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Abstract 

The growth effects of schooling are often assumed to be exaggerated because of feedback 
effects from growth to schooling. This paper investigates the nexus between productivity 
growth and schooling at different levels using a sample of 19 OECD countries over the 
period 1870 to 2006. The empirical estimates show 1) that schooling is independent of 
expected growth and most other variables that are associated with the present value of 
schooling; 2) a one-way causality from schooling to growth; and 3) that the growth effects of 
schooling are increased rather than reduced when schooling is instrumented. 
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1. Introduction 

Human capital plays a central role in determining economic performance in the models of 

Nelson and Phelps (1966), Lucas (1988), Romer (1990), Aghion and Howitt (1992, 1998), 

Mankiw et al. (1992), Acemoglu (1996), Vandenbussche et al. (2006) and Aghion et al. 

(2009). Empirically, human capital is found to be influential for growth in most empirical 

studies (see for example Mankiw et al. (1992), Engelbrecht (2003), Griffith et al. (2003), 

Behabib and Spiegel (2005), De la Fuente and Domenech (2006), Kneller and Stevens 

(2006), Vandenbussche et al. (2006), Cohen and Soto (2007), Aghion et al. (2009), Madsen 

(2010). 

 However, the causality between schooling and growth may not be as simple as has 

often been suggested. The possibility of feedback effects from growth to schooling has a long 

tradition in the growth literature. Razin (1977) and Glaeser (1994), for example, suggest that 

growth may cause schooling. Probably the strongest and clearest analysis of the growth-

schooling nexus is made in the highly influential paper of Bils and Klenow (2000) 

(henceforth B&K), where it is argued that a strong feedback effect from expected growth to 

schooling blurs the causal direction in growth regressions.4 They show that the higher is the 

expected growth rate, the higher are the expected returns to schooling and the stronger is the 

incentive for individuals in the schooling age to increase the length of schooling. Based on 

multi-country regressions and calibrations, they find that the productivity growth effects of 

schooling weaken significantly when the growth-induced-schooling effects are allowed for. 

The results of B&K pose a serious, if not the most serious, challenge to the modeling of 

human capital driven growth, and this raises the question of how much faith economists and 

policy makers can have in all the theoretical and empirical models showing that education is 

one of the main drivers of growth.  

Despite the importance of the causality issue, little, if any, research has tested for the 

causality between growth and schooling due to the difficulties associated with finding 

sufficiently long historical data that are required to test for causality. There are a couple of 

studies that have tested for Granger causality using a short time-span of data. However, 
                                                            
4 Using citations as a measure of impact suggests that the B&K paper has been highly influential. As of 9 
August 2010 their article had received 1122 citations (Google Scholar). This corresponds to 45 citations per 
page, which is around 20 times as many citations as the average page in The American Economic Review. 
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Granger causality tests cannot be used to solve the causality issue at all as such tests are 

backward looking, while the B&K model and other models of human capital and growth are 

forward looking. The schooling decision is based on expected growth and not past growth 

rates. Furthermore, as shown below, growth is only one of many determinants of schooling in 

an optimizing framework and schooling is only one of many determinants of productivity 

growth. As such, Granger causality tests cannot shed any light on the causality between 

growth and schooling.  

The B&K study is the most serious attempt to address the causality issue. They find 

that the growth effects of schooling are reduced substantially when the feedback from growth 

to schooling is allowed for. However, their results are based on calibrations and not on direct 

estimates, they restrict the parameterization to obtain diminishing returns to schooling, 

restrict the average human capital growth to prevent technological regress during their sample 

period, restrict expected growth to a combination of ex post growth in the world and 

domestically, and omit important conditional variables such as innovations and international 

knowledge spillovers in the growth regressions. 

Using a sample of 19 OECD countries over the period 1870-2006, this paper tests the 

causal relationship between schooling and labor productivity growth while controlling for 

domestic and foreign R&D, physical capital stock, distance to the technological frontier in 

the growth models, and the real interest rate, life expectancy, unemployment and financial 

development in the schooling model. The causality issue is addressed in two sets of 

regressions. First, it is tested whether schooling, at the primary, secondary and tertiary levels 

are affected by expected productivity growth. Second, it is tested whether the strength of the 

relationship between productivity growth and schooling is weakened when the feedback 

effects from growth to schooling are allowed for in the productivity growth regressions.  

The rest of this paper is organized as follows: Section 2 outlines a simplified B&K 

model and Section 3 describes the data using graphical analysis. Regression analysis is 

undertaken in Section 4 and Section 5 concludes.  

 

2. A model of optimal schooling  

Before the empirical tests are carried out, a simplified B&K schooling model, in which the 

focus is on the key variables of the model, is derived to shed light on the variables that are 

important for the schooling decision. It is shown that expected growth, the real interest rate, 
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life expectancy and the opportunity cost of schooling are key variables in the present value 

model. 

The present value of expected earnings of the representative individual who finishes 

school at the age of S and who is active in the labor market until the age of T, is given by: 

 

 ,         (1) 

 

where r is a constant interest rate and w is real wages. For expositional simplicity the 

individual is assumed to start schooling at year 0 so that S can be interpreted as the number of 

years of schooling.  

Following the predictions of standard economic growth models, real wages are 

growing at the rate of technological progress along the balanced growth path. Thus wages at 

period t for the representative individual are given by: 

 
 ,         (2) 
 
where  is the returns to schooling following the Mincerian approach, g is productivity 

growth, and  is a constant productivity parameter. Substituting (2) into (1) and solving 

yields life-income: 

 

 .      (3) 

 

Differentiating Eq. (3) with respect to schooling and setting to zero yields the optimal level of 

schooling for the representative individual: 

 
 .        (4) 

 
This expression shows that there is a one-to-one relationship between the optimal years of 

schooling and the number of years the individual can expect to stay in the labor force, which 

is assumed to be proportional to life expectancy. Furthermore, it can be shown that 

, i.e. the number of years of schooling that optimizes life-income is positively 

related to the expected growth rate and negatively related to the real interest rate. With a real 
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interest rate of, say, 3 percent and return to schooling of 7 percent, Eq. (4) implies that an 

increase in the expected perpetual growth rate from 1 to 4 percent increases the optimal 

length of schooling by 3.5 years. Conversely, if the expected growth rate is 3 percent, an 

increase in the real interest rate from 1 to 4 percent lowers the optimal length of schooling by 

3.5 years.  

There are three reasons why changes in interest rates, productivity growth and life 

expectancy are likely to have a lower impact on schooling than predicted by the model given 

by Eq. (4). First, and most importantly, the nexus between growth and the optimal schooling 

decision is highly sensitive to public funding of schooling. To see the effects on schooling of 

government funding Eq. (4) can be extended to (see B&K for derivation): 

 
 ,        (5) 

 
where  (  > 0), is the ratio of schooling tuition fees and the opportunity cost of student time. 

This extension has two important implications. First, the higher is the public funding of 

schooling, the lower is the sensitivity of schooling to expected growth. In the limit, in which 

the public funds all schooling, the schooling decision is independent of growth because the 

term in the square bracket in Eq. (5) becomes one. In the example above, where expected 

growth increases from 1 to 4 percent, the optimal years of schooling increases by 0.8 (0.2) 

years if  = 0.5 (0.25). Since the government finances a large fraction of education in many 

countries, particularly at primary and secondary schooling levels, one should expect the 

schooling decision to be less sensitive to expected growth at the primary and the secondary 

levels than at the tertiary level. Second, the optimal years of schooling is highly sensitive to 

changes in . Assuming that g is 1 percent,  is 7 percent and r is 3 percent, a reduction in  

from 1 to 0.5 increases the optimal years of schooling by no less than 9.1 years.  

 Second, credit constraints may prevent potential students from optimizing their 

schooling decision in countries in which governments provide only limited financial support 

and loan guarantees to education. While today the governments of many OECD countries 

provide some financial support and loan guarantees for tertiary education, such funding is not 

available in many countries, and, what’s more, there was only limited governmental support 

and guarantees before the 1960s in most countries (OECD, 2009) – probably need a better 

reference. If the financial system is not sufficiently developed, parents may not be able to 
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access funds through eg home equity loans and other collateral to finance their children’s 

education.  

 Finally, the present value framework is only a partial equilibrium model as it ignores 

the feedback from schooling investment to the returns to schooling. A relatively standard 

general equilibrium asset pricing model can be used to show that the Tobin’s q value of 

schooling investment interacts with the stock of human capital (see for example Madsen and 

Davis, 2006). An industrial revolution that increases the skill premium will give individuals 

incentives to invest in schooling and, consequently, increase the aggregate stock of human 

capital. Due to diminishing returns to human capital in production, the excess returns to 

human capital are eliminated in steady state in which the returns to schooling are determined 

by the time-preference, provided that the supply of human capital is perfectly elastic in the 

long run. This scenario is consistent with the fact that income inequality increases during 

industrial revolutions (see for example Greenwood, 1999).  

 

3. Data and graphical analysis  

This section gives informal evidence on schooling, growth, the real interest rate and life 

expectancy in the context of the predictions of Eq. (5). First, the construction of the most 

important data series, namely schooling, expected productivity growth and the real interest 

rate, are discussed. Data sources are detailed in the data appendix. 

 

3.1 Data 

The data cover the period 1870-2006 for the following 19 OECD countries, henceforth 

referred to as G19: Australia, Belgium, Canada, Denmark, Finland, France, Germany, 

Ireland, Italy, Japan, Netherlands, New Zealand, Norway, Portugal, Spain, Sweden, 

Switzerland, United Kingdom, and the United States. Schooling is measured as gross 

enrollment rates (GER) at the primary (age 6-11), secondary (age 12-16) and tertiary (age 17-

21) levels. GER is the percentage of the population in a specified age cohort that is enrolled 

at a certain level of schooling and, therefore, represents a constant times years of schooling 

for each cohort. Labor productivity is measured as GDP divided by total employment and 

annual hours worked. It is important to allow for annual hours worked in the productivity 

growth estimates because they have been reduced to a half over the period 1870-2006. Note 

that productivity is measured by labor productivity, as opposed to TFP, throughout the whole 
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manuscript because earnings are tied to labor productivity and not to TFP. Although TFP and 

labor productivity grow at the same rates along the balanced growth path in the absence of 

land as an important factor of production, their growth rates differ during transitional paths. 

The real interest rate is measured ex ante. Regressions using ex post measures of the 

real interest rate (the nominal interest rate minus the actual rate of consumer price inflation) 

are reported in Madsen and Timol (2010). While the ex post measure is, to some extent, an 

adequate measure of inflation expectations since around 1960, it is likely to be grossly 

misleading before then (see, for discussion and analysis, Madsen and Dzhumashev, 2009). 

Inflation was incredibly hard to predict before WWII because of the lack of inflation 

persistence and because prices tended to revert toward a relatively constant level that was 

essentially determined by the world stock of gold relative to world production before the gold 

standard was ultimately abandoned in the 1930s. Another, and more serious problem, 

associated with the ex post real interest rate as a measure of expected real interest rates is that 

the real interest rate was a double-digit negative number during and immediately after WWI 

and an implausibly negative number during other high inflation periods. Thus, the ex post 

measure will only be used in the robustness tests. 

The ex ante inflation rate is estimated as the predicted value of inflation from a model 

in which inflation at period t+1 is regressed on contemporaneous values of the growth in the 

monetary stock (M1), the nominal long-term government bond rate, and the rate of inflation. 

These regressions are split up in the post and the pre 1960 period because of the shift in the 

inflationary regime as identified in Madsen and Dzhumashev (2009). The regime shift is 

assumed to occur in 1960 and not in the mid 1930s when the gold standard was abandoned 

because it took some time for the public to understand the inflationary implications of paper 

money, as is evident from the Livingston inflation forecasts that started in 1948 (Madsen and 

Dzhumashev, 2009).  

