
The Scientific Wealth of Nations ages ranged from 70% (in psychology) to 
37% (in chemistry). The United Kingdom 
was second in 15 of the 20 fields, and placed 

Robert M. May lowest (fifth) in physics. The rankings are 
more varled when the quality measure of 
RCI is used, although the United States still - 
showed strongly, followed by Switzerland, 

T h e  United States took much oleasure last world's science. The United Kingdom was Sweden, United Kinedom, and others. 
u - 

summer from its performance in the Olym- second, ahead of more populous countries Bibliometric analysis can also uncover 
oic Games, where it ~ v o n  manv more medals like Germany, France, and laoan. The 15 oatterns of relative investment or relative 
;ha11 any other country. B U ~  was this the 
right measure of performance? Counting 
four points for gold, two for silver, one for 
bronze, and calculating the score relative to 
population size, a different picture emerges. 
Tinv Tonga was first, Australia led among 
the larger economies,and overall the unity 
ed States ranked 37t11, well behind lnost of 
the European countries (but not the United 
Kingdom, a lamentable 48th). 

Similar uuestions arise when we ask 
about the quality of the scientific research 
output of countries. For many purposes, 
lnost notably overall advance in our under- 
standing of nature, it is total output that 
matters. For other pul-poses-for example, 
in producing trained people or for under- 
pinning industrial advances-output rela- 
tive to country size [measured by popula- 
tion, gross domestic product (GDP), or oth- 
er thinesl is more relevant. 

, . - A 

countries that constitute the European 
Union (EU) rivaled the United States and 
produced -32% of all papers (2, 5) .  

In terms of these countries' percentage 
shares of all citations, the rankings are sirn- 
ilar except for India and China. The relative 
citation impact, RCI [citations divided by 
publications (6 ,  9)], gives some measure of 
the quality of the average paper. In terms of 
the RCI, the United States still ranks first 
( l o ) ,  and the top 15 countries by publica- 
tions share include the top 8 by RCI, al- 
though significantly reshuffled. Only three 
of the G7 countries (United States, United 
Kingdom, and Canada) rank in the top 10 by 
RCI; the fourth is France, at 14th. 

The top five countries by publication 
shares, which are also the five largest econo- 
mies, inyest proportionately more in research 
and development (R&D) than do most other 
countries (Table 1 ). The smaller countries 

advantage of a country in a particular sub- 
ject, compared with the world average. The 
Australian study ( 5 )  defined a country's 
"revealed comparative advantage". (RCA) 
in a specified scientific field as the fraction 
of all that country's citations (or papers) 
that are in that particular field, relative to 
the fraction of the world's citations that are 
in that field (1 1).  Thus, if the RCA is well 
above 1, a comparative advantage is re- 
vealed, and vice versa. As shown in Table 
2, on the basis of this index, the United 
Kingdom has a strong comparative advan- 
tage in pharmacology, clinical medicine, 
plant and animal science, and neuro- 
science. In view of both the RCI and RCA, 
it appears that the United Kingdom is 
strong in biological and biomedical re- 
search, and has absolute streneth across a " 
broad range of scientific disciplines. This 
concl~~sion accords wit11 a senarate recent " - 

In this paper I offer comparisons, from a wit11 high-;anking RCI, notably Switzerland review of the U.K. science ba;e (12). 
variety of viewooints, of scientific research and Sweden (second and third by RCI), are Similar analyses for other countries (5 )  . , 

outpu;s among several countries. I derive relatively high investors in R&D: 1ndiaand suggest that soAe smaller European coun- 
lnv analvsis from a recent United Kingdom China have low R&D investment a1-d also tries (Denmark, Sweden, and Switzerland) 
bekchlnarking study ( 1  ), which in" turn have a low RCI. have prominence in bio~nedical research. 
draws heavilv on  earlier work (2-4), oartic- The above analvsis can be broken down The Asian economies have orolnillence in . 
ularly an analysis of Australian research (5). 
These studies are all based largely on the 
Science Citation Index (SCI), established 
by the Institute for Scientific Information 
(ISI). This database covers scientific re- 
search publications from 79 countries and 
more than 4Q00 journals since 1981. The  
database has many shortcomings and biases 
(6) ,  but overall it gives a wide coverage of 
most fields. W e  studied the 14-year period 
from 1981 to 1994, in which the IS1 data- 

by field (Table 2 )  (7).  As expected, the research related to certain ilidustries (such 
United States ranked first by citation shares as engineering, computing, chemistry, and 
in all 2Q fields we discriminated; percent- materials). Solne countries (Australia, Can- 

