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Abstract: Traditionally, studies of scientific productivity are biased in two ways: they are based on Current
Contents, an index centered in British and American journals, and they seldom correct for population size,
ignoring the relative effort that each society places in research. We studied national productivity for biology
using a more representative index, the Biological Abstracts, and analyzed both total and relative productivity.
English dominates biological publications with 87% (no other individual language reaches 2%). If the USA is
considered a region by itself, it occupies the first place in per capita production of biology papers, with at least
twice the productivity of either Asia or Europe. Canada, Oceania and Latin America occupy an intermediate
position. The global output of scientific papers is dominated by Europe, USA, Japan, Canada, China and India.
When corrected for population size, the countries with the greatest productivity of biology papers are the Nordic
nations, Israel, Switzerland, Netherlands, Australia, Saint Lucia and Montserrat. The predominance of English
as the language of biological research found in this study shows a continuation of the trend initiated around the
year 1900. The large relative productivity of the USA reflects the importance that American society gives to sci-
ence as the basis for technological and economic development, but the USA’s share of total scientific output has
decreased from 44% in 1983 to 34% in 2002, while there is a greater growth of science in India, Japan and Latin
America, among others. The increasing share obtained by China and India may reflect a recent change in attitude
towards funding science. The leadership of Nordic nations, Israel, Switzerland, Netherlands and Australia can be
explained by cultural attitude. Apparently, a positive trend is emerging in Latin America, where Chile improved
its ranking in per capita productivity but Argentina, Costa Rica, Uruguay, Brazil and Cuba fell. Nevertheless,
the most productive countries in total number of papers are Brazil, Mexico and Argentina: large countries with a
long tradition of funding scientific research. Rev. Biol. Trop. 53(1-2): 283-294. Epub 2005 Jun 24.
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The countries and languages that dominate
biological research in particular, and scientific
research in general, change dramatically over
time. Early scientific work was dominated by
Iraq, Egypt, India and China. These countries
produced most of the significant advances in
mathematics, astronomy and medicine from
6000 BC to 600 AD (Ruiz 2003).

In the next period (600 BC to 400 AD)
Greece liberated research from the earlier myth-
ical view of nature and introduced rationaliza-
tion, dominating advances in biology as well as
in physics and cosmology (Singer 1959).

In the period from 400 AD to 1450
AD the Arabic kingdoms conserved and
expanded Greek knowledge and after the
European Renaissance, Italy, France, Holland,
Germany, England and Russia led the devel-
opment of modern science in all fields of
knowledge (Papavero et al. 1995). Around
the year 1900, Japan and the USA joined
Europe as scientific leaders, while Australia,
China and India increased in importance as
the century advanced. Other Asian countries
as well as Latin America have less developed
scientific systems but generally are in better

Rev. Biol. Trop. (Int. J. Trop. Biol. ISSN-0034-7744) Vol. 53 (1-2): 283-294 , March-June 2005 (www.tropiweb.com) 283



condition than African and Oceanic nations
(Garfield 1984a, b).

It has been suggested that in these coun-
tries science is less developed because of the
external debt, privatization of public enterprise,
the use of imported technology and in general,
insufficient funds (Vessuri and Cetto 1999).
However, Inonii (2003) has found that cultural
attitude toward scientific research is a more
general predictor of scientific development and
productivity.

Like the dominating countries, the domi-
nating languages of science have varied great-
ly over the years, from Babylonian, Egyptian,
Sanskrit and Chinese before 600 AD, to Greek
and Arabic from 600 BC to 1450 AD. In
the early Renaissance, Latin dominated sci-
ence to an extent that probably has not been
reached by any other language before or
after. From 1700 to 1900 French, German,
Italian, English, Dutch and Russian were the
languages of western science. After 1900,
English has increased enormously its share of
the scientific literature and also dominates the
Internet in the early 215 century.

Despite the generalizations presented in
this introduction, most studies on the scientific
output of science by country and language have
two shortcomings related with sample size and
country size. Normally authors use data from
the Institute for Scientific Information of the
USA, which is greatly biased against non USA
science and underestimates the productivity
and impact of poorer nations (Monge-Néjera
2003, van Leeuwen et al. 2003, Zit et al
2003 a,b). Additionally, studies seldom correct
for population size, providing overall patterns
while ignoring the relative effort that each soci-
ety places in research (Inénii 2003).

This study overcomes the above shortcom-
ings by using data from the more representative
Biological Abstracts and by considering both
absolute scientific output and population-cor-
rected output.