 

3.2 Graphical analysis 

 Figure 1 displays the average labor productivity growth rate of the country sample. 

The following low, medium and high growth periods can be identified from the figure: The 

low growth periods 1875-1890 and 1913-1950, the medium growth periods 1890-1913 and 

1973-2006, and the high growth period 1950-1973. The question is how these growth periods 

relate to GERs.  
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Notes (Figure 1). Unweighted average of annualized labor productivity growth rates for the G19 countries.  
Notes (Figure 2). Unweighted averages for the G19 countries. Total GER is based on the sum of primary, 
secondary and territory education.  
 

First consider the influence of growth on schooling. Figure 2 shows that total GER (averages 

of primary, secondary and tertiary schooling) have increased over time, which is not 

consistent with the growth rates in Figure 1 to the extent that productivity growth rates have 

not shown any clear upward trend. If the schooling decision is predominantly determined by 

expected growth, we should expect relatively constant long run GERs over the past 140 

years. However, this need not be evidence against the B&K model since life-expectancy 

increased substantially during the same period and, as such, may explain the trend growth in 

GER. It may, therefore, be better to focus on medium term fluctuations in GER and their 

relationship to productivity growth rates. The growth spurts in GERs in the periods, 1870-

1885, 1965-1970 and 1987-1999, are not followed by particularly high productivity growth 

rates. Furthermore, GERs did not increase above their trend prior to the productivity booms 

in the periods 1885-1912, 1921-1928, and 1950-1975. Thus, overall, there is no compelling 

evidence that expected productivity growth has been a major factor in the schooling decision. 
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Notes (Figure 4). The real interest rate is an unweighted average of the G19 countries and is computed as the 
nominal interest rate on a long-term government bond minus the expected rate of inflation. The expected rate of 
inflation is generated as the predicted value of inflation from regressing inflation at period t+1 on 
contemporaneous values of the growth in the monetary stock (M1), the nominal long-term government bond 
rate, and the rate of inflation. The regressions are split up in the post and the pre 1960 period. 
 

 Life expectancy has increased steadily from 40 to 80 years during the period 1870-

2006 and, according to Eq. (4), should have resulted in a doubling in GERs provided that the 

expected years in the labor force is proportional to life expectancy. Since GERs have 

increased three to four fold during the same period, the increasing life expectancy goes only 

some way in explaining the increasing GERs. Looking at the medium-term growth spurts, 

however, there is no systematic relationship between life expectancy and GERs. The 

strongest growth rates in GERs are after 1950 up to the late 1990s, while the strongest growth 

rates in life expectancy are before 1950. Thus, life expectancy may explain long-run 

schooling trends but not the fluctuations in schooling around the trend at medium term 

frequencies. 

 The growth-schooling nexus may also be blurred by movements in the real interest 

rate, noting that the expected interest rate is as influential as expected productivity growth for 

schooling in the present value model derived in the previous section. Real interest rates may 

potentially have been more important for fluctuations in GERs than growth because they 

fluctuate substantially more than labor productivity growth rates. The ex ante long-term real 

interest rates are displayed in Figure 4. Note that the data are in 5-year intervals because 

expected inflation is generated for the regressions in five-year intervals. 

 Using ex ante real interest rates for the schooling decision we would expect the GER 

to have increased markedly during the periods with sharply falling real interest rates, 1915-

1920 and 1925-1945. The growth rates in GERs were above their trends during some of these 

periods, giving some credit to the predictions of the present value model. The increase in real 
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interest rates in the periods 1920-1925, 1945-1955 and 1975-1985 are also, to some extent, 

associated with a reduction in growth in GERs. Overall, these results suggest that the real 

interest rate is, to some extent, consistent with the predictions of the present value model. 

 

4. Empirical estimates 

Schooling regressions and productivity growth regressions are presented in this section. The 

schooling regressions are carried out to test the extent to which the schooling decision 

follows the predictions of the present value model presented in Section 2 and, particularly, 

whether schooling is positively affected by expected productivity growth. The purpose of the 

productivity growth regressions is to investigate whether the productivity growth effects of 

schooling are reduced once the feedback effects from growth to schooling are allowed for. 

The models are regressed in 5-year, 10-year and 15-year differences to filter out business-

cycle fluctuations, to allow for variations in the lag-lead relationship in the regressions, and to 

allow for the time-lag between school enrollment and the entrance to the labor market.  

 

4.1 Determinants of schooling 

Following the predictions of the present value model given by Eq. (5), the following 

schooling model is estimated: 

 

   (6) 

 

where S is schooling measured by GERs, U is the rate of unemployment, FD is financial 

development and is measured as the ratio of bank assets and GDP, y is labor productivity, ε is 

a stochastic error term, and  is labor productivity growth that, at period t, is 

expected to prevail at period t+1. Schooling is measured by secondary schooling, Ssec, 

tertiary, Ster, and primary, secondary, and tertiary altogether, Spst.  

 While ye, r, and T enter directly into the present value model, U enters the present 

value model indirectly through the opportunity cost of schooling, μ. The opportunity cost of 

schooling is positively related to the probability of finding a job, which is in turn inversely 

related to the rate of unemployment. Financial development is included in the model to allow 

for the possibility that potential students are prevented from furthering their education due to 

lack of credit facilities – they are credit constrained.  
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Expected productivity growth is measured in three alternative ways to ensure that the 

results are not driven by a particular choice of expected growth measure. These three 

measures are: predictions from a second-order autoregressive model ( ), rational 

expectations forecast of growth ( ), and the measure suggested by B&K 

( ). Only one period ahead productivity growth forecasts are used in the 

regressions; that is, 5, 10 and 15 year ahead forecasts are used in the regressions in 5, 10 and 

15 year non-overlapping intervals, respectively. Forecasts beyond period t+1 are not allowed 

for in the regressions since growth is not predictable beyond the first forecast period.5  

The first measure of expected growth is the predicted growth using the following 

second order autoregressive (AR(2)) model, so :  

 
,     (7) 

 
where u is a stochastic error term. Further productivity growth lags were insignificant and, 

consequently, omitted. This measure assumes that growth expectations are adaptive and may 

also be rational if individuals’ information set is limited to productivity growth. 

 The second measure of expected productivity growth assumes that the individual has 

full knowledge of second-generation endogenous economic growth models and, 

consequently, forms expectations according to the following model: 

 

 
 ,      (8) 

 
where the superscripts f and d stand for foreign and domestic, respectively, Pat is patent 

applications, Emp is employment, k is the capital-labor ratio, where labor is again measured 

as employment times annual hours worked, and Dtf is the distance to the technology frontier 

and is measured as the log of the ratio of labor productivity in the US and country i. The 

innovative activity is measured as patent counts since data on R&D expenditure are first 

available from the late 1960s for most countries in the sample. Here, Patf and (Pat/Emp)f are 

                                                            
5 For the entire sample period, none of the three models used here could predict productivity growth at period 
t+2 using period t and t-1 variables. Growth at period t+2 was only slight positively related to growth at period t 
in 5-year estimates in the post-1960 period. However, using these period t+2 forecasts were insignificant in the 
schooling regressions. 
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import of knowledge through the channel of imports as detailed below. The model 

specification follows the predictions of second-generation endogenous growth models as 

derived in Madsen (2008) and is discussed in detail below. Research intensity, Pat/Emp, is 

measured as the averages in the period over which the first-differences span. 

The B&K measure of expected growth is a linear combination of a country’s own 

growth as well as the worldwide growth rate: 

 
,     (9) 

 
where  is the ex post unweighted average growth among the G19 countries in period 

t+1 and  = 0.33 is the weight given to domestic growth in growth expectations. The 

regressions are unaffected by alternative values of , i.e.  = 0.25 and  = 0.50. There are two 

difficulties associated with the use of Eq. (9). First, it is not clear why world growth is 

relevant for the schooling decision since only a negligible fraction of graduates seek 

employment overseas. More seriously, using ex post growth rates as measures of ex ante 

growth rates leads to biased parameter estimates because growth forecasts are always 

associated with forecast errors under uncertainty. This expected growth measure is, therefore, 

subject to the classical errors-in-variables problem in which the coefficients will be biased 

upwards or downwards. 

The schooling model, given by Eq. (6), is estimated in first differences since level 

regressions were dynamically unstable – the estimated coefficients of lagged schooling 

exceeded one in almost all regressions. However, that the principal results are the same 

whether the model (Eq. (6)) is estimated in levels or in first differences (the level estimates 

are reported in Madsen and Timol (2010, WP)). Even though some of the regressions for 

tertiary schooling are still dynamically unstable in first differences, they are maintained for 

consistency and because the principal results are unaltered if these models are estimated in 

second-order differences. The system GMM estimator from Blundell and Bond (1998) is 

used because it explores a larger set of moment conditions than the standard first-differenced 

estimator. These additional moment conditions are particularly useful when T is small 

because the system GMM estimator is more accurate and less biased than the standard first-

differenced estimator (Blundell, Bond and Windmeijer, 2000). Although 136 years of data 
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are used for each country, the 5, 10 and 15 year frequency in the regressions reduces T to 27, 

14, and 9 observations per country, respectively. 

 

Table 1. Schooling Model (Eq. (6)). 

  
 

 

                    

 

0.525  0.524  0.544  0.468  0.531  0.527  0.844  1.041  1.041 
   0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000 

 

0.004     0.183     0.066    
   0.979     0.486     0.567    

 

   ‐0.059        ‐0.059        0.042    
      0.517        0.678        0.495    

 

   ‐0.021     ‐0.032     ‐0.008 
      0.235     0.227     0.517 

 

0.001  0.000  0.000  0.002  0.001  0.000  0.001  0.000  0.000 
   0.262  0.850  0.934  0.082  0.542  0.749  0.131  0.769  0.688 

 

‐0.022  ‐0.049  ‐0.045  ‐0.200  ‐0.207  ‐0.195  ‐0.108  ‐0.098  ‐0.103 
   0.682  0.325  0.342  0.018  0.011  0.012  0.002  0.004  0.001 

 

‐0.001  0.000  0.000  ‐0.004  ‐0.002  ‐0.002  ‐0.002  ‐0.001  ‐0.001 
   0.750  0.963  0.880  0.172  0.513  0.437  0.055  0.584  0.413 

 

‐0.004  0.034  0.034  0.043  0.108  0.104  0.014  0.034  0.033 
   0.619  0.001  0.001  0.000  0.000  0.000  0.013  0.000  0.000 

 

0.018  0.018  0.017  0.041  0.034  0.034  0.010  0.005  0.005 
   0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.038  0.026 

Notes. All the variables are measured in five-year differences. The numbers in small fonts below the 
coefficient estimates are p-values. Expected growth is modeled as AR(2) (1), full model (2), and the 
B&K model (3). Estimation period is 1875-2005 and the countries consist of G19.  

 

The results of estimating Eq. (6) in five-year differences are presented in Table 1. As shown 

in Madsen and Timol (2010) the estimation results are quite similar in 10 and 15-year 

differences, except for the coefficients of the real interest rates as discussed below. The 

dependent variable is the GER for secondary schooling in the first panel, the GER for total 

schooling (primary, secondary and tertiary) in the second panel, and the GER for tertiary 

schooling in the third panel.  