Table 1. The world's top countres, ranked by their share of the world's papers in sclence, medcine, 
and engineering (6). The table also shows citation shares. RC (9), expenditure on R&D (22), and a 
measure of cost-effectiveness: citations per unit of government expenditure on R&D in G7 countries (in 
boldface) (1). Citation values are for the yearly average for the period from 1981 to 1984: expenditures 
are In £million and for 1991. Data for %GDP spent on R&D are for 1994. except for 1993 for Netherlands, 
Denmark, and Sweden and 1992 for Australia and Swltzerland. 

base totaled 8.4 million papers and 72 mil- 
Abbr, Share of Share of RC GDP spent Citations per £million 

lion citations. Country papers citations (rank) on R&D 
Total Civll 

Publications and Citations 

The ton 15 countries, ranked bv the contri- 
bution of their scientists to the world's total 
nutnber of publications in science, engineer- 
ing, and medicine, from 1981 to 1994 (7, 8) 
accounted for 81.3% of the world's oaoers 
(Table 1) .  The top seven countries were the 
world's seven largest economies, the so- 
called G7 countries. The United States was 
dominant, publishing around 35% of the 

Of~ce of Sc~ence & Technology. Albany House. 94-98 
Petty France, London SWIH SST, UK. 

United States US 34.6% 49.0% 1.42 (1) 
United Kingdom U K  8.0 9.1 1.14 (5) 
Japan JP 7.3 5.7 0.78 (18) 
Germany GE 7.0 6.0 0.86 (15) 
France FR 5.2 4.5 0.87 (14) 
Canada CA 4.5 4.5 1 .OO (7) 
Italy IT 2.7 2.1 0.75 (19) 
lndla IN 2.4 0.7 0.27 (66) 
Australia AU 2.1 2.1 0.97 (8) 
Netherlands N E  2.0 2.2 1 . I0  (6) 
Sweden SE 1.7 2.1 1.24 (3) 
Sw~tzerland SW 1.4 1.9 1.37 (2) 
P.R. Chlna PR 0.9 0.3 0.27 (65) 
Denmark DE 0.8 1.0 1.16(4) 
Flnland FN 0.7 0.6 0.9 (12) 
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ada, New Zealand, and South Afrlca) hal,e 
orominence on research based on  natural 
resources; for others (the scientifically 
strong United States, Japan, France, and 
Germany, and the scientifically weak Papua 
New Guinea and Thailand) no particular 
pattern of speclallzatlon emerges. 

A measure of evenness of a countrv's 
scientific effort is given by the variance 'of 
the distribution of its RCAs (by papers or 
citations) for the 20 fields specified by the 
IS1 11 3 ). The United Kingdom has the low- , , - 
est such variance (by papers) or greatest 
evenness in its patterns of scientific capabil- 
ity among the 20 fields. The United King- 
dom is follolved by Germany, United States, 
Netherlands, Switzerland, and France (14). 
It is not surorising that the countries 1vit1-1 " 

larger economies show such relative even- 
ness, but the nresence of small countries such 
as the Netherlands and S~vltzerland (\vhere 
man\- would exoect ~ r e ~ o n d e r a n t  invest- . . 
men; in pharmacologically related research) 
is some\vhat surprising. klost of the Asian 
countries that are emerging as scientific 
powers, in contrast, have uneven patterns 
(for example, Philippines, China, Indonesia, 
Singapore, Thailand, and South Korea). 

Similarly, evenness in quality can be 
estimated by calculating the variance in the 
appropriately normalized distribution of a 
country's RCIs among the 20 fields (15). 
The greatest evenness in quality, by this 
measure, is sho\vn by Australia, followed by 
the United Kingdom, Netherlands, France, 
Finland, Canada, and United States (16). 

