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ABSTRACT
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of decisions taken by optimizing agents. Therefore, the premise is that the economic
and institutional environments play a role in their determination. The objectives of this
paper are two. The first one is to explore the relationships between economic variables
and R&D investment and innovation. The second one is to analyze how R&D
investment and innovation are affected by technological policies. To carry out the
analysis 20 OECD countrics were sclected. The period under analysis is 1975 to 1985.

SINTESIS

Este trabajo se funda en la nocién que la inversin en investigacién y desarrollo e
innovacién son el resultado de decisiones adoptadas por agenics optimizadores. Por
tanto, la premisa es que los entornos econémicos ¢ institucionales jucgan un rol en la
decisién de llevarios a cabo. Los objetivos de este documento son dos. El primero
consiste en explorar las relaciones entre las variables econ6micas y la inversién en
investigacién y desarrollo e innovacién. El segundo aborda un anélisis de cémo las
politicas tecnolégicas afectan a la inversién en investigacién y desarrollo ¢ innovacién.
Para efectuar cl anélisis se seleccionaron 20 pafses de la OCDE. El perfodo estudiado
abarca desde 1975 a 1985.

* Departamento de Economia, Universidad de Chile.
This paper is based on Chapter 3 of my doctoral dissertation at UCLA. I would like to thank David Butz,
Rodrigo Fuentes, Kenneth Sokoloff, Federico Sturzenegger and two anonymous referces for useful comments.
As always, all remaining errors are mine.
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R&D AND INNOVATION: AN EMPIRICAL ANALYSIS

Jaime E. Vatter

1. INTRODUCTION

A great deal has been written about innovation, research and development
(R&D) and technological progress as engines of growth. In recent years these
terms have gained renewed popularity with the endogenous growth theory'. Here,
in contrast with the neoclassical growth model, economic growth in the steady-
state is positive and endogenous. The rate of growth of the economy depends,
among other factors, on technological progress, which is the result of R&D
investment. One of the merits of this theory is that it recognizes that R&D
investment is not decided on in a vacuum. In particular, R&D investment is the
result of different agents’ optimization processes. Therefore, economic factors
play an important role in determining R&D investment. Despite this fact, the
economic variables that empirically affect R&D investment and innovation, at the
aggregate lavel, have received less attention in the literature. This paper tries to
narrow this gap by exploring empirically the economic factors that affect R&D
investment and innovation®.

So, this paper is on R&D investment, innovation and the economic and
institutional factors behind them. However, a valid question is whether it is
necessary to make a distinction between R&D investment and investment in the
traditional sense of the word (i.e., in physical goods). If they behave similarly,
then there is nothing to be gained by studying R&D investment. The same
policies and institutions that produce an adequate investment rate are enough to
induce an appropriate R&D investment rate. Unfortunately, this is not the case.
An overview of the data shows that R&D investment behaves differently from
investment in physical goods. This is summarized in Figures 1 and 2, where R&D
expenditure as a fraction of GDP, as a measure of R&D investment, and the
investment ratio for 20 OECD countries are compared”.

* Estudios de Economia, th%MmmmthhFuMdnﬁthy
Administrativas de la Universidad de Chile, vol. 22, n"1.

' The seminal papers are Romer (1986) and Lucas (1988). For a comprehensive approach sec Grossman and
Helpman (1991) and the references therein.

* R&D investment is an input in the production of innovation. By the latter it is understood the creation of new
or improved products or processes.

3 The countries used for this exercise, and for the rest of the paper, are Ausiria, Belgium, Canada, Denmark,
Finland, France, Germany, Greece, lceland, Ireland, Haly, Japan, the Netherlands, Norway, Portugal, Spain,
Sweden, Switzerland, the UK and USA.

102



FIGURE 1
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Figure 1 shows that for the whole data set no strong relationship between the
two variables exists®. In Figure 2 the same experiment was carried out for a
particular year (1985), and the outcome was the same. Also, the simple
correlation between these two variables is negative and low in absolute value (-
.236), showing a weak negative relation between the two.

Therefore, it is necessary to analyze R&D investment as a different type of
investment. In particular, even if one could determine the "appropriate” level of
investment and the policy that achieves it, then that policy will be insufficient to
induce an adequate level of R&D investment. This paper shows that the economic
environment plays a significant role in determining R&D investment. Also, the
institutional order in which government and private sector cooperate in this field
is important.

R&D investment and innovation are studied using data at the country level.
As in any cross country study, the issue of data comparability is important. The
R&D and patent data was obtained from OECD publications, where an effort has
been made to make this data more comparable. The data used as a proxy for
human capital and openness is more problematic, as explained in the Appendix
and throughout the paper.

4 There are observations for 6 years: 1975, 1977, 1979, 1981, 1983 and 1985. More aboul this and the selection
of countries in the following section.
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FIGURE 2
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Data availability and the confidence on its comparability were the reasons
to analyze 20 OECD countries for the period 1975 to 1985°. The countries
selected are those with sufficient data for the whole period under analysis.

