP$, average hours worked 

per worker per year and employment in millions. These measures are the basis for further 

calculation of labor productivity expressed as GDP divided by the product of employment and 

average hours worked. UNESCO provides data on government expenditure on tertiary 

education measured as a share of GDP. This is measured as the amount spent on tertiary 

education from all levels of government divided by total GDP and multiplied by 100. 

UNESCO also provides data on Gross enrolment ratio in tertiary education which is measured 

as the amount of people enrolled in tertiary education divided by the population in the five 

year bracket following the official graduation age of secondary education. 

The basis for this analysis is every OECD country. However, data availability does not allow 

for all of these countries to be included, especially in the case of the UNESCO data. 

Therefore, some countries have to be omitted. This was done by reviewing the data with the 

goal of keeping as many countries as reasonably possible. With this in mind, I chose the 



 

 

starting point at 1998. This left me with the following 20 countries: Austria, Chile, Czech 

Republic, Denmark, Estonia, Finland, Hungary, Iceland, Ireland, Israel, Italy, Mexico, 

Norway, Poland, Portugal, Slovakia, Spain, Sweden, Switzerland and the United Kingdom. 

The data was still not perfect and certain measures had to be made to continue with this 

analysis. Some countries had missing values on government expenditure on tertiary education 

for single years, however no country left in the sample had more than 2 missing values. I 

chose not to omit countries to the point of having perfectly available data, because then either 

very few countries would be studied, or a very short time span would be included in this 

study. Since the level of funding is quite stable for a single year, we use the 5-year moving 

average to fill in these missing data. It is then reasonable to expect that this will not corrupt 

the data. For models with Gross enrolment rate no data was available for Austria, hence 

Austria was omitted from those models. Some extreme values were found in the data, most 

notably for Ireland. This was due to firms moving their seat to Ireland, inflating their balance 

sheet and performing a single-year growth number of over 20% (The guardian, 2016). 

4.2 Empirical analysis 
When dealing with panel data we have to take careful measure to make sure our estimates are 

not biased. First we need to control for stationarity. We do this using tests from the STATA 

software, more precisely the Levin-Lin-Chu test. If necessary, we could then do some variable 

transformation. Then we will try to find the best model, that is whether we should use a 

random effects model or a fixed effects model. Generally we would expect this analysis to 

require a fixed effects model because we could expect the individual countries to have some 

characteristics we can’t control for such as culture, political system etc. To test this we will 

use the Hausman test from the STATA software. Performing the Hausman test I first estimate 

a random effects model and a fixed effects model, then test the null-hypothesis that the 

difference in coefficients are not systematic. Rejecting this hypothesis means we use a fixed 

effects model, which was indeed the result of our test shown in table 1. These estimates 

yielded a Chi2-value of 82.40 and a p-value very close to zero, which means we conclude that 

the differences are systematic. 

Table 1: Hausman test estimates and statistics 

 F.E coefficients R.E coefficients Difference Standard error 

Δ ln(CapInt) 0.2111303 0.2258286 -0.0146983 0.0033705 

Δ ln (GER) 0.1186682 0.1492748 -0.0306067 0.0090529 



 

 

GXP -0.0457194 -0.0033343 -0.0423851 0.0156908 

Source: Authors calculations 

Lastly, we have to control for heteroskedasticity. This will be done using a user-written 

program in the STATA software (modified Wald test for groupwise heteroskedasticity). 

Seeing as the sample becomes quite small it is reasonable to find heteroskedasticity. If we do, 

we use robust errors. 

To account for some of the issues regarding the measurement of government expenditure on 

tertiary education I will use a five-year moving average with two lagged and two lead 

variables. This method is used by Neycheva (2010), although for growth in output. This is 

chosen as to smooth out the single-year (random) effects that may occur outside of our model. 

For example, dealing with the diminishing nature of public expenditure on tertiary education 

as a percentage of GDP, as well as to account for the inherent lag it faces through the need of 

political decision-making. In other words, we try to capture the trend. 