The estimated coefficients of expected growth are consistently insignificant in the 

regressions regardless of the way expected growth is measured, suggesting that the 

significance of schooling in productivity growth models is not likely to reflect feedback 

effects from growth to schooling. Life expectancy is also consistently insignificant at 
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conventional levels. The real interest rate is consistently negative and statistically significant 

in the regressions at the tertiary level and for the sum of all levels, which is consistent with 

the predictions of the present value model. This result may also reflect that the growth in 

public spending on education is reduced in response to a higher real interest rate that lowers 

the benchmark level at which fiscal deficits are sustainable. Finally, the coefficients of the 

real interest rates are consistently of the wrong sign (i.e. positive) and statistically significant 

in the 15-year difference estimates when real interest rates are measured as ex post as shown 

in Madsen and Timol (2010). This result is probably more evidence against the ex post real 

interest rate as a proxy for the expected real interest rate than evidence against the present 

value model of schooling.  

The estimated coefficients of financial development are highly significant and of the 

expected positive sign in all cases except one. The results suggest that a developed credit 

market enables credit constrained students to further their education through lending. These 

results complement the literature on financial development that, in most instances, find 

productivity growth to be positively related to financial development often without 

identifying the channel through which financial development influences growth (see for 

survey Levine, 1997). The results in Table 1 suggest that schooling is a potentially promising 

channel through which financial development is transmitted to growth. 

Unemployment has a positive effect on schooling in all regressions; however, the 

coefficients are statistically insignificant in all cases, which is evidence against the present 

value model. The present value model predicts that students stay in the educational system in 

bad times during which the opportunity costs of schooling are low because the probability of 

finding a job is low. The results here indicate that there are other forces at work such as 

financial constraints during downturns and potential government cutbacks on education 

during periods of low tax revenue.  

Overall, the results in Table 1 are mostly against the predictions of the present value 

model given by Eq. (5). Given that life expectancy is the only variable in the present value 

model that has been trending upward over the period considered, its insignificance renders 

the present value model unable to account for the increasing GERs experienced in the G19 

countries since 1870. Most importantly for the growth-schooling nexus, expected 

productivity growth is consistently insignificant. Furthermore, none of the three growth 

models considered in this paper are able to predict growth beyond year t+1. Earnings relate to 
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the years in the work force and these years may not even overlap with period t+1 because of 

the time-lag between school enrollment and employment. Thus, given the difficulties in 

predicting growth at the time at which potential students join the labor force, it is unlikely 

that the schooling decision will depend on expected growth. In this context, the 

unpredictability of productivity growth beyond period t+1 is not unique to the sample used 

here. Easterly et al. (1993), for example, find that rapid growth is highly transitory. Their 

results reveal that the correlation between growth in one decade and the next is only 0.2-0.3.  

 

4.2 Productivity growth model 

This subsection tests the influence of schooling on growth. The next subsection tests whether 

the strength of the relationship between productivity growth and schooling is weakened when 

the feedback effects from growth to schooling is allowed for in the productivity growth 

regressions.  

 Consider the following innovation driven productivity growth model: 

 

  

           .              (10) 

 
This growth model is made as inclusive as possible to prevent omitted variable bias and to 

ensure that the innovative activity can have both permanent and temporary growth effects 

following the predictions of second-generation endogenous growth models. The K-L ratio is 

included in the regressions to allow for transitional dynamics. 

The predictions of the two principal second generation growth models, namely semi-

endogenous growth theory and Schumpeterian growth theory, are allowed for in the estimates 

(see Madsen 2008, for derivation of the growth implications of second-generation growth 

models). The predictions of first-generation endogenous growth models are not allowed for in 

the estimates because they have been shown to be strongly counter factual (see for example 

Backus et al., 1992). While the semi-endogenous growth theory by Segerstrom (1998) 

abandons scale effects in ideas production, the Schumpeterian growth models of Aghion and 

Howitt (1998), Peretto (1998), Howitt (2000), and Peretto and Smulders (2002) maintain 

scale effects in ideas production but assume that the effectiveness of R&D dilutes due to the 

proliferation of products as the economy expands. 
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The two leading second generation models have quite different implications for 

growth. As shown by Ha and Howitt (2007) and Madsen (2008), Schumpeterian theory 

predicts that labor productivity is growing proportionally with research intensity. Patents are 

divided by employment to allow for product proliferation and increasing complexity of new 

innovations as TFP increases (Ha and Howitt, 2007). Growth can still be sustained at a 

constant rate in the Schumpeterian framework if R&D is kept as a fixed proportion of the 

number of product lines, which is in turn proportional to the size of the population in steady 

state. As such, to ensure sustained TFP growth, R&D has to increase over time to counteract 

the increasing range and complexity of products that lowers the productivity effects of R&D 

activity.  

 The growth in foreign patents and foreign research intensity affects growth following 

Madsen (2008), in which productivity growth is affected by knowledge spillovers through the 

channel of imports. The idea behind this spillover hypothesis is that the variety and the 

quality of intermediate inputs are predominantly explained by R&D and, therefore, that 

productivity is a positive function of R&D. Consequently, the productivity of a country 

depends on its own R&D and the R&D embodied in imported intermediate inputs and, 

therefore, that technology is transmitted internationally by import-weighted R&D. Here, 

import of technology is allowed to follow the semi-endogenous growth hypothesis through 

the growth in the foreign patents term, and the Schumpeterian growth theory through the 

foreign research intensity term.6 Finally, the Dtf term captures the idea that there are benefits 

to backwardness, following the historical analysis of Gerschenkron (Howitt, 2000) and the 

empirical analysis of Dowrick and Gemmel (1991). 

 

Table 2. Parameter estimates of Eq. (10). 

Economic growth Model   ‐ GMM 
   5 years  10 years  15 years 

                                                            
6 Imports of patents through the channel of trade of country i, Patf, are based on the following weighting 
schedules (see Lichtenberg and Van Pottelsberghe de la Potterie, 1998, and Madsen, 2008): 
 

 d
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where Mij is nominal imports of goods from country j to country i, and n
jtY  is nominal income of country j. The 

country sample consists of G19 plus Greece and New Zealand. 



17 
 
 
 
 

 

‐0.093  ‐0.090  ‐0.082  ‐0.053  ‐0.030  ‐0.038  0.013  0.029  0.047 
   0.003  0.005  0.009  0.247  0.533  0.404  0.867  0.740  0.557 

 

0.123  0.153  0.490 
0.000  0.000  0.000 

 

   0.177     0.218     0.641 
   0.000     0.000     0.000 

 

   0.082     0.106     0.299 
   0.000     0.000     0.000 

 

0.024  0.008  0.025  0.022  0.012  0.026  0.087  0.033  0.090 
0.250  0.692  0.216  0.198  0.476  0.121  0.033  0.413  0.029 

 

0.049  0.049  0.050  0.004  0.004  0.007  0.062  0.067  0.065 
0.000  0.000  0.000  0.717  0.753  0.565  0.000  0.000  0.000 

 

0.019  0.018  0.019  0.029  0.028  0.033  0.088  0.083  0.064 
0.029  0.032  0.025  0.062  0.084  0.036  0.031  0.051  0.121 

 

0.016  0.020  0.012  0.010  0.014  0.006  0.113  0.017  0.126 
   0.006  0.001  0.053  0.279  0.158  0.509  0.521  0.924  0.473 

 

0.435  0.463  0.442  0.499  0.525  0.487  0.368  0.440  0.354 
0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000 

 

0.176  0.172  0.190  0.233  0.226  0.262  0.504  0.491  0.545 
   0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000 

C  ‐0.018  0.014  ‐0.117  ‐0.027  0.002  ‐0.154  ‐0.330  ‐0.239  ‐0.636 
0.508  0.592  0.002  0.510  0.964  0.004  0.000  0.010  0.000 

Notes: The numbers in small fonts below the coefficient estimates are p-values. 

 

The results of estimating Eq. (10) are presented in Table 2. The estimated coefficients of 

schooling are positive and statistically significant at conventional significance levels, 

regardless of whether the estimates are in 5, 10 or 15 year intervals and regardless of whether 

schooling is measured as secondary, Ssec, tertiary Ster, or total schooling, Spst. These results 

show that even when other important growth determinants such as R&D, R&D spillovers 

through the channel of imports, capital stock and distance to the technological frontier are 

accounted for, the level of schooling is still influential for economic growth.  

 Considering the estimated magnitude of the schooling coefficients, the results show 

that tertiary education has a significantly greater impact on economic growth than secondary 

education, which in turn is more influential for growth than primary education, assuming that 

the estimated coefficients of Spst relative to Ssec and Ster is pulled down by primary schooling 

only. These results make intuitive sense since the sample consists of developed nations where 

technological progress is the main determinant of growth and such progress is mainly driven 

by innovations of graduates. The result is consistent with the hypothesis of Vandenbussche et 

al. (2006) that skilled human capital promotes innovation of new technology whereas 
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individuals with lower skills imitate. The economic significance of the coefficients of 

schooling is also high: an increase in GERs for tertiary education by ten percentage points 

increases the annual productivity growth rates by 0.2-0.4 percentage points, noting that the 

productivity growth rates are not annual growth rates but the growth rates in the period over 

which the first-differences span.  

 Turning to the other conditional variables, the overall regression results show that 

research intensity, the growth in foreign R&D, the K-L ratio, and the distance to the 

technological frontier are also significant determinants of labor productivity growth. The 

statistical significance of the coefficients of domestic research intensity is favorable to the 

predictions of Schumpeterian growth theory. These results point towards permanent growth 

effects of R&D. The importance of this result is that economies will grow at constant positive 

growth rates in steady state. Assuming that schooling and R&D intensity remain constant in 

the future, economies will continue to grow due to the permanent growth effects of schooling 

and R&D intensity and through the growth effects of R&D-spillovers as R&D is growing 

along the balanced growth path to counter the increasing product variety. 

Since the G19 countries today have almost all converged to the technology frontier 

there is hardly any further significant growth effects from the DTF term. However, during 

most of the sample period the off-frontier countries have benefitted from the technologies 

developed at the frontier. This result is consistent with Gerschenkron’s (1962) hypothesis that 

off-frontier countries with good institutions can take advantage of backwardness by adopting 

the technologies that are developed at the frontier. The further away a country is from the 

technology frontier, the lower are the effective costs of innovations and, therefore, the larger 

the growth potential of a backward country compared to a country that is close to or at the 

technological frontier. 

 

4.3 The strength of the growth-schooling nexus and exogeneity 

The key issue of the paper is whether the productivity growth effects of schooling are 

reduced once the feedback effects from growth to schooling are allowed for. There are two 

ways of addressing this issue. The first way is to test whether the schooling variables are 

exogenous. The second way is to compare fixed effect estimates with the instrumental 

variable (IV) results. A Davidson-MacKinnon test of exogeneity for schooling is conducted 
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to investigate whether the productivity effects of schooling are significantly reduced when it 

is treated exogenously. 

 Four different instrument sets are used to address these issues. The first set includes 

St-1, Ut-1, Tt-1, FDt-1, and rt-1 as instruments. The second set consists of St-1, Ut, Ut-1, Tt, Tt-1, 

FDt, FDt-1, rt, and rt-1. Although the contemporaneous values of these instruments are not 

likely to be strictly exogenous, they nevertheless improve the fit of the instrumental variable 

regressions, noting the quality of instruments is a trade off between the exogeneity of the 

instruments and the explanatory power of the instruments in the primary regression. Common 

for instrument sets one and two is that they are consistent with the predictions of the present 

value model given by Eq. (6). Instrument sets three and four consist of public spending on 

education as a percentage of real GDP (G), Gt in the third set and Gt-1 in the fourth set. Public 

expenditure on education as a percentage of GDP is likely to be an excellent instrument 

because it is likely to be uncorrelated with expected growth and because it is highly 

correlated with schooling – the correlation between S and G is in the range of 0.7 and 0.8, 

which is an exceptionally high correlation for instruments. Coupled with G being determined 

by the political process, probably without consideration to private returns, G is likely to be an 

excellent instrument for schooling. If governments were entirely focusing on the growth 

effects of schooling they would have allocated much lower funds to arts, health, law, and 

social sciences and much more funds to engineering and natural sciences than they have done 

in the past. In fact, governments most often use the number of students enrolled in various 

degrees as the criteria for allocating funds to different types of education (OECD, 2009). 

