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The contribution of women in Brazilian science:
A case study in astronomy, immunology and oceanography
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Rio de Janeiro, Rio de Janeiro (Brazil)

2Department of Information Science, City University, London (England)

The performance of Brazilian male and female scientists in three scientific fields was assessed
through their publications in the Science Citation Index from 1997-2001. Information on their sex
and their ages, positions, and fellowship status was obtained from a census on all Brazilian
scientists. The results showed that women participated most in immunology, moderately in
oceanography and least in astronomy. Men and women published similar numbers of papers, and
they were also of similar potential impact; they were also equally likely to collaborate
internationally. Nevertheless, women were less likely than men to receive fellowships to
supplement their salaries, suggesting that some sexual discrimination may still be occurring in the
Brazilian peer-review process.

Introduction

The low participation rate of women in scientific activities has been reported since
the 1960s.! This trend, however, seems to have changed within some countries and
fields as shown by the growing fraction of women enrolled on undergraduate degree
courses in different countries during the 1980s2 A recent UNESCO report showed that
although women’s participation in science and technology (S&T) in tertiary education
has increased, especially in some developing regions of the world (such as Latin
America, Eastern Europe and Asia), they are still in a minority in the sector. They may
be even fewer in fields such as physics, where the percentage of women working on
S&T activities was less than 10% of the workforce in several developed countries such
as Germany, Japan, South Korea, Switzerland, and the UsAa4

During the last two decades, increasing attention has been paid—3 to the problems
faced by women in science and engineering that may partly be explained by the huge
untapped economic potential that women represent? Among the most frequent findings
in the literature of “gender and science” are that (i) male scientists usually outperform
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females and (ii) females have less access to high academic positions as well as to
research resources and high salaries? 13 The causes for such differences are complex
and involve many factors, including cultural, social and economic ones! 10- 14

Several policies have been developed in order to try and improve matters for women
in science and it is therefore necessary to devise means to monitor their success. One
measure is the relative presence of women among the authors of scientific publications
resulting from research. However this is normally difficult to analyse as most
periodicals (and bibliographic databases based on them) only record the initials of their
authors’ names. Exceptionally, in Iceland, many “surnames” (actually, patronymics) of
men end in “sson” and of females end in “dottir” and this enabled one of ud> to see
how women had fared in a small country, albeit one, like Brazil, with a market
economy. In Poland many surnames display gender endings, which allowed Webster to
carry out a similar study'® in a country which for much of the period studied was a
socialist state, with every encouragement given to women to participate in paid
employment and in particular in science.

The findings for Poland were rather different from those in Iceland, where women’s
participation rose from barely 8% in 1980 to about 20% in the last few years. In Poland,
women’s share of publications declined modestly from about 35% after the end of
socialism but is now almost back at its pristine level. In both countries, there was a clear
tendency for women to be relatively much more active in biomedicine and the life
sciences, and less so in the exact sciences such as physics and mathematics. Another
finding was that women were less likely than men to be working on international
projects, suggesting that travel restrictions were hampering their development of
overseas contacts. However there was no significant difference in the potential impact
of the papers, or, for Iceland, of the actual citation impact of the ones in clinical
medicine.

In Brazil, studies of gender and science using a quantitative approach are still
uncommon. Recently, Velho and Leén!7 tested the validity of the assumption that
women are less productive than men by measuring some academic and scientific
aspects of four research institutes at the State University of Campinas, one of the
biggest and most important public universities in Brazil. They found that, although the
fraction of women working at these institutes increased in recent decades, they were
still concentrated in a small number of fields and they did not readily achieve top career
positions. Using quantitative data, the authors discussed the participation of women
within the social context of scientific production.
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The aim of the present work is to determine whether or not the scientific production
of Brazilian female scientists, in three different fields of knowledge, differs from that of
male scientists, in terms both of quantity and quality. Using data on publications in
astronomy, immunology and oceanography from the Institute of Scientific Information
(IST), we identified and counted Brazilian women’s and men’s outputs. We classified
their papers by their extent of international collaboration and by their potential impact
on other researchers as two indicators of the esteem in which the researchers were held.
To identify the sex of the researchers, we used a census of Brazilian scientists active in
2000. This database also enabled us to characterise the researchers by age, by whether
or not they were designated as group leaders, and whether they had been selected to
receive an addition to their salary in the form of a fellowship. The availability of these
census data allowed us to use bibliometric means to investigate the standing of female
scientists in Brazil.