The paper is structured as follows. In the next section the data is presented
and its most relevant features are described. In sections IIl and IV, the
econometric analysis of R&D investment and innovation is carried out.

2. DATA DESCRIFTION

In this section R&D and patent data is described. The source for this data
is OECD’s "Science and Technology Indicators”, 1986 and 1989.

There are several variables that are used to analyze R&D investment. The
most commonly used is R&D expenditure as a fraction of GDP (RDGDP
hereafter). This is both a direct measure of a country’s R&D investment and
innovative effort. In addition, this measure allows for easier across country
comparisons, since it is unit free. Throughout this paper it will be used as a proxy
for R&D investment. Table 1.A shows the RDGDP data. It is noteworthy that

3 The complete data set is available only until 1985. The data from years before 1975 was not available. The
R&D data is collected in surveys taken every other year.
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only Iceland presents a small decrease in this variable, between 1975 and 1985.
A striking fact in this table is the change in ranking observed over the period (last
column); Sweden is the most dramatic case, as this country moved from the
eighth to the first place. Finland, Japan, USA and Italy also show improvements
in their rankings. Switzerland, on the other hand, is the country that underwent
the largest decline in ranking, but still with a very high, and slightly increasing,
RDGDP value.

TABLE 1L.A

R&D/GDP

1975 1977 1979 1981 1983 1985* A A+

1. USA (2) 2.3 2.3 2.3 2.4 2.7 2.8 0.5 1
1. Sweden (&) 1.7 1.8 1.9 2.2 =3 2.8 1.1 T
3. Germany (3) 2.2 2.1 2.4 2.4 2.5 2.7 0.5 0
4. Japan (6) 1.8 1.8 1.9 2.1 2.4 2.6 0.8 2
5. Switzerland (1) 2.4 23 24 2.3 2.3 2.5 0.1 -4
6. UK (3) 22 NA NA 24 23 2.3 01 -3
6. France (6) 1.8 1.7 1.8 2.0 Z:1 2.3 0.5 0
8. Netherlands (5) 2.0 1.9 1.9 2.0 2.0 2.1 0.1 -3
9. Morway {9 1.3 1.4 1.4 e 1.4 1.6 0.3 0
10. Finland (13) 0.9 1.0 1.0 1.2 1.3 1.5 0.6 3
11. Belgium )] 1.3 1.3 1.4 NA 1.5 NA 02 -1
12. Canada (11) 1.1 1.1 1.1 1.2 1.3 1.4 03 -1
13. Austria (13) 09 NA NA 12 1.2 1.3 0.4 0
14. Denmark (12) 1.0 1.0 1.0 1.1 1.2 1.2 0.2 -2
15. Italy (16) 0.8 0.8 0.7 0.9 1.0 1.1 0.3 1
16. lceland (13) 09 0.6 0.7 0.7 0.7 08 -0.1 -3
16. Ireland (16) 0.8 0.8 0.7 0.7 0.7 0.8 0.0 o
18. Spain (18) 04 NA 04 0.4 0.5 0.5 0.1 1]
19. Portugal (19) 0.3 0.3 0.3 0.4 04 NA 0.1 0
20. Greece (20) N.A NA 02 0.2 0.3 0.3 0.1 0
Mean 1.4 1.4 1.3 1.4 1.5 1.7 0.3

Source: OECD (1989).

N.A: No data available.

Countries are ranked according to 1985 value. 1975 ranking in parenthesis.
Japan’s data is adjusted, sce OECD (1989).

* 1986 instead of 1985 for Switzerland.

A is the change in percentage points between 1975 and 1985.

A+ is the improvement in ranking.

To see the change in each country’s effort a good measure is the variation
in the resources devoted to R&D. For this reason the annual growth rate of R&D
expenditure in real terms (called AR&D) is also included in this analysis (see

Table 1.B). The growing importance given to technological and competitive issues
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in these countries, is powerfully observed here. In real terms, the average growth
rate of the 20 countries is 63.4%, that is, 5% a year. This is a significant increase
during a period mostly characterized by slow economic growth. The total GDP
of these 20 countries increased only 33.7% in this period®. Greece is the country
mnshnmmahighmgrowﬂlrﬂe.nisappﬂmmbemosﬂy the effect of
significant economic growth rather than of a reallocation of resources to R&D,
since its RDGDP remains almost constant during the same period’. Finland, Japan
and Sweden also show a significant increment in resources devoted to R&D. Also
the first half of the 80's shows a renewed impulse towards R&D investment, as
indicated by the increase in the average growth rate.