 The results of estimating Eq. (10) using the IV and OLS estimators are presented in 

Table 3. Only the parameter estimates for schooling are shown to preserve space. The OLS 

estimates in the first row show that the estimated coefficients of schooling are highly 

significant regardless of the time-span over which the first differences are taken. Considering 

the IV regressions overall, the coefficients of schooling are consistently highly significant 

and consistently higher than those in the OLS regressions suggesting that the growth effects 

of schooling are understated rather than exaggerated. The null hypothesis of exogeneity is 

rejected at conventional significance levels in most cases in the regressions where instrument 

sets three and four are used, however, not when instrument sets 1 and 2 are used.  

The rejection of the null hypothesis when instrument sets three and four are used is 

truly remarkable. This result suggests that the null hypothesis is rejected not because 
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schooling is endogenous, otherwise the IV estimates would be lower than the OLS estimates. 

Instead, the null hypothesis is likely to be rejected because schooling is measured with an 

error and, as such, underestimates the growth effects of schooling. There are many reasons as 

to why there are potentially large errors associated with the measurement of schooling. Since 

data on school attendance are not available for many countries, the school attendance rates 

for the US, Canada and Sweden were used for other countries in the sample, drop outs are not 

accounted for, GERs measure the quantity and not the quality of schooling, and GERs among 

emigrants are assumed to be identical to native born residents. Public expenditure on 

schooling is likely to overcome many of these measurement errors and, therefore, ensures 

that more genuine growth effects of schooling are uncovered in the IV regressions.  

Getting back to the magnitude of the coefficients, the IV estimates are mostly two or 

three times as large as the OLS estimates in 5- and 10-year differences. This suggests that the 

low and often insignificant effects of human capital, which are often found in the growth 

literature, may partly be due to errors-in-variables problems and not that the growth effects 

from schooling and human capital are low.  

 

Table 3. Parameter estimates of Eq. (10). 

Least squares and fixed effect estimates of Eq. (10) ‐ Schooling coefficients 
OLS 

   5 years  10 years  15 years 

  
 

 
 

 
 

 

 

0.038  0.053  0.025  0.037  0.049  0.029  0.172  0.251  0.115 

   0.003  0.010  0.001  0.113  0.155  0.036  0.001  0.004  0.000 

Fixed Effects (No Instruments) 

   5 years  10 years  15 years 

  
 

 
 

 
 

 

 

0.064  0.098  0.039  0.061  0.079  0.039  0.273  0.401  0.158 

   0.001  0.005  0.001  0.028  0.097  0.018  0.000  0.001  0.000 

   Fixed Effects (Instrument Set 1) 

   5 years  10 years  15 years 

  
 

 
 

 
 

 

     0.085  0.128  0.052  0.083  0.110  0.057  0.356  0.520  0.218 

   0.000  0.001  0.000  0.012  0.049  0.004  0.000  0.001  0.000 

  
   Davidson‐MacKinnon test of exogeneity 
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    0.574  0.544  0.428  0.845  0.817  0.938  0.465  0.932  0.710 
  
   Fixed Effects (Instrument Set 2) 

     0.086  0.130  0.053  0.083  0.109  0.056  0.356  0.538  0.220 

   0.000  0.001  0.000  0.012  0.051  0.004  0.000  0.001  0.000 

  
   Davidson‐MacKinnon test of exogeneity 
    0.768  0.736  0.699  0.835  0.750  0.845  0.464  0.818  0.591 

   Fixed Effects (Instrument Set 3) 
     0.104  0.221  0.064  0.104  0.202  0.063  0.399  0.782  0.239 

   0.000  0.000  0.000  0.003  0.003  0.003  0.000  0.000  0.000 

  
   Davidson‐MacKinnon test of exogeneity 
    0.005  0.001  0.005  0.036  0.009  0.061  0.005  0.000  0.005 

   Fixed Effects (Instrument Set 4) 
     0.129  0.270  0.080  0.117  0.216  0.070  0.426  0.726  0.248 

   0.000  0.000  0.000  0.002  0.002  0.002  0.000  0.000  0.000 

  
   Davidson‐MacKinnon test of exogeneity  
    0.000  0.000  0.000  0.198  0.035  0.296  0.082  0.005  0.066 
Notes. The numbers in small fonts below the coefficient estimates are p-values. 
Instrument set 1: St-1, Ut-1, Tt-1, rt-1, and FDt-1. 
Instrument set 2: St-1, Ut, Ut-1, Tt, Tt-1, rt, rt-1, FDt, FDt-1. 
Instrument set 3: Gt.  
Instrument set 4: Gt-1. 
 

4.4 Robustness tests 

This section extends schooling to encompass human capital and splits the sample into the 

countries with the highest and the lowest fraction of schooling expenditure paid privately, 

following the OECD classification (OECD, 2009). The reason for using human capital 

instead of schooling in the regressions is that schooling may be a poor proxy for educational 

attainment among the population of working age. Increasing GERs will influence the 

productive age group with a lag and, as such, will only be important for future growth. The 

low frequency measurement of the data in 5, 10 and 15 year intervals and the possibility that 

schooling is relatively more growth enhancing for younger than older generations of the labor 

force alleviate this problem; however, it does not escape the fact that schooling covers only a 

fraction of the educational attainment among individuals in the labor force. Only the 
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schooling regressions are presented here. The growth regressions are reported in Madsen and 

Timol (2010). 

 Human capital is based on educational attainment, which measures the average years 

of schooling among the population from the age at which they leave school until the age of 

65. The GERs for primary, secondary and tertiary institution enrollments is estimated for 

each age cohort. Educational attainment in one particular year is then estimated as the 

average of the educational attainment for each age cohort in the labor force. The data are 

adjusted for the length of the school year and school attendance rates. See Madsen (2010) for 

method, data and estimation of human capital. 

 The results of estimating the schooling model (Eq. (6)) using human capital instead of 

schooling as the dependent variable is shown in Table 4. The model is again estimated in first 

differences to ensure dynamic stability. The estimated coefficients of growth are again 

insignificant regardless of which measure of expected growth is used. Furthermore, the 

estimated coefficients of life expectancy, unemployment, financial development, and the ex 

ante real interest rates are consistently insignificant. These results are, in some sense, stronger 

evidence against the present value model of schooling than the regressions in which GERs 

are used for schooling, because human capital at period t corresponds to the period at which 

the individual is actually joining the labor force and, therefore, enjoys the earnings from past 

investment in schooling.  

 

Table 4. Parameter estimates of Eq. (4) in first differences measuring schooling by 
human capital.  

5 years GMM 
Schooling Model with human capital as the dependent variable 

     

 

0.925  0.950  0.957  0.957  0.957 
   0.000  0.000  0.000  0.000  0.000 

 

0.184    
   0.341    

 

‐0.086    
   0.417    

 

0.026    
   0.191    

 

0.000  0.000  0.000  0.000  0.000 
   0.960  0.837  0.894  0.901  0.926 

 

‐0.052  ‐0.072  ‐0.047  ‐0.047  ‐0.048 
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   0.400  0.219  0.388  0.384  0.374 

 

‐0.004  ‐0.003  ‐0.003  ‐0.003  ‐0.003 
   0.015  0.040  0.088  0.088  0.084 

 

0.015  0.006  0.007  0.007  0.007 
   0.076  0.641  0.541  0.539  0.540 

 

0.044  0.034  0.031  0.031  0.031 
   0.000  0.000  0.000  0.000  0.000 

Notes. Human capital is measured for all educational levels. , , and 
 are growth predictions based on Eqs. (7), (8) and (9) respectively. The ex ante real 

interest rate is used in the regressions. The numbers in small fonts below the coefficient estimates are 
p-values. 
 

Finally, the sample is split into two country groups of almost equal size (9 countries in group 

1 and 10 in group 2) according to the fraction of schooling expenditure that is privately 

funded. In Section 2 it was shown that the higher is the tuition fee relative to the opportunity 

cost of student time, the more sensitive is schooling to growth. Thus, schooling should be 

more sensitive to expected growth in the sample with the highest fraction of schooling fees 

paid privately. Parameter estimates of the schooling model (Eq. (6)) in first differences are 

shown in Table 5 with the countries with the highest fraction of privately funded schooling in 

the upper half of the table (Group I) and the countries with the lowest privately funded 

fraction (Group II) in the lower half of the table.  

 The estimates give some interesting insights into the schooling decision among the 

two country groups. First, the estimated coefficients of the real interest rate are substantially 

more significant for the schooling decision for Group I than Group II. This result makes 

perfect sense in the sense that the cost of funding is not very important for the schooling 

decision in countries in which schooling is almost entirely publicly funded. Second, the real 

interest rate is unimportant for the schooling decision at the secondary level regardless of 

country group, which is consistent with the fact that the fraction of privately funded 

education is increasing in education. Third, expected growth is unimportant for the schooling 

decision independent of the fraction of the schooling expenditure that is privately funded. 

Fourth, the coefficients of unemployment and life expectancy are both insignificant at 

conventional levels in all regressions. Fifth, the coefficients of financial development are 

significant determinants of schooling in most of the regressions regardless of the fraction of 

privately funded education. Furthermore, the coefficients are not systematically higher in one 

group than the other. Thus, credit constraints are independent of the share of education that is 

privately funded.  
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Table 5. Parameter estimates of Eq. (6) in first differences, splitting the sample up in 
countries with low and high fractions of schooling expenditures privately funded. 
5 year intervals  GMM ‐ GROUP 1 ‐ Mostly Private 

  
 

 

                             

 

0.475  0.421  0.438  0.407  0.379  0.406  0.656  0.743  0.751 
   0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000 

 

‐0.109     0.289     0.019    
   0.665     0.403     0.906    

 

‐0.034     ‐0.138     ‐0.043    
   0.798     0.440     0.630    

 

‐0.027  ‐0.027  ‐0.011 
   0.327  0.426  0.565 

 

‐0.001  ‐0.001  ‐0.001  0.000  0.000  0.000  0.000  0.000  0.000 
   0.590  0.531  0.417  0.845  0.799  0.757  0.739  0.927  0.837 

 

‐0.016  ‐0.044  ‐0.038  ‐0.208  ‐0.249  ‐0.206  ‐0.134  ‐0.157  ‐0.141 
   0.853  0.577  0.607  0.076  0.030  0.053  0.011  0.003  0.004 

 

0.000  0.000  0.000  ‐0.002  ‐0.002  ‐0.002  ‐0.002  ‐0.002  ‐0.002 
   0.971  0.937  0.883  0.581  0.585  0.549  0.255  0.279  0.289 

 

‐0.011  0.013  0.012  0.064  0.117  0.117  0.044  0.061  0.060 
   0.422  0.475  0.512  0.001  0.000  0.000  0.000  0.000  0.000 

 

0.021  0.023  0.023  0.042  0.044  0.041  0.010  0.009  0.008 
   0.000  0.000  0.000  0.000  0.000  0.000  0.002  0.011  0.014 

                    

5 year intervals  GMM ‐ GROUP 2 ‐ Mostly Public 

  
 

 

                             

 

0.619  0.694  0.708  0.556  0.677  0.671  0.986  1.489  1.484 
   0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000 

 

0.067     ‐0.031     0.085    
   0.766     0.936     0.571    

 