Methodology
Data on the Brazilian scientific community

As mentioned above, one of the principal difficulties in studies on women in science
is to identify the researchers’ sex. Many studies involve manual comparisons, which are
labour-intensive and costly, and may still result in some missing information. In order
to bypass this difficulty, we asked the Brazilian National Council for Scientific and
Technological Development (CNPq in its Portuguese acronym) to extract from its
database some data on Brazilian researchers. CNPq is one of the most important
Brazilian federal research support agencies, linked to the Ministry of Science and
Technology, and grants fellowships to undergraduate and graduate students as well as to
established scientists. Since 1993, this agency has carried out a regular national census
of Brazilian research groups and has created a large database, the Directory of Brazilian
Research Groups.!8 The database includes general information as well as data on the
scientific publications of about 56500 names registered in 2002. However these
publication data are contributed by the individual researchers and such lists tend to
contain many errors. Moreover, the bibliographic details are not standardised: we
therefore did not use them as publications data from the SCI are much more complete
and accurate. CNPq estimates that its database covers around 80% of the whole
Brazilian scientific community.

For the present work we requested a sub-set of the data and CNPq provided them in
the form of eight MS Excel spreadsheets, one for each of eight major fields: agricultural
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sciences, biological sciences, engineering, exact sciences, health sciences, humanities,
languages and arts, and social sciences. The information recorded for each researcher in
the Directory for the year 2000 were the following:

full name

reference name

sex (if this field was missing, it was supplied by examination of the first or given
name of the researcher by one of us, JL)

date of birth

e-mail address

highest degree

date of highest degree

age when obtained highest degree

whether leader or associate researcher in the group
field of knowledge

current institution

whether in receipt of a CNPq researcher fellowship.

Based on the criterion of researchers’ highest degree being a PhD, we have selected
three fields for analysis where the percentages of females differ from those of males,
namely astronomy, immunology and oceanography (Figure 1).

Astronomy

Oceanography

Immunology

0% 10% 20% 30% 40% 50% 60% 70% 80% 90%  100%

E Female OMale

Figure 1. Percentages of Brazilian researchers with a PhD working in astronomy, oceanography
and immunology in 2000 who are females (shaded) and males (clear)
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Identification of Brazilian publications in the SCI

Many bibliometric studies delimit scientific fields by means of lists of journals.
However this is unsatisfactory as it will miss papers in general journals (such asNature
and Science) and because some papers in the journals attributed to a field by the ISI
may cover papers that are actually of little relevance to it. In other words, the “filter” of
an inclusive list of specialist journals will lack both “recall” and “precision”. It is
particularly important to include papers in general journals because these are often the
most influential and will enjoy many citations.

We therefore used three filters based on both specialist journals, with more
restricted lists than those published by the ISI, and on title words. The technique of
development of such filters has been described elsewhere by Lewison!% 20 For the
present study, the astronomy filter was developed in India with the advice of Aparna
Basu of the National Institute of Science Technology and Development Studies in
2000.2! The immunology filter was developed for a study on Austrian biomedical
research,”2 on the advice of Caroline Cross of the Wellcome Trust. Finally, the
oceanography filter was developed specially for this study, based on the background
knowledge of the field by one of us (GL). Table 1 shows the three filters, with their
precision and recall, and the numbers of papers (articles and reviews only, because
letters and other publication types do not represent peer-reviewed reports of research
findings) in the SCI for the five-year study period (1997-2001) for the world overall and
for Brazil. (“Precision” is the fraction of the papers retrieved by the filter that are
considered (by the expert) to be relevant to the field, and “recall” is the fraction of
papers relevant to the field that are identified by the filter.) In the table, the right-hand
column, headed “Ratio”, shows the percentage presence of Brazil in world output in
each field, using integer counts (i.e., with an internationally co-authored paper counted
as unity for each country). It appears that Brazilian scientists have more relative
presence in astronomy than in the other two fields, but in all of them it is increasing,
particularly in oceanography.