This and the analysis above and in Table 2 
indicate that the distribution of the data for 
the 20 fields for the United Kingdonl is 
more tightly clustered than for any other 
country. Whether this is a good thing is 
another question. 

Consideration of a country's share of the 
world's total papers or citations tends to focus 
attention on the larger economies. As in the 
opening analogy with the Olylnpic Games, we 
ask about performance in relation to popula- 
tion size, or money spent on basic research. 
On this basis (Table 3),  the top 12 countries 
ranked according to papers per person are 
smaller, mainly northern European countries; 
the top G7 country is Canada, at fifth, fol- 
lowed by the United Kingdom at eighth and 
United States at ninth. A similar pattern 
holds in terms of citations per person; again, 
France, Germany, Italy, and Japan come low 
in the rankings. Unlike the case for Olympic 
medals, there is no high relative performance 
by a very small country. This is understand- 
able; science has thresholds of critical size and 
investment. 

Co~nparison of scientific output relative 
to government money spent on research 
and development (R&D; both in total, and 
excluding defense funds) is arguably the 
best measure of the cost-effectiveness of 
spending in support of basic and strategic 
research (Table 1, last columns). There is a 
marked gap-by a factor of 3 or more- 
between the output, measured in citations 
per unit of civil expenditure, of the top 
three G7 countries (United Kingdom, 

Table 2. Comparative advantage In ctatons, RCA ( I  I) ,  and a measure of absolute quaty, RC (9), for 
each of the 20 fleds of scence defned by the IS (6, 7, 23), for the Unted Kindom. Also shown are the 
top flve countrles, ranked by share of the world's cltat~ons and by RC in each of the 20 fields. 
Abbrevatons are glven In Table 1 and Fg. 1. BE, Belgium. 

Top flve countries 
F~eld RC A RCI 

By total c~tat~ons By RCI 

Agrculture 
Astrophysics 
Biol. & biochem. 
Chemstry 
Clinical medicine 
Computer sci. 
Ecol. & envlron. 
Engineering 
Geosciences 
Immunology 
Materials sci. 
Mathematics 
Microbology 
Moec, bol. & 

genetlcs 
Mutidsc~plnary 
Neuroscience 
Pharmacology 
Phys~cs 
Plant & anmal 

sci. 
Psychology 

United States, and Canada) and the other 
four. The United Kingdom does particularly 
well in these performance ratios: this is 
partly because the number of citations of 
papers by U.K. scientists is relatively high 
and partly because the nloney it spent on 
R&D is relatively low. A similar, although 
slightly smaller, gap is also seen if total 
government expenditure is used as the scal- 
ing factor [and similar patterns are seen if 
papers, rather than citations, are rescaled 
against spending ( 1 )]. 

Patterns of Change 

From 1981 to 1994, the world's outo~lt of 
scientific papers increased by 3.7% per year. 
This rate corresponds to a doubling time of 
19 years. The greatest growth rates, >10% 
oer vear, were exhibited bv the scientificallv 
A , .  

emerging countries such as Hong Kong, 
China, Singapore, South Korea, and Tai- 
wan. The scientifically established coun- 
tries had lower, though still pronounced, 
annual average growth in publications: 
United States, 2.7%; United Kingdom, 
3.0%; Germany, 3.3%; and France, 5.2%. 
Sitnilarly, in terms of publications relative 
to population size (Table 3 ) ,  the countries 
that were already the leaders in 1981 tend- 
ed to show lower growth. 

Such increases in output from newer 
nlavers have meant that the United States. 
L ,  

United Kingdom, and most other scientifi- 
callr develooed Western countries have seen 
the; shareLof the world's papers decrease 
somewhat from 1981 to 1994. The United 
States' share of ~ v o ~ l d  papers decreased bv 
1 (2% pel vear f ~ o m  1981 to 1994, the United 
Kingdom's share by 0.9Ol0, and Ge~manv's bv 
0.4%, mhereas France's share ~ncreased by 

Table 3. Measures of relative performance (1, 5). 
Top 12 countries are listed flrst for each Index; 
ranklngs for other countr~es are In parentheses. 
Swltz.. Sw~tzerland: Neth., Netherlands; N .  Zea- 
land, New Zealand; paps, papers; cits., citations. 