 

Descriptive statistics 

Table 1: Means, minimums and maximums of variables for year 1998 

Variable Mean Minimum Maximum 

Labor productivity level 30.55899 11.78629 45.5441 

Capital intensity 107.5555 32.73034 165.7226 

Government expenditure 

on tertiary education 

1.140502 0.55195 2.11798 

Gross enrolment ratio 43.2898 16.59718 79.17264 

Source: Penn World Table and UNESCO, authors’ calculations 

In table 1 we look at the initial levels of our measures in the sample. This is important because 

we assumed the countries were similar enough to all have well-developed primary and 

secondary education systems. The table show some large differences. The measures presented 

is not the growth rates, but rather the levels. The difference in labor productivity from the 

least productive to the most productive was roughly at a factor of four, and capital intensity 

roughly by a factor of five. These differences would weaken the assumption that the countries 

are similar enough to assume equal primary and secondary education and perhaps suggest we 



 

 

further restrict our sample. However, we have to keep in mind that if we omit too many 

countries the study soon will suffer in its significance and interpretations. 

Table 2: Mean growth rates of the variables during the sample period 1998-2015  

Country Labor 

productivity 

growth 

Capital 

intensity 

growth 

Government 

expenditure 

growth in 

tertiary 

education, % 

of GDP 

Gross 

enrolment rate 

in tertiary 

education 

growth 

Austria 2.46 5.24 0.87 Missing 

Chile 3.89 5.86 7.08 6.03 

Czech Republic 3.60 3.60 1.46 6.18 

Denmark 2.52 4.74 0.79 2.74 

Estonia 5.93 7.90 2.98 2.55 

Finland 1.95 3.63 -0.22 0.62 

Hungary 3.85 7.45 -0.88 3.20 

Iceland 2.19 3.54 1.55 4.17 

Ireland 5.39 8.26 -0.94 3.87 

Israel 1.23 1.99 -1.18 1.97 

Italy 1.27 5.14 0.43 1.63 

Mexico 1.60 4.22 5.16 3.72 

Norway 3.18 5.27 0.27 1.32 

Poland 4.56 5.00 1.43 3.29 

Portugal 2.54 6.45 0.97 2.12 

Slovakia 4.38 5.15 4.84 4.57 

Spain 1.99 6.00 0.80 3.17 

Sweden 2.17 3.56 0.11 1.30 

Switzerland 2.20 3.88 2.01 2.94 

United 

Kingdom 

1.88 5.26 2.97 0.23 

Total 2.94 5.11 1.42 2.93 

Source: Penn World Table and UNESCO, authors’ calculations 



 

 

In Table 2 above we see the mean values of labor productivity growth, capital intensity 

growth, growth rate in government expenditure on tertiary education as a percentage of GDP 

and growth rate of gross enrolment ratio. This gives us a sense of the development pace of all 

of our variables during the timeframe we study. Israel and Italy had by far and away the worst 

performance in terms of labor productivity growth, while Ireland and Estonia outperformed 

the rest in this respect. The differences in capital intensity growth were smaller, although 

Israel stands out as having a particularly low growth rate in this respect as well. The growth 

rates of government expenditure on tertiary education is vastly different. Finland, Israel, 

Ireland and Hungary stand out as countries who decreased the level of funding over time, 

while Chile, Mexico and Slovakia had large growth rates in the public effort to increase 

educational attainment. When it comes to enrolment however, no country saw a decrease, 

however the United Kingdom came quite close with a mean growth rate of roughly 0.2 

percent. An interesting thing to note here is that countries then managed to increase 

enrolment, while government expenditure was decreasing. This could be an indicator that 

households or other private entities increased their funding as a substitute to the decreased 

government efforts. Additional descriptive statistics may be found in Appendix 1. 

Adapting the model for regressions 

In this part I will go through how we adapt the model based on the data used. For an example 

of the test statistics, see Appendix 2. All models were fully tested separately. 

Deriving from the model in equation (2), the basic model to be regressed is the following: 

Δ ln(LaborProd)i,t = β0 + β1*Δ ln(CapInt)i,t + β2*(HumCap)i,t+εi,t                   (3) 

Where LaborProd is labor productivity, CapInt is capital intensity and HumCap is human 

capital. The index i is for country and the index t is for year. For interpretation purposes we 

want to do a log transformation and differentiation of both labor productivity and capital 

intensity and when controlling for stationarity a transformation is indeed also required. 

When controlling our two measures of human capital, we do not need to do any 

transformation for stationarity purposes. However, we still want to do this for gross enrolment 

ratio for interpretation concerns. That is, the rate of increase in human capital will determine 

the rate of increase in labor productivity. It is also important for another reason. If we do not 

do this transformation and include both government expenditure on tertiary education and 

gross enrolment rate in tertiary education our model will suffer from multicollinearity. 