Table 1. List of subject-based filters used for the study of Brazilian researchers, their precision and recall,
and annual numbers of world and Brazilian papers in SCI, 1997-2001

Field Filter Precision Recall World Brazil Ratio
Astronomy ASTRO 0.98 0.96 9609 191 1.99%
Immunology IMMAL 091 0.93 24083 247 1.03%
Oceanography  OCEAN 0.83 0.82 10792 119 1.10%
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One of the questions that frequently arise when bibliometric studies are being
conducted on non-Anglophone and developing or scientifically peripheral countries is
how much of their scientific output is not captured by the SCI because it appears in
national or regional journals23 We thought that it would be useful to attempt to measure
this. We therefore examined the references in Brazilian papers in the SCI in each of the
three fields and, from those that appeared to be to papers in journals (because they
contained a volume number) we marked those that were from Brazil and not in the SCI.
In astronomy and immunology, the percentages of references in such journals
represented well under 1% of all journal references (0.1% and 0.6%, respectively) but in
oceanography they accounted for 6.5% of the total, indicating that there are a
substantial number of Brazilian oceanography journals. It was not possible to list them
satisfactorily as their names appeared in different formats, but the leaders were clearly
Revista Brasileira de Biologiaand Boletim do Instituto de Oceanografia de Sdo Paulo.

The bibliographic details (authors, title, addresses, abbreviated source) of the
Brazilian publications for the three fields were downloaded into MS Excel files. We
then checked whether each of the 446 names of Brazilian researchers catalogued in the
CNPq database within the three fields were listed amongst the authors of those papers,
and then marked the names with a symbol ($ or %) to indicate whether the author was
male or female, preceded by the year of their birth. For example, here is the list of
authors of one astronomy paper:

1938$Kaufmann-P 1961$Raulin-JP Correia-E 1956$Costa-JER 1962$Decastro-CGG
1965%Silva-AVR Levato-H Rovira-M Mandrini-C Fernandezborda-R Bauer-OH

which has one female and four male Brazilian authors and six unidentified ones. For
researchers in the CNPq database with no obvious papers, variants of, or strings of
letters within, their names were used in order to try and obtain a match. If one was
found, a check was made that there was an address on the paper(s) that corresponded to
that in the CNPq database.

In astronomy, 9 of the 109 Brazilian researchers’ names were not found, in
oceanography 73 of 158 and in immunology 43 of 179. Papers with at least one listed
CNPq author numbered 541 in astronomy (56.7% of the total), 135 in oceanography
(23.8% of the total) and 407 in immunology (33.2% of the total). A count of the % and
$ symbols in the author field then gave an indication of the sex distribution of the
Brazilian authors who had been identified for each paper. It was also possible to search
the author field by year so as to show which papers had been produced by researchers in
different age cohorts, though these data are not discussed here.
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Potential impact of the papers

The journals in which the Brazilian papers were published were grouped in four
categories according to the average frequency with which all papers in them were cited
in the five years following publication, G 4. This value was taken from a file of Journal
Expected Citation Rates purchased from the ISI, and covering 1996 publications cited
from 1996 to 2000. The categories were called Potential Impact Categories (PICs), and
were designated 1 (very low, Gy.4 < 6), 2 (low, 6 < Coy < 11), 3 (high, 11 < Cy4 < 20)
and 4 (very high, Cy4 > 20). The papers in each field with identified male and female
Brazilian researchers could then each be given a PIC value, and hence a distribution for
the two groups, male and female, could be calculated to give a comparison of the
“quality” of their respective outputs.

Results and discussion
Personal characteristics of the sample: sex and age

As shown in Figure 1, the highest female-to-total ratio was found in immunology at
72% (129 of 179 researchers). Oceanography has an intermediate ratio at 42% (66 of
158), while the lowest is in astronomy, 22% (24 of 109). The different percentages of
females between the three fields may be a result of the numbers of men and women
enrolled in Brazilian universities. For example, data from the leading universities in the
state of Sdo Paulo (24) indicate that women’s enrolments were highest in the biological
sciences for 2000 while men’s enrolments were more frequent in the exact sciences.
These results are also in accord with those found earlier in Iceland and Poland.