   ‐0.117        ‐0.017        0.080    
      0.311        0.932        0.262    

 

   ‐0.013     ‐0.038     0.001 
      0.543     0.341     0.920 

 

0.002  0.001  0.001  0.004  0.002  0.002  0.002  ‐0.001  ‐0.001 
   0.024  0.311  0.352  0.013  0.224  0.368  0.013  0.267  0.262 

 

‐0.002  ‐0.030  ‐0.022  ‐0.193  ‐0.181  ‐0.195  ‐0.088  ‐0.045  ‐0.053 
   0.978  0.620  0.699  0.100  0.103  0.077  0.045  0.235  0.149 

 

0.000  0.002  0.002  ‐0.002  0.002  0.002  ‐0.003  ‐0.001  ‐0.001 
   0.958  0.284  0.294  0.649  0.577  0.666  0.019  0.549  0.547 

 

0.004  0.047  0.046  0.024  0.087  0.083  ‐0.001  0.014  0.014 
   0.650  0.000  0.000  0.107  0.000  0.000  0.900  0.045  0.040 

 

0.013  0.008  0.007  0.034  0.020  0.022  0.010  0.001  0.001 
   0.005  0.055  0.069  0.000  0.009  0.007  0.000  0.624  0.613 

Group 1 – Countries with relatively higher shares of private expenditure on educational institutions 
(tertiary) – JAP, US, AUS, CAN, NZ, UK, POR, ITL, NET 
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Group 2 – Countries with relatively lower shares of private expenditure on educational institutions 
(tertiary) – SPA, FRA, GER, IRE, SWE, BEL, FIN, DEN, NOR, SWZ 
 

5. Concluding remarks 

While there is a unidirectional causation from human capital to productivity growth in human 

capital driven endogenous growth models, there has been an increasing awareness among 

growth economists of a two-way relationship between growth and schooling. Using historical 

data for 19 OECD countries over the period from 1870 to 2006 this is the first study to 

seriously investigate potential feedback effects from growth to schooling. To that end, 

schooling was regressed on expected growth and productivity growth was regressed on 

schooling while allowing for possible feedback effects from expected growth to schooling.  

 The regressions gave some remarkable and, to us at least, unexpected results. First, 

the growth effects of schooling are independent of whether feedback effects from growth to 

schooling are allowed for when conventional instruments for schooling are used. However, if 

the fraction of public expenditure on education in total GDP is used as an instrument for 

schooling, we found that schooling has statistically larger effects on growth than in 

conventional OLS regressions. Furthermore, the coefficients of schooling were quantitatively 

larger in the all IV regressions than in the OLS regressions. This suggests that the coefficients 

of schooling in OLS and fixed effect regressions are not upward biased, as predicted by the 

present value model of schooling, but downward biased. This result suggests that difficulties 

in finding significant effects from schooling or human capital on growth in some of the 

empirical growth literature is likely to reflect that schooling or human capital are measured 

with large errors resulting in downward biased coefficients of schooling.  

Second, schooling is independent of expected productivity growth regardless of 

whether 5, 10 or 15 year prediction intervals are used. In fact, the results are by and large 

inconsistent with the present value model of schooling, which puts doubt on the theory that 

the schooling decision is based on present value considerations. Finally, the growth forecast 

regressions indicated that growth is incredibly difficult to forecast, which renders the 

hypothesis of growth driven schooling even more difficult to maintain. Growth forecast 

regressions showed that growth is almost impossible to predict beyond period t+1 in the 

regressions in 5, 10 and 15 years intervals and only a low fraction of the variance in 

productivity growth could be predicted in period t+1. 
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 Overall the results show that the nexus between growth and schooling is not about 

feedback effects from growth to schooling but which instruments are the right ones to use in 

schooling growth regressions. We have argued that public expenditure on education is an 

excellent instrument for schooling because it is unlikely to be influenced by growth 

expectations and because it is likely to cover the quality dimension of schooling. Public 

expenditure on schooling is based on the desire to give the general public a basic education 

rather than on growth expectations.  

 The results in this paper have three important implications. First, that the predictions 

of human capital driven growth models are still valid and therefore, that these models need 

not be extended to allow for feedback effects from growth to schooling. Second, the social 

return to investment in human capital is high: increasing the gross enrollment rates by 10 

percentage points increases the annual productivity growth rate by 0.2-0.3 percent. This 

suggests that education should still be given high national priority.  

 

 

APPENDIX: ADDITIONAL RESULTS 

Supporting evidence of the results in the main text is presented in this appendix. Schooling 
regressions are presented in the first part of the appendix and growth regressions are 
presented in the second part of the appendix. 

 

Schooling model 

First consider estimates of Eq. (6) in levels form. The regressions are mostly unstable as the 
coefficients of lagged schooling exceed one in the models in which schooling is measured by 
Spst and Ster. The coefficients of lagged schooling in the Ssec regressions are below one, but 
concerningly close to one. The level estimates are presented in Table A1. The coefficients of 
expected growth are still mostly negative and none of the positive coefficients are positive. 
The coefficients of the real interest rates have the wrong sign. 

 

5 years (PANEL)  Table A1. Schooling Model ‐ GMM – Levels Form 

  
 

 

                 

 

0.978  0.983  0.992  1.036  1.046  1.047  1.184  1.194  1.214 
   0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000 

 

‐0.161     ‐0.234     0.006    
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   0.399     0.440     0.966    

 

   ‐0.126        ‐0.195     ‐0.089    
      0.023        0.030     0.011    

 

   ‐0.028     ‐0.046  0.040 
      0.154     0.131  0.003 

 

‐0.001  ‐0.001  ‐0.001  ‐0.002  ‐0.003  ‐0.003  0.001  0.000  0.000 
   0.060  0.073  0.047  0.021  0.000  0.001  0.116  0.630  0.161 

 

0.056  0.017  0.025  0.165  0.069  0.107  0.012  ‐0.022  0.021 
   0.261  0.729  0.598  0.033  0.374  0.151  0.736  0.500  0.516 

 

0.003  0.003  0.003  0.002  0.001  0.001  0.000  0.000  0.000 
   0.000  0.000  0.000  0.000  0.001  0.001  0.062  0.934  0.235 

 

‐0.003  ‐0.005  ‐0.005  0.025  0.031  0.033  0.019  0.024  0.026 
   0.396  0.245  0.246  0.000  0.000  0.000  0.000  0.000  0.000 

 

‐0.111  ‐0.101  ‐0.114  ‐0.076  ‐0.064  ‐0.084  ‐0.029  ‐0.005  ‐0.015 
   0.000  0.000  0.000  0.024  0.001  0.000  0.047  0.545  0.031 

 

Consider next estimates of Eq. (6) in 10 and in 15-year differences. The coefficients of the 
real interest rates are of the wrong sign in 10 year difference estimates and insignificant in the 
15-year difference estimates. The coefficients of growth remain either insignificant or 
significant but of the wrong sign. Financial development remain significant and of the right 
sign in most of the regressions. 

 

10 years   Table A2. Schooling Model ‐ GMM – Differenced Form 

  
 

 

                 

 

0.611  0.416  0.468  0.353  0.098  0.146  0.676  0.441  0.564 
   0.000  0.000  0.000  0.000  0.262  0.082  0.000  0.000  0.000 

 

0.033     0.077     0.079    
   0.708     0.530     0.230    

 

   ‐0.149        ‐0.346     ‐0.160    
      0.133        0.010     0.036    

 

   ‐0.072     ‐0.149  ‐0.054 
      0.050     0.004  0.049 

 

0.001  0.001  0.001  0.000  0.000  0.001  ‐0.001  ‐0.002  ‐0.002 
   0.342  0.554  0.309  0.814  0.919  0.458  0.163  0.031  0.044 

 

0.335  0.445  0.291  0.886  1.197  0.889  0.289  0.422  0.302 
   0.151  0.061  0.236  0.008  0.000  0.012  0.116  0.024  0.108 

 

‐0.002  ‐0.003  ‐0.002  ‐0.010  ‐0.013  ‐0.010  ‐0.007  ‐0.005  ‐0.004 
   0.422  0.341  0.530  0.031  0.002  0.018  0.003  0.020  0.058 

 

‐0.002  ‐0.015  ‐0.012  0.096  0.076  0.081  0.043  0.074  0.074 
   0.891  0.465  0.551  0.000  0.004  0.002  0.000  0.000  0.000 

 

0.039  0.056  0.049  0.111  0.153  0.136  0.040  0.037  0.030 
   0.001  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000 
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15 years   Table A3. Schooling Model ‐ GMM – Differenced Form 

  
 

 

                       

 

0.620  0.507  0.574  0.555  0.531  0.572  1.534  1.134  1.190 
   0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000 

 

‐0.482     ‐0.235     ‐0.303    
   0.103     0.588     0.143    

 

   ‐0.110        ‐0.031     ‐0.030    
      0.024        0.664     0.136    

 

   ‐0.045     ‐0.018  ‐0.024 
      0.093     0.648  0.029 

 

0.003  0.004  0.004  0.002  0.003  0.003  ‐0.005  ‐0.003  ‐0.003 
   0.240  0.059  0.086  0.534  0.385  0.425  0.004  0.005  0.005 

 

‐0.249  ‐0.414  ‐0.373  ‐0.657  ‐0.280  ‐0.245  ‐0.430  ‐0.080  ‐0.141 
   0.354  0.132  0.172  0.094  0.504  0.564  0.008  0.517  0.235 

 

‐0.004  ‐0.001  0.001  ‐0.007  ‐0.009  ‐0.008  ‐0.001  ‐0.005  ‐0.004 
   0.443  0.839  0.803  0.314  0.154  0.185  0.873  0.005  0.025 

 

‐0.007  ‐0.026  ‐0.038  0.069  ‐0.015  ‐0.033  0.060  ‐0.005  ‐0.008 
   0.750  0.389  0.192  0.031  0.722  0.433  0.000  0.715  0.513 

 

0.077  0.072  0.058  0.143  0.150  0.140  0.009  0.039  0.033 
   0.005  0.004  0.019  0.001  0.000  0.000  0.630  0.000  0.001 

 

The estimates of Eq. (6) remain almost unaltered when the ex post real interest rate is used 
(Tables A4-A6). The coefficients of expected growth remain insignificant and the only 
variable that is relevant for the schooling decision remain financial development. The 
coefficients of the real interest rate are zero and insignificant. 