 

 

However, this is not an issue when transforming the gross enrolment ratio in tertiary 

education to its growth rate (this issue will be discussed in more detail in section 6). Quite the 

opposite is true for government expenditure on tertiary education, as the idea is that a higher 

level of public effort corresponds to a more efficient distribution of skills. When testing these 

models, the Hausman test suggests the use of a fixed effects model. This yields us the 

following two models: 

Δ ln(LaborProd)i,t = β0,i + β1*Δ ln(CapInt)i,t + β2*(GXP)i,t+εi,t                                    (4) 

Δ ln(LaborProd)i,t = β0,i + β1*Δ ln(CapInt)i,t + β2* Δ ln (GER)i,t+εi,t                               (5) 

Where GXP is government expenditure on tertiary education as a percentage of GDP and 

GER is gross enrolment rate in tertiary education. Do note that in a fixed effects model, we 

have different intercepts for each country (i.e. different β0 for each country i). Equation 4 and 

5 are the two basic models we will estimate. We will also estimate a combined model where 

we include both the increase in human capital (GER) and the distribution of skills that we 

believe comes from a higher public effort (GXP). 

Δ ln(LaborProd)i,t = β0,i + β1*Δ ln(CapInt)i,t + β2* Δ ln (GER)i,t + β3*(GXP)i,t  +εi,t                  (6) 

Finally, to slightly adjust for the dissimilarities in countries, we will also run equation (6) on 

the subset containing only European countries. That means we will omit Mexico, Chile and 

Israel, leaving us with 16 remaining countries. 

5 Results 

All of our regression results are presented in Table 3. The interpretations of Δ ln(CapInt) and 

Δ ln (GER) are those of elasticities. Elasticity in our regressions is defined as the percentage 

change in labor productivity from a one percent change in the independent variable. A 

positive elasticity is then interpreted as the percent increase in labor productivity from a one 

percent increase in the independent variable 

 The first result we should take note of is that the estimates are the same in terms of sign 

(positive/negative) and roughly similar in size. The constant in a fixed model is simply the 

average of the individual countries’ intercepts. Model 1 is the regression of equation (5). We 

find a positive estimate for the growth rate of capital per hour worked on labor productivity 

growth, the elasticity1 being 0.207 and significant on the 1% level. The growth rate of gross 

enrolment rate also has a positive estimate on labor productivity with an elasticity of 0.131, 



 

 

significant on the 1% level. These are in line with our theory. In Model 2 (corresponding to 

equation 4) and Model 3 (corresponding to equation 6), when we include government 

expenditure on tertiary education, we find GXP to have negative estimates through all of our 

models. This implies that increasing public expenditure on tertiary education would have a 

negative effect on labor productivity growth. This is not in line with our theory and what we 

expected to find. This will be discussed in detail in the discussion section. Model 4, 

corresponding to equation 5 but with the restriction that we excluded non-european countries, 

finds estimates similar to those in other specifications. 

Table 3: Regression outputs 

 Model 1 Model 2 Model 3 Model 4 

Δ ln(CapInt) 0.207*** 

(0.03) 

0.198*** 

(0.03) 

0.211*** 

(0.03) 

0.200***  

(0.03) 

Δ ln (GER) 0.131*** 

(0.04) 

 0.119*** 

(0.04) 

0.126***  

(0.04) 

GXP  -0.047*** 

(0.01) 

-0.046*** 

(0.01) 

-0.052**  

(0.02) 

Constant 0.015*** 

(0.00) 

0.076*** 

(0.02) 

0.071*** 

(0.02) 

0.084***  

(0.03) 

Standard errors in parenthesis. * p<0.1, ** p<0.05, *** p<0.01 

Source: Penn World Table, UNESCO and own calculations 

Another important thing to note is that all estimates are very highly significant. The only 

estimate to not be significant at the 1% level is the estimate for government expenditure on 

tertiary education when restricting our sample to include only European countries, but even so 

it is significant on the 5% level. That is, our estimates suggest an increased public effort 

would cause a less efficient distribution of skills. Keep in mind though that this estimate is 

very small, considering government expenditure is measured as the share of GDP the 

government spend in tertiary education (roughly 1-2%). The effect is therefore very small for 

any changes in the funding levels. The main points to summarize the estimated models are the 

following: 

• The elasticity of growth in capital per hour worked on labor productivity is roughly 

0.2 

• The elasticity of growth in gross enrolment ratio in tertiary education on labor 

productivity is roughly 0.125 

• An increase in government expenditure on tertiary education by one percentage point 

leads to roughly a 0.048 percent decrease in labor productivity growth. 