The ages of Brazilian scientists were grouped into 11 ranges. The age distributions
of men and women in our sample are presented in Figure 2.

In astronomy men were mostly 40-54 years old, with a peak at 50-54, while women
were mostly 35-49 years old, with a peak at 35-39 years. This shows that the younger
researchers are mostly women. For oceanography, most of the men and women were
35-49 years old and they both had the same peak at 40-44 years. Curiously, there were
some women over 60 years old, whereas there were none of this age in astronomy. This
indicates that women were working in oceanography earlier than in astronomy and
immunology. Finally, for immunology men were mainly 30-44 years old, with a peak at
30-34 years, while women were mainly in the range 35-54 years, with a peak at 40-44.
This indicates that men rather than women form the majority of new entrants to this
field.
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Figure 2. Age distributions for Brazilian male (M, clear) and female (F, shaded) researchers in three fields
as recorded in the CNPq database for 2000

CNPq fellowships and leadership of a research group

Among the 43101 fellowships awarded by CNPq to students and researchers
working in Brazil in 2000, 7422 were granted to Brazilian research scientists while the
other 36 000 were awarded to Brazilian undergraduate and graduate students. (A similar
number are also awarded by CAPES, Coordenadoria de Aperfeicoamento de Pessoal do
Ensino Superior, another federal agency linked to the Ministry of Education, but
CAPES does not award fellowships to researchers. Together, the two agencies award
around 100000 fellowships each year and probably there is no other country in the
world with such a large S&T training programme.) This type of fellowship, entitled
“productivity in research”, is a salary supplement which just a fraction of Brazilian
researchers are successful in winning. The fellowship is renewed every year through a
peer-review process that takes into account the researcher’s published outputs, among
other factors. The data about the award of these fellowships to researchers in our sample
were obtained from the CNPq database and are shown in Table 2. On average, 45% of
men in our sample were awarded this type of fellowship. For women the percentages
differ significantly between the three fields: 24% of women received the fellowship in
oceanography, 36% in immunology and 54% in astronomy.
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Table 2. Numbers of Brazilian researchers in three fields awarded a CNPq fellowship in 2000,
and numbers that were research group leaders, divided by sex

Field Sex N Group leaders CNPq fellows F/L
N % N % Ratio

Astronomy B 24 10 42 13 54 1.29
M 85 36 42 34 40 0.95

Oceanography F 66 38 57 16 24 0.42
M 92 60 65 39 42 0.65

Immunology F 129 70 54 46 36 0.67
M 50 33 67 26 53 0.79

We also analysed whether or not the researchers were leaders of a research group in
Brazil: a research group may have one or two leaders. Before each census, researchers
are asked to complete the CNPq questionnaire and they are free to designate themselves
as group leaders but before sending the questionnaire back to CNPq such a claim has to
be approved by members of the researchers’ departments or by their institution director.
This is a similar process to that of peer review and may avoid some erroneous claims.

The data in Table 2 suggest that in both oceanography and immunology, women are
less likely to receive a CNPq fellowship than their prominence in research, as
determined by their leadership of a research group, would suggest. The situation in
astronomy is apparently anomalous, with more female fellowships than research group
leaderships, although the numbers are small.

Women s participation in scientific publications

The distribution of articles in the SCI according to the sex of the 446 Brazilian
researchers found as authors is presented in Figure 3. Note that the sum of publications
referred to as male and female in our sample exceed the total because there are cases
where males and females from our sample were co-authors of a single article (as in the
example for astronomy), so these articles were counted once for males and once for
females.

Figure 3 shows that, of the 541 publications in astronomy, 152 (28%) have at least
one female from the CNPq list as an author or as a co-author. For oceanography and
immunology, females were more frequent authors: they were named on 58 of 135
(43%) and on 223 of 407 (55%), respectively. Although it may appear that women are
less productive than men, their participation as authors of scientific articles is quite
similar to their percentage presence in the respective fields — 22%, 42% and 63%, see
Figure 1. Moreover in astronomy, a field traditionally known as a male-dominated field,
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the scientific contribution of females is higher than their percentage presence as
researchers. This may account for the unexpectedly high number of females appointed
to CNPq fellowships noted above.

