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have led to huge changes in our dai-

ly lives—changes that have been
overwhelmingly positive, improving our
economic prosperity and quality of life
(7). Most financial support for research
and development (R&D), both public and
private, is generated in anticipation that
such fruits will eventually be harvested.

So how much should nations invest in
R&D? And what should be the apportion-
ment among basic research, applied re-
search, and development? There are no the-
orems, no basic principles, that answer these
important questions. Instead, the world’s
leading countries exhibit diverse patterns of
investment in R&D. Here I survey these pat-
terns and draw some tentative conclusions.

Governments are the principal funders
of basic research because the results are
unforeseeable and unownable. They also
fund applied research to inform public pol-
icy and operations. Additionally, govern-
ments seek to encourage business R&D to
sharpen the competitive edge of their in-
dustries and increase national wealth. Gov-
ernments in major and emerging industrial-
ized countries claim to be placing increas-
ing emphasis on the importance of R&D in
all forms, from basic through applied.

To test these claims, I compare and dis-
cuss 12 countries’ national investment in
R&D between 1981 and 1995, using OECD
data (2). The 12 countries include the G7
plus five others: Australia, Denmark, the
Netherlands, Sweden, and Switzerland. This
group of countries includes most of the top
producers of papers in science, medicine,
and engineering and of citations (3, 4). A
significant omission is Israel, which is not in
the OECD and therefore not in its data set.

n dvances in science and technology

R&D Investment

These 12 countries together account for
80% of the world’s totzl investment in
R&D. On average, their gross expenditure
on R&D (GERD) (5) grew as a proportion
of gross domestic product (GDP) during
the 1980s from 1.8% in 1981 to 2.2% in
1990 and has remained around 2.2% up to
1996 (Fig. 1) (6).
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Investment in the Science Base

The 12 countries had very different invest-
ments in their science base. I use this term
to describe all research and postgraduate
training undertaken in universities, gov-
ernment-funded laboratories, and private
nonprofit organizations (charities or foun-
dations) funded both from public and non-

public sources (9).
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Relative to GDP, the top three
spenders in 1988 and 1995 were
Japan, Sweden, and the Netherlands
(Fig. 3). The bottom four—Italy, the
United Kingdom, the United States,
and Canada—were the same in both
years. Denmark showed the most im-
provement over the period, moving
from eighth to fourth and overtaking
Switzerland, Australia, Germany, and
France.

In most countries, government is
the main funder of the science base;
other contributions typically amount
to less than 10%. However, non-
government sources of funding have
been substantial in the United King-
dom (around 25% throughout
1988-1995) and also, to an increas-
ing extent, in the United States and
Canada. Business and charities fund
proportionately more of the science
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Fig. 1. Trends in GERD as percent of GDP (2, 5).

Between 1981 and 1996, Sweden and
Japan overtook the United States and Ger-
many (7) as the top spenders on R&D rela-
tive to GDP. Sweden, Japan, Switzerland,
France, and the Netherlands overtook the
United Kingdom, which is the only coun-
try in which investment relative to GDP
declined throughout the period.

These trends are clouded by important
differences among countries in the
balance of their R&D effort between
civil and defense purposes. A substan-
tial proportion of the R&D effort of
the United States, United Kingdom
and France has been defense-related
(respectively, 18, 15, and 14% in
1995). Sweden spent 9% and Australia
7%; the remainder spent at most 1%.

The United States and the United
Kingdom stand out among the group
by showing a sharp decline in govern-
ment-funded R&D (Fig. 2) (§) as a
proportion of GDP; this decrease
largely reflects cutbacks in defense
spending after the end of the Cold
War, combined with the tight expendi-
ture control under Ronald Reagan and
Margaret Thatcher. In essentially all
12 countries, nongovernment-funded
R&D grew relative to GDP.
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base in the United Kingdom and in
Sweden than they do in the United
States or Canada; overseas contribu-
tions are small but increasing in the Unit-
ed Kingdom and to a lesser extent in Den-
mark, Sweden, and the Netherlands. Non-
government sources fund almost 40% of
Japan’s science base, and their business
contributions (in relation to GDP) are high-
er than for any other of the 12; the relative
contribution of government and non-
government sources to higher education in
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Fig. 2. Trends in government-funded GERD as percent
of GDP (2, 8).
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Japan is, however, unclear (/0).