 

 

6 Discussion 

The baseline of our theory suggests that capital intensity, human capital (which can be 

measured by the capital per hour worked and gross enrolment rate in tertiary education) 

would have positive effects on labor productivity. For capital intensity there is a statistically 

significant positive relationship on labor productivity. Increasing the amount of capital 

available to workers will increase their productivity. This is also logical because if it didn’t, 

the investments would never pay off and hence would not be made. The main concern of this 

essay however was examining the role of human capital, specifically at the tertiary level. The 

role of increased gross enrolment ratio in tertiary education also has a positive estimate for all 

of our models, which suggests we could confirm hypothesis (1), that increased gross 

enrolment ratio in tertiary education has a positive effect on labor productivity. The main 

deviation from our hypotheses is that the increased public funding did not provide such a 

change in the distribution of skills that it had a positive effect on labor productivity. Rather it 

suggests the opposite, that public financing would yield a (small) negative effect. There could 

be several possible explanations. Firstly, government expenditure on tertiary education is not 

a measure of people, and hence its costs are not necessarily a reflection of an increase in 

human capital. It is merely derived as the total amount spent on tertiary education by the 

government, divided by GDP and multiplied by 100. For example it is then possible that 

increases in government spending go to things such as infrastructure investments or other 

things that does not need to yield an increase in human capital accumulation. 

A second possible reason would be differences in private or household funding. These sources 

of funding were not included in this study due to lack of available data, but in reality, this is a 

factor. This means that increases in gross enrolment rate may rise from private or household 

funding and therefore not be captured by the measurement of government expenditure, but 

still be proxied by that of gross enrolment ratio. 

Third, as discussed previously in this essay, the measure of government expenditure on 

tertiary education could be a poor choice in this type of analysis due to the nature of the 

measure. If we imagine a country that want to have public funding of tertiary education at a 

constant 1% of GDP, at the point of decision for the coming budget year the government 

would most likely not know the growth for the current year. Therefore, it is reasonable to 

believe that this decision is somewhat lagged. This means that when we run regressions the 

immediate effect perhaps would not reflect the long-run effect. A way to deal with this from 

the government would then be to let government expenditure fall in the short run and top it up 



 

 

when necessary. If this is indeed how governments deal with such an issue, higher growth 

would naturally coincide with larger decreases in government funding. Such an instability is 

certainly possible if we consider graph 2 (in appendix 1). 

There are also weaknesses with this model and the measures of choice worth discussing. 

Government expenditure on tertiary education as a share of GDP is relatively low (roughly 1-

2%). When a country experience growth, if government expenditure is not proportionally 

increased the data will show an apparent decrease in funding for a single year, even though 

actual funding did not decrease. Given that the actual numbers are so low, and the differences 

are narrow, this effect may prove highly disruptive of our attempts to estimate the model if we 

do a panel regression, giving a downward bias. This happens because given the circumstances 

described above, a larger growth rate will by definition then generate a larger decrease in the 

variable of interest, government expenditure on tertiary education. It is also reasonable to 

expect that the government does not have the perfect information beforehand as to, even if it 

wanted, increase funding proportionally, which would cause a lag in our model that also may 

be different in different countries. Another weakness is how the globalized economy may 

provide us with other difficulties in analyzing the effect of tertiary education. Firms are 

generally free to move which may inflate the balance sheet of a country in a way not included 

in our model, such as what happened in Ireland in 2015 (The guardian, 2016). Other external 

events, shocks, may also affect the measurements in the short run, making the model less 

stable in pairwise comparisons due to the fact of the nature of our measurement’s relationship 

to each other (e.g. GDP divided by hours worked against spending divided by GDP). Finally, 

public expenditure on tertiary education, is something that we would expect to not have a 

productivity effect immediately. First, of course students must undergo education, after which 

they could enter the labor force. Even then, an effect is expected to be small, seeing as 

recently graduated students are just a small fraction of the labor force. As this fraction 

increase, so should the effect. 