Paps, per C~ts, per 
person person 

Skj~itz, 
Israel 
Sweden 
Denmark 
Canada 
Neth. 
Flnland 
U . K .  
U.S. 
N .  Zealand 
Noway 
Australla 
France (1 5) 
Germany ( I  7) 
Japan (1 9) 
Italy (21) 

Switz. 
Sweden 
Israel 
Denmark 
U.S. 
Neth. 
Canada 
U . K .  
Flnland 
Iceland 
Notway 
Australla 
France (1 5) 
Germany ( I  6) 
Japan (1 9) 
Italy (20) 
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0.7% and Japan's share increased by 2.1%. 
Overall, however, absolute rankings have 
not changed much. In terms of shares of the 
world's total papers, the United States 
ranked first, United Kingdom second, Japan 
third, and Germany fourth, both at the be- 
ginning and at the end of the 1981-1994 
interval. In terms of papers per population, 
the top 12 countries (Table 3) were top at 
both the beginning and end of the 14-year 
span, with the exception of the Netherlands 
(which displaced Germany from the top 12) 
and also with minor reordering in the rank- 
i n g ~  (chauvinistically, we note that the 
United States was ahead of the United King- 
dom at the start, behind at the end). The 
U.S. decrease in world share of citations was 
about 0.8% per year, while the United King- 
dom's share decreased 1.1% per year. 

Change in the inherent quality of a coun- 
try's science from 1981 to 1994 might be 
indicated by changes in the RCI. As shown 
in Fig. 1, the emerging Asian countries men- 
tioned above tended to show large increases 
in RCI over the 14-year period but from a 
relatively low base. Other countries started 
the period with low RCI values, and fell 
further back. The countries that rank highest 
in average RCI (Table I), or in citations or 
papers per person (Table 3), tended to show 
little change. The greatest gain among the 
top 12 countries in Table 3 was by New 
Zealand, which showed an average annual 
growth in RCI of 1.4% per year. The greatest 
declines were for Australia, Denmark, Nor- 
way, and Sweden, all of about 0.9% per year. 
RCI increased at 0.1% per year in the Unit- 
ed States and decreased at 0.2% per year in 
the United Kingdom. In general, there is 
thus little suggestion of any marked decline 
in the quality of the scientific output of the 
top-ranking countries in Table 1. 

Corresponding analyses of trends in ci- 
tations need to be interpreted with care, 
because citations accumulate with time 
(1 7). Thus, all else being equal, papers pub- 
lished in the early 1980s (or earlier) should 
contribute more to citation counts than 
those published in the early 1990s. But such 
considerations seem to us unlikely to intro- 
duce time delays of more than a couple of 
years [a supposition supported by the aver- 
age half-life of citations (1 7)]. A different 
worry is that the researchers who did this 
work were trained 10, 20, or more years 
earlier. Today's performance may say little 
about how well the new generations of sci- 
entists are being nurtured [see (1) for fur- 
ther discussion]. 

Another way of assessing a country's sci- 
ence base is to look at its success in winning 
major international prizes. It is often assert- 
ed, for example, that the relative paucity of 
Nobel prizes won by U.K. scientists over the 
past two decades is evidence of declining 

way; PN, Papua New 0 4  I I 

Guinea; PH, Phillipines; -3 -2 -1 0 1 2 3 4 5 6  

SI, Singapore; SA, South Change in RCI (% per year) 

Fig. 1. Change in the 1.6- 
quality of scientific out- 
put, measured as aver- 1.4 - 
age percentage change 
in RCI (9) versus the ini- 
tial RCI (average 1981- 

I -, 1985), for the larger sci- 5 
entifically developed, 0,8 
and developing, coun- E 
tries. Abbreviations are 5 0.6- 
in Table 1 and: CH, 
Chile; HK, Hong Kong; 0.4- 
ID, Indonesia; MA, Ma- 
laysia; MX, Mexico; NZ, 0.2- 
New Zealand; NO, Nor- 

~ f r i c a , ~ ~ ,  South Korea; TA, Taiwan; TH, Thailand. 

scientific strength. Although still the best 
known and richest, the Nobel Prize is just 
one among a growing number of notable 
awards. Its scope is, moreover, restricted: 
among the sciences, only physics, chemis- 
try, and medicine (broadly construed as the 
biomedical end of the life sciences) are 
recognized. 