[
|450
Astronomy
O Males
QOceanography L
B Females
Immunology
400 500

Figure 3. Numbers of Brazilian articles in SCI in astronomy, oceanography and immunology
that were authored or co-authored by females (shaded) and males (clear) identified in sample

Figure 4 shows the distribution by potential impact category, PIC, of papers by men
and women in our sample. None of the differences in PIC distribution are statistically
significant, even if there looks to be one in astronomy, where women seem to publish
more in PIC 4 journals and less in PIC 1 ones.

‘ O %PIC1 @ %PIC2 g %PIC3 m%PIC4 ‘

Astronomy (F)

Astronomy (M)

QOceanography (F)

QOceanography (M)

Immunology (F)

Immunology (M)

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Figure 4. Distribution of Brazilian papers, 1997-2001, in three fields by potential impact category,
PIC (1 = low, 4 = high) for identified male (M) and female (F) researchers
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One feature of these data is that the Brazilian astronomy papers written by the
identified researchers seem to be published much more in highly-cited journals than the
papers in immunology and oceanography. This indicates that astronomy is, among the
three fields, the most highly-cited one. On the other hand, oceanography papers, written
by both men and women, were rarely published in highly-cited journals, classed as PIC
3 and 4. From our analysis of the references from these papers, we identified a
relatively high presence of Brazilian domestic journals, suggesting that this field in
Brazil may be more focused on local issues which would be less likely to be published
in prestigious international journals.

The effect of international co-authorship

International collaboration has been increasing rapidly during recent decades?>-28
Several studies have demonstrated that papers with an international co-authorship are
cited more often and are more likely to be published in highly-cited journals!®: 29 30
These findings were replicated in our study, see Figure 5. Papers with a foreign address
had a significant difference in their PIC distributions compared with those with only a
domestic address. This difference is more obvious in immunology and oceanography,
but it occurs also in astronomy.

‘ m%PIC1 E%PIC2 m%PIC3 m %PIC4 ‘

Astronomy (Dom)

Astronomy (For)

Oceanography (Dom)

Oceanography (For)

Immunology (Dom)

Immunology (For)

T T T T T T T T T T 1
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Figure 5. Distribution of Brazilian papers, 1997-2001, by journal Potential Impact Category
(PIC; 1 = low, 4 = high) with only domestic addresses (Dom) and one or more foreign ones
(For) for three fields
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The similar PIC distribution of papers by Brazilian men and women in our sample
(see Figure 4) could be a result of the level of international collaboration they have
established. To determine whether this is an important factor, we investigated the
frequency of domestic and foreign publications according to the sex of the authors, see
Figure 6.

Astronomy (F)

Astronomy (M)

Oceanography (F)

Oceanography (M)

Immunology (F)

Immunology (M)

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

W Foreign @ Domestic

Figure 6. Percentages of Brazilian papers in three fields with identified male or female authors
that had a foreign co-author, 1997-2001

Although it seems that women rather than men tend to collaborate internationally in
astronomy, statistics show no significant difference in any of the three fields. That
means that independently of sex, international collaboration within astronomy
represents about 70% of the total production of our sample, whereas in oceanography
and immunology it only represents 30-35%. The higher frequency of international
collaboration in astronomy is undoubtedly an important factor influencing the higher
visibility of this field, shown by astronomy papers being published preferentially in
more highly-cited journals.

Conclusions

The present study aimed to present quantitative data of the participation of Brazilian
female scientists in the country’s mainstream publications. Although the sample chosen
represented a small fraction of the Brazilian scientific community (only 446 names out
of approximately 56 000 in the CNPq database), we think that it could serve as a model
to show whether Brazilian female researchers are as productive as men.
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The analysis of the scientific production of Brazilian men and women in astronomy,
oceanography and immunology in the period 1997-2001 shows that there is effectively
no difference between them in potential impact, see Figure 4. One important factor that
might have contributed to the similarity of male and female contributions and PIC
distributions was the frequency of international collaboration and we found that female
scientists tended to collaborate as much as men in all three fields, see Figure 6. This
contrasts with the earlier findings that Icelandic and Polish scientists were less likely to
collaborate internationally.

