ESST Skills Training:

Indicators of Science, Technology and Growth
November 27, 2002; Instructor: Hugo Hollanders (MERIT)

The skills training will involve the construction of various indicators about both the economic performance of countries and the performance of the Science and Technology (S&T) infrastructure. During the training attention will be paid to the interpretation of these indicators and the use and misuse of some of these.

A dataset with economic data (GDP or Gross Domestic Product, the GDP deflator, Population, and Labour force) and S&T data (GERD or R&D expenditures, and Patent applications) for 5 European countries (Finland, France, Germany, Ireland and the Netherlands) will be made available at the start of the skills training (or can be downloaded from http://meritbbs.unimaas.nl/ESST2002.xls). A basic knowledge of Excel is a prerequisite for handling the data and dealing with the questions asked.

Team up with 1 or 2 of your fellow students. Also make sure that you save all your results in separate worksheets for each question.

Economic Indicators

1) First have a good look at the data. As you will see, some data points are missing. Use a coherent and consistent method to fill in these gaps so that for all countries data are available for 1981-2001 (hint: use an indicator’s past performance to predict its current value).

A country’s dynamic economic performance (i.e. over time) can be measured by comparing its GDP growth rate with that of other countries.

2) Calculate 1991-2001 and 1996-2001 CAGRs 
 using the data on GDP in current euros. Which country was growing fastest in both periods? Rank the countries in descending order for both periods.

As your results should show, one country has by far the highest growth rates. But be aware that we have used GDPs in current euros, i.e. we have not taken into account differences in inflation between countries. The GDP deflator can be used to convert these current GDPs in constant price-level GDPs. Do this by dividing the current GDP levels by the GDP price deflator.

3) Redo exercise 2 by using constant-price GDPs. Has the ranking of countries changed? Which country has the highest rate of inflation?

A country’s current relative economic performance is often measured by its per capita income, i.e. the income produced per head of the population. A simple way to calculate this measure is by dividing constant price-level GDP by the size of the population.

4) Compare the 5 countries over time on their per capita GDP. Plot this indicator for all 5 countries over time in a graph. Which country has the highest per capita income in 1991, 1996 and 2001?

The fastest growing countries in terms of GDP growth (cf. exercise 3) are those, which also appear to have the highest per capita incomes in 2001. Which factors can be held responsible for the strong growth of Ireland and Finland? According to standard production theories, economic output or GDP (Y) is the result of the combined effect of technological progress (A) and traditional inputs as physical capital (K) and labour (L):
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where α and β are the income shares of capital and labour. The usual assumption is one of constant returns to scale (α + β = 1), i.e. that by doubling the traditional inputs K and L out pt is doubled. However, looking at the available data for the input of labour, one can see that the size of the labour force grew fastest in Ireland, this by itself cannot explain the difference in growth experiences between the 5 European countries: Finland shows only an average increase in the labour force although its GDP grew faster than that of France, Germany and the Netherlands, with the latter even having an increase in the labour force almost twice as high as that of Finland.

5) Facultative: prove these statements.  

Something else must thus (also) be explaining the Irish and Finnish growth performance.

Science & Technology Indicators

The S&T process might, simplistically, be portrayed as a linear process in which inputs or R&D expenditures lead to technological outputs, as measured by the number of patent applications.

6) Combine the data on R&D expenditures and GDP to construct an indicator for ‘R&D performance’ known as R&D-intensity (divide R&D by current GDP, you don’t have to make any corrections for differences in inflation rates) and compare the ratios between the 5 countries. Plot the ratios in a graph and see which country performs best. Calculate the 1991-2001 CAGRs. Which countries show a declining R&D intensity?

It seems that the strong economic growth by Finland might be induced by the country’s strong S&T performance, at least judging from the S&T inputs. Will this also be reflected in Finland’s S&T output performance?

7) Calculate the S&T output indicator patents per million for 1991-2001? Calculate the 1991-2001 CAGRs. Can you relate each countries output performance to its input performance as calculated in exercise 6) (hint: plot the 1991-2001 CAGRs of both R&D intensities and patents for all 5 countries in an XY scatter diagram)?

Based on the scatter diagram from exercise 7), one might conclude that Finland is under performing in its S&T process: based on its R&D intensity growth rate the patent growth rate should have been higher. Ireland on the other hand is over performing, its patent growth rate is much higher as might be expected from the increased efforts in the R&D inputs.

8) Could you say something about the efficiency of the S&T process by combining the R&D input data and the patent output data (e.g. by dividing the number of patents divided by the amount of R&D expenditures in constant price-level euros)?

Summarize your results by ranking the countries in a) economic growth, b) growth of labour input, c) growth of S&T inputs and d) growth of S&T outputs. Discuss different explanations for the growth experiences of these countries and the different role the S&T process seems to have played.

� CAGR = Compound Average Growth Rate. Calculated as � EMBED Equation.3  ���, i.e. as the average percentage growth between the level of GDP in year t2 and the level of GDP in year t1.
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