MATERIALS AND METHODS

Data on the number of biology papers pub-
lished by language and by every country, state
and territory, were extracted from the digital edi-
tion of the Biological Abstracts, July-December
2002 edition. Population size for every country,
state and territory were extracted from the U.S.
Bureau of the Census International Data Base
(http://www.census.gov/cgi-bin/ipc/idbsprd;
2002 edition). By combining number of papers
and number of inhabitants it was possible to
make a correction for population size to facili-
tate comparisons, but total output data are also
presented because they are complementary to
per-capita production analyses.

Some regions were defined by the tra-
ditional classification: Asia, Africa, Europe.
However, we considered that the English and
French speaking Caribbean states should not
be pooled with Spanish and Portuguese speak-
ing Latin American countries because of their
differences. Similarly, Canada was separated
from the larger USA instead of being pooled
as “Anglo-Saxon North America” and the
small Pacific islands were separated from the
rest of Oceania.

RESULTS

The results are organized in three basic
analyses: language, regional productivity and
national productivity.

Language: English clearly dominates the
scientific literature. Other languages do not
reach 2% of the biological papers included in
Biological Abstracts (Table 1).

Regional productivity: the number of
papers produced by each region of the world
can be considered by per-capita production, to
correct for differences in population size, and
also by total output to measure the weight that
each region has in the biology literature.
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TABLE 1
Languages of the biological papers included
in Biological Abstracts

Language Papers (%)
English 86.74
Chinese 1.44
Russian 1.41
Japanese 1.01
French 0.90
German 0.80
Spanish 0.48
Italian 0.15
Polish 0.11
Other Languages 6.96

Total: 196 670 papers.

Per capita production

The USA is large enough to be considered
a region by itself. It occupies the first place in
production of biology papers for every 100 000
inhabitants, with at least twice the productivity
of either Asia or Europe. Canada, Oceania and
Latin America occupy an intermediate position.
Africa, the English and French speaking states
of the Caribbean and the small Pacific islands
have as a group low productivities for every
100 000 inhabitants.

Total output (%)

When no correction is made for population
size, the global output of scientific papers is
dominated by Europe, closely followed by the
USA and (less closely) by Asia. Latin America,
Canada and Oceania together produce 10%
of the biology papers, and Africa, the Non-
Spanish Caribbean and small Pacific islands
produce a very small percentage (Fig. 1).

National productivity

When countries, states and territories
are not pooled into larger regions, important

TABLE 2
Relative production for every 100 000 inhabitants

Region Papers /100 000 inhabitants
USA 190.80

Asia 98.00

Europe 70.00

Canada 20.00

Oceania 17.40

Latin America 13.00

Africa 242
Non-Spanish Caribbean 1.15

Small Pacific islands 0.72

Total: 196 670 papers.

additional information can be added to the
larger patterns. The results are again presented
in the two options of per capita production and
total output of biology papers.

Per capita production

When corrected for population size, the
countries with the greatest productivity of
biology papers are the Nordic nations, Israel,
Switzerland, Netherlands, Australia, Saint
Lucia and Montserrat (Appendix 1).

The lowest productivity corresponds main-
ly to the small islands of the Pacific, African
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Fig. 1. Regional share (%) of the world’s production of
biological papers.
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countries and the poorer Latin American coun-
tries (Appendix 1). In Latin America, which
leads the production of tropical biology papers,
the most productive countries are Argentina,
Chile and Costa Rica. A second block includes
Uruguay, Brazil, Cuba, Mexico, Panama and
Puerto Rico (Appendix 1).

Total output

When only the total number of published
biology papers is measured, without correction
for population size, the most productive coun-
tries are the USA, Japan, United Kingdom,
Germany, France, Italy, Canada, China, India
and Spain (Appendix 2).

The countries, states and territories that
publish less biology papers are the islands and
several African nations (Appendix 2).

Within Latin America, the most productive
countries are Brazil, Mexico and Argentina.
Chile, Cuba and Venezuela occupy an interme-
diate place and Central American, as well as
other Caribbean and South American countries
have low total outputs of biological papers
(Appendix 2).