We thus counted all internationally rec- 
ognized scientific prizes worth more than 
$200,000 (United States), along with 
mathematics' Fields Medal (18), by decade 
through the 20th century (Fig. 2). Up to 
the past few decades, the count is essentially 
solely of Nobels. German scientists won 
most of the awards in the early decades, and 
scientists in the United States began to win 
many awards in the 1930s. In the decades 
around World War 11, proportionally fewer 
German and French scientists won, while 
U.S; scientists established a continuing 
command of around half of the world's priz- 
es. Scientists in the United Kingdom have 
maintained a steady fraction of about 10% 
of all awards throughout the century. If this 
total is rescaled for population size, the 
United Kingdom has been the leader 
throughout the century. One bias in this 
analysis is that one recent large prize, the 
Australia Prize, has been won largely by 

s9' 
DE 

& 

J' 

%'-! 
I?,. SA S;< TA . MA. 

IN 

Australians. Japan and United States each 
give two large prizes, and the United King- 
dom, Germany, and France none. 

Analysis of prizes gives a time-delayed 
measure of performance. This consideration 
may explain why the G5 countries have 
continued to win about 80% of the awards 
over the past three decades, despite the 
rising performance of new players and the 
G5 countries' diminishing share of the 
world's papers and citations. 

US 

U~,,NE 
C A 

FN :F2 GE 
IT VZ 

S K  
t H  T t  

PN 
s; p.R 

Discussion 

The above comvarisons are to a demee - 
confounded because a large and growing 
fraction of scientific work involves interna- 
tional collaborations [see discussion in (8)]. 
In 1994, for example, 26% of papers with 
first authors in the United Kingdom were 
the product of transnational collaborations 
(4). Another concern is that there is an 
English language bias in the IS1 database, 
both in the ioumals included and in vat- 
tems of citation. Could this explain why 
the United States. United Kingdom. and 
Canada do so much better thin ~ & n c e ,  
Germany, Italy, and Japan (Table 1, last 
columns)? But the same broad patterns of 
performance among the G7 countries are 

100 Fig. 2. The figure shows 
90 the fraction of the world's 

major international sci- 
80 ence prizes (78) won by 
70 each of the five largest 

economies (the G5 coun- 
tries and Australia), by 

A \  decade, over the 20th 
A i  Others century (1). Order of 

curves is as listed in the 
legend. 

1900s 1910s 1920s 1930s 1940s 1950s 1960s 1970s 1980s 1990s 
Decade 
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also seen in the  analysis in Table 3, where 
the  four leaders are not the  Engllsh-speak- 
ing countries. 

Despite these concerns, the large differ- 
ences 111 petiorlnailce indicated in Table 1, 
last col~imns, are surprising. hly view-and it 
is no more than a guess-is that a large part of 
the difference in peltorinance betnreen the 
top Jo:en or so countries in Table 3 and the 
lower rankine of the G7 countries arises from 

c 3  

ditferences in the nature of the instit~itional 
settings where the scientific research is done. 
Germany and France have superb scientists 
who do outstanding work, but a large propor- 
tion do this work in dedicated research insti- 
tutes: Max Plailck and CNRS Institutes. BY 
contrast, most basic research in North Amer- 
ica, United Kmgdom, the Scandinavian 
countries, and others alnoilg the top co~iiltries 
111 Table 3, is done in universit~es ( 1  9). T h e  
nonh~erarchical nature of most North Amer- 
ican and northern European universities, cou- 
pled with the pervasive presence of irreverent 
~ O L I I I ~  ~indergraduate and postgraduate stu- 
dents, could be the best eilvironmeilt for pro- 
ductive research. T h e  peace and quiet to focus 
on a miss~oll in a research institute, ~indis- 
tracted by teach~llg or other respons~bilit~es, 
may be a questionable blessing. 