Gross enrolment rate in tertiary education also has its drawbacks. For example, this measure 

is calculated as the number of students enrolled in tertiary education, divided by the 

population in the five year age bracket following the secondary education graduation age. 

That is, the gross enrolment rate could hypothetically consist of only elderly who already left 

the labor force. Although this extreme situation is not reasonable to expect, clearly this 

measure may be biased. It also does not consider completion. For example, if engineering 

require five years of studying and a student is enrolled for four years and then leaves, he or 



 

 

she may not work as an engineer but was still enrolled for four years. These concerns could 

also be correlated with systemic designs of the tertiary education system such as tuition fees, 

which we do not control for in our model because of the lack of available data. This omission 

of private and household funding is a severe flaw that we have to acknowledge, however we 

have to work with existing data. 

7 Conclusion 

An increased amount of capital available to workers has a positive impact on labor 

productivity. An increased amount of human capital also has a positive impact on labor 

productivity, however no evidence was found that the distribution of skills through schooling 

theoretically provided by a higher degree of public funding have a positive impact on labor 

productivity. The model suggests the opposite in fact, but I would remain sceptic about if 

there should be any interpretation done on this matter since there are several questions 

unanswered within this empirical framework, such as data on private and household funding 

of tertiary education. It is also important to note that the results of this study can’t be 

interpreted as necessarily valid for countries outside the sample we have used. For example, 

when considering less developed countries, perhaps what comes first is developing primary 

and secondary education. We restricted our sample with this in mind, and therefore we can’t 

use these results when discussing less developed countries.  

 Future studies should try to focus on finding the appropriate measures of human capital 

investments on tertiary education. It is a sector with vast differences between countries as to 

the availability and funding required to go through tertiary education. This in addition to what 

could also be a vast change in the individual’s life and therefore be dependent on other factors 

such as scholarships, government support, culture etc. All these decisions could affect how we 

acquire skills and to what degree we do so, and hence needs to be accounted for. 

8 References 

Kocourek, A. & Nedomlelová, I. (2018). Three levels of education and the economic growth, 

Applied Economics, 50 (19), pp. 2103-2116, doi:10.1080/00036846.2017.1388910 

Mankiw, N, G. & Romer, D & Weil, D, N. (1992). A contribution to the empirics of 

economic growth, The quarterly journal of economics, 107 (2), pp. 407-437, doi: 

10.2307/2118477 



 

 

Romer, P, M. (1992). Human capital and growth: Theory and evidence, NBER working paper 

series, No.3173. https://www.nber.org/papers/w3173.pdf 

Neycheva, M (2010). Does public expenditure on education matter for growth in Europe? A 

comparison between old EU member states and post-communist economies. Post-Communist 

Economies, 22 (2), pp. 141-164. doi:10.1080/14631371003740597 

Neamtu, D, M. & Hapenciuc, C, V (2016). The role of tertiary education in the architecture of 

economic development. The usv annals of economics and public administration. 16 (1), pp. 

65-74. 

Chatterji, M (1998). Tertiary education and economic growth. Regional studies, 32 (4) pp. 

349-354 

The Guardian (2016). Irish economy surges 26% as revised figures take in foreign investment. 

12 july https://www.theguardian.com/business/2016/jul/12/irish-economic-growth-revised-

figures-foreign-investment-aircraft [2019-04-25] 

Feenstra, R, C., Inklaar, R and Timmer, M, P (2015). The Next Generation of the Penn World 

Table. American Economic Review, 105 (10), pp. 3150-3182, available for download at 

www.ggdc.net/pwt [2019-04-22] 

UNESCO (2019). Government expenditure on tertiary education as a share of GDP (%).  

http://data.uis.unesco.org/# [2019-04-08] 

OECD (2019). Dataset: Growth in GDP per capita, productivity and ULC 

https://stats.oecd.org/# [2019-04-08]

https://www.nber.org/papers/w3173.pdf
https://www.theguardian.com/business/2016/jul/12/irish-economic-growth-revised-figures-foreign-investment-aircraft
https://www.theguardian.com/business/2016/jul/12/irish-economic-growth-revised-figures-foreign-investment-aircraft
http://www.ggdc.net/pwt
http://data.uis.unesco.org/
https://stats.oecd.org/


 

 

9 Appendices 

Appendix 1: Additional descriptive statistics 

 

Graph 1: Growth rate of capital intensity and labor productivity for each country in the sample.  