A possible cause for this difference in findings may be that we analysed only a small
portion of the Brazilian scientific community while the studies in Polond and Iceland
were carried out for the whole community, including fields with different levels of
internationalization. Another possibility is the intrinsic characteristics of Brazilian
society: the position of Brazilian women certainly differs greatly from that in the other
two countries. During the last decade, Brazilian women have become more prominent
not only in academe but in all sectors. This has undoubtedly helped Brazilian women to
become more independent and liberal so that now female scientists can travel abroad
and establish international connections more readily. It is possible that in the other two
countries women have not passed through such a transformation.

Although the data clearly show that Brazilian women published as much as men, in
terms of both quantity and quality, and were at least as likely to be research group
leaders (Figure 4), we found some evidence that Brazilian women tend to receive fewer
“productivity fellowships”. This may possibly indicate that there is some discrimination
against women within the CNPq that bears further investigation. Discrimination against
women is long-standing and occurs in all sectors, including the scientific peer-review
process.3!> 32 It is unjustifiable, but also counter-productive, because women represent a
significant fraction of the workforce and a fraction that is rapidly increasing. During the
1970s, of each 100 Brazilian women of working age only 18 were economically active,
while in 1985 and 1995 this number increased to 37 and 47, respectively33- 34 Although
more Brazilian females are working now, they suffer significant sexual discrimination,
for example in their salaries.

For scientific work, data from CNPq show that the percentage of female scientists in
the Brazilian scientific community increased from 39% to 46% from 1995 to 200235
As most Brazilian scientists work at public universities, there should be no discrepancy
in terms of the basic salaries that females and males receive because the salaries are
paid directly by the federal government and do not vary by sex. Discrimination,
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however, does exist as pointed out by Velho and Leén:!7 women infrequently occupy
senior administrative positions and, as we show here, they are less likely to be granted
CNPq fellowships on their merits.

JL carried out this work at City University, London, while in receipt of a travelling fellowship from the
Red Iberoamericana de Indicadores de Ciencia y Tecnologia (RICYT). The authors are grateful to Sivana
Cosac, head of the Informatics and Statistics Section at CNPq, who kindly made the Brazilian scientific
census database available.

References

1. RosSI A. S., Women in science: why so few? Science, 148 (1965) 1196-1202.
2. MOORE K. M., Women’s access and opportunity in higher education: toward the twenty-first century.
Comparative Education, 23 (1987) 23-33.
3. MCGREGOR E., HARDING S., Science by whom? In World Science Report, Paris, UNESCO 1996. At
http://www.unesco.org/science/publications/wsrw2
4. ToBIAS S., URRY M., VENKATESAN A., Physics: for women, the last frontier. Science, 296 (2002) 1201.
5. KONDRO W., Canada — few women win new academic chairs. Science, 296 (2002) 2319.
6. OSBORN M., Status and prospects of women in science in Europe. Science, (11 March) 263 (1994)
1389-1391.
7. BARINAGA M., Women in science 94 — surprises across the cultural divide. Science, (11 March) 263
(1994) 1468-1496.
8. HASSAN F., Islamic women in science. Science, (6 October) 290 (2000) 55-56.
9. VETTER B. M., Women scientists and engineers: trends in participation. Science, 214 (1981) 1313-1321.
10. LANE J. N., Why are there so few women in science. Science debate. at
http://www.nature.com/nature/debates/women/women_frameset.html
11. Kyvik S., TEIGEN M., Child care, research collaboration and gender differences in scientific
productivity. Science, Technology, & Human Values, 21 (1996) 54-71.
12. DutT D., How much gender disparity exists in salary? A profile of graduates of a major public
university. Research in Higher Education, 38 (1997) 631-646.
13. SEACGRIST L., Disparities detailed in NCI division. Science, 264 (1994) 340.
14. ETzKOWITZ H., KEMELGOR C., NEUSCHATZ M., UzzI B., ALONZO J., The paradox of critical mass for
women in science. Science, 266 (1994) 51-54.
15. LEWISON G., The quantity and quality of female researchers: a bibliometric study of Iceland.
Scientometrics, 52(1) (2001) 29-43.
16. WEBSTER, B. M., Polish women in science: a bibliometric analysis of Polish science and its publications,
1980-1999. Research Evaluation, 10(3) (2001) 185-194.
17. VELHO L., LEON E., A construgéo social da produgéo cientifica por mulheres. Cadernos Pagu, 10 (1988)
309-344.
18. CNPq, Conselho Nacional de Desenvolvimento Cientifico e Tecnologico. Diretério de Grupos de
Pesquisa, Available at:
http:/lattes.cnpq.br:8888/plataformalattes/index.jsp?menu=diretorio/menu0.htm&uri=diretorio/apresentacao.htm