The patterns based on population are
similar to those shown in Fig. 3, although
wealthier countries tend to move up. For ex-
ample, between 1988 and 1995, Japan and
Switzerland moved past Sweden. Per capita
comparisons, however, can be distorted by
differences among countries in the average
salaries of researchers relative to other
groups (/7). In absolute terms,
the U.S. investment in basic sci-
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ratios of private to public investment; these
three countries also have the highest levels of
IFBERD as a proportion of GDP; Germany
and the United States are also in the upper
part of this range. The United Kingdom, by
contrast, has a relatively low level of IF-
BERD as a proportion of GDP and also saw
its level fall relative to that of most of the
other countries (even though it rose in abso-

intensity (RDI, measured by the ratio of
R&D expenditure to sales) for the 300
companies that top the world league for
R&D investment (Table 1). Denmark,
Canada, Sweden, and Switzerland have the
highest average RDI, although for the first
two the sample size is 1 and 2, respectively
(15). The United Kingdom and Italy are
well below the average RDI, but the UK’

relative posmon improves if

ence, at around $41 billion in

1995, is 1.5 times that of the
next largest investor (Japan, at

$28 billion) and almost exceeds
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oil companies (all of which
have low RDIs) are excluded
(16). The United Kingdom
stands up well in terms of RDI

in pharmaceuticals and the

the $45 billion total for the oth-

electronic and electrical equip-
ment sector but is well below

er 10 countries (/2).

par in chemicals, engineering,

Private Sector R&D

and telecommunications.

There are also marked differ-
ences in industry-financed busi-

Discussion

ness enterprise R&D (IFBERD)

What conclusions can we

(13) for the 12 countries. In con-
trast to government expenditures

draw? First, total investment in

(Fig. 2) over this period, IFBERD
increased or held roughly con-
stant as a percentage of GDP for
most countries; the recession in
the early 1990s had a dampen-
ing effect, but company invest-
ment in R&D is now climbing
back [except in the United Kingdom and
Germany (7)].

The United Kingdom and the United
States, along with Australia, Canada, and
Denmark, have seen particularly large shifts
to private sector funding (Table 1). Japan,
Switzerland, and Sweden have the highest

Private/public

Country funding of GERD
1981 1995

Australia 0.4 1.1 ['94]
Canada 1.0 1.7
Denmark 09 1.7['93]
France 097 44
Germany 15 LT
Italy 1.1 1.1
Japan 3.0 39
Netherlands 11 1.3 ['94]
Sweden 1.4 2.2['93]
Switzerland 3.0 2.5['92]
UK 1.1 2.0
us 1.0 1.8
World - -

Others - -

1988 [
Sweden 1995 (18

R&D is on a rising trend. Sec-
ond, public investment in R&D

is at best holding level relative

0.0 0.2

0.4 0.6
Percent of GDP

Fig. 3. Science base R&D expenditure by source of funds as percent of GDP
for 1988 and 1995 (2, 9).

lute terms) during the period. The high ratio
of private- to public-sector R&D in the Unit-
ed Kingdom is thus more a reflection of the
low level of government support than of the
buoyancy of UK business R&D investment.
The United Kingdom’s R&D Score-
board (14) presents data on relative R&D

08

to GDP (despite rhetoric about
its importance), as govern-
ments worldwide struggle to
keep public expenditure under
control. Third, in countries
with relatively high investment in defense
R&D, public funding has fallen steeply; the
peace dividend seems to have gone into the
general coffers, not into increasing civilian
R&D. Fourth, worldwide nongovernment
sources (principally businesses but also
charities) are accounting for a higher pro-

1.0

Number of firms  RDI Percent of U.S. human
intop 300  (average) patents in 1995 genetic patents (%)
us. European Owner  Origin of citations

1(15)* 10  04(033)* 13(1.07)* -
2 (16) 108  2.1(093)  15(0.66) 1.7 23
1(51) 151 02(055)  1.0(2.77) a
19 (89) 40  28(071)  69(174) 18 2.9
21(73) 47 . 65(1.22) 17.2(3.24) 2.5 pes
7(3.5) 23 11(029) 3.2(086) 10 e
72 (149) 49 215(241) 135(151) 12.3 48
5(91) 53  08(0.79)  2.1(2.08) -
8 (264) 74 08(143) 25(452) i
10 (313) 62  10(169)  23(390) 1.2
19 (96) 23 24(066) 67(1.84) 28 6.4
127(100) 43 550(234) 343(146) 712 62.2

% o At T . .

i % 55 7.5 5.5 19.0

*Values in parentheses are scaled to the countries’ share of global GDP.