TABLE 1.B
R&D ANNUAL GROWTH RATE
(%)
1975-81° 1981-85* 1975-85 1985 (mill US)

1. Greece 7.3 14.9 131.0 201.7
2. Finland o o ¢ 9.6 125.2 847.6
3. Japan 7.9 8.9 121.9 40064.4
4. Sweden 5.6 83 90.8 2946.5
5. Portugal 6.9 58 87.0 201.4
6. haly 4.6 8.4 80.8 7014.5
7. Austria 6.9 4.0 74.6 1035.1
8. Spain 3.4 9.2 73.8 1552.6
9. Norway 13 9.2 72.8 940.2
10. Canada 4.8 5.4 63.5 5352.5
11. USA 4.2 6.1 62.2 109730.0
12. France 4.2 4.9 55.0 14571.1
13. Denmark 2.9 6.7 53.9 785.3
14. Germany 4.7 3.8 52.9 19774.0
15. Belgium 4.1 4.0 48.9 1493.7
16. Ireland 2.7 3.5 34.6 190.3
17. UK 91 1.6 28.0 14358.7
18. lceland 0.7 59 27.7 24.3
19. Netherlands 0.9 28 17.8 3446.0
20. Switzerland 0.8 0.5 3.8 1896.8
Mean 43 6.1 63.4

Source: OECD (1986, 1989).

The last column shows R&D expenditure in 1985 million dollars.
* Greece is 1975-79.

* Switzerland is 1981-83.

® ﬂhwmmduﬁng&lmmmdﬂmn{lﬂl}.Itmnupudllnm:pwihnuofm-lﬂn?nf|hu
20 countries, between 1975 and 1985.

7 Snannmuluiunilnudthu.mmﬁmwﬁhhmﬂmnrﬁrﬂmhlm. Botween that
year and 1985, RDGDP increased only one tenth of & point.
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The growing interest, in these countries, in innovation is clear from Tables
1.A and 1.B. There is a significant increase in the effort made by these countries
to improve their technological capability.

A measure of a country’s innovation capability is its ability to export
technology. Here this is proxied by the number of "external patent applications,”
defined as the number of applications for patents in a foreign country submitted
by residents of a given nation. Technologically more advanced countries are in
a better position to patent their products in different countries. Thus, the number
and growth rate of external patents are analyzed. In Tables 2.A and 2.B external
patents data is presented®. In the former, each country’s number of external
patents is shown. It can be observed that the number of external patent
applications increased in the period under analysis. Also, the ranking among
countries remains almost unchanged, with only two exceptions: Sweden and
Finland. Apparently, 10 years is not a sufficiently long period to have significant
changes in this ranking.

TABLE 2.A

EXTERNAL PATENTS

1975 1977 1979 1981 1983 1985
USA (1) 93042 95749 104723 1265990 135532 149707
Germany (2) ©0810 59517 70870 82601 76700 93974
Japan (3) 27666 29047 37901 49315 55312 74363
UK (4) 24402 23202 26706 31230 33648 37553

(5) 23433 22967 27390 31386 34346 36773
Switzerland  (6) 19729 18786 21237 21259 21689 24790

4000 sk O I de- T bl I
g

ftaly (T) 10080 9616 12182 13373 13537 16596
Sweden (9) 9328 8643 10333 12399 13508 15219
Netherlands (8) 9908 9879 11203 12146 12703 13496

10. Canada (10) 5063 4670 4528 5137 5628 6426

11. Austria (11) 3277 3400 4075 4610 4779 6176

12. Belgium (12) 3197 2717 3441 3677 3871 5001

13. Denmark (13) 2297 2568 2450 3244 3805 4480

14. Finland (15) 1345 1899 1908 2562 3216 4373

15. Norway (16) 1252 1351 1091 1494 1500 2271

16. Spain (14) 1759 1607 1746 1848 1540 1785

17. Ireland an 168 332 286 527 426 585

18. Greece ) 168 132 97 137 119 169

19. Portugal (19) 656 10 5 10 93

TOTAL 207580 296082 342177 403940 421869 493830

Source: OECD (1986, 1989).
Countries are ranked according to 1985 value. 1975 ranking in parenthesis.

* There is no patent data for Iceland.
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In Table 2.B the annual growth rate of the number of external patents is
presented. Except for Portugal, which displays”strange” data, all countries show
an increase in the number of external patents. In particular, the numbers for
Ireland, Finland and Japan are remarkable. Doubtlessly, Japan is the most
exceptional case since it continued its fast growth, even though it already had 9%
of this market in 1975°. Finland started with a very low share and still produces
less than 1% of the total, but it presents an increasing growth rate, with 14% per
year in the last sub-period. Should its growth continue at this rate, it is likely to
shortly displace Denmark, Belgium, Austria and Canada. Another case to keep
in mind is Norway, which accelerated its growth rate from only 3% to 11% a
year, in this period. As in Finland’s case, Norway is still a small "producer” of
external patents. In any event, any attempt to displace the top three patent
exporters (USA, Germany and Japan) seems unlikely in the near future. The top
three produce almost two thirds of all external patents in this group.

TABLE 2.B
EXTERNAL PATENTS ANNUAL GROWTH
(%)

1975-81 1981-85 1975-85%
1. Ireland 20.99 2.64 248.21
2. Finland 11.34 14.30 225.13
3. Japan 10.11 10.81 168.79
4. Denmark 5.92 8.40 95.04
5. Austria 5.85 7.58 B8.47
6. Norway 2.99 11.04 81.39
7. haly 4.82 5.55 64.64
B. Sweden 4.86 5.26 63.15
9.

USA 532 4.20 60.90
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