DISCUSSION

Language: The predominance of English
as the language of biological research found in
this study is not a surprise. It simply shows an
continuation of the trend initiated around the
year 1900 and applies both to printed publica-
tions and to the Internet. For example, Chinese
journals in English language have increased
in number and impact in the last 20 years (Li
and Zhang 2003). Arguments for an standard-
ization of English as scientific language even
in poorer countries can be found, among oth-
ers, in Monge-Najera 2002 and at least 50%
of academic web pages in Western European
countries are in English, independently of
the official local language of each country
(Thelwall et al. 2003). However, it cannot be
predicted if English will dominate science for
more than one or two centuries. It could also

follow the fate of Latin and be substituted
by local languages, specially when automatic
translations become widespread and reliable in
the future.

Regional productivity:
Per capita production

The large relative productivity of the USA
reflect the importance that its society gives to
science as the basis for technological and eco-
nomic development (Indnii 2003), an attitude
that is justified (van Looy et al. 2003, Zitt et
al. 2003 a, b). The leading role of the USA
as a regional block has not changed since the
last century, as shown by correcting Garfield’s
(1984a, b) data for country population size
(Monge-N4jera: unpublished reanalysis of
Garfield 1984a, b).

Total output

The USA’s share of total scientific output
has decreased from 44% in 1983 (Garfield
1984a, b) to 34% in 2002 (this study). The
same trend has been noticed in scientometric
research (Bharvi et al. 2003) and apparently
does not reflect a reduction in total output from
the USA but rather a greater growth of science
in India, Japan (Bharvi ef al. 2003) and Latin
America, among others (this study).

National productivity:
Per capita production

The USA led the list of productive regions
because low-output countries within other
regions reduce regional average, but when
individual countries are compared, the USA is
not among the ten more productive countries.
Again, the leadership of Nordic nations, Israel,
Switzerland, Netherlands and Australia can be
explained by cultural attitude (Inonii 2003), but
the excellent record of small, less known states
(Saint Lucia and Montserrat) warrants in depth
research because they can serve as models for
other small countries with similar conditions
and characteristics.
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In comparison with 1983 (Monge-N4jera:
unpublished reanalysis of Garfield 1984a, b),
Chile improved its ranking in per capita pro-
ductivity one step while Argentina, Costa Rica,
Uruguay and Brazil fell one step each. Cuba
fell three steps in the ranking and Venezuela
and Guatemala disappeared from the list of
most productive Latin American countries.
Mexico had no change: it was and is seventh
in the ranking.

Total output

Considering total number of published
biology papers is measured, the leadership of
USA, Canada, Japan and Western European
countries can be explained by population size
and cultural attitude reflected in industry and
government financial support (Vessuri and Cetto
1999, Inénii 2003, Zitt et al. 2003 a,b). China
and India also have large populations, but a posi-
tive attitude toward science has not been tradi-
tional in those societies, so their improving share
of science may reflect a recent change in attitude
(Bharvi et al. 2003, Inonii 2003). Spain, with a
small population and a tradition of disregard for
science does not fit Indnii’s hypothesis (Inonii
2003) and needs further and in-depth research
to understand why it has increased its scientific
output to this extent.

Within Latin America, the most productive
countries are Brazil, Mexico and Argentina,
again in concordance with Indnii’s hypothesis
(Inoénii 2003), because these are large coun-
tries with a long tradition of funding scientific
research (Anonymous 1998).
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RESUMEN

Tradicionalmente, los estudios sobre productividad
cientifica tienen dos sesgos: se basan en el Current
Contents, un indice basado en revistas de paises indus-
trializados, y rara vez toman en cuenta el tamafo de la
poblacion, con lo cual dejan por fuera a la mayoria de la
produccion de paises no industrializados (e.g. América
Latina) e ignoran el esfuerzo relativo que cada sociedad
dedica a la ciencia. Estudiamos la productividad por pais
usando Biological Abstracts, que incluye mas revistas y
tomamos en cuenta el tamafio de la poblacion. El idioma
inglés domina la literatura cientifica con un 87% de los
articulos (ningtn otro idioma llega al 2%). Si se considera
a los EEUU como una region, ocupa el primer lugar en pro-
ductividad por habitante de articulos cientificos en el area de
la biologia, con al menos el doble de la productividad que
Asia o Europa. En tanto Canada, Oceania y América Latina
ocupan lugares intermedios. Mundialmente, la produccion
total es dominada por Europa, EEUU, Japon, Canada, China
e India. Si se toma en cuenta el tamafo de la poblacion, los
paises con mayor productividad son las naciones nordicas,
Israel, Suiza, Holanda, Australia, Santa Lucia y Montserrat.
El dominio del inglés comenzd a desarrollarse desde cerca
del afio 1900. La gran produccion relativa de los EEUU
refleja la importancia que la sociedad estadounidense da a
la ciencia como base para el desarrollo tecnologico y eco-
noémico, pero la porcion estadounidense de la produccion
cientifica mundial ha bajado de 44% en 1983 a 34% en 2002,
al tiempo que se acelera el crecimiento de la produccion
cientifica en India, Japon y América Latina, entre otros. La
proporcion creciente de la literatura de China e India podria
reflejar un cambio reciente en actitud hacia la inversion en
ciencia. El liderazgo de las naciones nordicas, Israel, Suiza,
Holanda y Australia puede explicarse debido a la actitud
cultural. Parece estar emergiendo una tendencia positiva en
América Latina, donde Chile mejor6 su ubicacion en pro-
duccion por habitante, pero Argentina, Costa Rica, Uruguay,
Brasil y Cuba desmejoraron. Sin embargo, en produccion
bruta total, los paises mas productivos son Brasil, México y
Argentina: paises grandes con larga tradicion de financiar la
investigacion cientifica.