Table 1. Patterns of R&D investment in regard to ratios of private/public
funding in 1981 and 1995 (unless otherwise indicated) (2); companies’ in-
vestment in R&D (74), given by a country’s number of top-300 firms and
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technology (27).

their average RDI; ownership of U.S. and European patents (6); and owner-
ship of U.S. patents and papers cited therein for human cell and molecular
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Country 1990 1993
UK 22:15 19.58
Denmark 21.00 18.28
Sweden 16.93 15.22
Switzerland 2014  16.62
Canada 20.24 16.55
Australia 15.17 12.95
Netherlands 15.53 11.66
us 17.52 .23
France 1046 929
Italy 8.84 7.76
Germany 11.86 9.82
Japan 5.62 4.98

Table 2. Papers published in science (including medicine
and engineering) in 1990, 1993, and 1996 per £1 mil-

lion of science base expenditure in 1987,
1993, respectively (26).

portion of total R&D investment, not just in
applied activity but also in basic research.
Fifth, as governments seek to control their
own investment in R&D, they will continue
to look to the private sector for growth. It is
interesting that countries that introduced tax
credits over the past decade—Australia,
Canada, and the United States—have all
seen strong growth in industry-financed
R&D investment.

To investigate the relative effectiveness
of different countries’ investment in R&D,
I compared countries’ relative investment
in basic research (Fig. 3) with their relative
output of scientific research papers (Table
2). On this basis, the United Kingdom is at
the top and Japan is at the bottom, opposite
to their positions in Fig. 3. Denmark,
Switzerland, and Sweden, which, unlike
the United Kingdom, are large investors in
basic research relative to GDP and popula-
tion size, also come out well. Germany,
Italy, and France come out near the bottom,
possibly reflecting a bias in the Institute of
Scientific Information (ISI) data or other
social and institutional factors (/7). But in-
sofar as the output of papers is a measure
of effective scientific activity, these coun-
tries, together with Japan, appear to have
relatively low productivity in relation to
their investment in basic research (18, 19).

Patent data are one indicator of a coun-
try’s relative capacity for commercial ex-
ploitation of advances in basic research. As
seen in Table 1, the 12 countries’ propor-
tionate ownership of U.S. patents differs
considerably, and understandably, from
their ownership of European patents. The
eight European countries plus Australia
have roughly the same relative rankings for
both U.S. and European patents in relation
to GDP; Sweden, Switzerland, and Ger-
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many are at the top. By contrast,

1996 Japan and the United States oc-
18.83 cupy first and second places in
16.35 the ranking.by U.S. patents but
fall dramatically to eighth and
15.69 .
ninth for European patents.
15.60 A more detailed analysis (20,
13.94 21) is produced by comparing a
12.13 country’s authorship of the litera-.
ture cited in patents [predomi-
11.12 . .
nantly university research (22)]
10.10 with its ownership of the patents
8.86 themselves. Narin et al. (23)
8.78 showed that citations of basic re-
810 search papers are increasing in
4'25 U.S. patents in all sectors. A

study of U.S. patents in “human
molecular and cell technology”
(21) revealed that the United
Kingdom is a clear second to the
United States in authorship of
cited research papers but a poor
third to the United States and
Japan in owning the patents (24).

In short, as I observed in a previous pa-
per (4), the strong UK science base does
more than its share in helping to create
wealth around the world. It is also ar-
guably a primary factor in the United
Kingdom’s good record in attracting in-
ward investment (25). But this science
base strength is not consistently translated
into strong industrial performance within
the United Kingdom itself.

1990, and
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