I thus suggest that,  alllong the scientifi- 
cally advanced countries, better value for 
moiley ( in  terms of papers or citations per 
person or per dollar spent) might be associ- 
ated with perforiniilg basic research mostly 
In un~versities. rather than in research insti- 
tutes. If so, there are slgilificant ~mplications 
for those countries, such as the United Kine- " 
dam, Sweden, and Australla, a h l c h  recently 
have seen great enlargement in the  il~lrnber 
of tertiary institutions des~gnated as ~iniver- 
sities. It seems ~i~llilcelv that oovemments - 
can afford to supply the previously customary 
level of infrastructure for research (equip- 
ment,  technicians, research l~bra r~es ,  proper- 
ly furnished laboratories, and so on)  to all 
departments 11-1 these more numerous univer- 
sities. This raises uuestions about how to 
focus such infrastructure support and indirect 
costs upon the best people and groups. T h e  
question is shal-pened by the observat~on 
that,  in the  United Kingdom, by the vear 
20L70 half of all scientific papers' will have 
three or inore authors, from two or more 
institutions. I think the  alternative of hlvlng 
off most f~~ndarnental  research into dedicat- 
ed ~nstitutes could be a suboptimal solution. 
This issue deserves further analysis. 

T o  end o n  a parochial note,  1 observe 
that the  United Kingdoill does well in  at- 
tracting inward Investment (2L7). It is be- 
lieved that the  strength, and the  accessibil- 
ity, of the  science base is a large factor in 
this success. Anecdotes abound, but a con- 
vinclng and objective analysis is more d ~ f -  

ficult. More generally, the acknoxledged 
strength of the  science base ill the United 
Kingdom, although it helps create n-ealth 
around the  world, is not coilsisteiltly trans- 
lated illto strong industrial performance 
within the  United Kingdom itself. T h e  
T e c h ~ ~ o l o g y  Foresight enterprise in the 
United Kiilgdom c~~rrei l t ly  seeks to remedy 
this, by forging nexv conilections between 
the two. But this is another storv (21 ) .  
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ng methods by P. B o ~ r k e  and L Butler [A Crisis :or 

Alisrralian Science? (Ausrraliar Nariorai i lr lvers~ty 
Press. Canberra, 1334)l suggests that these various 
approaci-es have reaiivey t i e  effect o r  conciusiors. 

9. For countmy I, lei io ta  papers be P, a rd  citatons C, . 
The share of the viorld's papers is then o = P, /P, 
wilere P = Z P  is the?~orlds total rurnber of papers. 
S m a r y .  ctatior share IS c. = C /C, vbSith C = ZC 
Herce RCI = c/o. = (C,/P,I[P/C) That is, for cour:p/ 
I, the average number of cra:ions per paper. C,/P, . 1s 
RCI, rnu l t~ped by the <atio o i  a I ctat~ons to a I papers 
(namely 8 531. 