 

5 years (PANEL)  Table A4. Schooling Model ‐ GMM – Differenced Form (ex post interest rate) 

  
 

 

                             

 

0.527  0.527  0.545  0.481  0.550  0.542  0.852  1.047  1.047 

   0.000     0.000     0.000    

 

‐0.019     0.053     0.022    

   0.911     0.839     0.849    

 

   ‐0.035        0.056        0.082    

      0.698        0.691        0.173    

 

   ‐0.019     ‐0.023     ‐0.005 
      0.276     0.381     0.696 

 

0.001  0.000  0.000  0.002  0.000  0.000  0.001  0.000  0.000 
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   0.360  0.959  0.832  0.212  0.873  0.985  0.130  0.823  0.807 

 

0.000  0.000  0.000  0.000  0.001  0.000  0.000  0.000  0.000 
   0.617  0.727  0.666  0.505  0.312  0.519  0.270  0.422  0.278 

 

‐0.001  0.000  ‐0.001  ‐0.004  ‐0.003  ‐0.003  ‐0.002  0.000  0.000 

   0.615  0.833  0.725  0.118  0.295  0.301  0.194  0.875  0.729 

 

‐0.004  0.034  0.034  0.044  0.109  0.105  0.015  0.035  0.035 

   0.631  0.001  0.001  0.000  0.000  0.000  0.006  0.000  0.000 

 

0.019  0.018  0.017  0.042  0.034  0.034  0.009  0.004  0.004 

   0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.117  0.099 

 

 

10 years (PANEL)  Table A5. Schooling Model ‐ GMM – Differenced Form (ex post interest rate) 

  
 

 

                    

 

0.608  0.426  0.474  0.334  0.150  0.171  0.655  0.518  0.626 

   0.000  0.000  0.000  0.000  0.091  0.044  0.000  0.000  0.000 

 

0.012     0.041     0.067    

   0.890     0.743     0.310    

 

   ‐0.150        ‐0.369        ‐0.151    

      0.137        0.007        0.052    

 

   ‐0.084     ‐0.206     ‐0.077 
      0.045     0.000     0.009 

 

0.001  0.001  0.001  0.001  0.000  0.003  ‐0.001  ‐0.002  ‐0.001 
   0.461  0.659  0.273  0.603  0.898  0.115  0.376  0.086  0.214 

 

0.001  0.001  0.000  0.002  0.002  ‐0.001  0.000  0.000  ‐0.001 
   0.279  0.259  0.949  0.220  0.159  0.574  0.814  0.763  0.416 

 

‐0.003  ‐0.004  ‐0.001  ‐0.011  ‐0.014  ‐0.007  ‐0.007  ‐0.005  ‐0.002 

   0.324  0.218  0.658  0.021  0.002  0.152  0.011  0.059  0.432 

 

‐0.009  ‐0.020  ‐0.014  0.080  0.064  0.077  0.039  0.069  0.072 

   0.526  0.327  0.476  0.000  0.020  0.003  0.001  0.000  0.000 

 

0.043  0.061  0.049  0.121  0.156  0.127  0.041  0.036  0.023 

   0.001  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.017 

 

15 years (PANEL)  Table A6. Schooling Model ‐ GMM – Differenced Form (ex post interest rate) 

  
 

 

                          

 

0.578  0.444  0.513  0.449  0.488  0.524  1.397  1.028  1.060 

   0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000 

 

‐0.365     0.006     ‐0.185    

   0.201     0.988     0.383    
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   ‐0.098        ‐0.041        ‐0.031    
      0.013        0.493        0.073    

 

   ‐0.036     ‐0.024     ‐0.021 
      0.091     0.481     0.024 

 

0.002  0.003  0.003  0.000  0.001  0.001  ‐0.005  ‐0.003  ‐0.003 
   0.451  0.107  0.166  0.939  0.685  0.689  0.006  0.003  0.004 

 

0.005  0.007  0.006  0.008  0.010  0.009  0.001  0.002  0.002 

   0.029  0.002  0.003  0.025  0.001  0.002  0.701  0.013  0.013 

 

‐0.002  0.002  0.003  ‐0.005  ‐0.008  ‐0.007  0.001  ‐0.005  ‐0.004 

   0.669  0.645  0.485  0.440  0.176  0.235  0.798  0.006  0.026 

 

‐0.012  ‐0.039  ‐0.048  0.067  ‐0.025  ‐0.039  0.067  ‐0.004  ‐0.009 

   0.575  0.148  0.068  0.031  0.528  0.315  0.000  0.756  0.450 

 

0.074  0.065  0.056  0.153  0.153  0.144  0.006  0.040  0.035 

   0.005  0.003  0.015  0.000  0.000  0.000  0.771  0.000  0.000 

 

 

Growth regressions 

The following regressions of Eq. (10) investigate the productivity growth effects of schooling 
using the fixed effect (FE) estimator, with and without using instruments, and using human 
capital instead of GERs.  

 

Table A7 reports the FE estimates using the default instrument set (lagged values of financial 
development, the ex ante real interest rate, schooling, and life expectancy). The coefficients 
of schooling are all positive and significant at conventional significance levels. The control 
variables are also almost all significant and of the right sign giving support to the hypothesis 
of innovation driven growth. 

 

Parameter estimates of Eq. (10). 

   Table A7. Fixed Effects with Instruments 

   5 years  10 years  15 years 

 

0.085        0.083        0.356       
0.000     0.012     0.000    

 

   0.128        0.110        0.520    
   0.001        0.049        0.001    

 

   0.052     0.057     0.218 
   0.000     0.004     0.000 

 

0.045  0.035  0.048  0.017  0.010  0.020  0.016  ‐0.014  0.016 
0.022  0.073  0.017  0.424  0.635  0.344  0.741  0.779  0.743 



31 
 
 
 
 

 

0.035  0.034  0.036  0.003  0.002  0.004  0.050  0.052  0.052 
0.001  0.001  0.000  0.805  0.851  0.761  0.005  0.004  0.003 

 

0.034  0.034  0.035  0.056  0.053  0.058  0.146  0.159  0.150 
0.000  0.000  0.000  0.000  0.001  0.000  0.000  0.000  0.000 

 

0.009  0.011  0.007  0.005  0.006  0.001  0.168  0.089  0.138 
   0.083  0.039  0.203  0.594  0.459  0.889  0.271  0.557  0.348 

 

0.388  0.410  0.395  0.464  0.483  0.468  0.318  0.373  0.323 
0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000 

 

0.139  0.140  0.143  0.156  0.150  0.168  0.427  0.426  0.441 
   0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000 

C  ‐0.002  0.015  ‐0.056  0.041  0.060  ‐0.029  ‐0.152  ‐0.084  ‐0.340 
   0.946  0.527  0.095  0.307  0.121  0.604  0.085  0.314  0.003 

                    

Davidson‐MacKinnon test of exogeneity 

 

0.5736  0.5438  0.4275 0.8447 0.8169 0.9381 0.4654  0.9323  0.7096
Notes: The default instrument set is used. 

 

Table A8 reports FE/OLS estimates on which the estimates in Table 3 in the main text are 
based. However, only the schooling parameter estimates were shown in Table 3. The 
innovation based variables are mostly significant and the significance of domestic research 
intensity is again giving support for Schumpeterian growth theory. The significance of the K-
L ratio underscores that transitional dynamics has been influential for growth. 

 

Parameter estimates of Eq. (10). 

   Table A8. Fixed Effects (No Instruments) 

   5 years  10 years  15 years 

 

0.064        0.061        0.273       
0.001     0.028     0.000    

 

   0.098        0.079        0.401    
   0.005        0.097        0.001    

 

   0.039     0.039     0.158 
   0.001     0.018     0.000 

 

0.031  0.025  0.032  0.018  0.014  0.020  0.063  0.053  0.069 
0.094  0.175  0.083  0.235  0.345  0.200  0.020  0.051  0.012 

 

0.037  0.036  0.037  ‐0.003  ‐0.004  ‐0.002  0.052  0.051  0.052 
0.000  0.000  0.000  0.809  0.748  0.826  0.001  0.002  0.001 

 

0.016  0.016  0.016  0.028  0.027  0.028  0.075  0.080  0.071 
0.008  0.009  0.010  0.004  0.004  0.003  0.001  0.000  0.001 

 

0.006  0.007  0.004  0.001  0.002  ‐0.001  0.110  0.079  0.097 
   0.244  0.149  0.398  0.925  0.786  0.871  0.328  0.486  0.381 

 

0.416  0.432  0.421  0.483  0.495  0.486  0.341  0.385  0.345 
0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000 



32 
 
 
 
 

 

0.113  0.114  0.114  0.118  0.115  0.122  0.350  0.350  0.354 
   0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000 

C  ‐0.004  0.008  ‐0.044  0.036  0.050  ‐0.009  ‐0.122  ‐0.085  ‐0.256 
   0.855  0.736  0.167  0.305  0.144  0.857  0.053  0.170  0.003 

 

Next consider the growth regressions using human capital for schooling in Tables A9 and 

A10. The estimated coefficients of human capital are all highly significant in both the GMM 

and the fixed effect estimates. In the FE estimates the null hypothesis of exogeneity of human 

capital cannot be rejected at conventional significance levels reinforcing the results from 

above that schooling is independent of growth.  

 

 

Table A9. Parameter estimates of Eq. (10) using human capital.  

Growth Model with human capital instead of schooling (GMM) 
   5 years  10 years  15 years 

 

‐0.095  ‐0.050  0.036 
   0.002  0.271  0.656 

 

0.014  0.019  0.058 
   0.000  0.000  0.000 

 

0.030  0.029  0.091 
0.151  0.094  0.027 

 

0.051  0.007  0.066 
0.000  0.568  0.000 

 

0.011  0.024  0.046 
0.181  0.117  0.272 

 

0.015  0.007  0.086 
   0.010  0.459  0.619 

 

0.437  0.496  0.363 
0.000  0.000  0.000 

 

0.172  0.231  0.512 
   0.000  0.000  0.000 

C  ‐0.065  ‐0.099  ‐0.523 
   0.042  0.039  0.000 

 

A10. Parameter estimates of Eq. (10). 

Growth Model with human capital instead of schooling 
Fixed Effects with Instruments 

   5 years  10 years  15 years 

 

0.010  0.011  0.043 
   0.000  0.003  0.000 

 

0.053  0.020  0.015 
0.008  0.347  0.756 
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0.036  0.004  0.053 
0.000  0.719  0.003 

 

0.031  0.052  0.127 
0.000  0.000  0.002 

 

0.009  0.005  0.187 
   0.074  0.569  0.225 

 

0.383  0.460  0.317 
0.000  0.000  0.000 

 

0.138  0.157  0.414 
   0.000  0.000  0.000 

C  ‐0.035  0.007  ‐0.278 
   0.215  0.877  0.011 

Davidson‐MacKinnon test of exogeneity 

 

0.942  0.457  0.909 
Alternative Set 1 

   5 years  10 years  15 years 

 

0.010  0.011  0.043 
   0.000  0.003  0.000 

Davidson‐MacKinnon test of exogeneity 

 

0.985  0.319  0.963 
Alternative Set 2 

   5 years  10 years  15 years 

 

0.011  0.011  0.043 
   0.000  0.002  0.000 

Davidson‐MacKinnon test of exogeneity 

 

0.013  0.108  0.002 
Notes. Human capital is measured for all educational levels. 

 

 
 
Data Appendix 
 

Patents. Canada. Canada Yearbook, Statistics Canada, “Blatt für Patent-, Muster- und 
Zeichenwesen mit Urheberrechts-Teil,” and Federico, P J, 1964, “Historical Patent Statistics 
1791-1961,” Journal of the Patent Office Society, 46, 89-171. USA. Dosi, G, K Pavitt and L 
Soete, 1990, The Economics of Technical Change and International Trade, New York: 
Harvester Wheatsheaf, andFederico,PJ, 1994, op. cit. Japan. The Department of Finance 23th 
Financial and Economic Annual of Japan, Tokyo: Government Printing Office, various 
issues, “Blatt für Patent-, Muster- und Zeichenwesen mit Urheberrechts-Teil” and Federico, 
PJ, 1994, op cit. Australia. Data supplied by the Australian Patent Office and Federico , PJ, 
1994, op cit. Austria. Statistisches Jahrbuch für die Republik Österreich. Belgium. Federico , 
PJ, 1994, op cit and WIPO. Denmark. Danmarks Statistik, Statistisk Årbog. Finland. 
Annuaire statistiques de Finlande and Statistisk Årsbok För Finland. France. Annuaire 
statistique de la France and “Blatt für Patent-, Muster- und Zeichenwesen mit Urheberrechts-
Teil”. Germany. “Blatt für Patent-, Muster- und Zeichenwesen mit Urheberrechts-Teil” and 
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Statistisches Jahrbuch Für die Bundesrepublik Deutschland. Ireland. Saorstat Eireann, 
Statistical Abstract. Italy. “Blatt für Patent-, Muster- und Zeichenwesen, mit Urheberrechts-
Teil,” Annuario Statistico, and P. J. Frederico, 1964, “Historical Patent Statistics,” Journal of 
the Patent Office Society, 46, 89-169. Netherlands. “Blatt für Patent-, Muster- und 
Zeichenwesen mit Urheberrechts-Teil” and Jaarcifers voor Nederland. Norway.  “Statistiske 
opplysninger vedkommende Patentvæsenet i Norge” (1886-1933),  “Norsk tidende for det 
industrielle rettsvern,” (1939-1970), Bjørn L Basberg, 1984,  “Patenter og teknologisk 
endring I Norge 1840-1980. En metodediskusjon om patentdata anvendt som teknologi-
indikator,” Mimeo, Institutt for Økonomisk Historie, Norges Handelshøyskole, Bergen, 
”Patentstyret - Styret for det industrielle rettsvern”. Spain. WIPO. Sweden. Statistisk Årsbok 
för Sverige. Switzerland. Ritzmann-Blickenstorfer, 1996, Historical Statistics of Switzerland, 
Zurich: Chronos: and  “Blatt für Patent-, Muster- und Zeichenwesen mit Urheberrechts-Teil”. 
UK. The data were kindly provided by Scott Tilbury, The Patent Office.  
 