Source: Penn World Table, authors calculations 
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Graph 2: Level of Government expenditure on tertiary education (% of GDP) for each country in the 

sample 

Source: UNESCO 
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Graph 3: Gross enrolment ratio (tertiary education) for each country in the sample. 

Source: UNESCO  
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 Appendix 2: Panel data handling example 

 

The first thing we have to control for when analyzing time series data is 

whether our variables are stationary or not. In stata there are multiple ways of 

doing this for panel data. I have chosen the standard option in stata, the 

Levin-Lin-Chu test. We run this test for all of the variables in our model. 

 

 

 

                                                                              

 Adjusted t*         -4.6502        0.0000

 Unadjusted t       -11.6383

                                                                              

                    Statistic      p-value

                                                                              

LR variance:     Bartlett kernel, 8.00 lags average (chosen by LLC)

ADF regressions: 1 lag

Time trend:   Not included

Panel means:  Included

AR parameter: Common                        Asymptotics: N/T -> 0

Ha: Panels are stationary                   Number of periods =     17

Ho: Panels contain unit roots               Number of panels  =     20

                                            

Levin-Lin-Chu unit-root test for dlncprodlvl

                                                                              

 Adjusted t*         -5.2665        0.0000

 Unadjusted t       -11.4816

                                                                              

                    Statistic      p-value

                                                                              

LR variance:     Bartlett kernel, 8.00 lags average (chosen by LLC)

ADF regressions: 1 lag

Time trend:   Not included

Panel means:  Included

AR parameter: Common                        Asymptotics: N/T -> 0

Ha: Panels are stationary                   Number of periods =     17

Ho: Panels contain unit roots               Number of panels  =     20

                                       

Levin-Lin-Chu unit-root test for dlncap



 

 

 

 

 

 

All of the unit-root tests came back significant, meaning that they are 

stationary. The next issue is to find the proper estimator. We begin by 

estimating a fixed-effects model and a random effects model, then we run a 

Hausman test. 

                                                                              

 Adjusted t*         -5.7886        0.0000

 Unadjusted t        -9.3315

                                                                              

                    Statistic      p-value

                                                                              

LR variance:     Bartlett kernel, 8.00 lags average (chosen by LLC)

ADF regressions: 1 lag

Time trend:   Not included

Panel means:  Included

AR parameter: Common                        Asymptotics: N/T -> 0

Ha: Panels are stationary                   Number of periods =     18

Ho: Panels contain unit roots               Number of panels  =     20

                                       

Levin-Lin-Chu unit-root test for gxp_ma

                                                                              

 Adjusted t*         -2.5723        0.0051

 Unadjusted t        -6.9968

                                                                              

                    Statistic      p-value

                                                                              

LR variance:     Bartlett kernel, 8.00 lags average (chosen by LLC)

ADF regressions: 1 lag

Time trend:   Not included

Panel means:  Included

AR parameter: Common                        Asymptotics: N/T -> 0

Ha: Panels are stationary                   Number of periods =     17

Ho: Panels contain unit roots               Number of panels  =     19

                                        

Levin-Lin-Chu unit-root test for dlngerp



 

 

 

 

 

F test that all u_i=0: F(18, 301) = 2.20                     Prob > F = 0.0037

                                                                              

         rho    .36100792   (fraction of variance due to u_i)

     sigma_e    .03145849

     sigma_u     .0236455

                                                                              

       _cons     .0710981   .0201716     3.52   0.000      .031403    .1107933

     dlngerp     .1186682   .0435565     2.72   0.007     .0329544     .204382

      gxp_ma    -.0457194   .0162856    -2.81   0.005    -.0777674   -.0136713

      dlncap     .2111303   .0309187     6.83   0.000      .150286    .2719746

                                                                              

 dlncprodlvl        Coef.   Std. Err.      t    P>|t|     [95% Conf. Interval]

                                                                              

corr(u_i, Xb)  = -0.7329                        Prob > F          =     0.0000

                                                F(3,301)          =      18.87

     overall = 0.0720                                         max =         17

     between = 0.0711                                         avg =       17.0

     within  = 0.1583                                         min =         17

R-sq:                                           Obs per group:

Group variable: country_n                       Number of groups  =         19

Fixed-effects (within) regression               Number of obs     =        323

                                                                              

         rho    .01824335   (fraction of variance due to u_i)

     sigma_e    .03145849

     sigma_u    .00428833

                                                                              

       _cons     .0176595   .0063143     2.80   0.005     .0052837    .0300353

     dlngerp     .1492748   .0426053     3.50   0.000     .0657699    .2327798

      gxp_ma    -.0033343   .0043611    -0.76   0.445     -.011882    .0052134

      dlncap     .2258286   .0307345     7.35   0.000     .1655901    .2860671

                                                                              

 dlncprodlvl        Coef.   Std. Err.      z    P>|z|     [95% Conf. Interval]

                                                                              

corr(u_i, X)   = 0 (assumed)                    Prob > chi2       =     0.0000

                                                Wald chi2(3)      =      62.27

     overall = 0.1704                                         max =         17

     between = 0.4712                                         avg =       17.0

     within  = 0.1391                                         min =         17

R-sq:                                           Obs per group:

Group variable: country_n                       Number of groups  =         19

Random-effects GLS regression                   Number of obs     =        323

                Prob>chi2 =      0.0000

                          =       82.40

                  chi2(3) = (b-B)'[(V_b-V_B)^(-1)](b-B)

    Test:  Ho:  difference in coefficients not systematic

            B = inconsistent under Ha, efficient under Ho; obtained from xtreg

                           b = consistent under Ho and Ha; obtained from xtreg

                                                                              

     dlngerp      .1186682     .1492748       -.0306067        .0090529

      gxp_ma     -.0457194    -.0033343       -.0423851        .0156908

      dlncap      .2111303     .2258286       -.0146983        .0033705

                                                                              

                   fixed        random       Difference          S.E.

                    (b)          (B)            (b-B)     sqrt(diag(V_b-V_B))

                      Coefficients     



 

 

The Hausman test came back significant, meaning it suggests a fixed effects 

model. We then try to control for heteroskedasticity. For panel data we use 

this modified Wald test. 

 

 

The test came back significant, meaning heteroskedasticity is present. 

Therefore we use robust errors. 

 

This is then our final estimation. A one percentage point increase in gxp_ma 

would yield a 0,045 percent decrease in labor productivity growth. 

Meanwhile, a one percent increase in gross enrolment rate yield a 0.07 

Prob>chi2 =      0.0000

chi2 (19)  =     814.53

H0: sigma(i)^2 = sigma^2 for all i

in fixed effect regression model

Modified Wald test for groupwise heteroskedasticity

                                                                              

         rho    .36100792   (fraction of variance due to u_i)

     sigma_e    .03145849

     sigma_u     .0236455

                                                                              

       _cons     .0710981   .0154823     4.59   0.000     .0385711    .1036251

     dlngerp     .1186682   .0401268     2.96   0.008     .0343648    .2029715

      gxp_ma    -.0457194   .0124722    -3.67   0.002    -.0719225   -.0195162

      dlncap     .2111303   .0251955     8.38   0.000     .1581964    .2640642

                                                                              

 dlncprodlvl        Coef.   Std. Err.      t    P>|t|     [95% Conf. Interval]

                             Robust

                                                                              

                             (Std. Err. adjusted for 19 clusters in country_n)

corr(u_i, Xb)  = -0.7329                        Prob > F          =     0.0000

                                                F(3,18)           =      45.81

     overall = 0.0720                                         max =         17

     between = 0.0711                                         avg =       17.0

     within  = 0.1583                                         min =         17

R-sq:                                           Obs per group:

Group variable: country_n                       Number of groups  =         19

Fixed-effects (within) regression               Number of obs     =        323



 

 

percent increase in labor productivity growth (elasticity of gross enrolment 

rate).   

We may then also check for multicollinearity using variance inflation factor 

(VIF) on a decomposed level. 

 

The results show that there seems to be no problem with multicollinearity in 

this form. 

 

 

    Mean VIF        1.50

                                    

     dlngerp        1.25    0.799130

      dlncap        1.49    0.669392

      gxp_ma        1.76    0.569271

                                    

    Variable         VIF       1/VIF  