352 Scientometrics 57 (2003)



19.

20.

21.

22.

23.

24.
25.

26.

217.

28.

29.

30.

31
32

34.
35.

J. LETA, G. LEWISON: Women in Brazilian science

LEWISON G., The definition of biomedical research sub-fields with title keywords and application to the
analysis of research outputs. Research Evaluation, 6(1) (1996) 25-36.

LEWISON G., The definition and calibration of biomedical sub-fields. Scientometrics, 46(3) (1999)

529-537.

BASU A., LEWISON G., Evaluation of astronomy and astrophysics research output using a title-word
search in place of journal classification. In: Eighth International Conference of International Society of
Scientometrics and Informetrics, Sydney, Australia, 2001.

LEWISON G., LIPWORTH S., RIPPON L, Austrian biomedical research outputs 1991-2000. Austrian
Federal Ministry of Education, Science and Culture, Vienna, 2002.

GOMEZ 1., SANCHO R., MORENO L., FERNANDEZ M. T., Influence of Latin-American journals coverage
by international databases. Scientometrics, 46(3) (1999) 443-456.

FUVEST, Fundagéo universitaria para o Vestibular. Available at http://www.fuvest.br/

BASU A., VINU KUMAR B. S., International collaboration in Indian scientific papers. Scientometrics,

48(3) (2000) 381-402.

FERNANDEZ M. T., GOMEZ 1., SEBASTIAN J., Scientific cooperation of Latin-American countries through
bibliometrics indicators. Interciencia, 23(6) (1998) 328+.

BRAUN T., GLANZEL W., International collaboration - will it be keeping alive East European research?
Scientometrics, 36(2) (1996) 247-254.

LEWISON G., FAWCETT-JONES A., KESSLER C., Latin American scientific output 1986-91 and

international co-authorship patterns. Scientometrics, 27(3) (1993) 317-336.

NARIN F., STEVENS K., WHITLOW E. S., Scientific co-operation in Europe and the citation of
multinationally authored papers. Scientometrics, 21 (1991) 313-324.

VAN RAAN A. F. J., The influence of international collaboration on the impact of research results.

Scientometrics, 42(3) (1998) 423-428.

. RaMsAY S., Radical reform of UK consultants’ salaries announced. 7he Lancet, (15 August) 352 (1998) 555.
. WENNERAS C., WOLD A., Nepotism and sexism in peer review. Nature, 387 (1997) 341-343.
33.

BRUSCHINI C., Crescimento e crise: trabalho das brasileiras, paulistas e nordestinas, de 1970 a 1985.
Ciéncia e Cultura, 42 (1990) 226-247.

IBGE, Instituto Brasileiro de Geografia e Estatistica. Available at http://www.ibge.gov.br

CNPq, Conselho Nacional de Desenvolvimento Cientifico e Tecnolégico. Diretério de Grupos de
Pesquisa, ano 2002. Séries Historicas. Available at

http://www.cnpq.br

http:/lattes.cnpq.br:8888/plataformalattes/index.jsp?menu=diretorio/menu0.htm&uri=diretorio/ apresentacao.htm

Scientometrics 57 (2003) 353