Capital stock of equipment and non-residential structures. The perpetual inventory 
method is used with the following depreciation rates: 17.6% for machinery and equipment, 
and 3% for non-residential buildings and structures. The stock of capital is initially set to the 
Solow model steady state value of It/(δ  + g), where I is investment, δ  is the depreciation 
rate and g is the growth in investment during the period from 1870 to 2004. The post 1960 
data are from OECD, National Accounts, Vol. II, Paris, (NA). Before 1950 the following 
sources are used for the countries for which historical data are available. Canada. 1870-1900: 
Both types of investment are assumed to follow total non-residential investment in nominal 
prices deflated by the CPI. 1901-1925: 5-year average disaggregated into 1-year intervals 
using total non-residential investment deflated by CPI. Source: F. H. Leacy et al., , 1983, 
Historical Statistics of Canada, Ottawa: Statistics Canada. United States. A.Maddison, 1995, 
Explaining the Economic Performance of Nations, Edward Elgar. Japan. 1885-1988: A. 
Maddison ,1995, op cit., Backdated to 1870 using the growth rate in total investment from A. 
Maddison ,1995, op cit. ,25.7% war damage to the 1945 capital stock is incorporated into the 
capital stock following A. Maddison,(1995, op cit. Australia: 1863-1902: C. Clark, 1970, 
“Net Capital Stock,” Economic Record, pp. 449-466. 1903-1950: M. W. Butlin, 1977, A 
Preliminary Annual Database 1900/01 to 1973/74, Research Discussion Paper 7701, Reserve 
Bank of Australia: Sydney. Belgium. M. van Meerten, 2003, Capital Formation in Belgium, 
1900-1995, Leuven: Leuven University Press. Before 1900: The ratio of investment and GDP 
in 1900 multiplied by real GDP is used backdated to the data to 1870. War damage 
correction: WWI. 15.5% of 1913 GDP spread out evenly between the years 1914-1917. 
WWII 7.1% spread out evenly for the years 1943-45. The correction for war damage follows 
M. van Meerteen, 2003, op cit. (see his footnote no. 39). Denmark: 1870-1950: K. Bjerke and 
Nils Ussing, 1958, Studier Over Danmarks Nationalprodukt 1870-1950, G. E. C. 
Copenhagen :Gads Forlag. Finland. R. Hjerppe, 1989, The Finnish Economy, 1860-1985, 
Helsinki: Bank of Finland, Government Printing Centre. France. 1856-1895: Total 
investment deflated by industry prices. E. Chadeau, 1989, l'Economie Nationale Aux XIX et 
XX Siecles, Paris: Presses de l'Ecole normale Superieure. 1896-1914 and 1921-1938: J-J. 
Carre P. Dubois and E. Malinvaud, 1975, French Economic Growth, Stanford: Stanford 
University Press. 1914-1921 and 1939-1949: Crude steel production adjusted. T. Liesner, 
1989, One Hundred Years of Economic Statistics, Oxford: The Economist. War damage of 
2% is assumed each year over the periods 1914-17 and 1942-1945 following A. Maddison, 
1995, op cit. Germany: W. Kirner, 1968, Zeitreihen fur das Anlagevermogen der 
Wirtschaftsbereiche in der Bundesreplublik Deutschland, Deutsches Institut fur 
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Wirtschaftsforschnung, Berlin: Duncker & Humbolt. The data are adjusted for war damage in 
the source. Non-residential buildings and structures 1850-1949. The following categories are 
added together: Land und Forstwirtschaft, Energiewirtschaft, Bergbau, Grundstoff- und 
Productionguter-industrie, Investeringsguterindustrie, Verbrauchenguterindustrie, Nahrings- 
und Genussmittel-industrie, Industrie Kleinbetr. und Handwerk, Baugewerbe, Handel, 
Eisenbahnen, Schifffahrt, Ubringer Verkehr, Nachr. ubermittlg, Kreditintitutionen und Vers. 
gew., Wohnungsvermietung, Sonst. Dienstleist., Strassen und Brukken, Wasser strassen und 
Hafen, and Ubrige staatl. Bereiche. Machinery and equipment 1926-1949. The same 
categories are added together as for investment in non-residential buildings and structures. 
1870-1925: Scaled investment in machinery and equipment for Denmark, using the average 
over the period 1926-1930 as scaling factor. Italy. Instituto Centrale di Statistica, 1976, 
Statistiche Storiche Dell'Italia 1861-1975. Residential building investment is included in 
investment in buildings. Only 10-year averages are available before 1945. The data are 
uniformly distributed within the 10-year intervals. Netherlands. 1800-1913: J-P. Smits, E. 
Horlings, and J. L. van Zanden, 2000, Dutch GNP and its Components, 1800-1913, 
Groningen, http://www.eco.rug.nl/ggdc/PUB/dutchgnp.pdf. The general investment deflator 
is used as deflator. 1913-60: Central Bureau voor de Statistiek, 2001, Tweehondred Jaar 
Statistiek in Tijdreeksen, 1800-1999, Centraal Bureau voor de Statistiek, Voorburg. 10% war 
damage is evenly spread out over the years 1943-1945. Norway. Statistisk Sentralbyraa, 
1968, Nasjonalregnskap, Oslo. 1865-1930: The investment data are derived from capital 
stock and official depreciation rates using the following formulae for buildings and 
equipment, respectively: )15.01(1 −−= −

eq
t

eq
t

eq
t KKI and )02.01(1 −−= −

st
t

st
t

st
t KKI . 1930-1949: 

The data are interpolated from 1940 to 1945 using the algorithm suggested by V. Gomez and 
A. Maravall, 1994, “Estimation Prediction and Interpolation for Nonstationary Series with the 
Kalman Filter,” Journal of the American Statistical Association, 89, 611-624. The general 
investment price deflator is used to adjust the pre-1940 data, which are in 1938 prices, 
whereas the post-1945 data are in 1955 prices. Spain. A. Carrearas et al., 1989, Estsdisticas 
Historicas De Espana, Madrid: Fundacion Banco Exterior. 1850-1960: The growth rate in 
total investment is used to backdate investment in structures and machinery, respectively. 
Sweden. 1861-1949: O. Krantz and C. A. Nilsson, 1975, Swedish National Product 1861-
1970, C. W. K. Gleerup. Investment in buildings includes residential investment. 
Switzerland. Ritzmann-Blickenstorfer, 1996,op cit. . The growth rate in total investment is 
used to backdate the data from 1922. UK. A. Maddison, 1995, op cit. An annual 3.5% war 
damage is corrected for in the estimates during the 1943-45 period. 
 
Economy-wide real GDP. The data are from OECD, National Accounts, after 1950. Before 
1950: A. Maddison, 1995, Monitoring the World Economy 1820-1992, OECD, except for the 
following countries. Australia. B. Haig, 2001, “New Estimates of Australian GDP 1861-
1948/49,” Australian Economic History Review, 41, 1-34. From 1939 onwards, A. 
Maddison,1995, op cit. Finland. R. Hjerppe,(1989, op cit. Italy. C. Bardini, A. Carreras, and 
P. Lains, 1995, “The National Accounts for Italy, Spain and Portugal,” Scandinavian 
Economic History Review XLII, 115-146. Netherlands. Central Bureau voor de Statistiek, 
2001, op cit. Norway. O. H. Grytten, 2004, “The Gross Domestic Product for Norway 1830-
2003,” in Chapter 6 in Ø Eitrheim, J. T. Klovland and J. F. Qvigstad (eds.) Historical 
Monetary Statistics for Norway 1819-2003, Norges Bank Occasional Papers No 35, Oslo, 
241-288. Spain. C. Bardini et al., 1995, op cit. Sweden. O. Johansson, 1967, The Gross 
Domestic Product of Sweden and its Composition 1861-1955, Stockholm: Almquist and 



36 
 
 
 
 

Wiksell. Switzerland. Ritzmann-Blickenstorfer, 1996, op cit. C. H. Feinstein, 1976, 
Statistical Tables of National Income, Expenditure and Output of the UK 1855-1965, 
Cambridge: Cambridge University Press. 
 

Economy-wide nominal GDP. Real GDP multiplied by economy-wide GDP-deflators from 
the following sources. Canada. M. C. Urquhart, 1988, “Canadian Economic Growth 1870-
1980,” Queens University Discussion Paper No 734. USA. 1870-1929: N. S. Balke and R. J. 
Gordon, 1986, The American Business Cycle: Continuity and Change, Chicago: University of 
Chicago Press. 1929-1960: Survey of Current Business August 1998: "GDP and Other Major 
NIPA Series 1927-97”. Japan. K. Ohkawa, M. Shinchara and L. Meissner, 1979, Patterns of 
Japanese Economic Development: A Quantitative Appraisal, New Haven: Yale University 
Press. Before 1885, CPI is used as deflator. Australia. W. Vamplew, 1987, Australian 
Historical Statistics, Broadway, N.S.W: Fairfax. Belgium. CPI is used as deflator. B. R. 
Mitchell, 1975, European Historical Statistics 1750-1975, London : Macmillan. Denmark. S. 
A. Hansen, 1976, Økonomisk Vækst I Danmark, Copenhagen: Akademisk Forlag. Finland. R. 
Hjerppe, 1989, op cit. France. P. Villa, 1993, Une Analyse Macroéconomique De La France 
Au XXe Siècle, Paris: CNRS Editions, and M. Lévy-Leboyer and F. Bourguignon, 1985, The 
French Economy in the Nineteenth Century, Cambridge: Cambridge University Press. 
Germany. T. Liesner, 1989, op cit and interpolated using CPI over the periods 1914-1924 and 
1939-1949. Italy. C. Bardini et al., 1995,op cit . Netherlands. Central Bureau voor de 
Statistiek, 2001, op cit. Norway. O.H. Grytten, 2004, op cit. Spain. Carrearas et al., 1989, op 
cit. Sweden. O. Johansson, 1967, op cit. Switzerland. 1913-49. Ritzmann-Blickenstorfer, 
1996, op cit. Backdated to 1870 using consumer prices, B.R. Mitchell, 1975, op cit. UK. C. 
H. Feinstein, 1976, op cit. 
 