Palabras clave: productividad, numero de articulos, pais,
region, rango, idioma de la ciencia, actitud cultural.
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Country

Sweden
Israel
Denmark
Switzerland
Finland
Greenland
Saint Lucia
Netherlands
Australia
Montserrat
Norway
United Kingdom
Canada
Iceland
Unites States
Belgium
Austria
Monaco
Ireland
Germany
France

Japan

Spain
Slovenia
Italy

Georgia
Singapore
Greece

Hong Kong
Bermuda
Estonia
Taiwan
Czech Republic
Hungary
Liechtenstein
Portugal

Sao Tome and Principe

Croatia (Hrvatska)

Slovaquia (Slovak Republic)

Poland
Virgin Islands (British)

Papers for every
1000 inhabitants

0.34
0.30
0.30
0.30
0.30
0.28
0.27
0.23
0.23
0.22
0.22
0.22
0.20
0.19
0.19
0.18
0.17
0.16
0.14
0.13
0.13
0.13
0.12
0.12
0.11
0.11
0.11
0.09
0.09
0.09
0.08
0.08
0.07
0.06
0.06
0.06
0.06
0.05
0.05
0.05
0.05

APPENDIX 1
Per capita production of biology papers in countries

Country

Andorra
New Caledonia

Bulgaria

Korea (North and South)

Lebanon

Guam

Argentina

Kuwait

Saint Kitts and Nevis
Malta

Turkey

Virgin Islands (US)
Jordan

Chile

French Guiana
South Africa
Jamaica

Antilles

Costa Rica
Marshall Islands
Uruguay

Brazil

United Arab Emirates
Samoa

Macedonia
Guadeloupe

Cuba

Antigua and Barbuda
Barbados
Dominica

Oman

Bahrain

Reunion

Mexico

Seychelles
Lithuania
Yugoslavia
Martinique

Cyprus

Saudi Arabia

Panama
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Papers for every
1000 inhabitants

0.04
0.04
0.04
0.03
0.03
0.03
0.03
0.03
0.03
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
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APPENDIX 1 (Continued)
Per capita production of biology papers in countries

Papers for every Papers for every

Country 1000 inhabitants Country 1000 inhabitants

Grenada 0.01 El Salvador 0.01
Latvia 0.01 Armenia 0.01
Botswana 0.01 Gambia 0.01
Eritrea 0.01 Malaysia 0.01
Qatar 0.01 Venezuela 0.01
Puerto Rico 0.01 Brunei 0.01
Tunisia 0.01 Belarus 0.01
Mauritius 0.01 Egypt 0.01
Thailand 0.01 Namibia 0.01

Vanuatu 0.01

All other countries, states and territories produce each less than 0.01 papers for every 1000 inhabitants.
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APPENDIX 2
Total output