0 It !+as been suagested tliat U.S scentsts. on aver- 
aae tend to b'more nsular than t i e r  European and 
other counternarts. tendng to f o c ~ s  more on ther 
own (Unted States) t e ra t~~ re than  IS t i e  case in otiel. 
co~~ntr ies (5) If so, t i s  would tend to elevate the RCI 
for U.S, papers. 
Define P (1) as t i e  number of papers p ~ b l s h e d  in 
f e d  1 by co~n t r y  I . T ien the qLantty P, of (9) s P = 
I P ,  (1). Follow~ng (2, 5), I defne RCA,(j) = [P,(]):P,~ - 
!P(]):Pj where Pi;) = I P , ( ] )  1s the world's total of 
papers in field 1, and P IS t i e  overall total of (9). It 
follows that RCA.(]) = [P.(])iP(])] + p,(])ip, Herep is 
Vie o\'erall p ~ ~ b c a t o n s  siare of co~n t r y  i ,  as defned 
'n (91 and p,:j) is the correspond~ng oub'icat~ons 
share in fled;. 
The Director Gei!craI o: Research Coui!ci/s' Re!fic;1./ 
of ihe Science Budg6i Portfolio (UK Office of Scence 
and Technology. London. May 1993). 
S ~ c i i  a nieasLre of evenness of scientif~c ~apabl l t les 
cannot sensbl)~ be obtaned s m p y  from the varia- 
tion In citat~on or p ~ b c a t  on siares among f~elds 
beca~se  t i e  SI 's  ,2O f e d s  are ttiemseves of var~ab'e 
breadtli: some. .ce chem~str); or nhysics, n c l ~ d e  
many s~b f~e lds ,  w t i e  others k e  astronomy. are 
narrow. We m ~ s t  use thevariance of t i e  distrbuton 
[n t!ie n d  ces of revealed comparative advantage. 
RCU,(j), as def~ned In (1 1) 
See f ~ g ~ ~ r e  2 3b and d scLsson In (5). 
We do not smpl)) Lse tile distrbution of RC( j )  by 
f,eds j ,  b ~ t  ratlier R C ( j )  normazed by the overall 
c~tation moact of a country across a f eds  [in ana- 
ogy to ttiat n (i3)] S ~ c h  nor~nalizaton aou!s LS to 
~nake ~ n e a n n g f ~ l  colnparsons of varances among 
different countrles, accounting for t!ie d~fferent val- 
ues of ther overall PCI. 
See f ~ g ~ ~ r e  2 3a and dscusson n (5) 
Tliis bas  IS f~ r ther  complcated because t i e  c~tation 
h a l f f e  of a paoer tends to vary among d s c n n e s  
be~ng lonser n s~b jec ts  l ~ e  ecology (average around 
7 years) and shorter In subjects like m o e c ~ a r  b o -  
ogy (average a r o ~ n d  2 years). 
F ~ g ~ r e  2 lncludes the following awards Nobel !Swe- 
den). Crafoord (Sweden). lVolf (Israel) Kyoto (Ja- 
pan), K ng Fa s a  (Saud Arabia). Vovo (Sweden), Ja- 
pan Draper (U S.) Bazan (Italy) Austraa, Chorofas 
(Swtzerland). Bower :U S.) Felds Medal 
About 8096 of UK paoers come from universtes and 
teaching hosntas, around 11 96 f ro~n research coLn- 
c and government nst~tutes and 996 from industry 
:4,. 
T i e  Unted Kngdom accounts for more tlian a t i r d  
of a nu!ard nvestment into t i e  EU inciud ng 
roughly 4056 of a s ~ c h  nvestment from t!ie Uoited 
States, 4096 from Japan 50% from South Korea 
P L ~  anotlier way t i e  Un~ted K~ngdom recelves 
r o ~ a i l v  1756 of a outward investment frolr the 
~n tkd ' s ta tes  796 of Jaoan's outward nvestment, 
and 159.6 of Germany's. 

21 A Strategy Tal(ing tne Foresigni Progranme to die 
Millenniun: :Offce of Scence and Tec!inoogy UK 
Deoartment of Trade and Ind~s t r y  London, Decem- 
ber 1996; 

22 Data m a n y  from (5) see also ( I )  and (3) 
23. Data from I S  database T!ie f (st c o l ~ m n  follows (5). 

For the second c o l ~ ~ m n ,  based on R C  which s a 
reatve measure of oerformance, u!e have exc l~~ded 
countr es that contrbute less t i an  a b o ~ ~ t  0 2% of all 
pubcatons n that field Othe~wise one (or a few) 
' i g h y  c~ted mut  authored pape,. ttiat tias one autlior 
f r o~n  a small co~n t r y  can n r o d ~ c e  a !iigii R C  rank~ng 
for that  count^/, w h c i  arguably s mseadng,  we 
folou! (5) n assgnng mu t  authored oaners to each 
country w~ t ! i  a contrbutng autior (8) 
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