 
Average annual hours worked per employee. 1950-2004. Groningen Growth and 
Development Centre and the Conference Board, Total Economy Database, January 2005, 
http://www.ggdc.net. These data are predominantly based on OECD’s database on annual 
hours worked. 1870-1950. C. Clark, 1957, The Conditions of Economic Progress, London: 
Macmillan, except when indicated. The algorithm suggested by V. Gomez and A. Maravall, 
1994, op. cit., is used to interpolate between the benchmark years as indicated for the 
individual countries. Canada. 1870, 1880, 1890, 1900, 1910, 1920, and 1926-1949. The USA. 
1868, 1973, 1878, 1883, 1888, 1993, 1898, 1903, 1908, and 1913-1949. Japan. 1901, 1913, 
and 1919-1949. Hours worked in 1901 are used before 1901. Australia. 1891, 1901, and 
1919-1949. Hours worked in 1901 are used before 1901. Belgium. 1870, 1895, 1913, and 
1920-50. Denmark. 1870, and 1903-1949. Finland. 1913, and 1924-1949. The growth rate is 
assumed to follow the growth rate in Sweden before 1913. France. 1870, 1880, 1890, 1913, 
1920-38, and 1947-50. Germany. 1860, 1877, 1883, 1890-1913, and 1925-1950. Italy. 1901-
1949. Hours worked in 1901 are used before 1901. Netherlands. 1870-1913. J.P. Smits et al 
(2000) op cit. 1913-39. Bart van Ark and Herman de Jong, 1996, “Accounting for Economic 
Growth in the Netherlands since 1913,” Research Memorandum GD-26. 1939-50. C. Clark 
,1957, op cit. Norway. 1891, 1913, 1920-1939, and 1946-1949. Backward extrapolation using 
the algorithm that is suggested by V. Gomez and A. Maravall, 1994, op. cit. Spain. Follows 
Italy before 1950. Sweden. The data are available for all years except for the years 1940-
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1944, where weekly hours worked from ILO, Yearbook are used to interpolate. Switzerland. 
1890, 1895, 1899, 1924-50. The UK. The data are available for all years.  
 
Total employment. Includes all economically active, with full-time equivalents. 1950-2004: 
OECD, Labour Force Statistics. 1870-1949. The following sources are used. The algorithm 
suggested by V. Gomez and A. Maravall, 1994,  op. cit. is used to interpolate between the 
benchmark years as indicated for the individual countries. Canada. 1921-1959. F. H. Leacy et 
al., 1983, op. cit. 1870, 1890, and 1913, and A. Maddison, 1991, Dynamic Forces in 
Capitalist Development, Oxford: Oxford University Press. The USA. 1900-1949. T. 
Liesner,1989, op cit. 1870, 1890, and 1893: A. Maddison, 1991, op. cit. Japan. K. Ohkawa, et 
al., 1979, op. cit. Australia. 1901-1949. M. W. Butlin, 1977, op. cit. A. Maddison, 1991, op. 
cit. Belgium. 1927-35 and 1945-1949. van Meerteen, 2003, op cit. Backdated from 1927 
using population of working age (15-64) assuming a constant labour force participation rate, 
Mitchell, 1975, op cit. Denmark. 1870-1949. Hansen, 1976, op cit. Finland.  1870-1959.  R. 
Hjerppe, 1989, op. cit. Germany. 1870-1872, 1874-1914, 1924-1940, and 1949. W. G. 
Hoffmann, F. Grumbach, and H. Hesse, 1965, Das Wachstum der Deutschen Wirtschaft seit 
der mitte des 19. Jahrhunderts, Springer-Verlag: Berlin. Italy. 1901-1949. Clark, 1957, op. 
cit. 1870, and 1990. Maddison, 1991, op. cit. Netherlands. Central Bureau voor de Statistiek, 
2001, op cit. Norway. 1903-1919. P. Flora, F. Kraus, and W. Phenning, 1987, State, 
Economy, and Society in Western Europe 1815-1975, London: Macmillan. 1920-1949. C. 
Clark, 1957, op. cit. 1870, and 1890. Maddison, 1991, op. cit. Spain. 1900-1949. Instituto De 
Estudies Fiscales, 1978, Datos Basicos Para La Historia Financiera De Espana (1850-
1975), Ministoio de Hacienda. Madrid. Backdated to 1870 using population of working age, 
B.R. Mitchell, 1975, op cit. Sweden. O. Johansson, 1967, op cit. Switzerland. 1924-1953, 
Clark, 1957, op cit. Backdated to 1870 using population of working age, Mitchell, 1975, op 
cit. UK. Clark, 1957, op cit. 

 

Human capital and schooling. The method is based on the gross enrollment rate (GER), where GER 
is defined as the fraction of the population in a certain age cohort that is enrolled at a certain 
educational level. The GER for primary, secondary and tertiary school is estimated for each age 
cohort. Educational attainment in one particular year is then estimated as the average of the 
educational attainment for each age cohort in the labour force. School enrollment data are available on 
primary (6-11 years of age), secondary (12-17 years of age) and tertiary (18-22 years of age) levels 
for the countries considered in this study back to the 19th century. For some countries the data are 
extrapolated backward to ensure that primary school enrollment is available from 1812. In 1870, for 
example, the oldest cohort in the labour force (64 years of age) did their first year of primary 
schooling in 1812, while the youngest cohort (15 years of age) did its first year of primary schooling 
in 1861.  

 The advantage of using GER is that the estimates of educational attainment are not biased by 
migration and by assumptions about survival rates that may not hold. The only data that are required 
in addition to school enrollment is population distributed by age groups so that the GER rate can be 
transformed to educational attainment for all age groups in the labour force. Population data on age 
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groups are generally available in 10 year intervals during the period from 1860 to 1940 from the 
census surveys. Annual data become available after circa 1940 depending on the country in question. 
The missing observations are interpolated based on the following method. The fraction of the 
population in each age cohort is geometrically interpolated between the years in which data are 
available and multiplied by the total population. Over the period from 1812 to the first Census survey 
the population for different age cohorts is extrapolated back by multiplying the total population by the 
fraction of population in each age cohort from the first Census survey. In the estimates it is implicitly 
assumed that the educational attainment among emigrants is the same as the achievement among the 
labour force in the country from which they emigrate and the country to which they immigrate.  

 Finally, the data are adjusted for the length of the school year and school attendance rates. 
Attendance rates are available for Canada, Australia, and the US over the period from circa 1850 up to 
the 1960s. The post-1960 attendance rates are set equal to attendance rates that prevailed in the mid 
1960s since attendance rates have been stable from the 1940s onwards. Attendance rates for Sweden 
are used before 1850. The average of attendance rates for Canada, Australia and the US are used for 
all countries, which is not likely to be a strong assumption since attendance rates for these three 
countries moved quite closely. The estimates of the length of the school year in Sweden by Ljungberg 
and Nilsson (2005) are used for all countries since I was not able to find similar data for other 
countries.  

It is assumed that the length of primary schooling is six years (6-11 years of age), secondary 
schooling is six years (12-17 years of age) and tertiary schooling is five years (18-22 years of age). 
The average years of tertiary education among the population of working age, for example, is 
computed using the following formula: 
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where GERj is the gross enrollment rate in age cohort j, which is defined as the ratio of enrolled 
students and the population in age cohort j. Note that the fractions in the squared brackets sum to one. 
The weights 1/25, 2/25 etc. is the fraction of students in each age cohort that were enrolled in the 
periods t–46, t-45 etc., where the divisor of 25 equals the average length of the tertiary degree in years 
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of 5 (a fifth of the degree is taken in one year) multiplied by the number of age groups contained in 
each age cohort (there are 5 age groups in each cohort). In 1870, for example, only the individuals at 
the age of 64 in the 60-64 age cohort could be enrolled as students in 1824, while both the individuals 
at the age of 64 and 63 were enrolled in 1925, and therefore multiplied by 2, etc. In 1828 all 
individuals in the 60-64 cohort, who did a tertiary degree, were enrolled as students and GER is, 
therefore, multiplied by 5. Considering the first squared bracket, in which the 20-24 age cohort is 
considered, only individuals of the ages of 23 and 24 that were enrolled as students, have a degree. 
Thus, the squared bracket needs to be multiplied by 2/5 and GER is divided by 10, which is the 
number of years in the first cohort (20-24) multiplied by the two year groups that can potentially take 
a degree. 

 

Data for population in various age groups are typically available every ten years before WWII and on 
an annual basis thereafter. The data are interpolated between the census dates for the years in which 
data are not available and scaled up so the sum of all cohorts sum to the mid-year population which is 
available on an annual basis for all years.  

 

For some countries the data are extrapolated backward to ensure that primary school enrollment is 
available from 1812. In 1870, for example, the oldest cohort in the labour force (64 years of age) did 
their first year of primary schooling in 1812, while the youngest cohort (15 years of age) did its first 
year of primary schooling in 1861. 

 

The following data sources are used: B. R. Mitchell, 1975, European Historical Statistics 1750-1975, 
Macmillan: London, B. R. Mitchell, 1983, International Historical Statistics: Americas and 
Australasia, London: Macmillan, Authur S Banks, 1971, Cross-Polity Time-Series Data, Cambridge, 
MA: MIT Press, P. Flora, F. Kraus, and W. Phenning, 1987, State, Economy, and Society in Western 
Europe 1815-1975, Macmillan: London, OECD’s Global Education Digest CD-Rom, 2005, Table 
C2:”Enrollment by ISCED level”, EUROSTAT, F. H. Leacy (ed.), 1983, Historical Statistics of 
Canada, Statistics Canada: Ottawa. Lindert, Peter (homepage) “Lindert data CUP book, Primary 
enroll's 1830-1930, Student Enrollment Rates in. Primary Schools, Selected Countries, 1830-1930”, 
Appendix Table A1, 
www.econ.ucdavis.edu/faculty/fzlinder/Lindert%20data%20CUP%20book/App._T._A1__pr
imary_enrol.xls and Statistisk Centralbyraa, Statistics Norway, Historical Statistics. 

 

Financial development. Ratio of bank assets and GDP. See Madsen, J. B. and I. Timol, 
(forthcoming) “Productivity Convergence in Manufacturing in the Very Long Run and 
Endogenous Growth,” Review of Economics and Statistics, for data sources. 

 

International transmission of technology through the channel of imports. See for method 
and data sources Madsen, J. B. (2008), "Semi-endogenous versus Schumpeterian Growth 
Models: testing the knowledge production function using international data."Journal of 
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Economic Growth, 13(1), 1-26. 

Consumer price index. See Madsen, J. B. (2003), "Equity Prices, Share Price Valuation, 
Crashes and Depressions."Nationaløkonomisk Tidsskrift (Journal of the Danish Economic 
Society), 141, 3-34. 

 

Unemployment rate. See Madsen, J. B., V. Mishra and R. Smyth (2008), "Are Labor Force 
Participation Rates Non-stationary? Evidence from 130 Years for OECD 
Countries."Australian Economic Papers, 47(2), 166-189, for data sources.  

 

Government spending on education. 1960-2006. World Development Indicators. Before 
1960. Flora et al. (1987), op cit., is used for the following countries: Belgium, Finland, The 
Netherlands, Norway, and Switzerland. Liesner (1989), op cit., is used for the following 
countries: Canada, USA, Japan, France, Germany, Italy, Sweden, and UK. H C Johansen, 
1985, Dansk Historisk Statistik, 1814-1980, København: Gyldendal, is used for Denmark. 
Albert Carreras and Xavier Tafunell, editors, Estadísticas históricas de España: Siglos XIX - 
XX. Bilbao: Fundación BBVA, 2005 is used for Spain. 

Life expectancy at birth. Mitchell (1975, 1983), op cit., Human Mortality Database: 
http://www.mortality.org/, Department of Commerce, 1975, Historical Statistics of the 
United States: Colonial Times to 1970, Bureau of the Census: Washington DC. F (USA), 
Vamplew, (1987), op cit. (Australia). 
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