Total number of papers

Country published by semester Country
Unites States of America 55584 Egypt
Japan 15948 Chile
United Kingdom 12943 Iran
Germany 11072 Saudi Arabia
France 8048 Bulgaria
Ttaly 6572 Slovaquia (Slovak Republic)
Canada 6372 Croatia (Hrvatska)
China 5899 Ukraine
India 4694 Slovenia
Spain 4665 Pakistan
Australia 4464 Nigeria
Netherlands 3654 Cuba
Brazil 3102 Venezuela
Sweden 3052 Malaysia
Korea (North and South) 2298 Colombia
Switzerland 2202 Jordan
Poland 1881 Yugoslavia
Taiwan 1878 Lebanon
Israel 1856 Estonia
Belgium 1845 Norfolk Island
Turkey 1675 Romania
Denmark 1624 Kenya
Finland 1555 Tunisia
Austria 1369 Morocco
Mexico 1339 Costa Rica
Argentina 1138 Philippines
Greece 1000 Bangladesh
Norway 994 Uruguay
South Africa 877 Kuwait
Czech Republic 739 Belarus
Hong Kong 693 Iceland
Hungary 642 Jamaica
Russia 1415 Sri Lanka
Portugal 581 Indonesia
Ireland 541 El Salvador
Georgia 540 Eritrea
Singapore 487 Saint Lucia
Thailand 452 Lithuania
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Total number of papers
published by semester

389
360
323
281
280
268
241
236
224
201
198
168
144
143
135
127
127
120
118
116
111
95
89
86
70
69
62
59
57
56
54
53
51
46
45
44
44
43
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Country

United Arab Emirates
Oman

Zimbabwe

Puerto Rico
Cameroon

Panama
Macedonia
Algeria

Ethiopia

Tanzania

Paraguay

Peru

Nepal

Ghana

Latvia

Madagascar
Uganda

Senegal

Armenia

Syria

Benin

Botswana
Tajikistan
Greenland

Sudan

Russian Federation
Iraq

Cote D’ Ivoire (Ivory Coast)
Bolivia

Ecuador

Mongolia

Burkina Faso
Guinea

Gambia

Mauritius

Namibia

Sao Tome and Principe

Malta

292

APPENDIX 2 (Continued)
Total output

Total number of papers
published by semester
42
40
38
38
37
34
33
31
30
29
29
28
28
27
26
24
24
23
23
20
18
17
17
16
15
15
14
13
13
13
13
11
11
10
10
10
10
10

Country

Papua New Guinea
Reunion

Togo

Bahrain
Kazakhstan
Cyprus
Mozambique
Qatar
Uzbekistan
New Caledonia
Zambia

Guadeloupe

Congo (Brazzaville and
Kinshasa)

Gabon

Yemen

Azerbaijan
Bermuda

Bosnia and Herzegovina
Guatemala
Martinique
Monaco

Guam

French Guiana
Falkland Island (Malvines)
Honduras

Antilles

Barbados

Lesotho

Libya

Niger

Guyana

Nicaragua

Virgin Islands (US)
Albania

Andorra

Fiji

Samoa

Brunei

Total number of papers
published by semester

10
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Country

Djibouti

Mali

Swaziland
Montserrat
Liechtenstein
Angola

Vanuatu

Belize

Bhutan

Cambodia
Kyrgyzstan (Kyrgyz Republic)
Laos

Myanmar

Antigua and Barbuda
Dominica
Dominican Republic
Grenada

Saint Kitts and Nevis
Virgin Islands (British)
French Polynesia
Marshall Islands
Seychelles

Burundi

Cape Verde

Central African Republic
Chad

Equatorial Guinea
Guinea-Bissau
Liberia

Malawi

Mauritania

Mayotte

Nauru

Rwanda

Sierra Leone
Somalia

St. Helen

Western Sahara

APPENDIX 2 (Continued)
Total output

Total number of papers
published by semester

[SSREN SR (S I S E )
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Country

Zaire

Haiti
Suriname
Afghanistan
British Indian Ocean Territory
East Timor
Macao
Turkmenistan
Vietnam
Anguilla
Aruba
Bahamas

Cayman Islands

Saint Vincent and the Grenadines

Trinidad and Tobago
Turks and Caicos Islands
Faroe Islands

Gibraltar

Luxembourg

Moldova

New Zealand

San Marino

Vatican City

Cook Island

French Southern Territories
Kiribati

Niue

Tokelau

Tuvalu

Wallis and Futuna Islands
America Samoa

Bouvet Island

Cocos (Keeling Islands)
Comoros

Christmas Island

Heard and McDonald Islands
Maldives

Micronesia
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Total number of papers
published by semester
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APPENDIX 2 (Continued)
Total output

Total number of papers Total number of papers

Country published by semester Country published by semester
Northern Mariana Islands 0 Solomon Islands 0
Palau 0 Svalbard and Jan Mayen Islands 0
Pitcairn 0 Tonga 0
0 0

S. Georgia and S. Sandwich Isles US Minor Outlying Islands
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